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Objective: The rate and predictors of respiratory adverse events (RAEs) during transport discharged from operating room after interventional cardiac catheterization in children remain unclear. This study aimed to investigate the incidence and predictors, and to construct a nomogram for predicting RAEs during transport in this pediatric surgical treatment.



Methods: This prospective cohort study enrolled 290 consecutive pediatric patients who underwent ventricular septal defects (VSD), atrial septal defects (ASD), and patent ductus arteriosus (PDA) between February 2019 and December 2020. Independent predictors were used to develop a nomogram, and a bootstrap resampling approach was used to conduct internal validation. Composite RAEs were defined as the occurrence of at least 1 complication regarding laryngospasm, bronchospasm, apnea, severe cough, airway secretions, airway obstruction, and oxygen desaturation.



Results: The rate of RAEs during transport was 23.1% (67 out of 290). Multivariate analysis identified age (vs. ≤3 years, adjusted odds ratio (aOR) = 0.507, 95% conﬁdence interval (CI), 0.268–0.958, P = 0.036), preoperative upper respiratory tract infections (URI, aOR = 2.335, 95% CI, 1.223–4.460, P = 0.01), type of surgery (vs. VSD, for ASD, aOR =  2.856, 95% CI, 1.272–6.411, P = 0.011; for PDA, aOR = 5.518, 95% CI, 2.425–12.553, P < 0.001), morphine equivalent (vs. ≤0.153 mg/kg, aOR = 2.904, 95% CI, 1.371–6.150, P = 0.005), atropine usage (aOR = 0.463, 95% CI, 0.244–0.879, P = 0.019), and RAEs during extubation to transport (aOR = 5.004, 95% CI, 2.633–9.511, P < 0.001) as independent predictors of RAEs during transport. These six candidate predictors were used to develop a nomogram, which showed a C-statistic value of 0.809 and good calibration (P = 0.844). Internal validation revealed similarly good discrimination (C-statistic, 0.782; 95% CI, 0.726–0.837) and calibration. Decision curve analysis (DCA) also demonstrated the clinical usefulness of the nomogram.



Conclusion: The high rate of RAEs during transport reminds us of the need for more medical care and attention. The proposed nomogram can reliably identify pediatric patients at high risk of RAEs during transport and guide clinicians to make proper transport plans. Our findings have important and meaningful implications for RAEs risk prediction, clinical intervention and healthcare quality control.
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Introduction

Respiratory adverse events (RAEs) are the most common complication during pediatric anesthesia, characterized by both minor adverse events (oxygen desaturation, airway obstruction or secretions and cough) and major adverse events (laryngospasm, bronchospasm and apnea), with a reported prevalence of up to 50% (1–3). Despite the improvement of existing guidelines for pediatric anesthesia management, RAEs remain one of the leading causes of morbidity and mortality and bring varying levels of physical and psychological trauma to children and parents (4, 5).

Many factors correlated with children's medical history, anesthesia management, and type of surgery contribute to the high rate of this occurrence, and the underlying mechanisms include anatomic and physiological considerations, as well as frequent upper respiratory tract infections (URIs) and inflammation (6–10). Although previous studies have identified several predictors for RAEs during perioperative period, rapid and accurate preoperative assessment of high-risk children by pediatric anesthetists remains a great challenge in clinical practice (11, 12).

Children with congenital heart disease (CHD) are more susceptible to develop viral respiratory tract infections that can cause concomitant cardiac and respiratory compromise, increasing the risk of postoperative respiratory complications (6, 13–15). With the development of interventional technology, CHD is increasingly treated by cardiac catheterization, and the rate of life-threatening events is greatly reduced compared to open heart surgery (16, 17). Nevertheless, the high rate of RAEs remains an unavoidable and intractable problem in this surgical procedure, which may lead to transient damage evolving into unpredictable serious consequences if not treated promptly and effectively (18, 19).

Published studies concerning RAEs mainly focused on the period of anesthesia induction, intraoperative and post-anesthesia care unit (PACU), with relatively abundant medical resources (3, 6–10). However, little attention has been paid to the rate of RAEs during transport discharged from operating room after interventional cardiac catheterization in many pediatric anesthesia practice, which often lacks adequate resources for anesthesia care and monitoring. Further, no prediction model for RAEs during transport after this surgery presenting for anesthesia was established. Thus, this study aimed to investigate the incidence and predictors, and to construct a nomogram for predicting RAEs during transport in this pediatric surgical treatment.



Materials and methods


Study design and ethics

This single-center prospective study was approved by the Institutional Review Board (IRB) of Shanghai Children's Medical Center (SCMCIRB-K20170122) and written informed consent was obtained from parents or the legal guardians of each child before surgery. This trial was registered before patient enrollment at the Chinese Clinical Trial Registry (ChiCTR-RRC-17012519). This study was conducted in accordance with the Guidelines of the International Conference on Harmonization of Clinical Norms and the Declaration of Helsinki, and was adhered to STROBE guidelines.



Patient enrollment

Eligible patients ≤16 years, ASA grade 2 or 3, scheduled for elective interventional cardiac catheterization under general anesthesia (GA) for ventricular septal defects (VSD), atrial septal defects (ASD), and/or patent ductus arteriosus (PDA) from February 2019 to December 2020. Exclusion criteria included parental refusal to sign informed consent, evidence of lower respiratory tract infections (such as pneumonia and bronchitis) within the previous 2 weeks, no medical history (parents or legal guardians could not recall clearly), known hypersensitivity to speciﬁc anesthetic agents, history of liver, kidney disease or complex cyanotic heart disease, and recent participation in other studies. 290 children were enrolled in the final analysis (Figure 1).


[image: Figure 1]
FIGURE 1
Patient flowchart.




Anesthesia protocols

To minimize other potential bias, all surgical procedures in this study were handled by the same group of surgeons and anesthesiologists. The LMAs were removed by the chief anesthesiologist at the end of surgery when the end-tidal sevoﬂurane concentration dropped below 1% and the respirations became regular. The Aldrete score was the standard reference for discharging catheterization room. When the scores were ≥6, the chief anesthesiologist will consider transferring the pediatric patients. During transport, all pediatric patients were routinely monitored by electrocardiogram and pulse oximetry, and underwent mask ventilation. Additionally, all emergency airway equipment and first aid medicines were fully prepared. Detailed anesthesia protocols were reviewed in our previously published literature (18, 19). Considering the usage for analgesia with fentanyl and sufentanil in all children, we standardized the doses with following method: the total dose in milligrams for each opioid was multiplied by its standard equianalgesic conversion ratio and divided by lean body weight (20–22).



Data collection, outcomes and definition

Before surgical procedure, the questionnaire form concerning children's demographic information was completed by parents or legal guardians. Intraoperative clinical data and outcomes including emergence agitation, vomiting, fever, and respiratory adverse events (RAEs) were recorded by senior resident anesthetists. Children with any two of the following URI symptoms confirmed by parents or legal guardians within the past 8 weeks were considered to have a history of URI: nasal congestion, runny nose, dry or wet cough, sore throat, sneezing, or fever >38°C (6, 7). Composite RAEs were defined as the occurrence of at least 1 complication including laryngospasm, bronchospasm, apnea, severe cough, airway secretions or obstruction, and oxygen desaturation (6, 7, 23). In this study, the perioperative period was further divided into the following 6 parts, namely, anesthesia induction, intraoperative period, after surgery to extubation, extubation to transport, during transport, and in ward, so as to more accurately study the occurrence of RAEs in different periods.



Statistical analysis

Statistical power calculations were not performed prior to this study since the sample size was based on available data. Statistics and data analysis plans were defined before accessing the data and were completed after the data were accessed. Continuous variables were compared using Two independent sample t-test or Mann-Whitney U test based on the rate of RAEs during transport. Categorical variables were compared with Chi-square test or Fisher exact test, depending on the sample size. Univariate analysis showed that all factors significantly correlated with RAEs during transport (P < 0.2) were inserted into the multivariate logistic regression model using the forward selection strategy.

The predictive model was presented with a nomogram to provide a visual point system to estimate the probability of RAEs during transport. Hosmer-Lemeshow (H-L) goodness-of-fit test was used to evaluate the model's fit. Discrimination (C-statistic) and calibration (calibration curve) were used to assess the performance of the prediction model. The area under the receiver operating characteristic curve (AUROC) was calculated to reflect model's discrimination. To reduce overfitting and quantify optimism, the nomogram was internally validated with an approach to 1,000 bootstrapped resampling and calculating an optimism-corrected C-statistic. Decision curve analysis (DCA) was used to describe the clinical validity and net benefit of the nomogram (24). Statistical analysis was performed using the SPSS 26.0 software (IBM Corp., Armonk, NY, USA). R version 4.1.2 was used with the packages of rms, tidyr, dplyr, rmda, forestplot, pROC. P-value <0.05 was considered statistically significant.




Results


Study cohort

From February 2019 to December 2020, 290 pediatric patients underwent this surgical procedure, of which 33.1% (96 out of 290) received ASD, 37.6% (109 out of 290) received VSD, and 29.3% (85 out of 290) received PDA. Also, among all enrolled patients, 34.1% (99 out of 290) and 23.1% (67 out of 290) patients occurred RAEs during extubation to transport and transport discharged from operating room, respectively (Supplementary Figure S1). The most common RAEs was desaturation, found in 127 times (51.0%), followed by airway obstruction in 97 (39.0%), airway secretion in 12 (4.8%) and laryngospasm in 10 (4.0%), and other RAEs including laryngospasm, apnea, and severe cough was uncommon (Supplementary Figure S2).



Model development

Univariate analysis found that seven variables were significantly associated with RAEs during transport (Table 1). Multivariate analysis identified age (vs. ≤3 years, adjusted odds ratio (aOR) = 0.507, 95% conﬁdence interval (CI), 0.268–0.958, P = 0.036), preoperative URI (aOR = 2.335, 95% CI, 1.223–4.460, P = 0.01), type of surgery (vs. VSD, for ASD, aOR =  2.856, 95% CI, 1.272–6.411, P = 0.011; for PDA, aOR = 5.518, 95% CI, 2.425–12.553, P < 0.001), morphine equivalent (vs. ≤0.153 mg/kg, aOR = 2.904, 95% CI, 1.371–6.150, P = 0.005), atropine usage (aOR = 0.463, 95% CI, 0.244–0.879, P = 0.019), and RAEs during extubation to transport (aOR = 5.004, 95% CI, 2.633–9.511, P < 0.001) as independent predictors of RAEs during transport (Figure 2). To determine the threshold for morphine equivalent, ROC analysis was performed, which showed the optimal cutoff value was 0.153. Using these six parameters, this study developed a nomogram to predict the probability of RAEs during transport (Figure 3).


[image: Figure 2]
FIGURE 2
Forest plot of independent predictors of RAEs during transport. URI, upper respiratory tract infection; ASD, atrial septal defects; VSD, ventricular septal defects; PDA, patent ductus arteriosus; RAEs, respiratory adverse events.
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FIGURE 3
A novel nomogram to predict RAEs during transport. The nomogram provides a visual point system based on the combination of patient characteristics (age, preoperative URI, type of surgery, morphine equivalent, atropine usage, and RAEs during extubation to transport) to estimate the probability of RAEs during transport. To calculate the probability of RAEs during transport, the points of six variables determined on the scale were added to obtain the total points. Draw a vertical line from the total points scale to the last axis to obtain the corresponding probability of RAEs during transport. For example, if a pediatric patient ≤3 years (40 scores), combined with preoperative URIs (50 scores), presenting for ASD (60 scores), accompanied with morphine equivalent >0.153 mg/kg (60 scores) and atropine usage (45 scores), and developed RAEs during extubation to transport (95 scores), the total points were 350 scores, and the corresponding occurrence of RAEs during transport were nearly 80%. URI, upper respiratory tract infection; ASD, atrial septal defects; VSD, ventricular septal defects; PDA, patent ductus arteriosus; RAEs, respiratory adverse events.



TABLE 1 Perioperative characteristics stratified by RAEs during transport.
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Model performance and internal validation

H-L goodness-of-fit test value was 0.844. The C- statistic value of the prediction model was 0.809 (95% CI, 0.755–0.862, P < 0.001), which showed good discrimination. The sensitivity and specificity based on AUROC curve were 73.1% and 74.9%, respectively (Figure 4A). The apparent calibration curve was close to the 45° ideal line, indicating that the observed probability was consistent with predicted probability in the development cohort (Figure 4B). To lessen the optimism of the model, internal validation with 1,000 bootstrap approach was conducted, which reflect good discrimination with optimism-corrected C- statistic of 0.782 (95% CI, 0.726–0.837). And the bias-corrected calibration curve also demonstrated that the prediction model was well calibrated when the actual observed probability of RAEs during transport was less than 40% (Figure 4B).


[image: Figure 4]
FIGURE 4
(A) AUROC curve for RAEs prediction model. (B) Internal calibration curves. A completely accurate prediction model will generate a plot where the probability of the actual observed and predicted corresponding completely, and fall along the 45° line (dashed line). The apparent calibration curve (dotted line) represents the calibration of the model in the development data set, while the bias-corrected curve (solid line) is the calibration result after correcting the optimism with the 1,000 bootstrap-resampling.




DCA for the development prediction model

The depicted DCA was used to determine whether decisions based on the predictive model had clinical applicability compared to the default strategy. Such analyses provide insight into the range of predicted risk for which the model has a high net benefit than simply either treating all (slope line) patients versus treating no (horizontal line) patient, that is to say, a prediction model is only useful at the threshold risk. The depicted DCA indicated the expected net benefit (red curve) per patient for predicting the risk of RAEs during transport. Within the threshold risk range of 0%–74%, intervention decisions based on the predictive model are clearly beneficial (Figure 5).


[image: Figure 5]
FIGURE 5
The DCA shows the clinical usefulness of the nomogram. The Y-axis represents net benefit. The solid red line is a nomogram predicting the risk of RAEs during transport. The solid gray line indicates that all patients occurred RAEs during transport, while the fine solid black line indicates that no patient occurred RAEs during transport. This DCA could provide a larger net benefit, with ranges of 0%–74%. DCA, decision curve analysis; RAEs, respiratory adverse events.





Discussion

The incidence of RAEs during transport after interventional cardiac catheterization in pediatric patients was 23.1%. This study identified six independent predictors for RAEs during transport, of which morphine equivalent and atropine usage were modifiable factors that could be optimized to reduce the occurrence of RAEs. Using these six parameters, this study constructed a nomogram to estimate the risk of RAEs during transport, with good C-statistic and calibration in internal validation. The DCA also indicated the clinical usefulness of the nomogram, namely, intervention decisions based on the predictive model were clearly beneficial when the threshold risk range of 0%–74%.

Our study addresses an important knowledge gap in the medical literature regarding the incidence and predictors of RAEs during transport after this surgical procedure in pediatric patients. Previous scholars mainly focused on the construction of different prediction models for RAEs in the period of anesthesia induction, PACU or perioperative, and most of them were retrospective nature with insufficient efficacy (3, 6–10). Our findings suggest that high rate of RAEs during transport deserves our sufficient attention and medical care in the context of the relative lack of medical resources. The prediction model constructed based on a prospectively collected data can effectively predict the risk of RAEs during transport, which is helpful for the identification of high-risk groups and the adjustment of transport plans. Importantly, as two adjustable factors, morphine equivalent and atropine usage have important clinical implications for guiding clinicians to formulate feasible schemes to further reduce the occurrence of RAEs.

Previous documents have identified several underlying predictors for RAEs in pediatric patients during perioperative period, including younger age, ASA grade, race, obesity, obstructive sleep apnea, preexisting pulmonary disorder, URI, premedication, passive smoking, anesthetic technique, anesthetic care without a pediatric anesthetist, type of surgery, and operative time (6–10, 19, 23). By comparison, this study also demonstrated that age ≤3 years, preoperative URI, type of surgery, morphine equivalent and atropine usage, and RAEs during extubation to transport were independent predictors for RAEs during transport. Among these factors, morphine equivalent and atropine usage were rarely reported in the literature.

An important finding of this study is that morphine equivalent and atropine usage are two important modifiable factors that can reduce the risk of RAEs during transport. Opioid dose is significantly positively correlated with perioperative adverse outcomes and long-term prognosis (22, 25). However, there is no literature reporting the effect of opioid dosage on RAEs during pediatric anesthesia. In order to more accurately assess this potential effect, we standardized opioids commonly used in clinical practice, such as fentanyl and sufentanil, according to the analgesic conversion ratio and calculated the dosage under normalized lean body weight, which has clinical practicality (20–22). Our findings echoed the understanding of previous studies that high doses of opioid usage per kg were associated with an increased risk of RAEs during transport. Due to its unique pharmacokinetics and association with postoperative hyperalgesia, remifentanil dose was not included in the opioid calculations but was adjusted as a priori defined covariate in the regression models.

Atropine usage, the other of the two adjustable variables, was associated with a lower incidence of RAEs during transport, providing a new insight into medication usage. The underlying biological mechanism is that atropine usage can reduce the production of airway secretions, thereby reducing the risk of RAEs. In the previous literature, the premedication used to prevent or minimize RAEs mainly includes sedative drugs and local anesthetics, such as dexmedetomidine, midazolam, and lidocaine topicalization of the airway (3, 7, 26–28). In our published study, we have confirmed that premedication with intranasal dexmedetomidine was an effective method to decrease the occurrence of RAEs in children with CHD (28). It has also been proven to be beneficial in pediatric patients receiving tonsillectomy and adenoidectomy (3). However, there are conflicting studies of midazolam and RAEs. A national cohort study showed that midazolam usage has a preventive effect on RAEs (29), whereas several studies found that premedication with midazolam appears to increase the incidence of RAEs (3, 7).

In terms of model construction, this study was the first to predict RAEs during transport after this pediatric surgery, and all variables inserted in the predictive model were quantifiable predictors readily available to the clinicians. Besides, the nomogram can provide a visual point system to estimate the probability of RAEs during transport with good discrimination after internal validation. Bias-corrected calibration curve showed that the model could accurately predict the occurrence of RAEs during transport when the observed probability of RAEs during transport was less than 40%. Inversely, a few existing models that cannot accurately and objectively predict RAEs during anesthesia induction or perioperative period, and do not include a special type of surgery such as interventional cardiac catheterization (8, 30–32). Based on the clinical data of 19,095 pediatric patients undergoing elective ambulatory anesthesia for surgery and radiology, Subramanyam et al. developed and validated a risk prediction model for the occurrence of RAEs from the onset of anesthesia induction until discharge from the PACU, with a C-statistic of 0.64 (8).



Strengths and limitations

Our study has several important strengths. This was an observational study based on a prospectively collected database, and the statistical methods and main outcomes were developed and completed before the start of this trial. To the best of our knowledge, this study was the first to investigate the incidence and predictors, and to construct a nomogram for accurately predicting the occurrence of RAEs during transport after this pediatric surgical treatment. Likewise, several limitations are among our research. First, as a monocentric cohort study, it has the inherent design biases. Second, for the specific surgical type of interventional cardiac catheterization, the pace and the limited time available for postoperative recovery and transport in pediatric patients may slightly increase the occurrence of RAEs during transport. Third, although the prediction model had good performance in internal validation, external validation in a multicenter setting was still required. Finally, randomized controlled trials are needed to confirm whether the two newly reported modifiable factors, morphine equivalents and atropine usage, have an effect on RAEs during transport or even during perioperative period.



Conclusion

This prospective study explored the incidence and predictors, and constructed a novel nomogram for predicting the occurrence of RAEs during transport. The high rate of RAEs during transport after this pediatric surgical procedure reminds us of the need for more medical care and attention. Six independent predictors for RAEs during transport were identified, of which morphine equivalents and atropine usage were newly reported. Using these six parameters, this study established a novel nomogram, which can reliably identify pediatric patients at high risk of RAEs during transport and guide clinicians to make proper transport plans. Our findings have important and meaningful implications for RAEs risk prediction, clinical intervention and healthcare quality control.
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Background and objectives: Preeclampsia is a serious multisystem blood pressure disorder during pregnancy that is associated with increased long-term risk of cardiovascular disease to the mother and offspring. We investigated the vascular health of children exposed to intrauterine preeclampsia.

Materials and methods: This was a cross-sectional study of offspring in a prospective cohort of women with complications during pregnancy. Children aged between 2 and 5 years [median age 4.7 (2.8, 5.1) years] exposed to intrauterine preeclampsia (n = 26) or normotensive controls (n = 34), were recruited between July 2020 and April 2021. Vascular health was assessed by measuring aortic intima-media thickness and pulse wave velocity. Univariate generalized linear regression models were used to explore associations between vascular measurements and explanatory variables.

Results: Children exposed to preeclampsia had a lower body mass index at assessment (15.5 vs. 16.2 kg/m2, p = 0.04), birth weight (2.90 vs. 3.34 kg, p = 0.004), gestational age at birth (37.5 vs. 39.4 weeks, p < 0.001) and higher frequency of preterm birth (27% vs. 6%, p = 0.02). There were no differences in vascular health between children exposed to preeclampsia vs. controls (mean aortic intima-media thickness 0.575 mm vs. 0.563 mm, p = 0.51, pulse wave velocity 4.09 vs. 4.18 m/s, p = 0.54) and there were no significant associations in univariate analyses.

Conclusions: There were no major adverse differences in vascular health which contrasts with existing studies. This suggests exposure to intrauterine preeclampsia may result in a less severe cardiovascular phenotype in young children. While reassuring, longitudinal studies are required to determine if and when exposure to intrauterine preeclampsia affects vascular health in children.

KEYWORDS
  preeclampsia, aortic intima-media thickness, pulse wave velocity, children, early arterial injury


Introduction

Preeclampsia is a multisystem disorder in pregnancy, characterized by pregnancy hypertension after 20 weeks' gestation and maternal and/or fetal organ dysfunction. Preeclampsia affects 3–5% of all pregnancies and is associated with increased maternal and infant mortality as well as adverse pregnancy outcomes including preterm birth and fetal growth restriction (1, 2). There is an increased long-term risk of cardiovascular disease (CVD) in these mothers as a result of preeclampsia (1), and there is growing evidence of increased long-term cardiovascular risk in children exposed to intrauterine preeclampsia (3, 4). Historically, research investigating the effects of preeclampsia exposure on children has primarily focused on identifying traditional risk factors such as increased body mass index (BMI) and blood pressure (BP).

Atherosclerosis and arteriosclerosis are key pathophysiological processes that result in the structural and degenerative changes of large arteries which underlie CVD. Measurements of intima-media thickness and pulse wave velocity (PWV) can assess such arterial wall changes and are recognized as acceptable, non-invasive measurements of early arterial injury in children (5–7), and can be used to predict potential risk of future CVD (8–10). Measurement of carotid intima-media thickness is widely used in adults for future CVD risk assessment (11). However, abdominal aorta intima-media thickness (aIMT) may be a more appropriate measure in children (6, 12, 13), as it is more sensitive to childhood risk factors including familial hypercholesterolemia, type 1 diabetes (13), and adverse outcomes during pregnancy such as fetal growth restriction (14, 15) and large for gestational age (16, 17). Preliminary evidence has shown greater aIMT in neonates exposed to preeclampsia compared to those unexposed (18–20), whereas effects on PWV during childhood are conflicting (21, 22).

The purpose of this study was to investigate whether vascular health in children aged 2–5 years of age is affected by exposure to intrauterine preeclampsia. The primary hypothesis was that children exposed to preeclampsia have signs of early arterial injury including increased aIMT and PWV, compared to the children of uncomplicated pregnancies.



Materials and methods

This was a cross-sectional sub-study of offspring from participants in the Postpartum Physiology, Psychology and Pediatric follow up study (P4 study), a prospective, observational study of postpartum women with either normal BP or preeclampsia in their preceding pregnancy, conducted at St George Hospital, Sydney, Australia. A study protocol for the P4 cohort has been published (23).

Women were eligible for the P4 study if they gave birth to a singleton live baby within the previous 6 months and had a good understanding of written and spoken English. Women were excluded if they had chronic hypertension, diabetes, renal or other serious disease prior to pregnancy, were pregnant again at the time of first (6 months postpartum) assessment, or if their baby was born with a congenital anomaly.

The recruited cohort consisted of 90 women who had preeclampsia during pregnancy and 402 control women who had a normotensive pregnancy. Preeclampsia was defined as persistent de novo hypertension (systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg) that developed at or after 20 weeks' gestation accompanied with one or more of the following new-onset conditions: proteinuria, other maternal organ dysfunction including liver or kidney involvement, neurological complications, low platelets or uteroplacental dysfunction, according to the guidelines of the International Society for the Study of Hypertension in Pregnancy (24, 25). Preeclampsia with severe hypertension was defined as systolic BP ≥ 160 mmHg and/or diastolic BP ≥ 110 mmHg (25) and onset was considered early if occurring before 34 weeks gestation (26).

All children born to mothers in the P4 cohort study were eligible for recruitment into this cross-sectional sub-study. Children between 2 and 5 years of age were recruited between July 2020 to April 2021. Children were excluded from analysis if neither aIMT nor PWV could be obtained. Previous study data examining aortic-IMT in growth-restricted neonates vs. controls [MD (SD), 0.07 (0.08)] (27) indicated a minimum required sample size of 22 children exposed to preeclampsia and 22 normotensive controls to detect a significant difference between groups (power = 0.8, α = 0.5). This sub-study was approved by the South Eastern Sydney Local Health District Human Research Ethics Committee (2019/ETH11984).


Pediatric assessments

Height was measured using a stadiometer and weight with electronic scales. Height, weight and BMI z-scores were calculated according to WHO Child Growth Standards (28). Gestational age at birth, birth weight and length were collected from the mother's maternity medical records. Z-scores for birth weight and length according to gestational age were calculated for preterm (<37 weeks) and term infants using the INTERGROWTH-21st (29) and WHO Child Growth Standards, respectively (28). Small for gestational age was defined as a birth weight z-score below −1.28 for gestational age and sex, corresponding to the 10th percentile.

Vascular structure was assessed by aIMT which was measured using a GE Voluson S6 system with a linear array transducer (GE 9L-RS) and a frequency of 3–10 MHz, as previously described (13). High-resolution images of the far wall of a non-branched, 1 cm longitudinal segment of the abdominal aorta near the aortic bifurcation were captured. Gain was adjusted to optimize image quality. A minimum of two loops were captured for blinded offline analysis. Mean and maximum aIMT were calculated with validated edge detection software during end-diastole (Carotid Analyzer, Medical Imaging Applications LLC; Coralville, IA). AIMT was defined as the distance from the edge of the lumen intima to the media-adventitia border of the far wall. Aortic diameter was defined as the media-adventitia borders between near and far walls and was captured during end diastole. All scans and analyses were performed by one technician (BJV) after training from an experienced technician and followed a standardized protocol. AIMT scans were excluded if they lacked sufficient quality for analysis, including too much movement, poor image quality or presence of sonographic artifacts.

Vascular function was assessed by measuring PWV and central BP using the SphygmoCor XCEL (AtCor Medical, West Ryde, NSW, Australia) as described (30). Simultaneous recordings of pulse waveforms were obtained by placing an applanation tonometer on the right common carotid, whereas the femoral waveform was measured by volume displacement produced by a cuff placed around the upper thigh. The arterial path was measured directly using non-stretchable tape between the right common carotid and femoral arteries multiplied by 0.8. PWV was automatically calculated by the XCEL software system (Version 1.3) by dividing the arterial path distance by the transit time between the pulse waveforms. A standard brachial cuff was used to capture brachial and diastolic pressures and provide central BP. An average of three measurements was used for each assessment. PWV measurements were excluded if they did not meet quality control of the Sphygmocor device (31). Under optimal conditions, children rested for a minimum of 10 mins in a supine position before vascular measurements.



Maternal assessments

Pregnancy data including antihypertensive medication, pregnancy outcome, dating scan, weight and BMI were obtained from the mother's maternity medical records. Demographic data including age, ethnicity, highest education level, previous diabetes and smoking status, alcohol intake, exercise and drug use were obtained from a questionnaire that the mother completed 6 months after birth.



Data analysis

Descriptive statistical analyses are reported as mean ± SD or median (IQR). The primary outcome measures were aIMT and PWV. Secondary outcome measurements included aortic lumen diameter and central BP. Between group differences for continuous outcome measures were assessed using independent sample t-tests (normal distribution) or Mann-Whitney U Tests (non-normal distribution) and for categorical outcomes using Chi-square or Fisher's exact tests. Univariate generalized linear models were used to compare means, with adjustment for age and gender, and in a separate model, BMI and birthweight. Non-parametric variables were log transformed for univariate linear models.

Univariate generalized linear regression models were also used to explore the association between outcome measures and explanatory variables, including gestational age at birth, birth weight, birthweight Z-score, birth length, birth length z-score, gender, height, height Z-score, weight, weight Z-score, BMI, BMI Z-score, preterm, small for gestational age, maternal age, maternal dating scan BMI, maternal dating scan weight, maternal smoking ever, maternal moderate exercise at 6 months, maternal alcoholic drinks at 6 months, parity, antihypertensive medication in pregnancy, months breastfed, drug use ever, preeclampsia severity of hypertension, preeclampsia onset, highest maternal BP during pregnancy and preeclampsia exposure. Sub-group analysis of aIMT and PWV by preeclampsia severity of hypertension, onset, and gestational age were also performed. All statistical analyses were performed using SPSS (version 26; SPSS Inc., Chicago, IL, USA).




Results


Participant characteristics

Sixty-nine children from the P4 study were consented to participate in this sub-study and underwent assessment. Five participants were excluded as they were unable to complete the vascular assessments at the study visit and a further four were excluded in quality control because neither aIMT nor PWV could be obtained (Figure 1). A total of 26 children exposed to intrauterine preeclampsia and 34 controls were included in the final analysis.


[image: Figure 1]
FIGURE 1
 Participant recruitment and analysis flow diagram.


The characteristics of participants are shown in Table 1. Children exposed to preeclampsia had a lower BMI at time of assessment (15.5 kg/m2 vs. 16.2 kg/m2), birth weight (2.90 kg vs. 3.34 kg), gestational age at birth (37.5 weeks vs. 39.4 weeks) and higher frequency of preterm birth (27% vs. 6%). There were no other differences between groups. Vascular measurements are presented in Table 2 and individual participant data are presented in Figure 2. Central systolic BP was higher in children exposed to preeclampsia when adjusted by BMI and birthweight. There were no differences in aIMT or PWV between groups.


TABLE 1 Offspring characteristics stratified by exposure to preeclampsia vs. normotensive pregnancy.
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TABLE 2 All vascular outcomes stratified by exposure to preeclampsia vs. normotensive pregnancy.
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FIGURE 2
 Individual patient data for vascular measures. (A) Mean aIMT, (B) Maximum aIMT, and (C) Pulse wave velocity. Plots presented as mean ± SD. PE, Preeclampsia.


Maternal characteristics are described in Table 3. Mothers with preeclampsia had a higher BMI at dating scan (24.0 vs. 22.4), higher rates of cesarean section (58% vs. 5%), antihypertensive medication (60% vs. 0%) and exercised more at 6 months (2 vs. 1 days). Otherwise, characteristics of mothers were not different. Mothers with preeclampsia were classified as early vs. late onset (19% vs. 81%) and severe hypertension preeclampsia vs. non severe (58% vs. 42%).


TABLE 3 Maternal characteristics stratified by preeclampsia vs. normotensive pregnancy.
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There were no significant associations between vascular measurements and explanatory variables in univariate analysis. Moreover, there were also no differences in aIMT or PWV in sub-group analysis by preeclampsia onset, BP severity and gestational age (results not shown).




Discussion

In this cohort of children exposed to preeclampsia and controls, there were no major adverse differences in vascular structure or function. This contrasts with our hypothesis but reassuringly suggests that exposure to preeclampsia does not lead to vascular structure and function aberrations consistent with signs of early CVD in young children.

In our study, PWV was not different between participants exposed to intrauterine preeclampsia compared with controls. To the best of our knowledge, only two other studies have measured PWV in children exposed to intrauterine preeclampsia. One study from Pakistan with children aged 2–10 years (mean age 5 ± 2.2 years) reported a significant, albeit small, difference compared with controls (0.42 vs. 0.39 m/s) (21). However, participants exposed to preeclampsia had a lower gestational age, lower birthweight and higher rates of preterm birth compared to children in our study. Similarly to our study, the Avon Longitudinal Study of Parents and Children found no difference in carotid-radial PWV between groups in children and early adolescents (22). Our recent systematic review of exposures during the first 1,000 days of life suggest that changes to PWV may not manifest until adolescence (32).

Two other studies (18, 19) have investigated the association between intrauterine preeclampsia exposure and aIMT in childhood. Both reported a greater difference in aIMT compared with controls which contrasts with our findings. However, these studies may not be representative globally. In the study from Greece by Oikonomou (19), aIMT was measured in neonates during the first 5 days of life. This study included only neonates exposed to early onset preeclampsia, which is often associated with fetal complications including growth restriction compared to late-onset (33) and may have influenced aIMT. In our study, preeclampsia was predominately late onset which is reflective of the overall population distribution of early vs. late-onset preeclampsia (34) and therefore our results may be more generalizable. The rate of gestational diabetes was also higher in Oikonomou's preeclampsia group compared to controls (31% vs. 8%) (19) and may have also influenced the findings as maternal diabetes is known to influence aIMT (16, 35).

The presence of other CVD risk factors may explain differences between our results and previous studies. Neonates in a cohort from Turkey exposed to intrauterine preeclampsia had significantly higher triglycerides (2.2 vs. 0.3 mmol/L) and lower high density lipoprotein (1.0 vs. 1.5 mmol/L) compared to controls (18). Triglycerides were also significantly higher in mothers of exposed neonates compared to controls (12.4 vs. 7.2 mmol/L). Although lipids are elevated in women with preeclampsia compared to controls (36, 37), chronic and transient maternal hypercholesterolaemia are associated with increased fatty streak formation in the fetal aorta compared to the aortas of fetuses from mothers with normal cholesterol (38). In neonates, evidence of elevation of lipids following preeclampsia exposure is conflicting. A systematic review of the effect of preeclampsia exposure on the lipid concentration of cord blood found that three of six studies reported a significant increase in triglycerides compared to controls (3). Additional studies have reported a significant increase in lipids in children exposed to preeclampsia compared with controls (39) and another found no differences between groups (40) however, it is not known how long triglycerides persist as longitudinal studies have not been performed. As elevated triglyceride levels are associated with greater aIMT of neonates exposed to other adverse pregnancy complications such as growth restriction (35) or born large for gestational age (16), we speculate that elevated neonate lipids levels may have influenced the aIMT in the study by Akcakus et al. (18). Meta-analysis have reported that LDL is greater and HDL is lower in the cord blood of offspring exposed to intrauterine preeclampsia, however there were no differences in the lipids of children, adolescents and young children exposed to preeclampsia (3). While we did not assess lipids in this study, they should be investigated in future research.

There are challenges in assessing PWV and aIMT in young children. While feasible (41), we had to exclude five participants as they were unable to cooperate or keep still during the vascular assessments. Moreover, distractions were required in 40% of participants in order to sufficiently perform the assessments. A further four participants were excluded as they did not meet quality control. Despite this, we obtained more successful measurements than other studies which measured aIMT (41) or PWV (41, 42) in early childhood populations.

The effects of exposure to intrauterine preeclampsia may vary throughout childhood. As our study was conducted in children aged two to five, we cannot rule out the possibility of a regression in intimal thickening after birth. This is supported by a series of post mortem studies by Stary (43), where the frequency of fatty streaks located in the coronary arteries decreased after infancy and during early childhood before increasing in late childhood. This suggests that early lesions found in infancy were formed in-utero and are reflective of maternal risk factors. Accordingly, vascular health markers assessed in childhood may be more indicative of exposure to childhood risk factors. Longitudinal studies should seek to establish whether vascular health changes seen in newborn offspring exposed to preeclampsia regress during infancy. On the other hand, the time point of our study may be too early to detect clinically significant changes. A systematic review of 53,029 individuals investigated the association between exposure to intrauterine preeclampsia with cardiovascular risk factors and reported elevated BP and a mild increase in BMI from childhood and in early adulthood (3) however, there was considerable heterogeneity. We also found a mild increase in central systolic BP in children exposed to preeclampsia, after adjusting for BMI and birth weight. This is an important finding because elevated BP tracks from childhood to adulthood and is likely to predict hypertension in adulthood (44), highlighting the potential for early intervention in high-risk children. Although limited, evidence from the aforementioned systematic review (3) also indicated that vascular function is altered, with changes to endothelial function and cardiac morphometry reported in children exposed to preeclampsia compared to controls. PWV or IMT were not reported in this systematic review.

Although preeclampsia exposure was not associated with adverse cardiovascular markers in our cohort, there is growing evidence of the long term effects of offspring exposed to intrauterine preeclampsia including increased cardiovascular morbidity, elevated BMI and BP (4). Therefore those exposed to intrauterine preeclampsia may benefit from routine screening and monitoring of cardiovascular risk factors, particularly BP, to identify individuals at the greatest risk and to target intervention strategies. Routine screening may also be important as preeclampsia exposure often overlaps with other adverse outcomes in pregnancy such as low birth weight and preterm birth, which are both independently associated with increased CVD risk in later life (45, 46). However, the results of our study provide reassurance to parents of young children exposed to in intrauterine preeclampsia, as signs of increased CVD risk were not present in this cohort of children aged 2–5 years.

Strengths of the study include recruitment of participants in this sub-study from an established prospective cohort study of ethnically diverse women and their children as well as a large parallel control group (23). The participants are well characterized from a cohort that is broadly reflective of the overall preeclampsia population i.e., mostly late onset and without severe fetal growth restriction, and were assessed over a narrow age range. However, future studies which include a mix of exposure to early and late onset may be helpful in determining the impact of intrauterine preeclampsia exposure on vascular health. We followed best practice procedures for data collection (6, 47), using validated and acceptable methods for assessing early arterial injury in children (42, 48, 49), which contrasts other published studies (20, 32). Other adverse complications such as low birth weight and preterm birth increase CVD risk in later life (45, 46), however, we found no associations between aIMT or PWV and confounders in univariate or sub-group analysis. Due to slow recruitment and smaller than expected enrolment in to the study, we were unable to match cases vs. controls as initially planned. Whilst we recognize the study was potentially underpowered, none of the findings approached statistical or clinical significance. Further research, including longitudinal follow-up, is required to determine if alterations to vascular structure and function are apparent later in life.

We found no differences in vascular structure or function in 2–5 year old children as a result of intrauterine preeclampsia exposure. While this finding is reassuring, more research is required in larger cohorts with longitudinal follow up to determine if, and when, exposure to intrauterine preeclampsia affects the vascular health of children.
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Background: In the context of concerns regarding the cardiorespiratory fitness (CRF) of youth populations, the aims of this study were: (1) to update reference values for the VO2max for school-aged Canadians and (2) to document secular trends in CRF after a 35-year interval.

Methods: Between September 2014 and April 2017, the CRF of 3725 students (53.2% boys; 6.0 to 17.9 yrs) was determined using the 20-m shuttle run test. The sample was collected in 36 different schools from six cities of Québec (Canada).

Results: Median values of VO2max decreased with age in both sexes (p ≤ 0.05). By the age of 10, more than 20% of boys showed VO2max values below the recommended value (42 ml·kg−1·min−1). At the age of 17, that proportion reached 56.8%. A similar proportion of 12 yrs girls (20%) were under the recommended minimal value (37 ml·kg−1·min−1) and that value reached 69.9% at the age of 17. Compared to 1982, the VO2max at age 17 has declined by 18% for boys and 12% for girls. The situation is worse in terms of functional capacity (number of stages completed) with an overall decrease of more than 30%.

Conclusion: This study demonstrates that, compared to data obtained using the same methodology 35 years ago, the CRF and functional capacity of children and adolescents has declined to levels that should raise concerns from a public health perspective. Thus, the development of strategies to promote a physically active lifestyle in youth is more relevant than ever.

KEYWORDS
 normative reference values, VO2max, functional capacity, secular trends, youth, cardiorespiratory fitness


Introduction

According to Health Canada (2016) (1) the prevalence of obesity in youth (5–17 years) has more than tripled over the last 30 years. One of the most common explanations is related to the marked decline in physical activity levels during childhood and adolescence (2, 3). In fact, some recent studies have also shown the huge impact of a physically active lifestyle on the prevention and management of multiple chronic health problems such as cardiometabolic risk factors, several cancers, mental health problems and more (4–6). Data from the Public Health Agency of Canada report (2016) (7) indicate that the vast majority of young Canadians fail to meet recommended levels of physical activity due to increased sedentary behaviors. In fact, nearly 91% of children and youth aged 5–17 do not reach the Canadian Physical Activity Guidelines (8) recommendation of 60 min of moderate to vigorous physical activity daily.


Cardiorespiratory fitness

CRF is such a key determinant of health (4, 9) that it has been proposed as a vital sign that should be monitored in clinical practice (10). In childhood and adolescence specifically, poor CRF is a major precursor to the development of short-term and later-life cardiometabolic risk factors and chronic diseases (10–13). According to the WHO and based on several studies, VO2max which represents the maximal capacity of the organism to consume oxygen during maximum physical exertion, has long been considered the leading indicator of CRF (14–17). Although some authors have questioned the usefulness and relevance of field tests for the evaluation of the CRF (18, 19) there is a strong consensus in favor of the use of this type of test, particularly for population surveillance (20–22). In fact, over the last 4 decades, the most commonly used test to assess aerobic fitness in school is the 20-m shuttle run test (23). The popularity of this field test relies on the fact that it is easy to manage, requires little equipment and time, is inexpensive and can be administered to several individuals simultaneously. In 2019, Statistics Canada released a set of normative percentile reference values including CRF (24). For practical reasons, the aerobic test chosen was the Modified Canadian Aerobic Fitness Test (mCAFT), a submaximal step test used to estimate an individual's CRF. Due to the very different nature of the procedures, the two tests cannot be interchanged for population surveillance purposes since the estimated VO2max values will be different.

Thus, the first objective of this study was to provide an update of the reference values for VO2max for the Canadian youth population (aged 6–17). The second objective was document the suspected secular trends in youth CRF by comparing the data collected in 1982 by Léger et al. (23) with the results of the present study.




Methods


Design

This study is a descriptive comparative research with a cross-sectional design based on a large sample of children and adolescents from Québec (Canada).



Participants

Between September 2014 and April 2017, a total of 3,725 students (boys = 1,983; girls = 1,742) were recruited for this study. The age varied between 6.0 and 17.9 years, which covers elementary and high school education in Canada. The participants were recruited in 36 different schools (elementary school = 24 and high school = 12) from six cities in the province of Québec (Montréal, Québec city, Saguenay, Trois-Rivières, Laval and Sherbrooke). The data was collected in the gymnasium of each school during physical education classes. Parents and students were informed of our presence and could indicate their refusal to participate in the project (a consent form was signed by the school authorities). The Institutional Ethical Committee Board (University of Québec in Chicoutimi) approved the project (no: 602-225-01).



Selection of the school boards, schools and classrooms

A three-stage sampling approach was used for the selection of a representative number of school boards, schools and classrooms. Each school received an invitation letter in order to take part in the project. Following the sending of approximately 1,200 invitations to school principals, over 300 schools expressed their interest to participate in this project. Particular attention was also paid to the equitable representation of the various socioeconomic status in our sample through a socioeconomic school rating from the Québec government (Ministère de l'Éducation et de l'Enseignement Supérieur, 2017).

All schools and classrooms were randomly selected by lot. Apart from very rare exceptions, all students of the same class were assessed, thus eliminating a selection bias. If a chosen school would withdraw, a new draw was then carried out. All participants were free from illnesses, disabilities, or injuries that could have been aggravated by physical activity. The sample size required for conducting this study was determined from a Cohen's d power analysis in order to detect small effects (d < 0.1) with a 1-β = 0.95 for α = 0.05 using G Power software version 3.1.9.4. Thus, 1,564 youths per sex were required for a total of 3,128 participants.



Anthropometric measures

Anthropometric variables were collected using procedures proposed by Lohman et al. (25). Body mass (BM) was noted to the nearest 0.1 kg using a Detecto scale (Missouri, USA). Body height (BH) was assessed using a Lafayette stadiometer (Louisiana, USA) at the nearest 0.1 cm. Body mass index (BMI) was also calculated. BMI (typical vs. overweight and obese youths) was classified according to age and sex as suggested by Cole et al. (26).



Cardiorespiratory fitness

CRF was determined in accordance with the 20-m shuttle run test described and validated by Léger et al. (23). Briefly, the test took place in a standard size gymnasium of at least 25 m. The entire classroom (generally around twenty students) took up position on the starting line. Whenever a participant could no longer follow the required running speed, he or she was stopped and the number of the last completed stage was recorded. At the end of the test, the following information was then extracted or estimated for each student: the number of the final stage, the associated running speed (km·h−1) and the estimated VO2max value (ml·kg−1·min−1).



Statistical analysis

All descriptive values are reported as mean ± standard deviation (SD). Confidence intervals (CI) were set at the 95% level. Cohen's effect sizes were calculated for various intergroup comparisons. The Shapiro-Wilk test for normality was compiled for each variable. When normality was violated, a Box-Cox transformation (27) was conducted using the following equation:

[image: image]

Where, BC, Box-Cox transformation; VAR, variable; L, lambda

The Box-Cox power exponential method, which smoothed the curves by cubic splines, has been used to create the curves.

Outliers were identified using the method proposed by Hoaglin et al. (28, 29). The equation reads as follows:

[image: image]

Where Q75 = 3rd quartile; Q25 = 4th quartile; g = 2.2

Percentiles values were computed using the LMS method, (30) which read as follows:

[image: image]

Where, P = percentile; M = median; L = Lambda; S = coefficient of variation; S = Z-score for the desire percentile.

In order to be able to assess changes that have occurred between 1982 and 2017, the data from the present study were compared with the study carried out by Léger et al. (23) using an unpaired T-Test. Statistical analysis was produced by the IBM-SPSS software version 24.




Results

Anthropometric (BM, BH and BMI) and cardiorespiratory (number of stages completed and VO2max) characteristics as a function of age and sex are shown in Table 1. From the age of 10, girls are heavier and taller than boys until about the age of 13 years, which is consistent with puberty in girls. The cardiorespiratory profile presents a different picture where boys already have higher values for all age groups. This difference is particularly marked for the functional component of the test, which is reflected by the number of stages completed in the 20-m shuttle run test.


TABLE 1 Anthropometric and cardiorespiratory profiles of boys and girls aged 6–17 years old.

[image: Table 1]

Percentile curves of VO2max and functional capacity, for boys and girls aged 6 to 17, are presented in Figures 1A, B. Between age 6 and 17, the median values for VO2max declines by about 14% for boys and 27% for girls. Also, this trend appears to be strongly affected by the percentile (VO2max) reached in early childhood. For example, for the 25th percentile value, a decline of 21% for boys and 33% for girls is observed between the age of 6 and 17. In Figures 1C, D, the percentile curves of the number of stages during the 20-m shuttle run test provide useful information regarding the functional aspect of the cardiorespiratory capacity. Thus, individuals in the upper percentiles tend to considerably improve the number of stages completed throughout the physical growth period compared to individuals in the lower percentiles.


[image: Figure 1]
FIGURE 1
 Age-specific smoothed percentile curves for VO2max and the number of stages completed estimated using the 20-m shuttle run test for boys (A, C) and girls respectively (B, D).


Tables 2, 3 provide the standardized values for VO2max and functional capacity (stages) respectively. All parameters included in the LMS method are reported for each year of chronological age (6–17 years) for both sexes. Additionally, values for the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th percentiles are also shown.


TABLE 2 Percentile references values for VO2max according to age and gender in Québec children and adolescents (N = 3725).

[image: Table 2]


TABLE 3 Percentile reference values for the number of stages completed during the 20-m shuttle run test according to age and gender in Québec children and adolescents (N = 3725).

[image: Table 3]

The impact of BMI on VO2max was also examined (Figures 2A, B). As shown in Table 4, boys in the overweight/obese zone have VO2max values markedly lower than individuals with typical BMI across all age groups and this difference increases between the age of 14 and 17. In girls, a similar but less important difference is observed between overweight/obese individuals and those with typical BMI follows a slightly shifted curve which increases with age in favor of the former. For the functional aspect of the 20-m shuttle run test, a very large discrepancy is also observed when comparing individuals from the two BMI categories (Figures 2C, D).


[image: Figure 2]
FIGURE 2
 Modeling of VO2max curves and the number of stages completed in youth with typical BMI or with overweight/obese profile in boys (A, C) and girls (B, D). The thick horizontal line represents the critical cutoff health zone.



TABLE 4 Comparison of VO2max and the number of stages completed in children and adolescents with typical or overweight/obese BMI profile.

[image: Table 4]

Secular trend for VO2max (Figures 3A, B) and the number of stages completed in the 20-m shuttle run test (Figures 3C, D) over a 35-year interval are illustrated by comparing data from the present study with data collected in 1982 using the same methodology (23). Over 35 years, median VO2max decreased by 7.6% for boys and 8.3% for girls at the age of 6 and this difference increases to nearly 18% in boys and 12.2% in girls by the age of 17 (Table 5). Compared to 1982, a significant decrease is also observed for all age groups for the number of stages completed for boys and girls.


[image: Figure 3]
FIGURE 3
 Modeling of the secular trend curves for median VO2max and for the number of stages completed between 1982 and 2017 for 6 to 17 yrs boys (A, C) and girls (B, D). The thick horizontal line represents the critical cutoff health zone.



TABLE 5 Comparison of VO2max and the number of stages completed in children and adolescents between 1982 and 2017.

[image: Table 5]

Given that the difference in body mass between 1982 and 2017 could influence the VO2max observed between the two periods, BM normalization was carried out. The discrepancies observed between the 2 periods are not attenuated by BM standardization as shown in Table 6. Similarly, BM normalization did not affect the secular trends observed between 1982 and 2017 regarding the number of stages completed.


TABLE 6 Comparison of VO2max and the number of stages completed between Current study and Léger et al. (23) with adjustment for BM.

[image: Table 6]



Discussion

This study provides recent reference values for the maximal aerobic 20-m shuttle run test in children and adolescents of the province of Québec (Canada). It also provides unique opportunity to directly compare recent CRF data with reference values initially documented for this test in the same geographic area and age group in 1982 (31).


CRF reference values

According to different studies and regardless of age, it is estimated that a minimum VO2max value of approximately 42 ml·kg−1·min−1 in boys and 37 ml·kg−1·min−1 in girls is required to minimize the risk of developing severe health problems (32, 33). Considering these CRF thresholds, the reference values documented in this study raise a powerful red flag by showing that, by the age of 17 in boys and 15 in girls, the median VO2max value is below the minimal CRF level associated with favorable health outcomes later in life. These results are consistent with the reference values reported by Tomkinson et al. (6) in a metanalysis of 177 studies, most of which were published between 2000 and 2015.

Functional capacity is also affected, demonstrating that today's youth have a reduced ability to sustain moderate/intense effort. In fact, this decrease begins 1 year earlier than the decline in VO2max. This finding is certainly as worrying as the decrease in VO2max.

The results also indicate that the higher the CRF reached at a young age, the greater the chances that it will be maintained during the growth period. Assuming that this tendency persists later in life through adulthood, these results further support the notion that childhood CRF can contribute to prevent the development of cardiometabolic risk factors and diseases later in life (14).



Effect of overweight/obesity on the CRF

Although obesity is recognized as a major cause of morbidity, (1, 32) a recent metanalysis indicated that it is not an independent factor of premature mortality (14). In the present study, data stratification for BMI (typical vs. overweight/obese) shows that, in the later group, a higher proportion evolves toward a VO2max value below the minimal CRF level associated with favorable health outcomes. In boys with the overweight/obese profile, it is noted that the critical median cutoff value of VO2max is crossed as soon as the age of 11, which never happens for the typical BMI group.

The number of stages completed as a function of age is also heavily impaired in the overweight/obese BMI group. These results further support the notion that lower CRF and functional capacity are factors that likely contribute to unfavorable cardiometabolic outcomes in youth with BMI that correspond to the definition of overweight and obesity. However, other factors also need to be taken into account since in girls with a normal BMI median VO2max will eventually fall below the recommended cutoff by the age of 16. Reduced physical activity combined with increased passive activities has been suggested as a likely factor that explains this situation (32, 34, 35).



Secular trends in CRF

The great heterogeneity of CRF assessment procedures makes comparisons between studies complicated. In 1982, Léger and colleagues developed the 20-m shuttle run test and developed reference values for the CRF of youth living in Quebec (23). International reference values for the 20-m shuttle run test were recently developed by combining data from studies published up to 2015 (6). However, these more recent reference values do not allow comparison for specific population over time. The present study has the advantage of using the same test, administered under the same conditions, in the same cities and in the same school boards as 35 years earlier by Léger et al. (23).

This methodology resulted in a unique opportunity to objectively appreciate the evolution of CRF in youth between 1982 and 2017. The results confirmed an important decrease of CRF (estimated VO2max) and functional capacity (number of stages completed) in the study population. This difference tends to accentuate with age, with a VO2max decrease reaching nearly −18% for males and −12% for females at the age of 17. The functional impact of this situation is even more important in terms of the number of stages completed with an overall decrease of more than −30%. Furthermore, in 1982, all age groups of both sexes displayed VO2max values above the minimal recommended threshold associated with positive health outcomes. In the present study population, this is no longer the case from the age of 16 for boys and 15 for girls.

While some authors deny the fact that CRF has decreased over the last decades (18, 19) our results clearly show an alarming decline, both in relative (ml·kg−1·min−1) and functional values (number of stages). It has been suggested that the decrease in VO2max when expressed in relative values is predictable given the increase in body mass in youth over the past decades. However, data from the present study indicates that, after normalization for BM, significant differences remain for VO2max and for the number of stages completed in all age groups for both sexes. It may be noted that even when the body mass of Léger's cohort age groups was heavier, the relative and functional values remain markedly higher in their favor. Under these circumstances, it is reasonable to assume that body mass alone is insufficient to explain these differences.

It is assumed that, in addition to the body mass gain observed in recent decades in children and adolescents, increased time spent on sedentary activities is the factor that probably best explains the decrease in CRF (14, 21). Back in the 1980s when the 20-m shuttle run test was developed, computers and video games were in their infancy. With the development of the Internet and social networks youth became less physical active with an increase of time spent on sedentary activities (36, 37). As of 2016, combined data from 146 countries indicates that over 80% of adolescents do not meet the recommended levels of physical activity (38). Even more recently, the substantial reduction in physical activity due to containment measures related to COVID-19 is expected to further accelerate this decline (39).



Reference values vs. standard values

In this paper, we use two distinct concepts that deserve to be explained. Based on the Centers for Disease Control and Prevention (DCC) in 2002, (40) reference values reflect the current situation without regard to its impact on health (what is). This information should not be interpreted as an objective to be achieved. This seems quite obvious as the VO2max values as well as the number of stages completed (i.e., functional capacity) have considerably decreased over the last decades. Thus, the role of the reference values is to make possible to measure the actual changes, and perhaps those that may occur in the future. They also allow comparison of current values with those from other studies.

On the other hand, the standard values represent what is minimally desirable in order to protect against certain potential health problems (what should be). In the case of VO2max, the minimum threshold should be around 42 ml in boys and 37 ml in girls. In order to stay above these thresholds, the reference values indicate that youths should follow at least around the 65th percentile curve throughout the growth period.



Strengths and limitations

The large sample size (n > 3700) allows a valid representation of youths living in Québec (Canada). The test used to estimate the VO2max is internationally accepted as valid and reliable. The procedure used was repeated under the same conditions: same cities, same test and same school boards as the original 1982 study, which allows to assess the secular trends with a reduced number of biases. However, some limitations should also be noted. The cross-sectional nature of the data restricts inferences. VO2max values were estimated instead of measured directly, which affected the accuracy. Finally, although some towns were in suburban areas, cities in rural zones were not represented.




Conclusion

While providing updated reference values for the 20-m shuttle run test, this study provides direct comparative evidence of an alarming decrease of CRF and functional capacity in a population of children and adolescents since the 1980s. This further highlights the threat of an epidemic of cardiometabolic pathologies in the near future. Thus, development of population surveillance tools and public health strategies to promote a physically active lifestyle is more important than ever.
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Objectives: This retrospective cohort study investigates how parenting stress, measured at 4 months of age by use of a classic three-dimensional parent-reported scale (Parenting Stress Index, 4th Ed. or PSI-4), can predict anxiety symptoms and quality of sleep at 24 months in toddlers with congenital heart disease (CHD).



Study Design: Sixty-six toddlers with CHD followed at our cardiac neurodevelopmental follow-up clinic were included in this study. As part of their systematic developmental assessment program, parents completed questionnaires on their stress level (PSI-4) when their child was 4 months old, and on their child's anxiety symptoms and quality of sleep at 24 months. Eight multiple linear regression models were built on the two measures collected at 24 months using the PSI-4 scores collected at 4 months. For each measure, four models were built from the PSI-4 total score and its three subscales (Parental Distress, Parent-Child Dysfunctional Interaction, Difficult Child), controlling for sex and socioeconomic status.



Results: The PSI-4 Difficult Child subscale, which focuses on parenting anxiety related to the child's behavioral problems and poor psychosocial adjustment, accounted for 17% of the child's anxiety symptoms at 24 months. The two other PSI-4 subscales (Parental Distress and Parent-Child Dysfunctional Interaction) and the PSI-4 total score did not contribute significantly to the models. None of the four regression models on perceived quality of sleep were significant. It is important to note that 33% of parents responded defensively to the PSI-4.



Conclusions: Parenting stress related to the child's behavioral problems and poor psychosocial adjustment, measured when the child is 4 months old, is associated with the child's ulterior anxiety symptoms. As very few standardized tools are available to assess the behavioral and psychoaffective development of infants, this study highlights the importance of early psychosocial screening in parents of infants with CHD. The high rate of significant Defensive Responding Indices reminds us to not take parent reports at face value, as their actual stress levels might be higher.
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1. Introduction

Children with congenital heart disease (CHD) are at high risk for neurodevelopmental impairments, including behavioral and psychoaffective deficits, which can alter their developmental trajectory and quality of life (1). More specifically, school-age children with CHD seem to display more anxiety and depressive symptoms than their healthy peers (2). Gupta and al (3). found that covert anxiety, fear, depression and behavioral problems were more prevalent in children with CHD who were not exhibiting clinically significant psychosocial impairments, compared to the normative population. They also found that school-age children with cyanotic CHD displayed more physiological signs of anxiety (i.e., shortness of breath, increased heart rate, sweaty hands) than healthy children, which was associated with isolation and lower self-esteem, thus greatly impacting those children's relationships with their family and same-age peers. Even preschool-age children with CHD have 5–7 times higher odds of developing an anxiety disorder (4). This highlights the relevance of examining anxiety outcomes in young children with CHD.

Meanwhile, up to 50% of parents of children with CHD exhibit significant emotional distress (5). During the perinatal period, parents of children with CHD experience considerable stress due to their child's life-threatening medical condition, multiple surgeries, long hospitalizations, and neurodevelopmental and behavioral challenges (6, 7), thus making it harder for them to thrive in their parental role (8, 9). It has also been shown that parents may pass on their anxiety to their child, through overprotective behavior, fears and personal or interpersonal distress (10). Therefore, the more anxious the parent, the more behavioral and psychoaffective problems they tend to identify in their child, and the higher the chances that their child will develop a similar anxious profile (3). Considering the high risk for emotional distress in parents of children with CHD, the relationship between parenting stress and the child's anxiety ought to be further investigated.

Visconti et al. (11) conducted one of the first longitudinal studies on the effects of parenting stress on behavioral and psychoaffective adjustment in children with dextro-transposition of the great arteries (d-TGA) and they found that parents with more stress at 12 months reported more behavioral problems in their children 3 years later. Also using a longitudinal design, Hsiao et al. (12) identified five distinct evolutive patterns of behavioral and psychoaffective difficulties in children with CHD over a two-year period (participants enrolled between the ages of 1,5–10 years old): “persistent normal,” “initial problematic,” “worsening,” “persistent problematic,” and “subclinical.” Children of all ages whose parents had higher levels of parenting stress were more likely to be categorized into the “initial problematic,” “subclinical,” and “persistent problematic” patterns, suggesting that behavioral and psychoaffective functioning is influenced by early factors including parenting stress. Altogether, these studies highlight the importance of early detection of parenting stress, in order to promote healthy behavioral and psychoaffective development in children with all types of CHD (13).

High levels of parenting stress have also been associated with more sleep problems in healthy 5-year-olds who exhibit behavioral and psychoaffective problems (14), as well as in ill children (15). It has also been documented that children with CHD are at high-risk of developing sleep pathologies (16) or disrupted sleep patterns, especially when there is increased medical complexity, longer hospitalization stays and lower parental education (17). Sleep plays a fundamental role in the child's development (18, 19), and it has been reported to be among the parent's main concerns (20) due to the adverse effects of sleep deprivation on the child's daily functioning. Since parents of children with CHD experience very high levels of stress (6, 7), it is relevant to examine the relationship between parenting stress and the child's quality of sleep. A better understanding of the potential implications of parenting stress would affirm the need for early preventive screening of distressed families.

Many sociodemographic and clinical factors related to CHD are known to influence neurodevelopmental outcomes (21, 22). Investigating the role of parenting stress on anxiety and sleep outcomes is essential in order to better understand the underlying contributing parental factors (23, 24), which might be modifiable. Therefore, this retrospective study aims to investigate how early parenting stress, measured at 4 months, can explain the child's anxiety symptoms and quality of sleep, measured at 24 months, in a cohort of toddlers with CHD. We expected parenting stress at 4 months to account for a significant part of the variance in anxiety and sleep outcomes at 24 months.



2. Materials and methods


2.1. Procedure and participants

We performed a retrospective examination of all patients aged 24 months and older (n = 281) seen at our cardiac neurodevelopmental follow-up clinic and whose parents had consented to their child's medical information being used for research purposes. In order to be included in the study, children had to have an ante- or perinatal diagnosis of CHD, have undergone at least one corrective surgery early in life (palliative or temporary procedures such as the Rashkind procedure or the installation of cardiac stents were not considered) and have in their medical chart all parent-reported questionnaires of interest completed during the systematic follow-up assessments at 4 and 24 months. More specifically, parents filled the Parenting Stress Index, 4th Edition—Short Form (PSI-4-SF) at 4 months, and the Child Behavior Checklist 1.5–5 years old (CBCL 1.5–5 years old) and the Échelle de dépistage des troubles de sommeil pédiatriques (HIBOU; Pediatric Sleep Disorders Screening Scale) at 24 months (see below for detailed descriptions of the parental questionnaires).



2.2. Variables


2.2.1. Parenting stress

Parenting stress levels were measured using the PSI-4-SF (25) when patients with CHD were 4 months old. This questionnaire was completed either by one or both of the patients' parents. If both parents completed the questionnaire, the scores of one of the parents were chosen randomly during data collection (see Supplementary Table S1). The PSI-4-SF includes three subscales of 12 items each: Parental Distress (PD; example of item: “I don’t enjoy things as I used to.”), Parent-Child Dysfunctional Interaction (PCDI; example of item: “My child rarely does things for me that make me feel good.”) and Difficult Child (DC; example of item: “My child is very emotional and gets upset easily.”). The parent answers using a Likert scale with five anchors ranging from “Strongly Disagree” to “Strongly Agree.” The total stress score is calculated by combining the total scores of the three subscales. A raw score of 110 and over (85th percentile) points to a level of parenting stress that is higher than normal. The questionnaire also evaluates the parent's propensity to answer defensively (Defensive Responding Index), whether because the parent who filled out the questionnaire underestimated his or her stress level (deliberately or not) or due to an abnormally low level of parenting stress, possibly related to parental disengagement. Defensive responses are abnormally low scores (“Strongly Disagree”) on items to which most parents, not necessarily in clinical contexts, would answer that they somewhat agree. The scores of seven items of the PD subscale are combined (example of an item: “I feel trapped by my responsibilities as a parent.”) and the Defensive Responding Index is considered significant if the sum is 10 or less, meaning that the results must be interpreted with caution. The PSI-4-SF has very good psychometric properties [Cronbach's α superior to .80; see reference (26)] and its validity and reliability have been confirmed in various populations (27, 28).



2.2.2. Anxiety

The behavioral, psychosocial and psychoaffective development of the 24-month-old patient was evaluated using the French version of the parent form of the CBCL 1.5–5 years old [CBCL 1.5–5 ans; see references (29, 30)]. This questionnaire includes 99 items divided in 15 subscales (i.e., “Attention Problems”, “Somatic Complaints”, “Internalizing Problems”, etc.). The raw score calculated from each subscale's items (“0 = not true; 1 = somewhat or sometimes true; 2 = very true or often true”) is converted to a T score and a percentile rank. For each subscale, an above normal or clinical cut-off score is specified. In this study, we considered the “Anxiety Problems” subscale of the questionnaire. This subscale contains 10 items and therefore has a maximum raw score of 20. A raw score of 8 and above indicates clinically significant anxiety symptoms. Validity of the CBCL 1.5–5 years old for assessing the behavioral, psychosocial and psychoaffective development of preschoolers has been corroborated using diverse populations (31, 32). Many authors have confirmed the very good psychometric properties of the questionnaire (Cronbach's α superior to .72 for all subscales)—see among others Ha et al. (33) and Ivanova et al. (34).



2.2.3. Quality of sleep

The patient's quality of sleep at 24 months was assessed using the HIBOU (Pediatric Sleep Disorders Screening Scale). This is a non-standardized parent-reported screening tool translated into French by Godbout and Martello (35) from the original English version (36). This questionnaire has proven to be useful for clinicians, allowing them to easily collect information on the child's sleep habits, thus improving their ability to identify early on potential sleep problems and refer the child to a specialist, if needed (37). The questionnaire includes five subscales: “Irregular schedule and excessive diurnal sleepiness”, “Insomnia”, “Moves during sleep”, “Obstruction” and “Ultra-vigilance”. Each subscale refers to 1 or 2 items for which the parent provides a score ranging from 0 to 3. The total raw score ranges from 0 to 27. A total score of 16 and over indicates that the child has significant sleep difficulties and is at high risk of developing a sleep disorder, and a referral to a specialist is recommended. A total score between 10 and 15 indicates sleep difficulties that should be monitored, but that do not yet justify a referral.




2.3. Statistical analyses

Analyses were conducted using the Statistical Package for Social Sciences (SPSS, version 27). First, the data was explored to ensure assumptions of normality were met and Descriptive comparison statistics between participants and non-participants were performed using independent t-tests. Then, to determine the interrelatedness between parenting stress at 4 months (PSI-4 total score and PSI-4 subscale scores PD, Parental Distress; PCDI, Parent-Child Dysfunctional Interaction; and DC, Difficult Child) and our behavioral and psychoaffective measures of interest at 24 months (CBCL Anxiety Problems; HIBOU total score) bivariate Pearson correlations were computed prior to the regression models. The correlation coefficients yielded the maximum degree of linear relationship that could be obtained between our variables. Finally, multiple linear regression analyses were performed to examine how parenting stress at 4 months could explain ulterior anxiety symptoms and quality of sleep at 24 months.

Four regression models were built on the CBCL Anxiety Problems score at 24 months. The first model included the PSI-4 total stress score at 4 months as a predictor. The three other models each included a PSI-4 subscale score other than the total stress score (PD, PCDI, DC). Since significant differences were found between the PSI-4 scores of parents who responded defensively (see below) to the questionnaire and those who did not, Defensive Responding was included as a dichotomic predictor in all models. Finally, sex (38, 39), socioeconomic status (40, 41) and duration of hospitalization at first surgery (42) were controlled, as all these factors have been shown to have a significant influence on the neurodevelopment of children with CHD.

Four other identical regression models were built on the HIBOU score at 24 months. The exact same variables were controlled. Since the HIBOU questionnaire only generates a raw score, the raw scores of all three questionnaires were used. Moreover, even though the patients were between 2 and 5 years old when the analyses were conducted (M = 43.16 months; SD = 7.07; range of 28–58 months), they were all roughly the same age when the questionnaires were completed (M = 24.24 months; SD = 0.93; range of 23–29 months; see Supplementary Table S1) and were therefore part of the same age-based normative group, meaning that the raw scores represented the same level of challenges encountered. Finally, a Benjamini-Hochberg correction for multiple analyses was applied, because four comparisons were performed on each dependent variable.




3. Results


3.1. Descriptive statistics

Among the 281 patients whose medical charts were reviewed, ten were excluded because they did not require corrective surgery and 205 were excluded because of incomplete questionnaires, interruptions in the follow-up process or late referrals to the clinic (past the 4-month assessment). A total of 66 patients with CHD (42 boys; mean age 43.17 months ±7.07) were ultimately included in this study. See Supplementary Table S1 for detailed statistics of the patients' characteristics. In order to investigate if our sample was representative of the patients at our cardiac neurodevelopmental follow-up clinic, we compared socio-demographic and clinical variables between the included patients (n = 66) and the patients followed at the neurocardiac clinic who were excluded (n = 205). These results are presented in Table 1.


TABLE 1 Descriptive statistics of included and excluded patients.

[image: Table 1]

Results for the PSI-4 revealed that the patients' parents' stress levels were not above the clinical threshold and that 33% of them responded defensively to this questionnaire. Considering the potential influence of the defensive responding bias on parent-reported stress (43), we separated the parents who responded defensively to the PSI-4 from those who did not. As expected, we found a significant difference between total stress (p < .001, mean raw score of 48 ± 8 vs. 73 ± 15, respectively), PD (p < .001, mean raw score of 16 ± 4 vs. 27 ± 7) and DC (p < .001, mean raw score of 18 ± 4 vs. 24 ± 7) scores. However, no difference was found when comparing the PCDI scores (p = .984, mean raw score of 20 ± 6–21 for both groups). These results suggest that a variety of patterns could potentially emerge in our analyses, when considering the parents’ defensive responding. Thus, Defensive Responding was included as a controlled variable in all regression models. We also compared the PSI-4-SF scores of the patients’ parents who completed the questionnaire before their child underwent surgery to that of parents who completed it after the surgical intervention. No difference was found between the two groups in regard to the Total Stress score (p = .952, mean raw score of 64 ± 18 vs. 65 ± 18) nor any of the three subscale scores (PD, p = .474, mean score of 25 ± 7 vs. 23 ± 8; PCDI, p = .081, mean score of 25 ± 24 vs. 19 ± 8; DC, p = .558, mean score of 23 ± 7 vs. 22 ± 7). No difference was found when comparing PSI Total Stress scores of parents who received an antenatal diagnosis of CHD to that of parents who received the diagnosis after birth (p = .969, mean score of 65 ± 16–18 for both groups).



3.2. Correlations and multiple linear regressions

Bivariate Pearson correlation analyses were performed between the variables of interest (see Table 2). When predicting anxiety symptoms at 24 months (CBCL) while controlling for the patient's sex, socioeconomic status and duration of hospitalization at first corrective cardiac surgery, we found that the regression model built with the PSI-4 DC (Difficult Child) score explained 17% (R2 = .166; p = .048) of the CBCL Anxiety Problems subscale score. In fact, a closer look at the contribution of each variable included in the model shows that the DC subscale score accounts for 36% (ß = .358; p = .004) of the variance in parent-reported anxiety symptoms at 24 months, independently of controlled variables. No significant predictive value of the PSI-4 PD, PCDI and total stress scores on CBCL Anxiety Problems at 24 months was found. No significant predictive value of PSI-4 scores on the HIBOU scores at 24 months was found either with any of the four regression models (PSI-4 total stress, PD, PCDI and DC). See Table 3 for the detailed results of the linear regression analyses.


TABLE 2 Pearson bivariate correlation matrix between PSI scores at 4 months and CBCL anxiety scale and hibou scores at 24 months.
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TABLE 3 Results of multiple linear regression analyses between 4- and 24-months scores.
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4. Discussion

This longitudinal retrospective study aimed to investigate the predictive value of parenting stress at 4 months on anxiety outcomes and quality of sleep at 24 months in toddlers with CHD. Our results partly align with the hypothesis that was put forward. First, parenting stress scores at 4 months were significantly associated with the child's anxiety symptoms at 24 months. In fact, parenting stress related to the parent's perception of their child's behavioral problems and poor psychosocial adjustment (DC subscale of the PSI-4) acted as a significant predictor of parent-reported anxiety in their toddler at 24 months. Even when controlling for the child's sex, the family's socioeconomic status, the duration of hospitalization at first corrective cardiac surgery and the Defensive Responding bias, the regression model remained significant. This result suggests that parenting stress is an independent predictor of ulterior anxiety in the child, above and beyond sociodemographic and medical factors known to impact the development of children with CHD (44, 45). Karimzadeh et al. (46) have explained that increased levels of parenting stress could have such an impact through a lack of emotional availability or a tendency to assume that the situation is about to spiral out of control when facing any changes or difficulties with the child, even when minor. The PSI-4 DC subscale notably evaluates the parents' perception of their child's ability to self-regulate and cope with adversity (28). Significant maladaptation and increased levels of anxiety in parents could therefore lead to similar ulterior reactions in children through a number of parental psychosocial factors.

Among the four scores obtained with the PSI-4 (Total stress score, PD, PCDI, and DC subscale scores), only the DC score was significantly correlated with the CBCL Anxiety Problems subscale score at 24 months. Since the total stress score represents the sum of the three dimensions of the PSI-4 scale, it is less specific than the three subscale scores considered individually. Perhaps parents of children with CHD have a generally higher threshold for what they perceive to be stressful, given what they have gone through with their child's medical condition (47), and this could contribute to lowering their self-reports of personal distress (PD subscale). This could alter the predictive value of the total stress score, but not the DC subscale score, which is more oriented towards their worries about the child and proved to significantly predict anxiety at 24 months. To better explain this disparity between the predictive value of the parenting stress subscale scores, we considered the proportion of parents who tended to respond defensively to the questionnaire, which was particularly high in our sample (33%). Social desirability and denial of their child's precarious condition are two of many hypotheses that could explain the parents' defensiveness. Moreover, defensiveness seems to be more frequent in clinical settings, and especially so when the child's situation is particularly difficult and precarious, which is the case for our cardiac neurodevelopmental follow-up clinic's patients (43). Hence, considering the many medical-related factors that could contribute to the parents' anxiety and their impact on the tendency to answer defensively, it is possible that parenting stress levels might have been underestimated in our study. We can also hypothesize that the defensive attitude towards parent-reported questionnaires is more specific to parent-oriented variables, such as the PD and PCDI subscales, which in turn suggests that child-oriented subscales, such as the DC subscale, might be more accurate in describing actual parenting stress levels. This underlines the importance of additional measures to corroborate self-report findings and compensate for defensive responding, since few standardized tools are designed to detect it (48).

Finally, parenting stress scores at 4 months were not associated with the child's perceived quality of sleep at 24 months. This could be due to the broad nature of the HIBOU screening tool, as explained by Martin et al. (49) in their meta-analysis on the interplay between parenting stress and sleep difficulties in children with autism spectrum disorder and attention deficit/hyperactivity disorder. The HIBOU offers a composite score that combines many types of sleep problems which are not individually explored in detail, making it impossible to assess a specific deficit independently, nor its interplay with our other variables of interest. Although objective data obtained through polysomnography is preferable when objectively assessing sleep quality (49), primarily subjective measures such as parent-reported sleep questionnaires act as objective measures in clinical contexts. This is particularly true when the questionnaires have been adapted to clinical populations (50, 51), as for the HIBOU. Nevertheless, we found a significant correlation between the HIBOU score and CBCL Anxiety Problems subscale score at 24 months, demonstrating a relationship between the two variables, possibly through common predicting factors, which is consistent with Chorney et al.'s (52) literature review. Indeed, the authors recommend assessing symptoms of disturbed sleep when measuring anxiety symptoms in children. Though we use the HIBOU to assess sleep at our cardiac neurodevelopmental follow-up clinic, more detailed and specific parent reports, as well as objective sleep data, should be considered.


4.1. Clinical implications

Although the parents do not necessarily report clinically significant parenting stress levels, probably due to the high rate of significant Defensive Responding Indices, our results show that, when administered early, parenting stress scores could have a predictive value of the child's ulterior anxiety during toddlerhood (even when controlling for the tendency to answer defensively). The PSI scores could be used for early identification of parents and children potentially at risk of more important behavioral and psychoaffective challenges, which are difficult to assess with standardized tools at this young age (53). At our cardiac neurodevelopmental follow-up clinic, systematic interdisciplinary follow-up and psychosocial care (including systematic assessments of parenting stress) are offered when children with CHD reach the age of 4 months. Yet, an important proportion of families receive the diagnosis during pregnancy and carry this burden for several weeks before the child is born. Since prenatal stress usually evolves into parenting stress after birth (54), its adverse effects tend to consolidate.

We also found that parenting stress scores at 4 months and the child's perceived quality of sleep at 24 months were both significantly associated with anxiety problems at 24 months. Since sleep difficulties are common in congenital heart disease (55), we must work on informing the parents on the relationship between sleep and anxiety, and promoting healthy sleep habits once the child leaves the hospital. Because stress is known to be significantly high in parents of children with CHD, and influenced by sleep difficulties in those children (7–15), it must also be considered as one of the important targets of the psychosocial care and interventions offered to families (22).



4.2. Methodological considerations

The current study has limitations that must be considered. First, significant differences were found between participants and non-participants regarding two medically-related variables: a smaller proportion of perinatal diagnosis and a shorter average duration of hospitalization at first corrective cardiac surgery were both found in our sample. Since an antenatal diagnosis is associated with more complex forms of CHD (56), we hypothesize that those parents might be even more diligent in completing questionnaires (especially at 4 months) due to the anxiety caused by the increased risk of post-surgery complications. Parents of children with less severe forms of CHD could therefore have been excluded from the study right from the start, making our results less generalizable to the population (only 30% of the eligible patients' parents had completed all questionnaires). On an exploratory basis, we incorporated the time of diagnosis ante- vs. perinatal) in our linear regression analyses, by replacing the duration of hospitalization at first corrective cardiac surgery (controlled variable for all models). No significant differences were found, meaning that the time of diagnosis does not seem to affect the predictive value of parenting stress on the child's ulterior anxiety. The role of other clinical factors related to CHD is also extremely relevant to investigate and should be considered in further research with an adequate statistical power, allowing to include these variables.

Second, all the questionnaires that we used are standardized except the HIBOU, which provides a measure of the parent's perception of the child's quality of sleep. Nonetheless, it is widely used in both clinical and research contexts throughout the province of Quebec. Its scoring procedure provides a relevant clinical cut-off and allows for early identification of potential sleep disturbances. We put forward the interesting alternative of an at-home sleep monitoring device that would provide objective data on specific parameters of the child's sleep (i.e., oxygen saturation, heart rate, etc.). Using a device that targets cardiorespiratory parameters, Vézina et al. (57) obtained clinically acceptable data in 91% of their 562 healthy 1-year-olds, proving the efficacy of such a device with infants. In a future study, the device could be provided to patients' families at specific times during the systematic follow-up sequence for recordings of one night. Objective and standardized data on the child's sleep could then be compared to the results of parent-reported questionnaires. Monitoring the parents' sleep would also be relevant in further research, given its interplay with the child's quality of sleep and its influence on anxiety symptoms.




5. Conclusions

The present study shows that parenting stress can act as a predictor of anxiety symptoms in toddlers with CHD. Our results revealed that the parents’ perception of their child's poor behavioral and psychosocial adjustment at 4 months of age contributed significantly to the prediction of ulterior anxiety at 24 months. Accurate measures of the patients' parents' stress levels could therefore allow for early identification of distressed families. However, the defensive responding bias must be considered, as it might lead to an underestimation of the parenting stress levels during the first months of life. Normal or lower-than-normal stress levels therefore do not necessarily indicate a healthy adaptation to life with the disease, and measures that are more oriented towards the parents’ worries about the child, instead of toward themselves, might be more appropriate. The results of this study also bring into consideration the necessity for very early intervention. For families who receive an antenatal diagnosis of CHD, antenatal psychosocial interventions, such as stress management workshops, psychotherapy or psychoeducation follow-up sessions, should be considered in order to optimize developmental outcomes.
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Background: Cardiovascular health (CVH) in children and adolescents, which might be largely influenced by parental behaviors, may affect the incidence of cardiovascular diseases in adulthood. However, few studies have been conducted to explore the associations between parental behaviors and CVH status of offspring in China.



Methods: Data were obtained from a cross-sectional survey conducted in Chinese children and adolescents aged 7–18 years old, with a total of 10,043 parent–offspring pairs included. Parental behaviors included moderate to vigorous physical activity (MVPA), dietary behaviors, and weight status. The CVH status of offspring was consulted by The American Heart Association, including seven factors. The associations between parental behaviors and CVH status of offspring were evaluated by multilevel logistic regression. Stratified analyses were conducted to explore the potential modifying influence of sociodemographic factors.



Results: Most of the offspring had five ideal CVH factors; only 21.04% had six to seven ideal CVH factors. Parental unhealthy behaviors were associated with high odds of nonideal CVH status of offspring. Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors could increase the odds of owning one to three ideal CVH factors in offspring, with corresponding odds ratios (ORs) (95% confidence interval) of 1.61 (1.32–1.96), 1.31 (1.10–1.56), and 2.05 (1.43–2.94), respectively. There was a dose–response relationship between parental single unhealthy behavior and the odds of nonideal CVH status in offspring (P-trend < 0.001). Offspring with overweight parents had ORs of 1.25 for nonideal CVH status, compared to offspring with normal-weight parents. Among offspring who had the same number of ideal CVH factors, the cumulative association between unhealthy behaviors of parents and offspring’s nonideal CVH status increased if parents had more unhealthy behaviors (P-trend < 0.001).



Conclusions: Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors were strongly associated with CVH status in offspring. With a cumulative association, more unhealthy parental behaviors were associated with higher odds of offspring’s nonideal CVH status, suggesting that targeting parental behaviors might facilitate attainment of improving CVH status of children and adolescents.
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lifestyle, cardiovascular health, parents, offspring, cross-sectional study





Introduction

Cardiovascular diseases (CVDs) are the leading cause of death around the world (1). In China, more than two in five deaths were attributed to CVDs, accounting for 45.50% and 43.16% of all deaths in rural and urban areas in 2016, which were higher than the death rate due to cancer or other diseases (2). Making efforts to improve cardiovascular health (CVH), the American Heart Association (AHA) introduced a concept of ideal CVH status, including the simultaneous presence of nonsmoking, as well as the ideal level of body mass index (BMI), physical activity, dietary behaviors, total cholesterol (TC), blood pressure (BP), and fasting plasma glucose (FPG) (3).

The ideal CVH construct appears to be a valid measure for predicting the long-term risk of major adverse cardiovascular events (4, 5). Childhood CVH status was a strong predictor for the incidence of adulthood CVDs (6). A cohort study conducted on young Finns showed that increased ideal CVH factors in children were related to lower risks of hypertension, metabolic syndrome, and carotid artery intima-media thickness (7). In order to achieve primary prevention of adulthood CVDs, substantial work must be done to improve the ideal CVH status in children and adolescents.

However, the prevalence of ideal CVH status in children and adolescents had a similar devastating trend in different countries (8, 9). Although most children and adolescents were born with ideal CVH status, their unhealthy dietary behaviors, physical inactivity, and tobacco smoking they developed gradually would largely influence their CVH status (10). It is well known that parental behaviors are crucial to developing children and adolescents’ behaviors. Previous studies had shown that parents’ diet quality and energy intake, physical activities, and the duration of screen activities were associated with those behaviors of their offspring (11, 12). In addition, the weight status between two generations was correlated according to gene and environmental factors (13, 14). Parental behaviors, therefore, may be greatly associated with the CVH status in children and adolescents.

In the Framingham Heart Study, parental CVH including BMI and nonsmoking status was positively associated with offspring’s CVH status (15). Worse maternal BMI at gestation was significantly associated with worse offspring’s CVH status in early adolescence (16). However, since multiple parental factors are reciprocally interacting, few studies explored the associations between the combined behaviors of parents including physical activity, dietary behaviors, and weight status, with the CVH status in Chinese children and adolescents. We hypothesize that parental unhealthy behaviors might increase the likelihoods of offspring’s nonideal CVH status, and the odds may continue to increase when parents with more unhealthy behaviors increase. To fill these knowledge gaps and improve the grim situation about CVDs in China, based on large and nationally representative data, we aim to explore the associations between parental behaviors and offspring’s CVH status.



Materials and methods


Study design and participants chosen

This is a reanalysis from a previous database, which was collected from a national cross-sectional study from seven Chinese provinces in 2013. More detailed information about this study was presented previously (17). Briefly, we used multistage cluster random sampling to choose participants in seven provinces including Liaoning, Tianjin, Ningxia, Shanghai, Chongqing, Hunan, and Guangdong, which include four differently economic and geographic regions of the mainland of China. A developed and an underdevelopment city were selected in each province at the beginning. Then, 12–16 schools were randomly selected in these cities. Two classes in each grade from each school were randomly chosen subsequently, and their parents were also invited to engage in this survey. A total of 65,347 children and adolescents were included in the study. We selected 15,735 children and adolescents aged 7–18 years old randomly for blood sample examination; those who did not live with their parents or those with missing data on anthropometric measurement, parental questionnaires, and dietary behaviors were excluded. A total of 10,043 parent–offspring pairs were remained in the final analysis (Figure 1).


[image: Figure 1]
FIGURE 1
Selection process of the participants. CVH, cardiovascular health


All survey sites used the same protocol during the implementation process, and all processes of randomization were performed by a staff who was not involved in the survey. This study was approved by the Medical Ethical Committee of Peking University (IRB No. 00001052-12072). All included students and their parents signed the written informed consents.



Data collection in questionnaire

The childhood questionnaire was used to collect information about sex, age, residence area, inhabiting information, smoking, moderate to vigorous physical activity (MVPA), and dietary behaviors. The parental questionnaire was distributed to collect information including the primary respondent of this questionnaire, offspring’s birth weight, single-child status, breastfeeding status, parental self-reported height and weight, highest educational attainment, MVPA, dietary behaviors, and family history of chronic diseases. For birth weight classification, low birth weight and high birth weight were defined as weight <2,500 and ≥4,000 g at delivery, respectively (18). All other information collected in the questionnaire is presented in Supplementary Tables S1, S2.

The frequency (days) and amount (serving per day) were investigated for dietary behaviors, including the total consumption of vegetables, fruits, sugar-sweetened beverages (SSBs), and meat over the past 7 days. One serving of vegetables/fruits was defined as the size of an ordinary adult’s closed fist with roughly 200 g (19); one serving of SSBs was determined as a canned beverage (approximately 250 ml), including orange juice, Nutrition Express, Red Bull, Coca-Cola, and Sprite (20); one portion of meat equaled the size of an adult’s palm (approximately 100 g) (21). We calculated the daily dietary intake as (days of consumption × servings in those days)/7. In addition, the frequency (times) over the past 7 days was investigated for fried foods. As set in questionnaires, fried food consumption referred to fried chicken, deep-fried dough sticks, and other common fried foods.

The self-administered child questionnaires were delivered to students (except grades 1–3) in a class meeting by the trained school teacher. Child questionnaires of children grades 1–3 and parental questionnaires were filled by students’ fathers or mothers. Trained project members provided appropriate guidance and interpreted all the questions as effectively as possible. Three percent of the questionnaires were rechecked within 1 week for the same participants.



Anthropometric measurements

Anthropometric measurements were conducted to measure the height, weight, and BP of children by trained investigators in schools, according to the principles described in the Chinese Students’ Physical Fitness and Health Survey Report 2010 (22). Children were asked to stand straight in light clothing and without shoes. Height was measured using the portable stadiometer with 0.1 cm precision, and weight was measured to the nearest 0.1 kg by a Lever-type might scale. BP was measured in the right arm by a Riva-Rocci sphygmomanometer. Every indicator was measured twice, and the average of the two measurements was used for final analyses. BMI was calculated as the weight (kg) divided by the square of the height (m2).



Blood sample collection and detection

After overnight fasting for 8–12 h, 5 ml venous blood samples were collected for each child or adolescent into vacuum tubes. Children were asked to rest for at least 10 min before blood sample collection. Blood specimens were transported in a chilled insulated container immediately, centrifuged at 3,000 rpm for 10 min, and then frozen at −80 °C before transported in dry ice to the laboratory in Beijing, where the samples were stored at −80 °C before laboratory detection. Blood tests were performed by an autoanalyzer (Hitachi 7080, Japan). FPG and TC were tested using the glucose oxidase method, enzymatic method, and clearance method. All biochemical analyses on blood were carried out at a biomedical analyses company, which is accredited by Peking University (17).



Definition of ideal CVH of offspring

CVH status of offspring included smoking status, BMI, MVPA, dietary behaviors, BP, FPG, and TC. According to Chinese standards for overweight/obesity (23) and BP (24), The Chinese Dietary Guideline (2016) (25), and AHA (3), we defined the ideal CVH factors as follows (Supplementary Table S3). Children and adolescents meeting 6–7 ideal CVH factors were defined as having ideal CVH status (26), and others were defined as having nonideal CVH status. Participants of nonideal CVH status were divided into three groups according to the numbers of ideal CVH factors they had: 1–3 ideal CVH factors, 4 ideal CVH factors, and 5 ideal CVH factors.



Definition of unhealthy behaviors of parents

Unhealthy behaviors for parents included unhealthy dietary behaviors, insufficient MVPA, and overweight/obesity defined by BMI. All the information about behaviors represented one side of the parents who filled the questionnaire. Parental unhealthy dietary behaviors was determined as <4 healthy dietary factors (the factors was the same to children); insufficient MVPA referred to <150 min/week according to Physical Activity Guidelines for the Chinese Population (2021) (27) and AHA (3); overweight was defined as BMI ≥ 24 and BMI < 28 kg/m2, and obesity was defined as BMI ≥ 28 kg/m2 according to the criteria established by the Working Group on Obesity in China (28). The combined unhealthy behaviors of parents were defined by summing the number of single unhealthy behavior.



Statistical analysis

Descriptive analyses were used to present the basic information of the offspring and parents. Differences by sex were examined using Student’s t-test for continuous variables and Pearson’s χ2 test for categorical variables.

We used a multilevel logistic regression model to eliminate the effects of province-cluster confounders, with provinces set as a random factor in the model. All the outcomes were treated as disordered, not satisfying the test of parallel lines. To explore the association between different unhealthy behaviors of parents and nonideal CVH status of offspring, parental single behavior was examined as two levels (healthy and unhealthy) and the CVH status of offspring was examined as a multiple-category outcome (had 1–3, 4, 5, and 6–7 ideal CVH factors), using pairwise regression. To assess the dose–response association between single unhealthy behavior of parents and offspring’s nonideal CVH status, we examined the single unhealthy behavior of parents as multiple-category outcomes and CVH status of offspring as two variable categories (ideal CVH status and nonideal status, respectively). We also derived a score of parental combined unhealthy behaviors by summing the number of single unhealthy behavior and evaluated the cumulative association between parental combined unhealthy behaviors and offspring’s nonideal CVH status. To assess the influence of sociodemographic factors on the associations between parental unhealthy behaviors and offspring’s CVH status, stratified analyses were additionally conducted. P for trend values were calculated by including the median of each category of single/combined unhealthy behavior of parents as a continuous variable in the model; the interactions between parental unhealthy behaviors and sociodemographic factors were examined using the likelihood ratio test, with a comparison of the log likelihood of the two models with and without the interaction terms. All the models were adjusted for confounders including provinces, family history of chronic diseases, family monthly income, offspring’s age, sex, residence area, birth weight, single-child status, breastfeeding, and parental highest educational attainment. Odds ratio (ORs) and 95% confidence interval (95% CI) were calculated and represented.

The number of each missing variable was approximately 30–884, less than 9% of the total participants (Supplementary Table S4). We used linear interpolation and median to refill the missing data of continuous and categorical variables via the section of Replace Missing Values in SPSS 25.0. To overcome potential limitations, two separate sensitivity analyses were also conducted: (1) all the incomplete data were excluded to evaluate the bias that the refilling method may have; (2) participants with parental BMI < 18.5 kg/m2 [which was defined as thinness (28)] was excluded.

All analyses were performed using IBM SPSS Statistics software (version 25.0, SPSS, IBM, Armonk, NY, United States). A two-sided P-value <0.05 was considered statistically significant.




Result


Baseline characteristics

Table 1 shows the basic characteristics of 10,043 parent–offspring pairs included in the present study. Offspring were 11.22 years old on average, and 44.69% of them were boys. Most of them had five ideal CVH factors, and only 21.04% had six to seven ideal CVH factors. Among all the CVH factors, healthy dietary behaviors accounted for the lowest proportion (9.06%), while nonsmoking status accounted for the highest proportion (98.91%), which was more evident in girls (P < 0.001). Of their parents, more than 50% had the educational attainment of senior high school or above, 47.60% of them had two unhealthy behaviors and only 3.46% had completely combined healthy behaviors.


TABLE 1 Descriptive characteristics of the study population stratified by sex.
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Epidemiology of single behavior of parents and CVH status of offspring

With the increase of parents’ BMI, the decrease of MVPA time, and the number of healthy dietary factors, the percentages of offspring with one to three and four ideal CVH factors increased, and the percentages of six to seven ideal CVH factors decreased (Figure 2 and Supplementary Table S5).
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FIGURE 2
Distribution of participants in different CVH status according to parental behaviors: (A) parental BMI, (B) MVPA, and (C) number of healthy dietary factors. CVH, cardiovascular health; BMI, body mass index; MVPA, moderate to vigorous physical activity.




Association between single unhealthy behavior of parents and offspring’s nonideal CVH status

Table 2 presents the associations between single unhealthy behavior of parents and offspring’s nonideal CVH status. Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors were associated with higher odds of offspring’s nonideal CVH status. Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors could increase the odds of owning one to three ideal CVH factors in offspring, with corresponding ORs (95% CI) of 1.61 (1.32–1.96), 1.31 (1.10–1.56), and 2.05 (1.43–2.94).


TABLE 2 Association between single unhealthy behavior of parents and offspring’s different groups of nonideal CVH status.
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Figure 3 presents a dose–response relationship between single unhealthy behavior of parents and the odds of nonideal CVH status of offspring (all the P-trend < 0.001). Offspring with overweight parents had 25% higher odds (OR = 1.25, 95% CI = 1.10–1.43) for nonideal CVH status compared to offspring whose parents had a normal weight. Parental unhealthy dietary behaviors could increase the odds of offspring’s nonideal CVH status by 52% (OR = 1.52, 95%CI = 1.28–1.8) and 65% (OR = 1.65, 95%CI = 1.03–2.65).
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FIGURE 3
Association between different levels of single behavior of parents and offspring’s nonideal CVH status. Error bar was 95% CI. Multilevel logistic regression was used, and CVH status was defined as nonideal status or ideal CVH status. Data adjusted for provinces, resident area, family history of chronic diseases, family monthly income, offspring’s sex, age, birth weight, single-child status, breast feeding status, and parental highest education attainment. CVH, cardiovascular health; BMI, body mass index; MVPA, moderate to vigorous physical activity; OR, odds ratio; CI, confidence interval.




Association between combined unhealthy behaviors of parents and offspring’s nonideal CVH status

The ORs in different groups of offspring’s nonideal CVH status stratified by the number of parental unhealthy behaviors are presented in Figure 4 and Supplementary Table S6. The odds of nonideal CVH status in offspring with parents who had combined unhealthy behaviors were higher than those whose parents had completely healthy behaviors. Among offspring in the same group of nonideal CVH status, the odds of nonideal CVH status in offspring would increase if the number of parental unhealthy behaviors increased (all the P-trend < 0.001). For example, compared to offspring with parents who had completely healthy behaviors, offspring with parents who had three, two, and one unhealthy behavior had ORs (95% CI) of 3.13 (2.16–4.53), 2.20 (1.59–3.05), and 1.65 (1.19–2.29), respectively, for owning four ideal CVH factors.
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FIGURE 4
Association between combined unhealthy behaviors of parents and offspring's different groups of nonideal CVH status: (A) 1-3 ideal CVH factors, (B) 4 ideal CVH factors, (C) 5 ideal CVH factors. Error bar was 95% CI. The combined behaviors of parents were examined as riable (vs. ideal CVH status). Data adjusted for provinces, resident area, family history of chronic diseases, family monthly incng's sex, age, birth weight, single-child status, breast feeding status, and parental highest education attainment. CVH, cardiovascular health.


Notably, the associations between parental combined unhealthy behaviors and offspring’s nonideal CVH status did not change stratified by sociodemographic factors (Supplementary Table S7).



Sensitivity analysis

Associations between parental unhealthy behaviors and offspring’s nonideal CVH status were robust in all sensitivity analyses, including the following: (1) all the incomplete data were excluded (Supplementary Tables S8–S10); (2) participants with parental BMI < 18.5 kg/m2 were excluded (Supplementary Tables S11–S13).




Discussion

To our knowledge, parental unhealthy behaviors play a crucial role in the offspring’s CVH status in China. Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors were independently strongly associated with nonideal CVH status of offspring, with dose–response associations presented in all behaviors. We also found that the odds of nonideal CVH status of offspring continued to increase as the number of parental unhealthy behaviors increased. Our study emphasized the importance of family-focused community-based prevention programs, proposing that parental behaviors should receive more attention in childhood obesity prevention policies.

In the present study, considering parental behaviors as part of factors of CVH, both single and combined unhealthy behaviors of parents were associated with nonideal CVH status in offspring. One previous study indicated that worse maternal CVH status (included five factors excepted dietary behaviors and MVPA) at gestation was significantly associated with offspring’s worse CVH status in early adolescence (16), and a strong correlation between CVH factors of parents and their offspring was also found when they were at similar ages (15). In the present study, we extended the contents of offspring’s CVH status, and only three kinds of behaviors (overweight/obesity, MVPA, and dietary behaviors) for parental CVH status were selected. Thus, the present study paid more attention on the associations between modifiable behaviors of parents and offspring’s CVH status. Muchira et al. analyzed the association between parental CVH factors and time to onset of CVDs in the offspring and found that offspring would have a longer CVD-free survival if their parents had ideal CVH status (26). Considering one’s ideal CVH status could predict his risk of major CVDs in the future and affect the CVH status of his offspring (4, 5), our study may provide new evidence from parental CVH status to offspring’s future CVDs. However, we did not detect significant differences in associations between parental combined unhealthy behaviors and offspring’s CVH status when stratified by sociodemographic characteristics, and more research studies are urgently needed to verify our conclusions.

The close relationships of multiple lifestyle behaviors between two generations are the potential explanation of the findings. It was well acknowledged that the diet quality and energy intake of parents and their offspring were closely associated in the family (11), same as the pattern of physical activities (12). In addition, parental BMI was a predictor for offspring BMI, exactly as the genetic and environmental factors explicated (13, 29, 30). Family habits contribute the most in modeling children’s lifestyle behaviors as they represent an important moment of parent–child interaction (31), which could also explain the dose–response/cumulative association between single/combined unhealthy behaviors of parents and nonideal CVH status of offspring. In detail, mothers, who were preoccupied with their own weight and eating habit, reported higher levels of encouraging their daughters to lose weight thus leading to daughters’ restrained eating habits (32). Parental behaviors may have a broad and long-term influence on offspring’s CVH status (33); the underlying potential mechanism might be attributed to the following reasons. Offspring loaded heavily on fried foods, SSBs, and refined grain had increased risks of impaired glucose tolerance, dyslipidemia, and hypertension (34, 35); the total blood volume increases with increasing BMI through central (renin-angiotensin and sympathetic systems) and peripheral (e.g., baroreceptors and autonomic dysregulation) mechanisms (36); and insufficient MVPA might disrupt the lipid metabolism through inactivating the lipoprotein lipase and preventing C-reactive protein reduction (37). Thus, although dietary behaviors, MVPA, and weight status of offspring could be influenced by parental behaviors directly, changes in these behaviors with the passage of time could disturb the body homeostasis and result in abnormal BP, TC, and FPG (38–40). In addition, overweight and obesity have long been recognized as key indicators for cardiovascular diseases (41). The potential abnormal metabolic and cardiovascular indicators could pass down to offspring through epigenetic pathways if parents have been at overweight/obesity status for a long period (42, 43). Although phenotype was based on the heritability, there are differences between family-cluster phenotype and heritability owing to the interaction of gene and environment (44). For instance, frequent physical activity could mitigate the impact of genetic factors on the development of high BMI and waist circumference (45); and the specific contents of CVH status between two generations were different owing to the environment (15). Family-targeted improvement strategies should, therefore, be included to promote their offspring’s CVH status, and comprehensive interventions should be considered and encouraged at family’s dimensions.

Our study has practical values for public health. Since parental behaviors are modifiable and they are major contributors to ideal CVH status, only 15% of ideal CVH status is heritable (15). Parental healthy behaviors play a prominent part in the improving the CVH status of offspring under the context of Chinese culture of valuing family connections and supervision. We emphasize that even mild improvements of parental behaviors will benefit their offspring’s CVH status in the context of the dose–response relationship. In addition, as previously described (16), both single and combined unhealthy behaviors of parents would influence offspring’s nonideal CVH status, public service should encourage all parents to improve their healthy behaviors rather than only focus on those parents whose offspring had worse CVH status, and the whole family should be encouraged to be involved in the educational interventions to prevent unhealthy behaviors in children and adolescents.

The strength of the present study was the large sample size collected from seven Chinese provinces including all the economic and geographic regions, which made our findings be generalized to all Chinese school-age population. In addition, we used high-quality CVH factor measurements for offspring, including standardized protocols and repeated operations for anthropometric and BP measurements, as well as professional blood sample detection. In addition, we conducted multiple analyses for both parental unhealthy behaviors and offspring’s CVH status, making the results become more reliable. However, several limitations should be mentioned. First, information during pregnancy was absent, including maternal disease and prenatal care, which limited us to make further inferences. Second, the self-reported physical activity, parental height, and weight might not be as accurate as measured directly. However, self-reported physical activity has been proved to be useful in large epidemiological studies (46), and self-reported height and weight in adults were demonstrated to be highly reliable (47, 48). Third, potential selection bias might influence the results, but we adjusted for socioeconomic and sociodemographic variables in order to avoid the possible deviations to a large extent. In addition, we collected only one side of the parents’ behaviors, and thus whether maternal or paternal behaviors were more important on offspring CVH status could not be speculated. Finally, we only examined the associations between some of the parental behaviors (overweight/obesity, MVPA, and dietary behaviors) and offspring’s CVH status but did not include parental smoking status due to the limited information of the database. Prospective research studies examining more comprehensive behaviors’ regulations on such parent–offspring associations are still needed.



Conclusion

Parental overweight/obesity, insufficient MVPA, and unhealthy dietary behaviors were strongly associated with offspring’s nonideal CVH status, with dose–response associations. In addition, more unhealthy parental behaviors are associated with higher risks of childhood nonideal CVH status. Targets to improve parental lifestyle behaviors might facilitate the attainment of improving CVH status of offspring, and the whole family should be encouraged to be involved in the educational interventions to benefit to their offspring’s lifelong cardiovascular health.
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Introduction: Kawasaki disease (KD) is an acute idiopathic systemic vasculitis with a self- limiting course that predominantly affects children under 5 years old, particularly in the East Asian countries. Nevertheless, to date, the data on KD in Malaysia are limited. This study aimed to evaluate the epidemiology, clinical features, treatment, and outcomes of KD among the pediatric patients admitted to Hospital Canselor Tunku Muhriz (HCTM), Kuala Lumpur, Malaysia.



Method: A retrospective cohort study of 66,500 pediatric patients presented at HCTM from the year 2004 to 2021 was conducted.



Results: 62 KD cases out of 66,500 pediatric admissions were reported, with a male-to-female ratio of 1.58 to 1. Majority of KD patients (95.0%) were younger than 5 years old. Prior infection was reported in 5 KD patients (8.1%). Apart from the classical features, manifestations of various organ systems including cardiovascular (16.1%), gastrointestinal (43.5%), neurological (1.61%), musculoskeletal (1.61%), and genitourinary (17.7%) systems were observed. There was a significant association between sterile pyuria and coronary artery aneurysm (CAA) (p < 0.05). Interestingly, abnormal liver parameters (p < 0.05) and incomplete KD (p < 0.05) were significantly related to IVIG resistance.



Discussion: The presence of family history, immunological disorder, and previous infection in our KD patients suggested that there is a possibility of genetic, immunological, and infectious roles in the pathophysiology of KD. IVIG resistance is more likely to occur in KD patients with hepatic dysfunction or incomplete KD presentation. These findings highlighted the significant contribution of laboratory parameters to the prognosis of KD, prompting more in-depth research on the KD scoring systems and their relevance in this country.
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Introduction

Kawasaki Disease (KD) is an acute systemic febrile vasculitis of unknown etiology mainly affecting children younger than 5 years old (1). KD was first reported in Japan in 1961 with a total of 50 patients being profiled and eventually published by Dr Tomisaku Kawasaki in 1967 (2). Since then, KD is recognized as the commonest cause of acquired heart disease among children in developed countries, with the occurrence of coronary artery aneurysm (CAA) in a quarter of the untreated children. Other possible non-coronary cardiovascular sequelae include myocardial dysfunction, valvular abnormalities, and KD shock syndrome (1, 3, 4). To date, the etiology of KD remains unclear. Various studies proposed that viral or bacterial pathogens (5–7), environmental toxins (8, 9), seasonality (10–12), or genetic background (13, 14) of the patients play vital roles in the pathophysiology of KD. In addition, Noval Rivas & Arditi found that dysregulated and exacerbated genetically-controlled immune response to common stimulus occurred in KD patients, contradictory to the previous perception of normal immunity of KD patient when exposed to pathological agent (15). According to the American Heart Association (AHA), KD is diagnosed with a constellation of clinical criteria, classifying KD into complete and incomplete types. Laboratory parameters and echocardiographic evaluation only serve as supportive tools in assisting the diagnosis of KD (1). The annual incidence rate of KD worldwide showed a rising trend throughout the years, particularly in the northeastern Asian countries (16–18). In Malaysia, KD was first described as ‘Kawasaki Syndrome’ with 19 cases being reported in 1985 by Asma Omar (19). Subsequently, several studies highlighted the increasing incidence rate of KD over the past 3 decades (20–22). Latest study by Mat Bah et al. found that male, late diagnosis, and intravenous immunoglobulin (IVIG) resistance were significantly related to CAA (22). However, the publication by Mat Bah et al. was limited to only one of the states in Malaysia, which is Johor and a detailed relationship between the clinical features and disease outcome remain unknown among the Malaysian pediatric population. Referring to the scarcity of in-depth data regarding KD in this country, this study will provide a more comprehensive insight on the epidemiology of KD in Malaysia.



Material and methods


Study location and period

This study was carried out at Hospital Canselor Tuanku Muhriz (HCTM). HCTM is a tertiary medical center and is one of the university hospitals in Malaysia. It is located in Bandar Tun Razak, Kuala Lumpur and is administered by Universiti Kebangsaan Malaysia. The study was conducted from October 2021 until October 2022.



Study design and participants

In this retrospective study, patients’ data were retrieved from the HCTM Case Mix system using the International Classification of Diseases (ICD) code, ICD-10 (M30.3) Mucocutaneous lymph node syndrome [Kawasaki]. A total of 103 patients who attended HCTM with the diagnosis of KD from 2004 until 2021 were included. 41 patients were excluded due to misdiagnosis [24], missing records [10], and duplicated medical records [7]. The remaining 62 patients were enrolled in the study and classified into 2 groups: complete KD and incomplete KD. The medical records of the patients were reviewed and analyzed. This includes demographic data, clinical features, laboratory results at the time of diagnosis, echocardiographic findings, treatment, and clinical outcomes. These data were collected from December 2021 until May 2022.



Inclusion and exclusion criteria

All registered data of patients who were admitted to HCTM between 2004 and 2021 with the diagnosis of KD based on the health information system were included in this study. With this approach, there were two methodological limitations. The first limitation was type I error, which happened when non-KD patients were coded as KD in the system. These patients did not meet the criteria to be diagnosed as complete or incomplete KD and were excluded from this study. The second limitation was type II error, which happened when KD patients were not coded as KD in the system. These patients' data could not be traced and subsequently not included in this study.

Meanwhile, the exclusion criteria of this study are (i) patients' data with repeated names and reference numbers, (ii) patients' data that could not be accessed at all due to loss of information or patient's file. Repetitions of data were considered as a single entry. However, any incomplete dataset was accepted and reported as it is.



Research instrument

A data collection form was formed through extensive literature review and focused group discussion with the pediatric specialists. The form was constructed using Google Form to ease the data collection process of KD patients. Patients' information that was extracted were (i) demographic data; (ii) predisposing factors; (iii) clinical features; (iv) laboratory results; (v) echocardiographic findings; (vi) IVIG treatment; (vii) secondary treatment, and (viii) clinical outcome.

Complete and incomplete KD were diagnosed according to the AHA guideline. In this guideline, complete KD is diagnosed based on the definition of fever occurrence of ≥5 days and the presence of ≥4 out of 5 principal clinical criteria. These clinical criteria consisted of [i] oral mucosal changes such as strawberry tongue; [ii] bilateral non-exudative conjunctival injection; [iii] polymorphous rash; [iv] changes of extremities such as erythema, oedema, or desquamation; [v] cervical lymphadenopathy. Incomplete KD is diagnosed when the patient only fulfills less than 4 of the principal clinical criteria or if there is any supportive laboratory or echocardiographic findings (1). Laboratory parameters upon admission were recorded and analyzed. Echocardiographic studies were performed among our KD patients within 2 weeks of diagnosis, or 5 to 12 weeks after the initial diagnosis. The extent of coronary artery size dilation was assessed using a guideline by the Japanese Circulation Society (JCS) (23). Small aneurysm was defined as dilation of ≤ 4 mm or < 1.5 times of adjacent segments, whereas medium aneurysm as ≤ 8 mm or 1.5 to 4 times of adjacent segments. Dilation of > 8 mm or >4 times of adjacent segment was considered as giant aneurysm. 98% of our KD patients who were diagnosed within 10 days of symptoms onset received a single course of 2 g/kg IVIG. IVIG resistance is defined as the persistence of fever beyond 36 h after completing IVIG treatment (24). Cardiac presentations developed during acute illness and in subsequent follow-up were considered as cardiac complications. Data from the Google Form were transferred to the Statistical Package for Social Science (SPSS) version 28 for analysis.



Statistical analysis

SPSS version 28 was used to analyze the data. Frequencies and percentages were used to describe the categorical variables while continuous data were presented as median (interquartile range; IQR). Descriptive statistics were used to describe the demographic backgrounds of our KD patients. Meanwhile, parametric tests such as student T-test for normally distributed continuous data, Mann Whitney U test for continuous data that were not normally distributed and non-parametric tests such as the X2 test for categorical data were used to identify any significant differences between the compared variables. The level of statistical significance was set at p < 0.05.




Results


Epidemiology of kawasaki disease

In our study, there were 62 patients with KD, with a male-to-female ratio of 1.5 to 1 with 20 patients (32.0%) diagnosed with incomplete KD and 42 patients (68.0%) diagnosed with complete KD. There are 59 patients (95.0%) who were less than 5 years old, and within this age cohort there were 42 patients (71.0%) who were less than 2 years old. Among all the races, Malay (68.0%, n = 42) had the highest occurrence rate compared to Chinese (27.4%, n = 17) while other races including Burmese, mixed Chinese Japanese, and Indian were less than 5%.



Incidence of kawasaki disease

The incidence of KD by year generally increased for the past 17 years (Figure 2A), and the monthly KD occurrences from 2004 to 2021 are shown in Figure 2B. In our study, KD seemed to peak in January (14.5%), April (12.9%) and August (12.9%). The lowest incidence of KD was noted in May (4.8%), November (4.8%), and December (4.8%). The incidence rates of KD by age groups are presented in Figure 2C. The median age at diagnosis was 12.0 months (interquartile range = 6.50 to 28.50 months) while the peak age was 6 months.


[image: Figure 1]
FIGURE 1
Flowchart showing KD patients enrollment and their clinical information. Among 103 KD patients in HCTM from 2004 to 2021, 41 were excluded from this study due to missing record, misdiagnosis, and duplicated record. KD, Kawasaki disease; HCTM, Hospital Canselor Tuanku Muhriz; IVIG, intravenous immunoglobulin.
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FIGURE 2
This figure shows the incidence of KD in HCTM, Malaysia. (A) Incidence rate of KD patients by year of diagnosis; (B) Incidence rate of KD patient by months of diagnosis; (C) Incidence rate of KD patients by age in months during diagnosis. HCTM, Hospital Canselor Tuanku Muhriz.




Risk factors of kawasaki disease

Out of 62 patients, 1 patient (1.6%) had a positive family history of KD. Another patient (1.6%) had a positive family history of immune thrombocytopenic purpura (ITP). In terms of infection, there were 5 patients who presented with history of infections within 4 weeks before the diagnosis of KD including rotavirus (1.6%, n = 1), upper respiratory tract infection virus (3.2%, n = 2), varicella zoster virus (1.6%, n = 1) and, Group A streptococcus (1.6%, n = 1). In regard to breastfeeding being suggested as a protective factor from KD (25), 35 patients diagnosed with KD were breastfed with 20 (57%) of them diagnosed with complete KD and another 15 (43%) with incomplete KD.



Clinical features of kawasaki disease

All 62 patients had fever upon admission. (Table 1) The average temperature was 38.6 °C, with the highest temperature of 40°C. The average days of fever among the patientswas 6.5 days with the longest duration of 10 days and the shortest duration of 2 days. The median days between the symptoms' onset and the day of diagnosis was 6 days, and the interquartile range was 4 to 8 days. 51.6% of the patients (n = 32) had different initial diagnoses before they were diagnosed with KD. Out of the 5 classical criteria for KD apart from fever, the most common feature was polymorphous rash which was presented in 91.9% (n = 57) of the patients. This was followed by cervical lymphadenopathy (87.1%, n = 54), conjunctival injection (83.9%, n = 52), erythematous oral cavity (71.0%, n = 44), and palmar erythema (45.2%, n = 28).


TABLE 1 Frequency of clinical manifestations in KD patients.

[image: Table 1]

Apart from the classical features, other systemic involvements were also considered. The most commonly involved was the gastrointestinal system, with vomiting and diarrhea as the most common symptoms (43.5%, n = 27). Cardiovascular manifestation only presented in 16.1% (n = 10) of KD patients during presentation with 6 of them having CAA upon admission. Joint manifestation and aseptic meningitis were only present in 1 patient each respectively in this study. Other common feature was flaring of the Bacillus Calmette-Guerin (BCG) scar which was observed in 38.7% of the patients (n = 24). The details on the frequency of each clinical feature are documented in Table 1.



Laboratory investigations

Evaluation of the hematological parameters showed elevated white cell count in 48.4% (n = 25), with neutrophilia in 66.1% (n = 41) of the patients. Anemia was reported in 40.3% (n = 25) of the patients with a median hemoglobin level of 10.8 g/dl. As for the platelet count, 38.7% (n = 24) of children with KD had thrombocytosis. Interestingly, patients with complete KD had a significantly higher platelet count than those with incomplete KD (p = 0.03) (Table 2). A significant proportion of patients had raised C-reactive protein (CRP) (93.55%, n = 58) and erythrocyte sedimentation rate (ESR) (64.52%, n = 40) due to the inflammatory nature of KD. Nevertheless, there were no significant difference of hemoglobin level (p = 0.38), CRP level (p = 0.54), and sodium level (p = 0.22) between complete KD and incomplete KD patients.


TABLE 2 Laboratory parameters in complete KD and incomplete KD patients.
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Liver abnormalities were also documented in our patients. Out of 56 KD patients who underwent liver profile investigations, 51.8% (n = 29) of the patients had increased alanine aminotransferase (ALT) level ranging from 23 to 1435 U/l while hypoalbuminemia was observed in 90.9% (n = 50) of the KD patients. Only 18.2% (n = 10) of the KD patients had raised bilirubin. None of the patients had elevated gamma-glutamyl transferase (GGT). Among 42 children who developed hyponatremia, those younger than 2 years old were predominantly affected (69%, n = 29). Hypokalemia was only found in 9.7% (n = 6) of the KD patients.



Treatment

A total of 91.9% (n = 57) of KD patients received IVIG and aspirin as the first line of treatment. 4.8% (n = 3) of KD patients were treated with aspirin alone due to late presentation while one patient was given IVIG only. 10.3% (n = 6) of KD patients who were given IVIG treatment were IVIG resistant and required a second dose of IVIG. None of the patients received third dose of IVIG, steroids or any other immunosuppressive therapy. Of note, deranged hepatic parameters such as raised ALT level and hypoalbuminemia were documented in all IVIG-resistant patients (p = 0.03). Meanwhile, there was a significant association between incomplete KD and IVIG resistance in which 83.3% (n = 5) of the IVIG-resistant patients had incomplete KD (p < 0.05). Side effects of IVIG were observed in 2 (3.5%) of the KD patients on IVIG treatment, with one suspected to have autoimmune hemolytic anemia (AIHA) while another patient developed anaphylactic reactions.



Complications and outcome

Cardiovascular complications were detected in 16.1% (n = 10) of the KD patients, mainly presented with CAA (60%, n = 6), of which 4 (66.7%) of them presented with small aneurysm and 2 (33.3%) with medium aneurysm. Younger children were identified to be complicated with CAA with a median age of 12.50 ± 7.89 months compared to older children (21.52 ± 20.22 months) (Table 3). We also found that KD patients presented with sterile pyuria were more likely to develop CAA (p = 0.03). However, there were no significant correlation between: IVIG-resistance (p = 1.00); gender (p = 1.00); timing of diagnosis (p = 0.07); with CAA in this cohort. Echocardiographic follow-up after at least one month showed CAA regression in 3 (75%) of the KD patients, with one (25%) had persistent aneurysm, while the other two defaulted the follow up. On the other hand, valvular insufficiency (mitral and tricuspid regurgitation, ventricular septal defect) was noted in 2 (3.2%) and pericardial effusion in 3 (4.8%) KD patients, respectively. The duration of follow-up for our KD patients ranged from 2 months to 10 years (median: 2 months), with longer duration particularly noted in those with cardiovascular sequelae. No death cases were reported.


TABLE 3 Univariate analysis of risk factors for coronary artery aneurysm.

[image: Table 3]




Discussion

KD incidence was on a rising trend in HCTM, Malaysia for the past 17 years, which was consistent with other Asian countries including Japan, China, South Korea, India, Iran and Australia. (18, 24, 26–28). The postulated hypothesis of this growing incidence in our centre was the improved awareness of KD among the health care providers and the increased accessibility to public healthcare facilities. However, KD incidence in Europe and North America remained stable over time, suggesting possible genetic predisposition in Asian children (29, 30). In this study, the incidence of KD was statistically significant among the Malay ethnicity compared to other ethnicities, which contrasts with the finding reported by another study in Malaysia (22). Interestingly, in other countries like the United States, there was also a clear variation of KD incidence by race and ethnicity with Asian having the highest incidence compared to the blacks, whites, and Americans Indians, similar to the UK and Ireland (31, 32). In terms of gender, a male predominance was detected in the study with the ratio of 1.5 to 1. This finding is in parallel to other studies in Iran and southern Malaysia where the male was more prone to KD with a male-to-female ratio of 1.8 to 1 and 2 to 1 respectively (22, 28). This was further supported by the evidence that male was more predominantly affected by KD due to the presence of susceptible male-specific FCGR2A His167Arg genetic polymorphism (33).

Out of 62 KD patients, 95% of them who were less than 5 years old upon the diagnosis of KD. This was similarly reported in Japan in which children less than 5 years old had the highest incidence of KD with 1 in 65 patients developed KD followed by Korea and Taiwan (34, 35). In addition, the latest study in Japan noted that 100% of children diagnosed with KD were less than 5 years old ((36). The peak age of our KD patients was 6 months which was also similar to another study (37) which showed that the peak onset of KD was between 6 and 24 months of age. It is important to highlight that there was a low incidence of KD among patients less than 3 months of age (38–40) which was similar to our study in which only 4 patients diagnosed with KD at the age of less than 3 months of age. This phenomenon can be explained by the presence of protective effect of passive immunity from the mother and the lower possibility of the children to be in contact with unknown pathogen due to lesser outdoor activity. It could also be due to no accurate marker for KD, thus late diagnosis is made based on the combination of the clinical features. Multiple studies also showed a high incidence of incomplete KD was diagnosed among young children which led to delayed diagnosis of KD and treatment (41, 42). Among all the patients diagnosed with KD in HCTM, 32% (n = 20) were diagnosed with incomplete KD with 19 of them are less than 5 years old. Similarly, a study in Switzerland reported 29% of incomplete KD cases, indicating increasing challenges to diagnose KD (43) There is no clear evidence that incomplete KD cases are actual KD, as it could mimic other diseases such as rubella, rabies, and streptococcal infection (44). This further complicates the clinical decision to diagnose KD. Nonetheless, due to the more severe potential complications of KD, all patients with suspected incomplete KD should be treated as per KD cases, with IVIG and aspirin therapy.

The etiological basis of KD is still unknown, but there are some proposed predisposing factors of KD. One of the predisposing factors of KD is family history and, in our study, there was one patient with positive family history of KD. A genetic basis of susceptibility to KD was also observed in other studies while several studies had shown increased incidence of KD among siblings and parents (35, 44–46). Other than that, one patient in our study has a sibling who had ITP. There were several cases reporting the association of KD with ITP (47–49), although the main mechanism of ITP causing KD is still unknown. Although thrombocytosis is a more common associated finding in KD, thrombocytopenia should always be considered as one of the expected findings in KD patients (47–49). KD is also suggested to be associated with infection and our cohort revealed 5 patients presented with infection prior to the diagnosis of KD (46, 50).

Fever onset of at least 5 days is a compulsory feature and was seen in some patients in our cohort and multiple other studies (28, 51–53). However, KD can be diagnosed if fever occurred for 4 days with at least 4 out of 5 of the classical features were present (1). Apart from fever, polymorphous rash was noted to be the most common classic feature (91.9%), suggesting the potential difficulty in diagnosing KD as similar rash may appear in various common childhood diseases. Cervical lymphadenopathy was also more frequently reported in our KD patients (87.1%). The reason of this high percentage was still unclear as majority of other studies found cervical lymphadenopathy to be the least common classical feature in KD (1, 54, 55).

In our study, 43.5% of the patients had gastrointestinal symptoms, namely vomiting and diarrhea This was higher compared to a study in Iran (38.4%) and was significantly higher than a previous study in southern Malaysia (6%) (22, 28). The most common gastrointestinal symptom in our study is vomiting (22.6%) similar to the finding by Nasri etal. where vomiting was also represented as the most common gastrointestinal manifestation (28.9%) in comparison to diarrhea (16.9%) (56). The gastrointestinal manifestations are observed to be commonly reported in several studies on KD thus, should be considered as part of KD clinical constellation (1, 57–59). The manifestation of gastrointestinal symptoms in multisystem inflammatory syndrome in children (MIS-C) and KD has been attracting attention among researchers. Both KD and MIS-C share similar initial symptoms which include vomiting, diarrhea and abdominal pain (58). However, gastrointestinal symptoms were more commonly observed in MIS-C with fewer classical KD symptoms which can help differentiate MIS-C from KD (60) In addition, neurological symptoms and hypotension were more frequently reported in MIS-C (20%) compared to KD. Similarly, our study reported fewer KD patients with neurological manifestation (1.6%).

In this study, our KD patients had leukocytosis (48.4%), anemia (40.3%) and thrombocytosis (38.7%) which were in line with most reported literature (61, 62). We also found that there was a significant difference of platelet count between complete KD and incomplete KD patients. On contrary, in another study, complete KD and incomplete KD were just two sides of the same coin with similar laboratory findings including platelet count and CRP level between the two groups (63). No significant difference of blood cell counts in patients with different KD presentation were noted (64). Our study reported a higher percentage of KD patients with raised ALT (50%) and hypoalbuminemia (81%) compared to a previous report (65) suggesting possible increasing incidence of hepatic dysfunction among KD patients in Malaysia or higher detection rate due to more assessment of the liver function in our cohort of patients. Several studies showed that KD patients with abnormal liver function test (LFT) is significantly associated with IVIG resistance (66, 67). Similarly, we reported a significant association between deranged LFT and IVIG resistance in our patients. This could be explained by the hypothesis of more severe ongoing inflammation in KD patients with abnormal liver function, thus the efficacy of IVIG treatment was reduced (68, 69).

Most of our KD patients (91.9%, n = 57) received IVIG as the first line of treatment, which aimed to halt immunological responses to reduce cardiac sequelae in KD patients (22, 28, 70). 10.3% of our IVIG-treated patients were found to be IVIG-resistant which was lower compared to other reported studies (11.8–19.7%) (16, 28, 71, 72). This could be explained by the low-level awareness of disease entity. In addition, we realized that incomplete KD may appear as a risk factor for developing IVIG resistance which was also reported in another study (73). Therefore, the addition of this criteria into the pre-existing risk scoring systems should be considered and we urge further studies on evaluating the compatibility of the KD risk scoring systems in our country to be conducted. A case of hemolytic anemia as a complication of IVIG therapy was observed in our study, thus close monitoring is necessary throughout the IVIG treatment (74, 75).

KD predominantly affected the coronary arteries as the major sequelae in KD patients (1). In our population, 16.1% (n = 10) of them presented with cardiac complication, mainly presenting with CAA (n = 6). This finding was higher than that of a wide-scale study done in Japan (9%) and another study in Canada (2.4%), which probably attributed to delayed diagnosis and initiation of treatment in our population (16, 22, 76). Various studies reported that CAA more frequently affected KD patients of younger age (28, 78, 78). Our results concurred with the findings with a lower median age (12.50 ± 7.89 months) found in KD patients with CAA, suggesting age as a possible indicator predicting the development of CAA. Interestingly, sterile pyuria was statistically related to CAA in our population, which resonated with the previous observations (66, 79), probably due to the underlying extended vasculitis involving the renal vessel vasculitis. Thus, we recommend further laboratory tests such as urinalysis and routine echocardiography to be carried out in KD patients particularly the younger age group for earlier detection of CAA. Nonetheless, IVIG resistance was found to be not significantly associated with subsequent CAA development in our KD patients (p > 0.05) which was contradictory to other studies (22, 80). This could be explained by the small population of KD patients in our study. A notable evidence of higher regression rate was identified in KD patients with small CAA compared to medium aneurysm (81). On a similar note, subsequent echocardiography outcome in our study demonstrated regression in 75% of KD patients with CAA, all of which had small aneurysm. Another KD patient with medium aneurysm developed persistent CAA. Thus, a longer duration of echocardiographic surveillance for those KD patients with medium or giant CAA is nearly always indicated. Other non-coronary cardiac manifestations including pericardial effusion and valvular regurgitation were only detected in 3.2% and 4.8% of our KD patients, which was lower than the incidence (9.2%, 14.7%) reported by a study in China (18).

Several limitations of this study include a small sample size and incomplete data due to the retrospective approach of the study. Thus, a large-scale nationwide prospective surveillance study is recommended to provide a more comprehensive view of current KD epidemiologic features in this country. Furthermore, Z-score, a more accurate tool to evaluate CAA as recommended by the American Heart Association (AHA) guidelines was not used in this study due to lacking data on height and weight in some of our KD patients (1).



Conclusion

KD incidence in our center showed an increasing trend which was similarly observed in other studies. Nevertheless, it is still lower compared to other East Asian countries particularly Japan and Korea. Children younger than 5 years old and males were predominantly affected by KD. Our study further revealed the presence of sterile pyuria to be associated with CAA, and IVIG resistance in KD is likely among those with hepatic dysfunction or incomplete KD diagnosis. These findings highlighted the significant contribution of laboratory parameters to the prognosis of KD, prompting more in-depth research on the KD scoring systems and the relevance in this country.
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Objectives: Cardiovascular disease (CVD) is a global public health concern, but its disease burden and trend have been poorly studied in people younger than 20 years. This study aimed to fill this gap by evaluating the CVD burden and trend in China, Western Pacific Region, and the world from 1990 to 2019.

Methods: We applied the 2019 Global Burden of Diseases (GBD) analytical tools to compare the incidence, mortality, and prevalence of CVD, years lived with disability (YLDs), years of life lost (YLLs), and disability-adjusted life years (DALYs) among people younger than 20 years from 1990 to 2019 in China, the Western Pacific Region, and the world. The trends of disease burden between 1990 and 2019 evaluated using the average annual percent change (AAPC) and the 95% uncertainty interval (UI) were reported.

Results: Globally, in 2019, there were 2.37 (95% UI: 1.82 to 3.05) million incidence of CVD, 16.85 (95% UI: 12.56 to 22.03) million prevalence of CVD, and 74386.73 (95% UI: 64543.82 to 86310.24) deaths due to CVD among people under 20 years of age. The trends for DALYs decreased among children and adolescents in China, Western Pacific Region, and the world (AAPC = −4.29, 95% CI: −4.38% to −4.20%; AAPC = −3.37, 95% CI: −3.48% to −3.26%; AAPC = −2.17, 95% CI: −2.24% to −2.09%; p < 0.001, respectively) between 1990 and 2019. With the increase in age, the AAPC values of mortality, YLLs, and DALYs showed a notable downward trend. The AAPC values of mortality, YLLs, and DALYs in female patients were significantly greater than those in male patients. For all subtypes of CVD, the AAPC values showed a downward trend, with the largest reduction observed for stroke. From 1990 to 2019, a decline in the DALY rate for all CVD risk factors was observed, with a significant decrease in environmental/occupational risk factors.

Conclusion: Our study shows a decline in the burden and trend of CVD among people younger than 20 years, which reflects the success in reducing disability, premature death, and the early incidence of CVD. More effective and targeted preventive policies and interventions aimed at mitigating preventable CVD burden and addressing risk factors from childhood are urgently needed.

KEYWORDS
 cardiovascular diseases, burden of disease, disability-adjusted life years, trend analysis, average annual percent change


Introduction

Cardiovascular diseases (CVDs) are chronic non-communicable diseases (NCDs) that seriously threaten human health. The global burden of disease (GBD) in 2019 shows that CVD is responsible for 18.5 million deaths worldwide, accounting for approximately 31% of total deaths (1). According to the statistics of China Cardiovascular Health and Disease Report 2020 (2), the number of patients with CVD in China is up to 330 million, and the number of deaths is 4.58 million, which accounts for more than 40%, ranking the first in the total cause of death, and two out of every five deaths are caused by CVD. The Sustainable Development Goals (SDGs) released the target of a reduction in premature mortality owing to NCDs by one-third by 2030, and the State Council of China subsequently endorsed an important document aimed at reducing the age-standardized mortality rate of CVD in 2015 by 15% by 2025 (3). Thus, a consistent, comparable, and comprehensive analysis of the long-term trend at the global, regional, and national levels is essential to guide public policy and provide resource allocation for decision-makers.

Childhood and adolescence are vulnerable periods and a key window for adult health. However, a large number of studies have found that the incidence of CVD is scarce over this period (4). The majority of CVDs manifest in the middle age and beyond, and it is now clear that their origin may be during childhood and adolescence. Many traditional risk factors for CVD, such as hypertension, dyslipidemia, obesity, unhealthy diet, and smoking, begin during childhood and then tend to accumulate and increase with age. Social risk factors, such as low socioeconomic status and poor education, also increase the risk of developing CVD at a very young age. Research suggests very few adolescents, including children, have an ideal CVD health profile (5). Therefore, it is of great public health importance to focus on the burden and trend of CVD during this period. In addition, children and adolescents with an underlying heart disease, either congenital or acquired, deserve special consideration with regard to future CVDs. A report showed that congenital heart disease accounts for nearly one-third of all congenital birth defects, and a focus on congenital heart disease is indispensable to eliminating preventable child deaths and additional injury to the coronary arteries in the era of the SDGs (6). Given the enormous disease burden and health resource constraints, to stem the tide of CVD requires a life course approach with a preventive strategy starting from early childhood and adolescence.

The Global Burden of Diseases, Injuries, and Risk Factors Study 2019 (GBD 2019) framework, with a broad collection of data sources and statistical modeling approaches, enables the comparable assessment of CVD burden in terms of incidence, mortality, years of life lost (YLLs), years lived with disability (YLDs), and disability-adjusted life years (DALYs). GBD also provides information to understand both the trends in risk exposure and the trends in burden attributable to risks. Currently, the burden of CVD is studied predominantly in adults, with few studies in children and adolescents, and even fewer studies on the attributable disease burden. In this study, we aimed to estimate the burden of CVD and its trend among people under the age of 20 years, stratified by gender and subtypes, as well as CVD-related DALYs associated with potentially modifiable behavioral, environmental, and metabolic risk factors from 1990 to 2019 in the world, the Western Pacific Region, and China by using the data from the GBD 2019 study.



Methods


Data sources and definitions

Data for this study were obtained from the GBD 2019 study. The GBD 2019 generates estimates due to 369 diseases and injuries, 87 risk factors, and a combination of risk factors in 204 countries and territories. The details of the GBD 2019 eligibility criteria, the literature search strategy, and data extraction have been published elsewhere (7–9). We produced standard epidemiological measures such as incidence, prevalence, and mortality, as well as summary measures of health (YLLs, YLDs, and DALYs) among people younger than 20 years due to CVD. YLL is a measure of premature death within a group of people. YLD measures the amount of time people lose due to diseases and injuries that reduce their health but do not cause death. DALY is a comprehensive indicator to assess the disease burden of disability and premature death, which is obtained by adding YLLs and YLDs. In our analyses, CVD subtypes included hypertensive heart disease, ischemic heart disease, non-rheumatic valvular heart disease, rheumatic heart disease, stroke, aortic aneurysm, cardiomyopathy and myocarditis, endocarditis, and other cardiovascular and circulatory diseases. Three major risk factors, such as behavioral, environmental/occupational, and metabolic risk factors, were considered to be associated with CVD in GBD 2019. We covered four age groups: less than 5 years, 5–9 years, 10–14 years, and 15–19 years. To ensure transparency and replicability, our study follows the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) (10). All data used in this study were obtained from the Institute for Health Metrics and Evaluation (IHME) website.



Statistical analyses

We computed counts, rates (per 100,000), and DALYs to quantify the burden of CVD stratified by sex, age, and subtypes of people under 20 years. The trends of disease burden between 1990 and 2019 were evaluated using average annual percent change (AAPC), which was calculated by the Joinpoint Regression Program (Version 4.9.0.0. March 2021) (11). For each estimated metric, the 95% uncertainty interval (UI) was reported. 95% UI was calculated by taking 1,000 draws from the posterior distribution of each quantity, using the 2.5th and 97.5th ordered draw of the uncertainty distribution (12). We considered a p-value of <0.05 to be significant.




Results

The absolute number and rate of incidence, prevalence, deaths, YLLs, YLDs, DALYs, and AAPC from 1990 to 2019 caused by CVD in people younger than 20 years in China, the Western Pacific Region, and the world are shown in Table 1. From 1990 to 2019, the absolute number, rate of incidence, and prevalence of CVD and also deaths due to CVD among people under 20 years of age in China, the Western Pacific Region, and the world showed a continuous declining trend. Globally in 2019, there were 2.37 million (95% UI 1.82 to 3.05) incidence of CVD, 16.85 million (95% UI 12.56 to 22.03) prevalence of CVD, and 74386.73 (95% UI 64543.82 to 86310.24) deaths due to CVD among people under 20 years of age. The incidence of cases of CVD has almost become half from 409300.76 (95% UI 327352.27 to 504066.70) in 1990 to 203195.69 (95% UI 160256.44 to 255326.61) in 2019 in China. In 2019, rates on YLLs, YLDs, and DALYs for CVD were 228.33/100,000, 49.91/100,000, and 278.24/100,000, respectively, globally. The trends of DALYs and YLLs also decreased in children and adolescents in China, Western Pacific Region, and the world. At the global level, the absolute number of DALYs due to CVD in 1990 (12.39 million [95% UI 10.78–13.77]) significantly exceeded that in 2019 (7.17 million [6.26–8.25]). The disease burden of CVD among people under 20 years of age in China is lower than that in the global and Western Pacific Regions. From 1990 to 2019, the AAPC of mortality due to CVD among people younger than 20 years in China, the Western Pacific Region, and the world decreased by 4.79% (95% CI: −4.89% to −4.69%, p < 0.001), 3.73% (95%CI: −3.83% to −3.62%, p < 0.001), and 2.46% (95% CI: −2.53% to −2.38%, p < 0.001), respectively. The YLLs all showed a downward trend (p < 0.001), while DALYs due to CVD decreased in China, the Western Pacific Region, and the world (AAPC = −4.29, 95% CI: −4.38% to −4.20%; AAPC = −3.37, 95% CI: −3.48% to −3.26%; AAPC = −2.17, 95% CI: −2.24% to −2.09%; p < 0.001, respectively) between 1990 and 2019. Figure 1 intuitively shows the DALY values of CVD among people under the age of 20 years in different WHO regions. It was found that the AAPC values of CVD in the Western Pacific Region, the Eastern Mediterranean Region, and China have decreased by more than 2.5%.



TABLE 1 Absolute number and rate of incidence, prevalence, deaths, YLLs, YLDs, and DALYs due to CVD among people younger than 20 years and APCC for 1990–2019 in China, the Western Pacific Region, and the world.
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FIGURE 1
 Number, rate, and average annual percentage change (AAPC) of DALYs among people with CVD 20  years.


Table 2 shows the AAPC of incidence, prevalence, deaths, YLLs, YLDs, and DALYs due to CVD among people younger than 20 years during 1990–2019 in China, the Western Pacific Region, and the world. With the increase in age, the values of AAPC of mortality, YLLs, and DALYs showed a notable downward trend. From 1990 to 2019, global DALYs from CVD decreased by 3.33%, 1.87%, 0.90%, and 1.09% annually among people under 5 years, 5–9 years, 10–14 years, and 15–19 years, respectively, but at the global level, the AAPC of the incidence and prevalence of CVD was observed to increase from 1990 to 2019. Compared with the global and Western Pacific Regions, the AAPC of DALYs in children under 20 years of age in China decreased the fastest (p < 0.001).



TABLE 2 Average annual percentage change (AAPC) of incidence, prevalence, deaths, YLLs, YLDs, and DALYs due to CVD among people younger than 20  years for 1990–2019 in China, Western Pacific Region, and the world.
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The AAPC of incidence, prevalence, deaths, YLLs, YLDs, and DALYs due to CVD among people under 20 years of age, stratified by gender from 1990 to 2019 in China, Western Pacific Region, and the world is shown in Figure 2. We found that a reduction in the AAPC of mortality, YLLs, and DALYs for both sexes combined was observed, with a greater reduction among female patients than male patients significantly (all p < 0.001). However, at the global level, there was a slower increase in the AAPC of incidence (male patients: AAPC = 0.58%; female patients: AAPC = 0.69%).
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FIGURE 2
 Average annual percentage change (AAPC) of incidence, prevalence, deaths, YLLs, YLDs, and DALYs of CVD in people younger than 20  years stratified by gender for 1990–2019 in China, the Western Pacific Region, and the world.


Figure 3 displays the long-term trend of DALYs among people under 20 years for all subtypes of CVD from 1990 to 2019. For all subtypes of CVD, the AAPC values showed a downward trend, regardless of the world, the Western Pacific Region, and China. The largest reduction was observed for stroke, such as DALYs in China, which went from 286.89/100,000 in 1990 to 62.51/100,000 in 2019, whereas other subtypes of CVD showed only a slight decrease. The AAPC of DALYs for all subtypes of CVD was significantly decreasing (all p < 0.001). In China and the Western Pacific Region, the AAPC in DALYs for endocarditis between 1990 and 2019 was the largest, which was −8.65% (95% CI: −9.40% to −7.89%) and −6.40% (95% CI: −7.05% to −5.74%), respectively.
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FIGURE 3
 Long-term trends and AAPC values of DALYs among people before 20  years for all subtypes of CVD from 1990 to 2019 in China, the Western Pacific Region, and the world.


Figure 4 illustrates the long-term trend of CVD-related DALYs attributable to risk factors from 1990 to 2019 among people under 20 years of age. We focused on three major risk factors for CVD: behavioral risks, environmental/occupational risks, and metabolic risks. A decline in the DALY rate for all CVD risk factors was observed in China, the Western Pacific Region, and the world from 1990 to 2019, with a significant decrease in environmental/occupational risk factors. China had the largest AAPC values in all CVD risk factors (AAPC = −5.27, 95% CI: −5.41% to −5.14%).
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FIGURE 4
 Long-term trends and AAPC values of CVD-related DALYs attributable to risk factors among people under 20 years from 1990 to 2019 in China, the Western Pacific Region, and the world.




Discussion

CVD remains the leading cause of premature mortality and rising healthcare costs and is a significant global health problem. Epidemiological studies in terms of the incidence, prevalence, deaths, YLLs, YLDs, and DALYs in CVD burden are sparse because of the overall low incidence of overt CVD among children and adolescents. To our knowledge, this is the first comprehensive and comparative report on the disease burden of CVD and its trends among people under 20 years of age in China, the Western Pacific Region, and the world over a 30-year period from 1990 to 2019. Our results provided several key messages. Globally in 2019, there were 2.37 million incidences of CVD, 16.85 million prevalence of CVD, and 74386.73 deaths due to CVD among people under 20 years of age. The burden and trends of CVD in China, the Western Pacific Region, and the global scale generally showed a downward trend among people younger than 20 years. The decrease in CVD burden is consistent with previous findings and may be attributed to the enforcement of life-saving health policies and interventions, rapid development of medical standards and essential treatment, as well as maternal education (13–15). Pathological evidence of atherosclerosis in young individuals was first identified in young male casualties from the Korean and Vietnam Wars and then further characterized by the Bogalusa Heart Study (16). CVD could begin in childhood and may progressively worsen without any appropriate intervention. Therefore, it is critical to pay attention to the burden of CVD and trends in childhood and actively implement effective interventions.

Findings from this study found that at the global level, the AAPC in the incidence and prevalence of CVD was observed to increase from 1990 to 2019. Chen Huang et al. (17) also revealed that the prevalence of CVD has been increasing in children, adolescents, and young adults in recent decades in developed countries. However, opposite results were observed for the incidence of APCC in China and the Western Pacific region. This discrepancy may be explained by the fact that many countries are included in the analysis of the global data, with different levels of development, medical conditions, distribution of health resources, and perception of CVD. We further observed that with the increase in age, the AAPC values of mortality, YLLs, and DALYs showed a notable downward trend. We speculated that this change was largely related to the global decline in fertility or increased awareness of healthy living in childhood. Comparatively, although there was a decline in the CVD burden, the increase in the absolute incidence of cases of CVD could not be ignored. Furthermore, our results found that the CVD burden showed heterogeneity by gender in China, the Western Pacific Region, and the world. A decrease in the AAPC of mortality, YLLs, and DALYs was significantly higher in female patients than in male patients. This difference may be related to physiological differences, estrogen levels, and lifestyle between male patients and female patients (18). This gender difference should be taken into account by policymakers when planning future strategies and implementing interventions. There were marked differences in the trends of DALYs in terms of its main subcategories, including ischemic heart disease, stroke, endocarditis, and hypertensive heart disease. The AAPC values showed a downward trend, with the greatest decline in stroke. As for CVD subcategories, in clinical settings, stroke has been increasingly recognized as the main single type of atherosclerotic CVD in China, the Western Pacific Region, and the world (5). Although previous studies had reported a substantial increase in the burden of stroke (19), an obvious decline in the AAPC value and trend of stroke were observed in this study. Our results are consistent with a temporal trend in ischemic stroke incidence in younger adults in the Framingham study (20). A population study also observed that stroke due to small vessel occlusion and cardiac embolism may be on the decline (21). Long-term trends in stroke are controversial and may result from differences in the availability and affordability of medications, patient adherence to treatment, quality of healthcare, and appropriate management of post-discharge secondary prevention provided by professionals.

Behavioral, environmental/occupational, and metabolic risk factors are major drivers of CVD. Traditional risk factors such as high blood pressure (22), elevated lipid levels (23), smoking (24), a sedentary lifestyle (25), and being overweight (26) are well known; however, it is important to recognize that these risk factors often develop and begin to detrimentally affect health during childhood (27). In our study, a decline in the DALY rate for all CVD risk factors was observed over the past 30 years among people younger than 20 years, with a significant decrease in environmental/occupational risk factors. During this period of rising metabolic risk exposure, the burden of CVD has been declining, a seemingly paradoxical phenomenon that can be largely explained by the impact of access to care, social determinants of health, cohort effects, and other behavioral, occupational, and environmental risks not quantified here (7, 28, 29). There is growing evidence that environmental influences on an individual’s cardiovascular health begin in childhood and even in the womb (30). As is well known, the early years of life, when behaviors are still being learned, are a great opportunity to educate children about cardiovascular health. It is much easier to teach children healthy habits than to change well-established unhealthy behaviors in adults.

This study is based on the largest epidemiological dataset to date and is the first to provide systematic estimates of the CVD burden and trend of people under 20 years, stratified by gender and subtypes, as well as CVD-related DALYs attributable to risk factors in China, the Western Pacific Region, and the world from 1990 to 2019. However, it has some limitations. First, as part of the GBD study, all limitations of the GBD methodology affected this study, which have been described previously (31–33). Second, within the age range of the analysis, we did not make age-standardized adjustments for the corresponding indicators. Third, we have only roughly estimated three main risk factors for CVD-related DALYs. In addition, a comprehensive assessment of the burden of disease should also include economic, family, and social aspects, so multidimensional analysis can be considered to improve the accuracy of the results.



Conclusion

This study has evaluated the burden of CVD and its trends among people under 20 years, stratified by gender and subtypes in China, the Western Pacific Region, and the world from 1990 to 2019. Overall, the CVD burden saw a substantial decline among children and adolescents, although variability across countries was present. Targeted considerations were needed to integrate primary prevention and take effective measures in childhood to reduce the future burden of CVD in adults.
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Objective: To explore the effect of mind map on health education in children with vasovagal syncope (VVS).

Methods: In this prospective controlled study, 66 children with VVS (29 males, 10.38 ± 1.80 years) and their parents (12 males, 39.27 ± 3.74 years) who were hospitalized in the Department of Pediatrics, The Second Xiangya Hospital, Central South University from April 2020 to March 2021 were set as the control group. 66 children with VVS (26 males, 10.29 ± 1.90 years) and their parents (9 males, 38.65 ± 1.99 years) who were hospitalized in the same hospital from April 2021 to March 2022 were set as the research group. Traditional oral propaganda method was applied in the control group, and the health education method based on mind map was applied in the research group. The self-designed VVS health education satisfaction questionnaire and comprehensive health knowledge questionnaire were used to conduct on-site return visits to the children and their parents who had been discharged from the hospital for 1 month.

Results: There was no significant difference in age, sex, hemodynamic type of VVS, and the parental age, sex, education level between the control group and the research group (P > 0.05). Health education satisfaction score, health education knowledge mastery score, compliance score, subjective efficacy and objective efficacy in the research group were higher than those in the control group (P < 0.05). If the satisfaction score, knowledge mastery score, and compliance score increase by 1 point, the risk of poor subjective efficacy is reduced by 48, 91, and 99%, respectively, and the risk of poor objective efficacy is reduced by 44, 92, and 93%, respectively.

Conclusions: Application of mind map can improve the health education effect of children with VVS.
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  children, vasovagal syncope, health education, effect, mind map


1. Introduction

Vasovagal syncope (VVS) is a common type of neurally mediated syncope in children, and the incidence is higher in females than males (1–4). It is characterized by transient loss of consciousness, inability to maintain an upright posture of the body and falling to the ground. Clinically, some patients may have recurrent syncope episodes or pre-syncope symptoms, and even syncope-related physical accidental injury (5, 6), or anxiety and depression, loss of appetite, increased somatic symptoms and loss of confidence, resulting in a decrease in the quality of life of the child and seriously affecting the patient's learning and life (7). Taking effective intervention measures for VVS as early as possible can avoid or reduce the onset of these symptoms. Clinically, the treatment of VVS mainly based on non-drug treatment such as health education (8), including avoiding predisposing factors, anti-resistance training and increasing water and salt intake (8–10), etc. Syncope and pre-syncope symptoms can be effectively reduced through health education and some lifestyle changes (e.g., recognizing syncope prodromal symptoms, increasing water intake, anti-resistance training and physical exercise, etc.), thereby improving the quality of life and learning for children with VVS (11). It can be seen that effective health education and lifestyle guidance are crucial in VVS rehabilitation. At present, the health education methods for children with VVS are mostly dependent on traditional oral education. Children with VVS who were hospitalized for treatment were short in hospital, and the communication and expression skills of the mission nurses were different, the effective health education information received by children and their parents was limited, resulting in the failure of health education. In order to explore effective ways to improve the quality and efficiency of health education for children with VVS, this study introduced the health education method of mind map.

The mind map is a thinking tool that concretizes divergent thinking. It uses lines, symbols, vocabulary and images to form divergent and node-like structural forms, and turns cumbersome text information into a visual diagram with clear layers and rich pictures and texts. It not only omits the tedious and complicated oral communication process, but also intuitively provides visual stimulation to children and their parents, deepens the impression of key content, and eliminates the inefficient information dissemination caused by hearing fatigue, and allows learners to store and extract information more effectively, and improve work and learning efficiency (12, 13). Some studies have shown that mind maps can improve the health education effect of patients (14–16). Li et al. (17) has found that the combined communication mode of SBAR (namely Situation, Background, Assessment, Recommendation) standard and mind map used in the emergency department can improve the quality of handover, reduce adverse events and handover problems, and get higher patient satisfaction. In this study, mind map was introduced to the health education of children with VVS and their parents, and the effect of mind mapping on VVS children's health education was observed.



2. Study population and methods


2.1. Study population and data collection

A prospective controlled study was conducted. The inclusion criteria and exclusion criteria were shown in Figure 1. Children with VVS and their parents were divided into control group and research group. The study subjects returned to the hospital for follow-up visits 1 month after discharge.


[image: Figure 1]
FIGURE 1
 Inclusion criteria and exclusion criteria.


The sample size was calculated by using the formula n1 = n2 = [(Zα + Zβ)2 × 2σ2]/δ2. The outcome index of this study was compliance score. The average compliance score of the control group was expected to be 3.00 ± 1.3 points, and the compliance score of the study group was expected to be increased by 1.0 points. Bilateral test, α was 0.05, the sample size ratio of the two groups was 1:1, and the test efficacy was 1 – β = 90%. The sample size calculated was 41. Consider a 25% shedding rate, the required minimum total number of participants was 51 in our study. We selected a sample size of 66 cases in each group.



2.2. Implementer of health education

The health education of the research group and the control group were implemented by pediatric specialist nurses, aged 26–45 years old, with an average age of 33.00 ± 5.03 years old.




2.3. Methods of health education

The control group received the conventional health education method, namely the oral education method, which lasted about 15–30 min. After the diagnosis was confirmed, the nurses explain VVS-related knowledge to the children and their parents, including common predisposing factors for syncope, increasing intake of water and salt, methods of taking oral rehydration salts, and instructing children on autonomic nerve function exercises, emphasizing that exercises should be performed as required. The research group received the mind map health education method, about 10–15 min. First of all, the nurses in our hospital would be trained on the knowledge of mind map. The training content was based on the medical knowledge of VVS, focusing on the background and usage of mind map. A total of 4 h of training would be conducted. After passing the real-life operation assessment, they would participate in this study. On the basis of evidence-based nursing and clinical experience, the members of the research team made a mind map, based on the content of traditional VVS health education and guided by the general information of children and their parents, to select the key points of pediatric VVS health education, from the perspective of patients, consult the literature and design a mind map of pediatric VVS self-prevention management based on peer practices. The drawing follows the principles of reasonable logic, clear fonts, and rich pictures and texts, and uses the mind map software X Mind 8 to draw (Figure 2). After the diagnosis was confirmed, the children and their parents were given health education by using mind maps. The nurses emphasized the key points one by one according to the mind maps, and guided the children to exercise their autonomic nerve function. After the teaching, hand over the mind map to the children and their parents, and guide them to consolidate knowledge and improve compliance as shown in the picture. Nurses supervise their implementation in their daily work, and carry out targeted health education as appropriate.


[image: Figure 2]
FIGURE 2
 Mind map of health education for children with vasovagal syncope and their parents.




2.4. Evaluation method
 
2.4.1. General information questionnaire

The research team asked children and their parents to complete the questionnaire. The contents of the questionnaire included the child's name, sex, date of birth, academic performance, place of residence and parents' age, education level, and telephone number.



2.4.2. Health education satisfaction questionnaire (for children and their parents)

A self-designed health education satisfaction questionnaire was used. The contents include nurses' introduction of disease-related knowledge, guidance on eating and living habits, guidance on autonomous function exercise, guidance on drugs and psychological counseling. The score calculation standard was as follows: 2, satisfaction; 1, general; 0, dissatisfaction. The full score is 16 scores. The higher the score, the higher the satisfaction. The assessment was performed by the patient and the parents before the patient was discharged from the hospital. We collected 66 valid questionnaires from the research group and the control group respectively, and the recovery rate and effective rate were both 100%.



2.4.3. Health education knowledge questionnaire

The self-designed VVS health education knowledge questionnaire was used to conduct on-site return visits to the children and their parents who had been discharged from the hospital for 1 month, and understand their mastery of VVS health education knowledge, syncope frequency, compliance and re-examination of head-up tilt test (HUTT) results, etc. The specific content is as follows: (1) What are the predisposing factors for syncope? (At least answer 3 or more predisposing factors, such as prolonged standing, postural changes, strenuous exercise, etc.). (2) What to do if fainting occurs? (For example, keep your supine position with your legs slightly elevated; in a sitting position, bury your head between your knees; in a squat position, clasp your hands tightly and hold your legs tightly in a protective position). (3) What are the precautions for oral rehydration salts? (The daily amount is dissolved at one time and can be taken in divided doses; it cannot be mixed with water in the middle; it can be warmed with water; drink it up on the same day). (4) How is the autonomic nervous system exercise performed? (Such as stand training, anti-resistance training, etc. Answer at least one of them and be absolutely correct). (5) Are you taking oral rehydration salts as prescribed by your doctor? (6) Do you do autonomic nervous system exercise every day? (7) Are you guaranteed three meals a day and enough sleep? (Sleep at least 8 h per day). (8) Do you use compression stockings or tights pants? In the questionnaires survey, “know” is scored as 1, “don't know” is scored as 0; if the answer is “yes,” it is scored as 1, and the answer of “no” is scored as 0. 66 valid questionnaires were collected from the research group and the control group, respectively, and the recovery rate and effective rate were both 100%.



2.4.4. Evaluation of efficacy

(1) Subjective efficacy: after training, the number of syncope or the occurrence of syncope premonitory in the child was reduced compared with that before treatment or had no episodes, which was regarded as improvement; after the training, the number of syncope or the occurrence of syncope is increased or no change, which was regarded as noimprovement. Efficiency (Improvement rate) = number of improved cases/total number of cases. (2) Objective efficacy: according to the HUTT results of the patient's re-examination, the HUTT induced syncope time was longer than the previous once, or the result change from positive to negative, which was regarded as improved; shortened time to induction of syncope, or no change in HUTT results was considered no improvement.



2.4.5. Head-up tilt test (HUTT)
 
2.4.5.1. Preparations before the test

Children fasted for at least 4 h before the testing, any vasoactive medication was stopped for at least five half-lives, and drink that could affect autonomic nervous system function (e.g., coffee) was avoided. The test was performed ata suitable temperature, dim light, and quiet environment. Detailed instructions and risks should be described to children and their legal guardians/parents. Signed informed consent should be obtained before the test (9, 18, 19).



2.4.5.2. Basic HUTT (BHUT)

The test was performed using Head-up Tilt Test Mornitoring System (SHUT-100) of Jiangsu Standard Medical Technology Co., Ltd. after overnight fasting between 8:00 a.m. and 12:00 p.m. The subjects were asked to lay still for 10 min, and then baseline heart rate (HR), blood pressure (BP), and ECG were recorded. Subjects were tilted at 60° with head upward, and HR, BP, and ECG were recorded continuously until either 45 min duration, or the development of syncope or intolerable near syncope symptoms. If syncope occurred, patients were rapidly placed in the supine position.



2.4.5.3. Sublingual nitroglycerin HUTT (SNHUT)

If the subjects did not develop syncope or pre-syncope, they underwent SNHUT. A tilted posture was maintained, subjects were medicated with nitroglycerin 4–6 μg/kg (maximum ≤ 300 μg), and HR, BP, and ECG were recorded for 20 min or until syncope or pre-syncope occurred.



2.4.5.4. Diagnosis of VVS and response types

VVS was defined as the development of syncope or pre-syncope accompanied by hypotension (systolic BP ≤ 80 mmHg and/or diastolic BP ≤ 50 mmHg, or over 25% decrease in mean BP), bradycardia (HR < 75 bpm for children at 4–6 years of age, <65 bpm for children at 6–8 years of age, and <60 bpm for children at 8 years of age and older), or cardiac arrest >3 s. VVS was further classified into three responses: vasoinhibitory type VVS (VVS-VI) (significant reduction in BP but insignificant change in HR), cardioinhibitory type VVS (VVS-CI) (significant reduction in HR but insignificant change in BP), and mixed type VVS (VVS-M) (significant reduction both in BP and HR).




2.5. Statistical analysis

The continuous variables were characterized by mean ± standard deviation, or as median and interquartile range, as appropriate. The categorical variables were presented as a number (n) and percentages (%). The Student's t-test, Chi-square test, Fisher's exact test, or Mann–Whitney U test were conducted to compare factors between two groups, as appropriate. Univariate binary Logistic regression was used to briefly evaluate the approximate effects of factors on the efficacy and direction of both subjective efficacy and objective efficacy. Multifactor Logistic regression to analyze the possible association between subjective efficacy and objective efficacy and many factors was used and constructed two models to illustrate the stability of this relationship: Model 1 adjusted for sociodemographic data (sex, age); Mode 2 adjusted for sociodemographic data and parental sex and age and education level, hemodynamic type of VVS. All the analyses were performed with the statistical software packages R (version 3.6.1) (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.com, X & Y Solutions, Inc, Boston, MA). P-values < 0.05 (two-sided) were considered statistically significant.




3. Results



3.1. General data and questionnaire data analysis

There were no significant differences in age and sex of the children and their parents between the research group and the control group (P > 0.05). The satisfaction on health education, the awareness rate of health education, the compliance of health education, the satisfaction score, the knowledge score, the compliance score, the subjective efficacy and the objective efficacy of the research group were higher than those of the control group (P < 0.01). There was no statistical difference in hemodynamic types of VVS and parental education between the research group and the control group (P > 0.05) (Table 1).


TABLE 1 General data of the study population and description of questionnaire data [Mean ± SD/n (%)].
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3.2. Univariate analysis of subjective efficacy and objective efficacy

The research group was the protective factor of subjective efficacy and objective efficacy. The ages of the children and their parents were the risk factors of subjective efficacy, the education level of the parents in high school was the protective factor of subjective efficacy and objective efficacy, the satisfaction score and the knowledge mastery score and the compliance score were the protective factor of subjective efficacy and objective efficacy (P > 0.05) (Table 2).


TABLE 2 Univariate analysis of subjective efficacy and objective efficacy [n = 132, Mean ± SD/n (%)].

[image: Table 2]



3.3. Comparison of multifactor regression equations of subjective efficacy and objective efficacy

In order to further clarify whether satisfaction score, knowledge mastery score and compliance score had independent and stable influences on subjective and objective efficacy in univariate analysis, we conducted a comparison of multifactor binary Logistic regression equations. After adjusting different confounding factors, the model still showed good stability and small fluctuation of effect value. The satisfaction score, knowledge mastery score, and compliance score increased by 1 point, the risk of poor subjective efficacy was reduced by 48, 91, and 99%, respectively, and the risk of poor objective efficacy was reduced by 44, 92, and 93%, respectively (Table 3).


TABLE 3 Comparison of multifactor regression equations of subjective efficacy and objective efficacy.
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4. Discussion

VVS is a common neurally mediated syncope in clinical practice, and health education is the basic measure for intervention of VVS (8). Although the prognosis of VVS is good, due to the lack of knowledge of the disease and health education of the children and their parents, the compliance of the intervention and the rehabilitation effect are affected, which can lead to the recurrence of syncope or pre-syncope. In addition to seriously affecting the physical and mental health and quality of life of the children, the parents are also under great psychological pressure. Therefore, paying attention to the psychological feelings and service requirements of children with VVS and their parents, especially the health education of children and their parents, and improving their compliance, are the key links to promoting the rehabilitation of children (20, 21).

The purpose of health education is not only to “educate knowledge,” but also to establish “medical compliance behavior or healthy behavior” through guidance. Its effect is closely related to factors such as health educators, health education methods and health education objects. In order to avoid the omission of information or unclear expression due to the differences in theoretical knowledge and language expression ability of health educators, the health education practitioners in this study are all highly educated nurses who have undergone unified training and have worked in clinical practice for at least 3 years. Individuals have different abilities to understand and accept information, and people have limited short-term memory, and the content of oral education is easy to forget, which may lead to children and their parents lack of information acceptance or lack of understanding, resulting in reduced compliance. The mind map used in this study can make up for this deficiency. Mind map can turn boring information into colorful and well-organized diagrams to help understand memory (13, 22) (Figure 2).



4.1. Health education method based on mind map can improve the satisfaction of children with VVS and their parents with health education

The results of this study showed that the research group's satisfaction score for health education was increased compared with the control group (P < 0.01), and the risk of poor subjective efficacy was decreased by 48% and the risk of poor objective efficacy was decreased by 44% for each point increase of satisfaction score of health education in clinical nursing work in the research group. It is suggested that the health education method based on mind mapping can improve the satisfaction of health education and intervention effect of children with VVS and their parents. Zhang et al. (23) applied mind map to the health education of parents of children with infectious mononucleosis, and found that the research group was significantly higher than the control group in terms of nursing satisfaction in nurse-patient communication, health education, and nursing technology (P < 0.01). This may be related to the simplicity and clarity of the mind map, focusing on prominent features, which is more conducive to the transmission of information. Targeted health education can promote emotional communication between nurses and patients, increase the trust between nurses and patients, and thus improve the satisfaction of children and their parents with clinical nursing work. Gakhal et al. (13) also reported that the use of audiovisual presentations and mind map exercises to improve the information recall ability of orthodontic patients and their parents and found that the use of audiovisual presentations and written information can improve the information recall rate of orthodontic patients and their parents, and thought mind map is a better form than written information. It can be seen that the health education method based on mind mapping can improve the health education effect of children with VVS and their parents.



4.2. The health education method based on mind map can improve the mastery of health education knowledge and compliance in children with VVS and their parents

Through the health education knowledge questionnaire, it was found that the research group had significantly higher scores on the mastery of health education knowledge and compliance than the control group (P < 0.01). And in research group, the risk of poor subjective efficacy was decreased by 91 and 99% for each point increase of the score of mastery knowledge and compliance, respectively. The risk of poor objective efficacy was decreased by 92 and 93% for each point increase of the score of mastery knowledge and compliance, respectively. The above results suggested that the health education based on mind map can improve the compliance of children with VVS and their parents to health education, avoid possible clinical inducements and triggers, effectively increase the intake of water and salt, and ensure the effectiveness of the intervention. Studies have shown that the application of mind map in pediatric VVS health education can improve the compliance of children and their parents. Sesanelvira et al. (24) reported the educational effect of using mind map method on school-age children's food safety behavior, and found that the use of mind map method has a significant impact on school-age children's food safety knowledge, attitudes and skills. It is believed that the mind map method can be applied to improve the clean and healthy living behaviors of school-age children. Yang et al. (25) reported the application of mind map health education in extended care for children with caries, and found that the use of mind map health education method could significantly improve the caries knowledge of children with caries and their parents, and improve their compliance to health education. Therefore, mind mapping is an appropriate health education tool that can be used for extended care of children with dental caries. In conclusion, health education based on mind map can carry out effective cognitive and behavioral intervention for children and their parents, thereby significantly improving the cognitive level of children and their parents in dealing with disease-related knowledge, and effectively improving the compliance and quality of life of children.



4.3. The health education method based on mind map can improve the subjective efficacy and objective efficacy of VVS children

In this study, both the subjective efficacy and objective efficacy of the research group and the control group were improved, and the subjective and objective efficacy of the research group were better than those of the control group (P < 0.01). And the research group was the protective factor of subjective efficacy and objective efficacy, the satisfaction score, the knowledge mastery score and the compliance score were the protective factor of subjective efficacy and objective efficacy, which was related to the improvement of patient compliance behavior with mind map (26). The mind map is easy to understand and can make up for the unclear explanations and understandings in oral health education. It can carefully let children with VVS and their parents clarify the rehabilitation knowledge of VVS, and provide guidance for effective rehabilitation and improved prognosis. This study shows that the parents' education level in high school is a protective factor for both subjective efficacy and objective efficacy, indicating that the group with higher education levels has a higher acceptance level and understanding ability of health education, which is conducive to improving compliance. The ages of the children and their parents were risk factors for subjective efficacy, which may be related to the obvious anxiety about syncope or pre-syncope episodes in older age.

It can be seen that the application of a mind map in the health education of children with VVS and their parents can increase the clinical intervention effect.



5. Shortcomings and prospects

However, this study had certain limitations. It was a single-center-based research, the subjects were younger and the sample size was not large enough. At the same time, due to the impact of the COVID-19 epidemic, the research group did not recruit the research subjects at the same time, which needs to be avoided in the future research. Therefore, further large sample and multi-center studies can be conducted in the future, and the outcome indicators can be added to verify the educational program. It is recommended to promote and establish patient health records in pediatric cardiovascular outpatient clinics, record the progress of health education during patient follow-up, and lay a foundation for follow-up research.
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Vasovagal syncope (VVS) is a common subtype of neurally mediated syncope. It is prevalent in children and adolescents, and critically affects the quality of life of patients. In recent years, the management of pediatric patients with VVS has received extensive attention, and β-blocker serves as an important choice of the drug therapy for children with VVS. However, the empirical use of β-blocker treatment has limited therapeutic efficacy in patients with VVS. Therefore, predicting the efficacy of β-blocker therapy based on biomarkers related to the pathophysiological mechanism is essential, and great progress has been made by applying these biomarkers in formulating individualized treatment plans for children with VVS. This review summarizes recent advances in predicting the effect of β-blockers in the management of VVS in children.
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1. Introduction

Syncope is a common clinical symptom caused by transient cerebral blood supply reduction or interruption. It mainly manifests as transient loss of consciousness followed by decreased muscle tone and fall due to inability to maintain autonomous posture. The process is mostly temporary and self-limited (1). Neurally mediated syncope (NMS) is a very prevalent condition and accounts for a large proportion of pediatric syncopal cases, of which VVS is one of the most common forms (73%). In patients with VVS, sudden postural change from supine to upright, stuffy environments, and psychological stress lead to hypotension and/or bradycardia, which causes pre-syncope or syncope due to the inability to maintain posture. The physical and mental health of children with VVS is often affected (2, 3). In recent years, ample research has been conducted on individualized treatment of children with VVS (4). Currently, known therapeutic methods of VVS include pharmacological and non-pharmacological therapies. Beta-blockers, α1-adrenergic receptor agonist, sertraline, fludrocortisone, and oral rehydration salts are commonly used pharmacological treatments for VVS (1, 5, 6). This review summarizes the latest advances of biomarkers that can predict the therapeutic efficacy of β-blocker in children with VVS, and points out the advantages and disadvantages of these biomarkers. The aim of the present review is to describe the characteristics of VVS children who had a positive response to the treatment of β-blocker and to help the effective clinical use of β-blocker in the treatment of children with VVS.



2. Hypercatecholamine and hypersympathetic nerve function in children with VVS

The pathophysiology of VVS is very complex, involving a variety of potential mechanisms, such as hypercatecholamine and hypersympathetic nerve function, excessive vasorelexation or relatively low blood volume, etc (7–9). and the pathophysiology varies greatly among VVS individuals. In healthy children, when they stand for a long time or undergo sudden position changes from supine to upright, the decrease of the venous return results in a trend of declining blood pressure and heart rate; however by stimulating baroreceptors, they can be reflexively raised without causing obvious hypotension and symptoms. Previous studies have shown that the level of basal catecholamines in circulation of some VVS children is increased and they show hypersympathetic nerve function due to the imbalance of autonomic nervous function regulation. Therefore, in these children with VVS, due to the hypercatecholamine status and hypersympathetic nerve function, under the inducement factors such as sudden posture change, the Bezold-Jarisch reflex of the heart is initiated by the enhancement of compensatory myocardial contractility, which leads to the increase of vagus nerve activity and the heart rate and blood pressure continue to drop (10, 11). This causes insufficient blood supply to the brain, resulting in chest tightness, pallor, sweating, dizziness, blurred vision, and then fainting due to inability to maintain posture (12).



3. Treatment of beta-blockers in VVS of children

Patients with VVS are often treated with non-pharmacological and pharmacological therapies. Non-pharmacological therapy includes health education, fluid and salt supplementation, exercise of autonomic nervous function, and physical counter-pressure maneuvers. Pharmacological therapy includes β-blockers, α1-adrenergic receptor agonists, neurohormones, sertraline, fludrocortisone, and oral rehydration (13, 14). In clinical practice, the beta-blocker treatment for VVS was often prescribed empirically and non-selectively, and the efficacy of empirical treatment was often unsatisfactory. Previous studies have shown that the recurrence rate of syncope in children with VVS after 20 months of empirically non-selective metoprolol treatment was up to 34%, and the recurrence rate after 3 years was 43% (15, 16). Sheldon et al. found that there was no difference between metoprolol and placebo in preventing syncope in VVS patients (17).



4. Individualized beta-blocker therapy for children with VVS: biomarkers and therapeutic efficacy prediction

The empirical therapeutic effect of beta-blockers is often unsatisfactory because of the diversity of pathogenesis of VVS. According to recent studies, the pathogenesis of VVS includes increased sympathetic nerve activity and hypercatecholamine, a relatively insufficient central volume, peripheral vasodilation, neurohormonal disturbance, and the loss of baroreflex integrity. Therefore, the pathogenesis-based biological indicators should be determined to predict the therapeutic effect of drugs to implement individualized treatment to increase therapeutic efficacy (18). In some children with VVS, hypersympathetic nerve function and hypercatecholamine levels are the main mechanism, which can be antagonized by beta-blockers. Therefore, we should determine the stable biomarkers reflecting hypersympathetic nerve function and hypercatecholamine status as the main mechanism of VVS and direct β-blocker use as an individualized treatment to increase the therapeutic level (13). We summarizes the currently known biomarkers that can predict the efficacy of β-blockers on VVS in children (Table 1).


TABLE 1 Markers in predicting the therapeutic efficacy of beta-blockers in children with VVS.
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4.1. Changes in heart rate during the head-up tilt test (HUTT)

During the HUTT, some children with VVS develop reflective tachycardia after tilting from the supine position because of postural changes or long-term standing likely due to the sympathetic nerve activation (25, 26). Zhang et al. observed the hemodynamic changes of VVS children during HUTT and found that β-blockers were more effective for patients with significant heart rate increase before positive reaction during HUTT. A heart rate increase by 30 bpm before the positive response at HUTT as a cut-off value yielded a sensitivity of 81% and specificity of 80% to predict the responsiveness to β-blockers in VVS children (19).



4.2. Left ventricular ejection fraction (LVEF) and left ventricular fractional shortening fraction (LVFS)

Left ventricular ejection fraction (LVEF) and left ventricular fractional shortening fraction (LVFS) measured by echocardiography can reflect plasma catecholamine level and sympathetic nerve activity to some extent, although they are influenced by several other factors, such as cardiac function (27, 28). Based on the above correlations, Song et al. speculated that the VVS children with increased LVEF or LVFS might be in a status of high catecholamine level or sympathetic overexcitation, thereby exhibiting a better responsiveness to β-blocker (20). They followed up the VVS children treated with β-blocker for 6 months to explore the role of baseline LVEF and LVFS in the prediction of therapeutic efficacy of β-blocker in the children with VVS. As they expected, the results of follow-up at 6 months showed that the VVS children with baseline LVEF > 70.5% or LVFS > 37.5% responded better to β-blocker than those without, suggesting that the baseline LVEF and LVFS are meaningful and useful predictors of therapeutic response to β-blocker in children with VVS.



4.3. Baroreflex sensitivity

Baroreceptor reflex, as one of the important neuroregulatory reflexes to maintain blood pressure homeostasis, plays a key role in the regulation of hemodynamics when the body position changes. Abnormal changes in baroreceptors are one of the important pathogeneses of VVS. Measurements of baroreflex sensitivity (BRS) can evaluate the response to baroreceptors in the process of arterial pressure changes and reflect sympathetic nerve activity (6). The pre-treatment supine BRS of children with VVS to whom β-blockers are effective is much higher than that of children to whom β-blockers are ineffective. The change of BRS (ΔBRS) from supine position to positive response during the HUTT before treatment was more obvious in the effective patients than in the ineffective patients. Therefore, both BRS and ΔBRS can predict the response of VVS patients to β-blockers, and both indicators are non-invasive with good safety. However, the acquisition of these two indicators requires the use of specific instruments with relatively high cost, so they have not been widely used in clinics. Using pre-treatment BRS of 10 ms/mmHg as a cut-off value, the predicted sensitivity and specificity of β-blocker response in children with VVS were 82% and 83%, respectively. Pre-treatment ΔBRS of 4 ms/mmHg as a cut-off value yielded a sensitivity and specificity of 71% and 83%, respectively, to predict the efficacy of β-blockers in children with VVS (21).



4.4. Twenty four-hour urinary norepinephrine

Norepinephrine (NE) is released from adrenergic nerve endings mainly as a neurotransmitter and reflects the sympathetic nerve activity to some extent. NE is excreted through urine. Therefore, the measurement of NE at 24-h would reflect sympathetic nerve activity to some extent (9). The 24-h urinary NE concentration has the advantages of being relatively stable and inexpensive. Studies have shown that VVS patients with high 24-h urinary NE levels before treatment exhibit better β-blocker treatment effects. Pre-treatment 24-h urinary NE of 34.84 μg/24 h as a cut-off value yielded a sensitivity and specificity of 70% and 100%, respectively, to predict the responsiveness to β-blockers in children with VVS (22).



4.5. L/T of poincaré plot

The Lorenz-RR scatterplot, also called the Poincaré plot, is converted from 24-h dynamic electrocardiogram monitoring data and used to evaluate autonomic nervous function (29). The longitudinal axis (L) of the Poincaré plot represents the 24-h heart rate variation and reflects the sympathetic tension to some extent. The longer the longitudinal axis is, the stronger is the sympathetic nerve activity. The transverse axis (T) reflects the difference among adjacent RR segments, which represents the instantaneous heart rate change and mainly reflects vagal tone (24). According to previous studies, the L/T of the Poincaré plot is also called the “cardiac sympathetic index” because it reflects cardiac sympathetic function. The L/T value is stable, intuitive, and non-invasive. Although it is time-consuming in detection, it is easier to obtain than the 24-h urinary NE concentration. Studies have shown that when children with VVS were treated with β-blockers, the L/T in patients of the effective group before treatment was higher than that in the ineffective group. A pre-treatment L/T of 2.7 as a cut-off value yielded a sensitivity and specificity of 88.2% and 82.8%, respectively, to predict the efficacy of β-blockers in children with VVS (23).



4.6. Beta-1 receptor gene polymorphism

Adrenergic receptors (ARs) are targeted by epinephrine and norepinephrine in the sympathetic nervous system. They are expressed on almost all types of cells and are important parts of the sympathetic nervous system. Therefore, they play an important role in maintaining homoeostasis. The abnormal changes of structural and functional ARs are closely related to the pathogenesis of many diseases. There are nine subtypes of human ARs: α1A, α1B, α1D, α2A, α2B, α2C, β1, β2, and β3 (30). Stimulation of the cardiac β1 receptor can produce positive chronotropic, inotropic, and dromotropic effects through G protein coupled signaling pathways. Adenylate cyclase is a second messenger in the G-protein coupled signaling pathway. Mason et al. found that nine adrenergic genes have polymorphisms (31). β1 adrenocepter gene (ADBR1) encodes a functional protein with 477 amino acids, in which there are multiple single nucleotide polymorphism (SNPs). According to the nucleotide variant #1165, the amino acid position of 389 can encode arginine and glycine. The Arg389 variant is more effective in stimulating adenylate cyclase than Gly389 variant, and has a better response to catecholamine. Therefore, the signal transduction ability of Arg389 variant is more stronger than Gly389 variant (32). The imbalance of autonomic nervous system regulation is one of an important pathogenesis of patients with VVS, and ADBR1 polymorphism may lead to changes in the structure and function of β1 adrenoceptor, and then result in autonomic nervous system imbalance. Beta-blockers can antagonize the binding of catecholamines to β1 adrenoceptor and block signal transduction, thus playing a role in the treatment of VVS children. In recent years, in the study of the role of β1 adrenoceptor gene polymorphism in VVS, it was found that the patients of VVS with positive HUTT had a higher frequency of Gly389 variant than VVS patients with negative HUTT (33.33% vs. 14.58%) (33). Atici et al. found that patients of VVS with Arg389Arg variant had a higher frequency of syncope episodes before β-blocker treatment than those with Arg389Gly variant (7.9 ± 3.7 vs. 6.4 ± 3.0). After 18 months of beta-blocker treatment, the number of syncope episodes of VVS patients with Arg389Arg variant was significantly lower than that of Arg389Gly variant (3.0 ± 1.4 vs. 6.8 ± 3.2) (32). However, the detection of β1 receptor gene polymorphism is a complex and costly process, and it is mainly used for research, as its wide application in clinical practice is not viable.




5. Conclusion and perspective

In summary, the markers including hemodynamic data during HUTT, characteristics of electrocardiogram, echocardiographic parameters, genetic information, and laboratory biochemistry index were successively found to have the ability to predict the therapeutic response to β-blocker in children with VVS. The facts that the above baseline clinical indices were collected before the treatment made it possible to help the pediatricians early identify the VVS children responding to β-blocker and then select the effective therapy. However, most of markers discovered so far have their own limitations such as unstability, unworkability, and expensiveness. In the future, the ability of markers to predict therapeutic response to β-blocker still needs to be improved. Moreover, it is worthy of paying great attention to the external validation study. Finally, the more novel, convenient, inexpensive, and readily available markers are still expected.



Author contributions

JW and XL: conceptualized, prepared, and wrote the manuscript. JD and HJ: reviewed, edited, and revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The manuscript was supported by the National High Level Hospital Clinical Research Funding (Multi-center Clinical Research Project of Peking University First Hospital, China) (2022CR59).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Wang C, Li YQ, Tian H, Huang M, Dong XY, Shi L, et al. Chinese Pediatric Cardiology Society (CPCS) guideline for diagnosis and treatment of syncope in children and adolescents. Sci Bull. (2018) 63:1558–64. doi: 10.1016/j.scib.2018.09.019

2. Lin J, Jin H, Du J. Assessment of therapeutic biomarkers in the treatment of children with postural tachycardia syndrome and vasovagal syncope. Cardiol Young. (2014) 24(5):792–6. doi: 10.1017/S1047951114000316

3. Zavala R, Metais B, Tuckfield B, Delvecchio M, Aronoff S. Pediatric syncope: a systematic review. Pediatr Emerg Care. (2020) 36(9):442–5. doi: 10.1097/PEC.0000000000002149

4. Xu WR, Du JB, Jin HF. Can pediatric vasovagal syncope be individually managed? World J Pediatr. (2022) 18(1):4–6. doi: 10.1007/s12519-021-00495-0

5. Flevari P, Livanis EG, Theodorakis GN, Zarvalis E, Mesiskli T, Kremastinos DT. Vasovagal syncope: a prospective, randomized, crossover evaluation of the effect of propranolol, nadolol and placebo on syncope recurrence and patients’ well-being. J Am Coll Cardiol. (2002) 40(3):499–504. doi: 10.1016/s0735-1097(02)01974-5

6. Mitro P, Aimurda M, Muller E. Improvement in low upright baroreflex sensitivity is associated with positive clinical effect of orthostatic training. Pacing Clin Electrophysiol. (2018) 41(1):42–9. doi: 10.1111/pace.13238

7. Du X, Tao C, Wang Y, Sun Y, Zhang Q, Zhang C, et al. Twenty-four-hour urinary sodium excretion predicts therapeutic effectiveness of oral rehydration saline in pediatric vasovagal syncope. Children. (2022) 9(7):992. doi: 10.3390/children9070992

8. Santini L, Capria A, Brusca V, Violo A, Smurra F, Scarfò I, et al. An increased endothelial-independent vasodilation is the hallmark of the neurally mediated syncope. Clin Cardiol. (2012) 35(2):107–10. doi: 10.1002/clc.20990

9. Vaddadi G, Guo L, Esler M, Socratous F, Schlaich M, Chopra R, et al. Recurrent postural vasovagal syncope. Circ Arrhythm Electrophysiol. (2011) 4(5):711–8. doi: 10.1161/CIRCEP.111.962332

10. Iwase S, Nishimura N, Mano T. Role of sympathetic nerve activity in the process of fainting. Front Physiol. (2014) 5:343. doi: 10.3389/fphys.2014.00343

11. Dilip Chand Raja S, Rajasekaran S, Sri Vijayanand KS, Shetty AP, Kanna RM. Bezold–jarisch reflex causing bradycardia and hypotension in a case of severe dystrophic cervical kyphotic deformity: a case report and review of literature. Eur Spine J. (2020) 29(Suppl 2):188–92. doi: 10.1007/s00586-020-06619-w.

12. Wang Y, Du J, Jin H, Liao Y. Comorbidity of neurally mediated syncope and allergic disease in children. Front Immunol. (2020) 11:1865. doi: 10.3389/fimmu.2020.01865

13. Chen LY, Shen WK. Neurocardiogenic syncope: latest pharmacological therapies.. Expert Opin Pharmacother. (2006) 7(9):1151–62. doi: 10.1517/14656566.7.9.1151

14. Sheldon RS, Grubb 2nd BP, Olshansky B, Shen WK, Calkins H, Brignole M, et al. 2015 Heart Rhythm Society expert consensus statement on the diagnosis and treatment of postural tachycardia syndrome, inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm. (2015) 12(6):e41–63. doi: 10.1016/j.hrthm.2015.03.029

15. Zhang Q, Jin H, Wang L, Chen J, Tang C, Du J. Randomized comparison of metoprolol versus conventional treatment in preventing recurrence of vasovagal syncope in children and adolescents. Med Sci Monit. (2008) 14(4):CR199–203. doi: 10.12659/MSM.938647

16. Tao C, Cui Y, Zhang C, Liu X, Zhang Q, Liu P, et al. Clinical efficacy of empirical therapy in children with vasovagal syncope. Children. (2022) 9(7):1065. doi: 10.3390/children9071065

17. Sheldon R, Connolly S, Rose S, Klingenheben T, Krahn A, Morillo C, et al. Prevention of syncope trial (POST): a randomized, placebo-controlled study of metoprolol in the prevention of vasovagal syncope. Circulation. (2006) 113(9):1164–70. doi: 10.1161/CIRCULATIONAHA.105.535161

18. Liao Y, Du J. Pathophysiology and individualized management of vasovagal syncope and postural tachycardia syndrome in children and adolescents: an update. Neurosci Bull. (2020) 36(6):667–81. doi: 10.1007/s12264-020-00497-4

19. Zhang Q, Du J, Zhen J, Li W, Wang Y. Hemodynamic changes during head-up tilt test and predictive value there of in predicting the efficacy of metoprolol therapy in children with vasovagal syncope. Zhonghua Yi Xue Za Zhi. (2007) 18:1260–2. doi: 10.3760/j:issn:0376-2491.2007.18.011

20. Song J, Li H, Wang Y, Liu P, Li X, Tang C, et al. Left ventricular ejection fraction and fractional shortening are useful for the prediction of the therapeutic response to metoprolol in children with vasovagal syncope. Pediatr Cardiol. (2018) 39(7):1366–72. doi: 10.1007/s00246-018-1904-x

21. Tao C, Li X, Tang C, Jin H, Du J. Baroreflex sensitivity predicts response to metoprolol in children with vasovagal syncope: a pilot study. Front Neurosci. (2019) 13:1329. doi: 10.3389/fnins.2019.01329

22. Kong Q, Yang X, Cai Z, Pan Y, Wang M, Liu M, et al. Twenty-four-hour urine NE level as a predictor of the therapeutic response to metoprolol in children with recurrent vasovagal syncope. Ir J Med Sci. (2019) 188(4):1279–87. doi: 10.1007/s11845-019-01979-9

23. Yuan P, Li X, Tao C, Du X, Zhang C, Du J, et al. Poincare plot can be a useful tool to select potential responders to metoprolol therapy in children with vasovagal syncope. Int J Gen Med. (2022b) 15:2681–93. doi: 10.2147/IJGM.S352928

24. Yuan P, Lian Z, Wang Y, Wang Y, Zhang C, Du J. Poincaré plot is useful for distinguishing vasovagal syncope from postural tachycardia syndrome in children. Front Pediatr. (2022a) 10:758100. doi: 10.3389/fped.2022.758100

25. Gielerak G, Makowski K, Cholewa M. Prognostic value of head-up tilt test with intravenous beta-blocker administration in assessing the efficacy of therapy in patients with vasovagal syncope. Ann Noninvasive Electrocardiol. (2005) 10(1):65–72. doi: 10.1111/j.1542-474X.2005.00603.x

26. Kolarczyk E, Szydlowski L, Skierska A, Markiewicz-Loskot G. The differences in the diagnostic profile in children with vasovagal syncope between the result of head-up tilt table test. Int J Environ Res Public Health. (2020) 17(12):4524. doi: 10.3390/ijerph17124524

27. Pfeffer MA, Shah AM, Borlaug BA. Heart failure with preserved ejection fraction in perspective. Circ Res. (2019) 124(11):1598–617. doi: 10.1161/CIRCRESAHA.119.313572

28. Støylen A, Dalen H, Molmen HE. Left ventricular longitudinal shortening: relation to stroke volume and ejection fraction in ageing, blood pressure, body size and gender in the HUNT3 study. Open Heart. (2020) 7(2):e001243. doi: 10.1136/openhrt-2020-001243

29. Romito G, Guglielmini C, Poser H, Baron Toaldo M. Lorenz plot analysis in dogs with sinus rhythm and tachyarrhythmias. Animals. (2021) 11(6):1645. doi: 10.3390/ani11061645

30. Small KM, Rathz DA, Liggett SB. Identification of adrenergic receptor polymorphisms. Methods Enzymol. (2002) 343:459–75. doi: 10.1016/s0076-6879(02)43152-7

31. Mason DA, Moore JD, Green SA, Liggett SB. A gain-of-function polymorphism in a G-protein coupling domain of the human beta1-adrenergic receptor. J Biol Chem. (1999) 274(18):12670–4. doi: 10.1074/jbc.274.18.12670

32. Atici A, Rasih-Sonsoz M, Ali-Barman H, Durmaz E, Demirkiran A, Gulsen K, et al. The role of beta-1 receptor gene polymorphism in beta-blocker therapy for vasovagal syncope. Rev Invest Clin. (2020) 72(5):300–7. doi: 10.24875/RIC.20003319

33. Huang YJ, Wang JY, Li J, Shen J, Xu M, Huang M. Association between polymorphism of β1-adrenergic receptor gene and vasovagal syncope in children. J Clin Pediatr. (2010) 28(2):156–9. 1000-3606(2010)02-0156-04












	
	TYPE Original Research

PUBLISHED 08 March 2023
DOI 10.3389/fcvm.2023.1099115






[image: image2]

Development of prognostic nomogram model to predict syncope recurrence in children with vasovagal syncope

Rui Sun1,2†, Yingying Kang2,3†, Mingming Zhang2, Hongmao Wang2, Lin Shi2 and Xiaohui Li1,2,3*

1Department of Cardiology, Capital Institute of Pediatrics-Peking University Teaching Hospital, Beijing, China

2Department of Cardiology, Children’s Hospital Capital Institute of Pediatrics, Beijing, China

3Graduate School of Peking Union Medical College, Capital Institute of Pediatrics, Beijing, China

EDITED BY
Zhen-Yu Zhang, KU Leuven, Belgium

REVIEWED BY
Régis Guieu, Aix Marseille Université, France
Julian Mark Stewart, New York Medical College, United States

*CORRESPONDENCE Xiaohui Li lxhmaggie@126.com

†These authors have contributed equally to this work and shared first authorship

SPECIALTY SECTION This article was submitted to Pediatric Cardiology, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 15 November 2022
ACCEPTED 17 February 2023
PUBLISHED 08 March 2023

CITATION Sun R, Kang Y, Zhang M, Wang H, Shi L and Li X (2022) Development of prognostic nomogram model to predict syncope recurrence in children with vasovagal syncope.
Front. Cardiovasc. Med. 10:1099115.
doi: 10.3389/fcvm.2023.1099115

COPYRIGHT © 2023 Sun, Kang, Zhang, Wang, Shi and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Backgrounds: Vasovagal syncope (VVS) is a common form of syncope. In children with VVS, recurrent syncope or presyncope can affect the physical and mental health of both children and parents, which markedly impairs quality of life.



Objectives: We aimed to identify factors at baseline that can predict the recurrence of syncope or presyncope over a 5-year follow-up period, and further to develop a prognostic nomogram model.



Methods: This cohort is bidirectional in design. From July 2017 to August 2022, children with VVS were included and followed up every 3 to 6 months. Head-up Tilt Test (HUTT) was performed for diagnosing VVS. Data were analyzed using STATA software, and risk estimates are presented as hazard ratio (HR) and 95% confidence interval (CI).



Results: Total 352 children with VVS who had complete information were included in this study. Median follow-up time was 22 months. Overall, supine mean arterial pressure (MAP-supine) in HUTT and baseline urine specific gravity (USG) were associated with the significant risk of syncope or presyncope recurrence (HR: 0.70 and 3.00, respectively; both P < 0.05). Calibration and discrimination analyses revealed that the addition of MAP-supine and USG can result in a better fit. A prognostic nomogram model based on significant factors annexed with five traditional promising factors was finally constructed, with strong discriminative and predictive abilities (C-index approaching 0.700, P < 0.05).



Conclusions: Our findings indicated that MAP-supine and USG can independently predict the significant risk of syncope recurrence in children with VVS, and the prediction was more obvious in a nomogram model.
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1. Introduction

Syncope is a major public health concern with approximately 17% of children 2 to 18 years of age experiencing at least one episode of syncope (1). As a common form of syncope, vasovagal syncope (VVS) accounts for about 60 to 80% of all pediatric cases (2). VVS tends to have a good prognosis, yet its recurrent episodes can affect the physical and mental health of children, as well as their parents, which markedly impairs the quality of life (3). As the development of syncope is a complex process, it is of clinical and healthcare importance to identify potential factors attributable to the recurrence of syncope in children affected with VVS.

Currently, research on the risk profiles of recurrent syncope or presyncope in children with VVS has been less conducted in medical literature. For example, some investigators have reported that the number of previous episodes of syncope (4, 5), onset age of syncope, and family history (6) were identified as promising predictors for recurrent syncope in VVS. In addition, others revealed that venous blood routine hemoglobin concentration and mean corpuscular hemoglobin were candidate biomarkers in predisposition to syncope recurrence (7). Further, heart rate variability (HRV), body mass index (BMI), and therapeutic regimens can also affect the prognosis of VVS (8–10). Thus far, no consensus has been attained which and how many factors actually precipitate the development of recurrent syncope in children with VVS, likely due to differences in genetic underpinnings, statistical power or participant characteristics. Given that VVS etiology is complex and usually involve a multistep, multifactorial process, the impact of any single factors is believed to be small, but may be more evident when assessed in combination. However, a literature search did not trace any hints concerning the joint contribution of various factors to recurrent syncope in VVS.

To fill this gap in knowledge and yield more references for future studies, we, in a large cohort of children with VVS, aimed to identify factors at baseline that can predict the recurrence of syncope over a 5-year follow-up period, and meanwhile for clinical application, to develop a prognostic nomogram model based on promising significant attributes.



2. Methods


2.1. Ethical approval and informed consent

The conduct of this study was approved by the Ethics Committee of Children's Hospital Capital Institute of Pediatrics (SHERLLM2021025), and written informed consent was obtained from parents or supervisors of participating children.



2.2. Study children

The present cohort is bidirectional in design. From July 2017 to August 2022, children diagnosed with VVS were hospitalized for the first time at the Department of Cardiology, Children's Hospital Capital Institute of Pediatrics, and after discharge they were followed up at the Out-Patient Department every 3–6 months. The latest follow-up was competed on October 7, 2022. In case of no-show at the scheduled time, we reached out to their parents or supervisors through phone. The minimal follow-up time was set at 1 month.



2.3. Inclusion and exclusion criteria

Children were included if all of the following criteria were satisfied simultaneously: (i) <18 years of age; (ii) hospitalized children; (iii) confirmed diagnosis of VVS. The clinical diagnostic criteria of VVS refer to the expert consensus on the diagnosis of syncope in children (11).

Children were excluded if they complicated any of the following criteria: (i) cardiovascular diseases, such as hypertension, arrhythmias, and congenital heart disease; (ii) neuropsychological diseases, such as anxiety and depression; (iii) metabolic diseases, such as hyperthyroidism and metabolic syndrome; (iv) convulsant syncope confirmed as seizure based on their medical histories as well as electroencephalograph and brain magnetic resonance imaging examination.



2.4. Follow-up assessment

The details of treatment regimens for children with VVS can be found in the Supplementary Materials (Appendix A.1). During each follow-up, autonomic exercises, oral rehydration salts, and drug regimens were recorded. Disease-specific survival was calculated from the date of diagnosis to the date of syncope or presyncope recurrence or the date of the last follow-up visit, whichever came first. Presyncope is defined as symptoms before syncope, and it includes extreme lightheadedness, visual sensations (such as tunnel vision and graying out), and variable degrees of altered consciousness without complete loss of consciousness. If the child had a transient loss of consciousness associated with inability to maintain postural tone with rapid and spontaneous recovery, syncope was confirmed. Recurrence information was obtained from either parents or supervisors. Children with VVS were divided into two groups: children with syncope or presyncope recurrence and children free of syncope or presyncope recurrence.



2.5. Head-up tilt test

Participating children were requested to lie on the electric tilting bed (SHUT -100A, STANDARD, Beijing, China) in the supine position for 10 min. A baseline head-up tilt test (HUTT) was conducted with the child tilted for 45 min without medication. If syncope did not develop, the child was given a sublingual nitroglycerin (4–6 μg/kg, maximum ≤0.3 mg) to provoke syncope within 20 min. Automatic cuff blood pressure, heart rate, and electrocardiograph were recorded continuously by electric tilting instrument. If syncope occurred during the test, the tilt table would be quickly lowered to the supine position. Positive responses to HUTT involve syncope or presyncope in addition to four key factors, including (i) drops in blood pressure (systolic blood pressure [SBP] ≤80 mmHg diastolic blood pressure [DBP] ≤50 mmHg; (ii) a sinus arrest with junctional escape rhythm; (iii) an atrioventricular (AV) conduction block no less than II° or a cardiac arrest for three seconds; (iv) a decrease in heart rate of <75 beats per minute(bpm) in children aged 4–6 years, <65 bpm in those aged 7–8 years, and <60 bpm in those aged 8 years (11–13). In addition, VVS is divided into three types according to the changes in blood pressure and heart rate. The cases with lower blood pressure were defined as the vaso inhibitive type, the cases with significantly lower heart rate were defined as the VVS cardiac inhibitory type, and the cases with both lower heart rate and lower blood pressure as the VVS mixed type.



2.6. Data collection

For children admitted for the first time to our hospital, a standardized questionnaire was adopted to glean demographic information at baseline, including age, sex, BMI, medical history, number of syncope, and family history of syncope. Routine blood tests, cardiac enzymes, urine routine, 24-hour urine output and electrolytes, cardiac function, and 24-hour Holter during hospitalization were also recorded. All above tests were completed prior to the HUTT test. The first morning urine specimens were measured using an automatic urinary sediment analyzer (AX-4030, Arkray, Kyoto, Japan). Heart rate and arterial pressure were measured twice after affected children had stayed in a supine position for 10 min and again at 60-degree tilting when stable within the first 1 min.

In addition, the following indicators were also collected. Mean arterial pressure in the supine position for 10 min (MAP-supine), and mean arterial pressure in the first 1 min at 60 degrees of inclination (MAP-tilt) were calculated SBP and DBP in tilt position. MAP was calculated as DBP plus 0.333 × (SBP - DBP). Change-SBP was calculated as SBP in tilt immediately minus SBP in supine, and Change-DBP as DBP in tilt immediately minus DBP in supine. Change-HR was calculated as heart rate in tilt immediately minus heart rate in supine.



2.7. Statistical analysis

Continuous parameters are presented as mean ± standard deviation (SD) or as median (interquartile range) depending on whether the parameter was deviated from the Gaussian distribution. Where appropriate, the t-test or Mann-Whitney test was used to compare differences of continuous parameters between groups. Categorical parameters are presented as percentage (count) and compared using the χ2 test or Fisher's exact test. Potential factors related to recurrence were initially identified by the univariate Cox proportional hazards regression analyses. Then, the multivariate Cox proportional hazards regression analyses were undertaken to control for covariates, including age, sex, BMI, medical history, number of syncope, family history of syncope, and therapeutic regimens.

A series of discrimination and calibration statistics were used to evaluate prediction accuracy. To justify the improvement in prediction accuracy, net reclassification improvement (NRI) and integrated discrimination improvement (IDI) (14, 15) were calculated. If the outcome is less than 0.05, adding significant risk factors might greatly increase the model's ability in prediction. The area under the Harrell C-statistic is to examine whether the traditional model can distinguish between children who had presyncope or syncope recurrence when significant factors are added. To determine how closely the prediction probability for the addition of significant factors reflected actual observed risk and the overall fit of the improved risk model, the Akaike information criterion (AIC), Bayesian information criterion (BIC), and likelihood ratio test were utilized (16). For the AIC and BIC indices, smaller values indicate better models.

By using decision curve analysis (DCA), the net benefit of the addition of significant factors over the conventional model was clearly demonstrated (17). The DCA graph's X-axis represents the recurrence thresholds, while the Y-axis represents the net benefits for various thresholds. If the “model” curve is further from the solid curve line under all recurrence assumptions and the dotted horizontal line with none recurrence assumptions, a bigger net benefit is reported.

A predicted nomogram for the 1-year, 2-year, and 3-year recurrence rates from VVS was constructed among all research patients based on baseline demographic and clinical data with statistical significance, improving clinical interpretation. The predictive precision and discriminative power of this prognostic nomogram were assessed using the concordance index (C-index) and calibration curve. The area under the receiver operating characteristic curve and the C-index are equivalent. According to the calibration curve, the 45° line illustrates how far the prognostic nomogram's predicted probabilities differ from actual outcomes.

The regression modeling strategies (RMS) package (https://cran.r-project.org/web/packages/rms/index.html) in the R- language (version 4.2.1) was used to create the prognostic nomogram model. A nomogram is a graphic calculator that has been scaled and is used to determine an approximation of a function. In this study, a simple 10-point scale was used as the basis for the nomogram.

All of the aforementioned statistical analyses were conducted using STATA/SE software (version 14.0, Stata Corp, TX, USA). Probability less than 5% was considered statistically significant.




3. Results


3.1. Sample size

In total, 409 children were diagnosed with VVS during the study period, and 37 of them were excluded because of anxiety and depression (n = 23), hyperthyroidism (n = 7), arrhythmias (n = 3), hypertension (n = 3), and abnormal origin coronary artery (n = 1). Twenty children were lost during follow-up, leaving 352 patients with complete follow-up data in the final analysis. The median time to an endpoint (syncope or presyncope recurrence) event occurred was 22 months (from 1 day to 63 months).



3.2. Baseline characteristics

The baseline characteristics of study patients are showed in Table 1. Urine specific gravity (USG) before diagnosis and the time used oral rehydration salts (ORS) during follow-ups differed significantly between children with or without recurrence (P < 0.05). No significance was noted for the rest characteristics.


TABLE 1 Baseline characteristics of participating children by the presence and absence of recurrence of vasovagal syncope.

[image: Table 1]

Comparison of baseline characteristics between children analyzed and lost to follow-ups is provided in Supplementary Table S1.



3.3. Identification of significant factors

The two factors, MAP-supine and USG, were associated with the significant risk of syncope or presyncope recurrence in VVS patients before adjustment at a 5% level of significance (Table 2). After adjusting for age, sex, BMI, medical history, number of syncope, family history of syncope, and therapeutic regimens, three factors were consistently and independently associated with the significant risk of recurrence in VVS, including MAP-supine (HR, 95% CI, P: 0.700, 0.567 to 0.869, 0.001), MAP-tilt (0.796, 0.654 to 0.969, 0.035), and USG (3.000, 1.03 to 8.741, 0.044).


TABLE 2 Identification of factors independently and significantly associated with the recurrence of vasovagal syncope.
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3.4. Prediction accuracy assessment

Because MAP-supine had collinearity with MAP- tilt, MAP- tilt was removed from the following analyses. To evaluate the predictive power of the major factors identified, two models—the basic model and the full model—were built. The basic model includes general characteristics (age, sex, BMI, medical history, family history of syncope), and the full model includes general characteristics and the two significant factors (MAP-supine and USG).

The prediction accuracy gained by adding the two major factors to the basic model was assessed using both calibration and discrimination statistics (Table 3). Compared with the basic model, the prediction accuracy of the full model was significantly improved. The AIC and BIC in full model were smaller, and as revealed by the likelihood ratio test, both models differed significantly in prediction performance (P = 0.001). NRI and IDI statistics showed significant improvement after adding MAP-supine and USG to the basic model from the aspect of reclassification performance. Harrell's C-statistic indicated that the addition of MAP-supine and USG can improve the predictive ability of the basic model.


TABLE 3 Predictive accuracy of risk model with and without MAP-supine or USG for the prediction of VVS recurrence.

[image: Table 3]

Furthermore, DCA graph indicated the obvious net benefits gained by adding the two significant factors to the basic model (Figure 1).


[image: Figure 1]
FIGURE 1
Prognostic decision curves for the basic model and the addition of MAP-supine and urine specific gravity in vasovagal syncope patients. The basic model included age, sex, body mass index, medical history, and family history.




3.5. Risk prognostic nomogram model

To facilitate clinical interpretation, a prognostic nomogram model was constructed on the basis of the two significant factors aforementioned and some acknowledged conventional factors (Figure 2). For an example of clinical usefulness of this nomogram, assuming a girl (1.5 points) aged ten years (3.5 points), with a family history of syncope (1.8 points), BMI of 16 kg/m2 (1 points), MAP-supine 90 mmHg (2.9 points), and USG 1.025 (2.8 points), she would have an estimated 71% chance to experience no-recurrence of syncope or presyncope at 1st year and 65% chance at 2nd year, and 58% chance at 3rd year. Thus, the recurrence rate in 1st year, 2nd year, and 3rd year were estimated to be 29%, 35%, and 42%, respectively.


[image: Figure 2]
FIGURE 2
Prognostic nomogram of the prediction of significant parameters for 1-year, 2-year, and 3-year no-recurrence of vasovagal syncope among all study children. Abbreviations: F, female; M, male; Y, with family history of syncope; N, without family history of syncope; BMI, body mass index; MAP, average arterial pressure; USG, urine specific gravity.


This nomogram had a good prediction accuracy, with the C-index approaching 70%. In addition, the calibration curves for the probabilities of no-recurrence at 1-year, 2-year, and 3-year diagnosed showed the best possible agreement between this prognostic nomogram's forecast and the actual observations (Figure 3).


[image: Figure 3]
FIGURE 3
The calibration curves for predicting the risk of no-recurrence of vasovagal syncope at 1-year (the upper panel), 2-year (the middle panel) and 3-year (the lower panel) among all study children. Nomogram-predicted probability of no-recurrence is plotted on the X-axis, and actual no-recurrence is plotted on the Y-axis.





4. Discussion

The aim of this cohort study was to identify factors at baseline that can predict the recurrence of syncope or presyncope in children with VVS and develop a prognostic nomogram model based on promising significant attributes. It is worth noting that MAP-supine and USG can independently predict the significant risk of syncope or presyncope recurrence in VVS, especially in a nomogram model annexed with 5 other established factors. As far as we know, this is thus far the largest study that has examined factors in a joint manner associated with syncope or presyncope recurrence in children with VVS in the literature.

It is widely recognized that age is a promising factor for syncope recurrence among adults with VVS, and the recurrence rates increase with aging (18, 19). Similarly in this study, our findings supported the contribution of age to syncope recurrence in children with VVS. A possible explanation is that the epinephrine (Epi)/norepinephrine (NE) ratio increases to a greater extent in younger fainters (20). Other factors, such as number of previous syncope and family history, also played a contributory role in the recurrence of syncope or presyncope in VVS. For example, in a Canadian study of 51 children with VVS the higher number of previous syncope was linked to the greater likelihood of syncope or presyncope recurrence (4). Another study from Turkey showed that age, family history, and several prior syncope onsets were factors attributable to syncope recurrence (6). Yet, in the present study, we failed to detect statistical significance for above demographic factors, and instead we focused on laboratory indicators by taking these factors as confounders. After a careful analysis among 352 children with VVS, our findings indicated that MAP-supine and USG were independently and significantly associated with the risk of syncope or presyncope recurrence in children with VVS, differing from the results of a previous study (21) of 63 children with VVS, which identified hemoglobin and MCH as two recurrence-predisposition factors. Given the complex nature of syncope recurrence, we agree that identification of more promising factors that can accurately predict VVS prognosis is still in the process of exploration, perfection and renewal.

In fact, USG, a non-invasive biomarker and objective substitutability for water homeostasis, are widely used in clinical practice (22). The USG fluctuates depending on the amount of fluids consumed, and it reflects the total amount of water consumed and lost (23, 24). An increase in USG indicates low water intake or excessive water loss. Prior studies have shown that USG had a specific predictive value in diagnosing VVS in children and adolescents (25). However, there is a paucity of data on its role in predicting syncope of presyncope recurrence. Our study showed that elevated USG was a statistically significant risk factor for syncope or presyncope recurrence in VVS, and for practical reasons, USG can be routinely monitored for the early identification of possible recurrence. Moreover, MAP is the average of arterial blood pressure during a cardiac cycle. The median or mean MAP was regularly higher than MAP of 65 mmHg (range 70–114 mmHg) (26, 27). Considering the fact that children are in a period of growth and development, blood pressure is determined based on age, gender, BMI, and so there is currently no uniform value for MAP. In the present study, lower the MAP-supine and MAP-tilt, were found to be associated with the greater likelihood of syncope or presyncope recurrence in VVS. Previous studies showed that children with VVS usually had high levels of catecholamine, which can cause excessive contraction of the heart and abnormal Bezold-Jarish reflex (10). Then, the imbalance of sympathetic impulses and vagal impulses may reduce MAP, which is commonly seen in our recurrence group. Lower MAP in the recurrence group in this study indicated that BP can be easily decreased in the presence of triggering factors, causing the symptoms of pre-syncope. Further decrease in BP annexed with sudden falls in cerebral blood flow can lead to syncope eventually (28, 29). Both USG and MAP were for the first time identified as predisposing factors for syncope or presyncope recurrence in children with VVS, and more large-scale, well-designed studies are warranted to confirm or refute our findings.

Besides the obvious advantages, including large sample size, extended follow-up, and effective calibration/discrimination assessment, some possible limitations should be acknowledged. Firstly, because this study was conducted at a single site, our conclusions would be broadly applied pending consistently validated in other independent cohorts. Secondly, all assessable children with VVS were enrolled between July 2017 and August 2022, and during the 5-year period remarkable advances in techniques and deepened knowledge about this disease can introduce a potential bias that understates the influence of factors on the recurrence of syncope or presyncope. Thirdly, the findings presented here were based merely on children with VVS free of comorbidities and thereby cannot be extrapolated to all VVS populations. Last but not the least, only baseline biomarkers were assayed in this cohort, and frequently monitoring of these biomarkers and analyzing their dynamic variations may be of added interest. We agree that more investigations are warranted to confirm or refute the factors associated with VVS recurrence in this study.



Conclusions

Taken together, our findings indicated that MAP-supine and USG can independently predict the significant risk of syncope or presyncope recurrence in VVS, and the prediction was more obvious in a nomogram model. For practical reasons, we hope that this study will not only serve as an endpoint but also a new beginning for future large, well-designed studies to explore the risk profiles of syncope or presyncope recurrence in children with VVS.
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Background: Kawasaki disease (KD) is a systemic vasculitis affecting young children, which may lead to coronary artery aneurysm (CAA). The optimal timing of serial echocardiography in patients with uncomplicated KD is debated.



Objectives: To assess changes in coronary artery Z-scores from the initial diagnosis, two weeks, eight weeks, and one year following diagnosis and adverse cardiac events in children diagnosed with KD without initial CAA.



Methods: Retrospective chart reviews of four referral centers in Thailand were conducted of all children who were diagnosed with KD without initial CAA (coronary artery Z-score < 2.5) between 2017 and 2020. Eligibility criteria included the absence of congenital heart disease and patients with available echocardiographic evaluations at baseline and at eight weeks of illness. The two-week and one-year echocardiographies were reported. Adverse cardiac events at one year from diagnosis were explored. The primary outcome was a maximal coronary Z-score on the follow-up echocardiography at eight weeks and one year.



Results: Of 200 patients diagnosed with KD, 144 patients (72%) did not have CAA. A total of 110 patients were included in the study. The median age was 23 months (IQR, 2–39 months) and 60% were male. Fifty patients (45.5%) had incomplete KD, and four (3.6%) received a second intravenous immunoglobulin treatment. Of 110 patients, 26 patients (23.6%) had coronary ectasia (Z-score of 2–2.49) on their initial echocardiographic examination. Sixty-four patients were evaluated in two-week echocardiographic studies, which showed four new small CAAs and five coronary ectasia. At 8 weeks, 110 patients had undergone complete echocardiographic studies. No patient had residual CAAs. Only one patient had persistent coronary ectasia that regressed to normal within one year. At one-year follow-up (n = 90), no cardiac events were reported.



Conclusion: New CAA in-patients with KD who had no previous CAA in their initial echocardiography are rare. In addition, patients who had normal echocardiographic follow-up at two weeks or eight weeks mostly continued to be normal at one year. The optimal timing of the echocardiographic follow-up should be at two to eight weeks in patients without initial CAA, who still have a coronary artery Z-score < 2 at the second echocardiography.

Trial registration: TCTR20210603001.
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Introduction

Kawasaki disease (KD) is an acute febrile illness with inflammation of medium-sized vessels, often affecting young children. Coronary artery involvement is common and varied in its severity from transient, mild coronary artery dilation (so called coronary ectasia) to severe forms such as giant coronary artery aneurysm (CAA). The incidence of CAA in untreated patients, especially in the era of pre-intravenous immunoglobulin (IVIG), has been reported to be as high as 25%, though it is significantly reduced to 4%–10% in patients who receive timely administration of IVIG (1–4). Coronary artery lesions (CAL) in children with KD (up to 80% of all cases), can be identified with an initial echocardiography, during the first week of illness (5). Changes in CALs from the initial echocardiography have been documented to regress in up to 75% of the cases, however 4%–5% of cases progress (6). In particular, over 80% of patients with coronary artery ectasia were reported to have an improved outcome. Baseline measurements of coronary artery diameter are realistic predictors of their involvement during early follow-up (7, 8). A major adverse cardiac event (MACE) has been shown to be correlated to higher CAA Z-scores at diagnosis, the presence of giant CAA, and the lack of IVIG treatment (9–11). Surveillance of myocardial stress tests and regular echocardiographies are warranted in the presence of CAA.

In contrast to the presence of CAA, the timing of follow-up echocardiography in patients with KD who do not have CAA at the initial echocardiography (coronary artery Z-score < 2.5) is still controversial. Based on 2017 American Heart Association guidelines, serial echocardiography is recommended at baseline, at one to two weeks, and at four to six weeks after diagnosis to detect coronary artery abnormalities. In patients without coronary artery involvement, discharge from cardiology service may reasonably take place at 4–6 weeks after KD onset, though extended follow-up to 12 months may be considered (1). The 2020 Japanese guidelines recommend serial echocardiography at the time of treatment initiation, 1–2 weeks later, and at follow-up assessments at 1, 2, 6, 12 months, and 5 years or yearly until 5 years for patients with KD and normal coronary artery or transient dilatation (2). In a large retrospective study from Boston and San Diego, new abnormalities in coronary arteries were found to be rare (1.7%), which suggests that the six-week echocardiographic imaging may not be needed in patients with uncomplicated KD and coronary artery Z-scores < 2.0 in the first two weeks of illness (12). In a recent study from the Post-RAISE registry in Japan; however, the optimal duration of echocardiographic follow-up is suggested to be one month in patients with no initial CAA and no CAL at one month (13). Based on these findings, new CAAs are assumed to develop frequently from the second week and then peak at the fourth week of illness in patients with no initial CAL (11, 14).

In low-income countries, frequent echocardiographic assessments can lead to high costs or risks for sedated patients. In a retrospective trial of the cost-effectiveness of echocardiography in 1999, all children with KD were recommended to have an echocardiography at the time of diagnosis with a follow-up study four to eight weeks after the onset of fever (15). We hypothesized that coronary arteries in patients without initial CAA and that remained normal at eight-weeks follow-up did not progress to CAA or require further intervention. Considering the prior studies that were conducted in different settings and among different ethnic groups, we undertook this multicenter retrospective study of patients diagnosed with KD without initial CAA (Z-score < 2.5). Our aim is to evaluate changes in the coronary artery Z-scores and occurrences of major adverse cardiac events from the initial diagnosis, to two weeks, eight weeks, and at one year following diagnosis.



Methods

The present study was a multicenter retrospective study using hospital databases from four cardiac centers in Thailand: (1) Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok; (2) Phrapokklao Hospital, Chanthaburi; (3) Nakhon Pathom Hospital, Nakorn Pathom; and (4) Chao Phraya Yommarat Hospital, Suphanburi, Thailand. Following approval from the institutional ethics committees of all institutes, patients who were diagnosed with KD without CAA between July 1, 2017 and December 31, 2020 were retrospectively reviewed. We restricted the analyses to patients who had no initial CAA, which was defined as having a coronary Z-score < 2.5 at the initial echocardiography (1). Patients were also required to have had a complete echocardiographic measurement of the proximal right coronary artery (RCA), the left main coronary artery (LCA), and the left anterior descending artery (LAD) at least twice: at baseline and at eight weeks from the diagnosis. The echocardiographic measurements that were recorded when possible at two weeks and at one year following diagnosis were in accordance with guidelines. Patients who had only a single echocardiography without any follow-up were considered as incomplete data, and patients with congenital heart disease that could lead to coronary dilation were excluded from the study. The requirement for informed consent from patients was waived and the process for protecting patient confidentiality was guaranteed. Permission for the study protocol to waive the informed consent process was approved by the Siriraj Institutional Review Board, Faculty of Medicine, Siriraj Hospital, Mahidol University [Study number 244/2,564 (EC4), COA No Si 309/2021], Phrapokklao Hospital Chanthaburi [COA No. 034/65], Nakhon Pathom Hospital [Record No 028/2021, COA No. 029/2021], and Chao Phraya Yommarat Hospital, Suphanburi, Thailand [COA No. YM027/2565]. Demographic, clinical, initial laboratory, and echocardiographic findings of RCA, LCA, LAD, and treatment were explored. Demographic data was collected for gender, age at diagnosis of KD, and clinical presentation. The laboratory data included erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), hematocrit (Hct), white blood cell (WBC), and platelet count. The echocardiographic findings were collected at the time of diagnosis, and at two weeks, eight weeks, and at one year following diagnosis. The dimensions of the RCA, LCA and LAD with their Z-scores were recorded (7). The left circumflex artery (LCx) was reported as an absolute number and not evaluated in the analysis due to its anatomical variability and the difficulty in obtaining images. Normal coronary dimension was defined as coronary Z-score < 2.0 and coronary ectasia was defined as coronary Z-score 2.0–2.49. Small CAA was defined as coronary artery Z-score ≥2.5 and <5 (1). Treatment of KD included receiving IVIG, onset of fever that received IVIG (within 10 days or after 10 days), requirement for retreatment with IVIG, and receiving adjunctive anti-inflammation medications. The primary outcome was a maximal coronary artery Z-score at follow-up echocardiography at eight weeks and at one year. The secondary outcomes were clinical data and the report of MACE at a one-year follow-up. MACE was identified if the patients had a cardiovascular-related illness including total coronary artery occlusion, congestive heart failure, clinical or imaging evidence of myocardial ischemia (MI), the requirement for coronary artery bypass grafting (CABG), or percutaneous coronary intervention (PCI) (9).


Statistical methods

Statistical analyses were performed with SPSS 20.0 for Windows (SPSS Inc., Chicago, IL, United States). Demographic, clinical, laboratory, cardiac imaging, and KD treatment data were presented as frequencies with percentages for the categorical variables and mean ± SD or median with interquartile range for the continuous variables. The maximal coronary artery Z-score at initial, two weeks, eight weeks, and one year was expressed as median with interquartile range. Changes in the maximal coronary artery Z-score across the four time points were assessed using a non-parametric test (Friedman's test). Two-tailed P values were used, and values less than.05 were considered significant.




Results


Patient characteristics

A total of 200 patients had been diagnosed with KD in the 4 centers in 2017–2020. CAAs were noted in 56 patients (28%). Of the 144 patients without CAA, 33 patients had incomplete echocardiographic examinations and 1 patient had underlying congenital heart defect. Therefore, 110 patients were included in the study (Figure 1). Of these patients, 60% were male and the median age at diagnosis was 1.9 years (IQR 2 months, 3.2 years). Complete KD was diagnosed in 54.5% of the patients. No patients in this study had Kawasaki shock or ventricular dysfunction. Initial left ventricular ejection fraction was 68.4 ± 6.3%. Almost all of patients (90%) received IVIG as a standard treatment. IVIG-resistant KD presented in four patients, which responded to a second IVIG treatment plus steroids. Initial coronary artery Z-scores were normal (Z-score < 2) in 84 patients (76.4%). Of the remaining 26 patients, the maximal Z-score ranged from 2 to 2.47, which was consistent to coronary ectasia on initial echocardiography. The patients' demographics including clinical and laboratory data are described in Table 1.


[image: Figure 1]
FIGURE 1
Flow diagram of pediatric patients that were included in the analysis (n = 110). KD, Kawasaki disease; CAA, coronary artery aneurysm.



TABLE 1 Baseline characteristics.
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Changes in the coronary artery on echocardiography and clinical outcomes

The echocardiographic measurements were performed at baseline and at 8 weeks following diagnosis in 110 patients, and used as the entry criteria. Overall, serial echocardiographic examinations were performed in 64 patients (58%) at 2.7 weeks (IQR 2.1, 3.2 weeks), in 110 patients (100%) at 8.1 weeks (IQR 7.2, 8.8 weeks), and in 51 patients (46.3%) at 1 year (IQR 0.7, 1.3 years) (Table 2). The median Z-score of all coronary arteries tended to decrease over time. At the 2-week echocardiography (n = 64), progressive changes were seen in coronary arteries with small CAA, and Z-scores between 2.6 and 4.28 were seen for the first time in 4 patients (6.2%). Two patients were noted as having initial coronary ectasia and two patients had normal coronary artery Z-scores at their baseline echocardiography. No additional antithrombotic treatment was given. Three patients had dilatation of the coronary artery that progressed from normal to ectasia. Two patients with initial ectasia of the coronary artery had mildly dilated coronary arteries that did not change. In contrast, regression of coronary ectasia to normal occurred in nine patients (14%).


TABLE 2 Echocardiographic findings and clinical data at each time point.
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Of the 110 echocardiographic evaluations at 8 weeks, 109 patients (99.1%) showed normal coronary artery Z-scores (<2). Only one patient (0.9%) who had initial coronary ectasia had persistent coronary ectasia with a maximal Z-score of 2.0 (Table 3). Overall, the left ventricular ejection fraction was preserved at 68.5 ± 6.1%. All four of the small CAA that were seen at two weeks, had regressed to normal at the eight-week follow-up. Moreover, 25 (96.1%) of the 26 patients with initial coronary ectasia regressed to normal within 4–8 weeks of illness. The remaining patient with initial coronary ectasia, that had an unchanged risk level at eight weeks, resolved to normal at the one-year echocardiography. Of the 51 available one-year echocardiographies, all patients had coronary artery Z-score <2. The one-year clinical follow-up was conducted for 90 patients (81.8%). No MACE or mortalities were reported in this cohort study.


TABLE 3 Maximal coronary artery Z-scores of the left main coronary artery, left anterior descending artery, or right coronary artery at the 8-week echocardiography, compared to baseline, 2-week, and 1-year.

[image: Table 3]

In the analysis of 55 patients who had normal coronary artery Z-scores at baseline and at 2 weeks, no patient had progressive dilation of the coronary artery to either ectasia or CAA at the 8-week echocardiographic examination (Table 3). Of the 55 patients, 48 patients visited a clinic and were asymptomatic at 1 year, and still showed a maximal coronary artery Z-score <2. Of the 84 patients who had normal coronary artery Z-scores at baseline and at 8 weeks, 37 patients had a fourth echocardiographic evaluation at 1 year that showed a normal coronary appearance. All patients with coronary ectasia or CAA at two weeks or at eight weeks underwent an echocardiography at the one-year follow-up, and showed resolution of all coronary lesions. If we consider the patients with coronary artery Z-score < 2 at two weeks or at eight weeks, who underwent an echocardiography at one year (n = 30 and n = 50, respectively), no evidence was found of worsening coronary dilatation at one year. These findings imply that progressive dilation of the coronary artery in patients who had been diagnosed with KD without CAA was rare, though it may have occurred at two to four weeks after illness. For most patients with dilation that included CAA and ectasia, their cases were benign and spontaneously resolved within four to eight weeks. No additional antithrombotic agents were given to this cohort. Patients who had normal coronary artery Z scores at their follow-up echocardiographies at two weeks or eight weeks continued to have normal Z scores at one year. Changes in the coronary artery Z-scores for RCA, LCA, and LAD for each patient are shown in Figure 2, Figures 3, 4, respectively.


[image: Figure 2]
FIGURE 2
Changes in Z-scores for the right coronary artery (RCA) at each time point.
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FIGURE 3
Changes in Z-scores for the left main coronary artery (LCA) at each time point.



[image: Figure 4]
FIGURE 4
Changes in Z-scores for the left anterior descending artery (LAD) at each time point.


Comparing patients with complete KD (n = 60) and incomplete KD (n = 50), the proportion of initial coronary ectasia was not statistically different (30% vs. 16%, p = 0.08). In the complete KD group (n = 60), 18 patients had initial coronary ectasia (30%), which regressed to a normal size in 17 patients (94%) at 8 weeks (Table 4). One patient who had residual coronary ectasia with a Z-score of two at eight weeks was resolved to normal at one-year follow-up (Table 4). Likewise, in the incomplete KD group (n = 50), initial coronary ectasia was noted in 8 patients (16%). All patients were resolved to normal at the eight-week echocardiography (Table 5). New findings of coronary aneurysms were detected by two-week echocardiography in three patients who had complete KD and in one patient who had incomplete KD. All coronary aneurysms were resolved to normal at eight-week and one-year echocardiography (Tables 4, 5). No cardiac events were reported.


TABLE 4 Maximal coronary artery Z-scores of the left main coronary artery, left anterior descending artery, or right coronary artery at the 8-week echocardiography, compared to baseline, 2-week, and 1-year of 60 patients with complete KD.
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TABLE 5 Maximal coronary artery Z-scores of the left main coronary artery, left anterior descending artery, or right coronary artery at the 8-week echocardiography, compared to baseline, 2-week, and 1-year of 50 patients with incomplete form of KD.
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Discussion

This multicenter retrospective study describes changes in coronary artery Z-scores in 110 children who were diagnosed with KD without CAA (Z-score < 2.5) at the initial management. Eighty-four patients (76.4%) had initial coronary artery Z-scores < 2 and 26 patients had initial coronary ectasia with a maximal Z-score of 2–2.47. At the eight-week follow-up echocardiography, only one patient (0.9%) with initial coronary ectasia had persistent coronary ectasia with a maximal Z-score of 2.0. All four patients with small CAAs that were detected at the two-week echocardiographic follow-up were resolved to normal in the eight-week examination. Of the 51 patients who received a one-year echocardiographic evaluation, all patients had coronary artery Z-scores < 2, including 1 patient who had persistent coronary ectasia at the 8-week echocardiography. Patients who had normal coronary artery Z-scores at the two-week or eight-week follow-up echocardiography continued to be normal at one year. In clinical follow-ups at one year (n = 90; 81.8%), no MACE or mortality were reported in this cohort study. We proposed that the optimal timing of echocardiographic follow-up could be two to eight weeks in patients without initial CAA and who still had a normal coronary appearance (coronary artery Z-score < 2) at their second echocardiographic evaluation. This suggested timing for the echocardiographic examination in this group would reduce costs, parental anxiety, and risks of sedation to patients for at least two evaluations, which would be suitable for low-socioeconomic countries.

Most coronary abnormalities in children with KD can be identified at the initial echocardiography, during the first week of illness (5). Coronary dilations, as a consequence of inflammation, usually peak around two to four weeks after illness onset (14). Patients with persistent CAA, defined as a Z score ≥ 2.5 after six weeks are considered to be at least risk level 3, which requires long-term management and lifetime specialist management from cardiology services based on whether or not assessing coronary insufficiency is required (1, 2, 16). In contrast, the cohort study of 258 children initially found to have normal coronary arteries at the first coronary angiogram, who were followed for 10–21 years, did not show any cardiac symptoms at follow-up (3). Hence, patients who have KD without CAA, or are at risk level 1 or 2 are widely accepted to have follow-ups by their general practitioner (1, 16). The recent 2017 AHA guideline recommends that assessment for coronary artery involvement in patients with KD is by serial transthoracic echocardiography, at diagnosis, and at two weeks and six weeks following onset of the disease, as a minimum. If abnormal, more frequent echocardiographies would be required to identify rapidly progressing CAA. In patients without coronary artery involvement, discharge from cardiology service would reasonably be at four to six weeks, but a follow-up at one year can be considered (1). The consensus recommendations from a UK group are similar to those of the AHA, with the recommendation of an additional echocardiographic evaluation at six months (16). Recent Japanese guidelines recommend the most frequent follow-up echocardiographies in patients without CAA to be at baseline, and at 1–2 weeks, 4 weeks, 8 weeks, 6 months, 12 months, and 5 years or yearly until 5 years (2). Undoubtably, frequent investigations would aid in the detection of new lesions, though the low incidence of new progressive coronary lesions and the needed therapy for this group should be weighed against the high cost of testing, the family's travel burden, and the added risk of sedation for most young children requiring echocardiographic evaluation.

The present study demonstrates that new CAA in-patients with KD with no previous CAA in their initial echocardiography are rare and all cases were resolved within eight weeks after illness without additional treatment. Furthermore, patients with normal echocardiographies at two weeks or eight weeks continued to be normal at one year, which implies the benign nature. Therefore, a second echocardiography may produce a high yield at two to eight weeks, and if the results show normal coronary arteries, further echocardiographic follow-up may not be indicated. This finding is comparable to prior reports (12, 13, 15). For example, a retrospective study of 67 patients with KD had follow-ups at 2–8 weeks and one patient had another follow-up. Scott et al. (15) found that 50 patients who had normal echocardiograms at 2–8 weeks after the onset of KD, continued to have normal coronary arteries at later follow-ups. Echocardiographic imaging beyond six to eight weeks appears to have little benefit (15). A recent report in Japan by Wang et al. (13) considered 386 children with KD who had no CAA at their baseline and had follow-ups at 1, 2, 4, and 8 weeks, and 1 year and 5 years. Nine patients (2.3%) were found to have new CAAs at one month with three of the nine patients (0.8%) having moderate CAA that required additional antithrombotic therapy. The remaining six of nine patients had coronary ectasia, which were resolved spontaneously at the subsequent follow-up. After four weeks, seven of nine patients developed new coronary artery lesions (Z-score > 2), three developed new lesions at eight weeks, and four developed new lesions at one year. In any case, their lesions were spontaneously resolved later. The authors concluded that the optimal timing for echocardiographic follow-up may be one month in patients with no initial CAA and coronary artery Z-scores < 2 at one month (13). de Ferranti et al. (12) reviewed a large database of 464 patients with KD who had coronary artery Z-scores < 2 at baseline and at 2 weeks following diagnosis. Their 6-week echocardiographic follow-ups showed that 456 patients (98.3%) continued to have normal Z-scores. Of the remaining eight patients (1.7%), five had coronary ectasia and three had CAAs. All coronary artery lesions subsequently regressed to normal. In this study, the authors suggested that the six-week echocardiographic imaging may be unnecessary in patients with uncomplicated KD and Z scores < 2.0 in the first two weeks of illness (12). From our study, and the above three studies, the follow-up timing of echocardiography differed slightly, but all of these studies provide evidence for a low incidence of new CAA in uncomplicated KD after the second echocardiography between two and eight weeks. All new cases of CAA tend to regress over time without the need for additional therapy. Therefore, we propose that subsequent echocardiographies in patients with KD who had no initial CAA and normal Z-scores at their second echocardiography that had been performed at two to eight weeks may not be necessary. In our study, a one-year clinical follow-up showed a good functional class without adverse cardiac symptoms, as was reported by previous authors (3, 12). In a study of 166 adults with a history of KD, all patients without CAA had normal coronary calcium scores, though significantly increased calcium scores were found in the patients with CAA (17). Thus, patients with KD and no CAAs can be classified into a low cardiovascular risk group, without needing to have long-term cardiology testing and stress imaging surveillance. Nevertheless, general counseling about a healthy lifestyle and activity is recommended for these patients (1, 16).

Our study had several limitations in its retrospective nature, with selection bias, small sample size, significant loss to follow-up at two-weeks and at one year, and possible measurement bias due to the use of multicenter data. In any case, all investigators were certified cardiologists and trained at the same institute (Siriraj Hospital); thus, we expected the methods of measurement to have only a small deviation. Z-scores were calculated using the same standard reference (7). Because the entry criteria were patients without CAA who had complete baseline and follow-up echocardiography at eight weeks, the rate of no echocardiographic follow-up at two weeks was 41%, which could underpower the actual rates of new coronary artery lesions. Nonetheless, the results of eight-week follow-up were complete and clinically meaningful. The clinical follow-up at 1 year occurred with 81.8% of the patients and the echocardiographic follow-up occurred with 46.3% of the patients. Again, the results at the one-year follow-up could be an underestimation. Consequently, we analyzed the data carefully and identified the number of patients at each visit (Table 3).



Conclusion

New CAA in patients with KD who had no previous CAA in their initial echocardiography are rare. The patients who had a normal echocardiographic follow-up at two weeks or eight weeks mostly continued to have normal assessments at one year. The optimal timing for the echocardiographic follow-up should be at two to eight weeks in patients without initial CAA and still having a coronary artery Z-score < 2 in the second echocardiographic examination. While clinical follow-ups at one year may be considered, the decision should involve the physician and family counsellor.
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Introduction: The aim of this national prospective surveillance study was to compare the clinical presentation, laboratory findings, treatment, and coronary artery outcome in patients with incomplete and complete Kawasaki disease (KD).



Methods: Between March 2013 and February 2019, children with a diagnosis of complete and incomplete KD were reported by the Swiss Paediatric Surveillance Unit and prospectively enrolled. Clinical data, laboratory values, treatment, and echocardiographic features were collected at diagnosis and 1 year of follow-up. Data were compared between children with complete or incomplete KD.



Results: A total of 351 questionnaires were registered from children with a diagnosis of KD. Of them, 219 (62.4%) children had complete KD, and 132 (37.6%) children had incomplete KD. Children with incomplete KD were younger and had a longer-lasting fever; however, there were no differences in the level of C-reactive protein. All but four children received intravenous immunoglobulin treatment, whereas 14% of children were treated with corticosteroids. Children with incomplete KD were more often treated with corticosteroids than children with incomplete KD (p = 0.01). At diagnosis, 39 (11.1%) patients had only coronary artery dilation and 57 (16.2%) had at least one coronary artery aneurysm. There were no differences in coronary artery involvement between the two groups. At follow-up, 273 of 294 (92.8%) patients had no coronary artery involvement, with no difference between the two groups (p = 0.609). The overall incidence of coronary artery aneurysms at diagnosis was 16.2%. At follow-up, most coronary artery aneurysms had regressed, and coronary artery aneurysms were present in only 5.8% of the patients. Coronary artery aneurysms were slightly more frequent in patients with incomplete KD at follow-up (p = 0.039) but not at diagnosis (p = 0.208).



Conclusion: Although the clinical presentation in children with incomplete and complete KD differs, the absence of coronary artery involvement does not. The use of corticosteroids appears to be preventive against the development of coronary artery aneurysms in these patients. However, the results of this study suggest a lower rate of coronary artery aneurysm regression in patients with incomplete KD. Further studies on a larger scale are needed to assess the risk of non-regression of coronary artery aneurysms in this particular group of patients.
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Introduction

A diagnosis of Kawasaki disease (KD) is based on clinical and laboratory criteria, and no definitive diagnostic test exists. The diagnosis of incomplete KD remains challenging, and diagnostic delays often occur, especially in infants. A more severe coronary outcome in children with incomplete KD has been suggested but remains controversial (1, 2). A previous study on the epidemiology of KD in Switzerland showed that children aged under one year of age or older than eight had more echocardiographic abnormalities at diagnosis (3).

A prompt diagnosis and rapid treatment with intravenous immunoglobulin (IVIG) remain the mainstays, as they have been shown to be effective in reducing coronary artery aneurysms (CAAs) (4).

The aim of the present study was to compare the clinical presentation, laboratory findings, treatment, and mid-term coronary artery outcome in patients with complete or incomplete KD in Switzerland. We hypothesized a more severe coronary outcome for patients with incomplete KD.



Methods

Children aged under 18 years with a diagnosis of complete or incomplete KD who were admitted between March 2013 and February 2019 in one of the 33 pediatric clinics in Switzerland and reported by the Swiss Paediatric Surveillance Unit (SPSU) were prospectively enrolled.

As for our previous study on the epidemiology of KD in Switzerland (3), an announcement was made by the physician in charge of the patient through the SPSU (www.spsu.ch), which is a surveillance system for rare pediatric diseases in hospitalized children in each of the 33 Swiss pediatric hospitals set up by the Swiss Pediatric Association and the Federal Office of Public Health. After receiving the initial anonymous announcement from the SPSU, a questionnaire was sent to the physician in charge of the patient during the hospital stay.

Demographic and clinical data were collected, including diagnostic clinical features for KD (bilateral non-purulent conjunctivitis, oral mucosal changes, cervical lymphadenopathy, skin rash, and changes in the extremities) and the duration of the fever. The results from laboratory investigations were recorded, including the most abnormal values during hospitalization for C-reactive protein (CRP), albumin, hemoglobin (HBG), white blood cell count (WBC), and platelet count.

Patients with a diagnosis of KD were matched either to the “incomplete KD” or the “complete KD” group according to the American Heart Association (AHA) guidelines (5, 6).

A follow-up questionnaire was sent 1 year after diagnosis to the pediatric cardiologist listed on the initial questionnaire. Clinical symptoms were recorded during the follow-up. This included symptoms of heart failure, chest pain, and/or shortness of breath at rest or during exercise.

The data from the echocardiography indicating a presence or absence of coronary artery dilation and/or aneurysms were recorded at the time of diagnosis and during the follow-up. In the case of coronary artery involvement and data availability, coronary artery dimensions for the right coronary and the left coronary artery (expressed in mm) were recorded and z-scores were calculated (7). Coronary artery dilation and the degree of the coronary aneurysm were defined according to the AHA guidelines (6).

Initial treatments with IVIG and doses of acetylsalicylic acid (ASA), together with any additional immunomodulatory therapy (e.g., corticosteroids, anakinra), were recorded. Medical treatments during the follow-up were collected.

Demographic data, clinical symptoms and signs, laboratory values, treatments, and coronary artery outcomes at presentation were compared between the incomplete and complete KD groups.

The coronary artery outcome between the two groups was compared during the follow-up.

Data have been reported as the mean with SD or the median with interquartile range, as appropriate. The statistical significance of differences between patients with complete and incomplete KD was assessed using the Student's t-test for continuous variables and Pearson's chi-square test for categorical variables. A p-value <0.05 was considered significant.

The research protocol was approved by the Institutional Ethics Board (CER-VD). Because of the anonymous data collection, the Ethics Committee waived informed consent. The study was performed in compliance with the 1964 Helsinki Declaration and its later amendments.



Results

Between March 2013 and February 2019, 351 questionnaires were collected from children with a diagnosis of KD. Of them, 219 (62.4%) children had complete KD, and 132 (37.6%) children had incomplete KD. In children aged under one year of age, the proportion of incomplete KD was even higher, at 54.5%. The demographic, clinical, and laboratory features of children with complete or incomplete KD at the time of diagnosis are illustrated in Table 1.


TABLE 1 Clinical and laboratory data at diagnosis.
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The mean age at diagnosis was 3.4 ± 1.2 years. Children with an incomplete KD were younger and had a longer-lasting fever. The typical clinical symptoms were significantly less frequent in children with incomplete KD, with rash being the most common symptom in both groups. There were no differences in inflammatory markers, such as CRP levels, but all other recorded laboratory parameters (hemoglobin, thrombocytes, white blood cells, and albumin) did differ (Table 1). For the latter laboratory parameters, the children with incomplete KD had more abnormal levels compared to the children with complete KD.

The medical therapies at the time of diagnosis and 1 year of follow-up are illustrated in Table 2. All but four (98.6%) children received IVIG and aspirin treatment at the time of diagnosis, with no differences between the two groups. Of them, one child was diagnosed retrospectively with incomplete KD due to axillary artery aneurysms more than 1 year after the acute disease, two children had a late diagnosis of KD and were already afebrile at the time of diagnosis, and in one child, no details were given regarding the reason for no treatment. Interestingly, these last three children did present with a complete form of KD. All children received an IVIG dose of 2 g/kg, whereas the initial aspirin dose varied between 50 and 80 mg/kg in patients with incomplete KD. Approximately one-fifth of the patients received a second dose of IVIG; however, there were no differences between the children with complete and incomplete KD. Of all the children, 14% were treated with corticosteroids. Children with incomplete KD were more often treated with corticosteroids compared to children with incomplete KD (p = 0.01).


TABLE 2 Medical therapy at diagnosis and at follow-up.
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Additional anticoagulation therapy with vitamin K antagonists or antiplatelet therapy with clopidogrel was added in 12 patients.

The follow-up questionnaires of 294 patients were reviewed. The remaining 56 patients were either lost to follow-up or the questionnaire was not returned. One child died during the acute phase of KD.

The mean time from diagnosis to follow-up was 10.1 ± 5.5 months. This is explained by the fact that, although the questionnaire was sent out 1 year after the acute illness, some cardiologists in charge of the patients did see them earlier for follow-up and discharged them earlier. At follow-up, aspirin was continued in 36 (12.2%) patients. Six patients received therapy with vitamin K antagonists. Two patients had additional therapy (one patient had clopidogrel, and one had beta-blockers).

At the time of follow-up, all patients were free of cardiovascular symptoms.

In total, 255 (72.6%) children had no coronary artery involvement at the time of diagnosis. Of the 96 (27.3%) children with coronary artery involvement, 39 (11.1%) patients had only coronary artery dilation, and 57 (16.2%) had at least one CAA on echocardiography. There were no differences in coronary artery involvement between both groups (Table 3). For those patients with coronary aneurysms, right coronary artery (RCA) aneurysms were more frequent in patients with incomplete KD compared with patients with complete KD (p = 0.038).


TABLE 3 Coronary artery involvement.
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Of the 57 patients with at least one CAA, 30 (52.6%) patients had small CAAs, 18 (31.6%) patients had medium-sized CAAs, and 8 (14.0%) patients had giant CAAs. Of those patients with giant CAAs, five had incomplete KD, and three had complete KD. Figure 1 shows the distribution of the severity of CAAs between the two groups. In one patient with CAA, no data were given on the exact size; therefore, the severity of the CAA could not be assessed. Small, medium-sized, and giant CAAs were equally present in both groups (Figure 1).


[image: Figure 1]
FIGURE 1
Coronary artery involvement at diagnosis. Pearson's chi-square test showed no differences between the groups for complete and incomplete KD in patients with dilation only (p = 0.08), small CAA (p = 0.91), medium CAA (p = 0.11), and giant CAA (p = 0.14). KD, Kawasaki disease; CAA, coronary artery aneurysm.


At the follow-up, 273 of 294 (92.8%) patients had no coronary artery involvement, with no difference between the two groups (p = 0.609). Coronary artery dilation was seen in 5 (1.7%) patients and 16 (5.8%) patients had at least one coronary aneurysm. The presence of at least one CAA was slightly more prevalent in incomplete KD (p = 0.039). In total, five patients had small CAAs, eight had medium-sized CAAs, and two had giant CAAs at the time of follow-up. In one patient, the dimension of the CAA was not specified. Figure 2 shows coronary artery involvement at follow-up in children with complete or incomplete KD. When comparing the severity of CAAs in patients with complete or incomplete KD, no significant difference was found between the two groups (Figure 2).


[image: Figure 2]
FIGURE 2
Coronary artery involvement at follow-up. Pearson's chi-square test showed no differences between the groups for complete and incomplete KD in patients with dilation only (p = 0.873), small CAA (p = 0.307), medium CAA (p = 0.149), and giant CAA (p = 0.741). KD, Kawasaki disease; CAA, coronary artery aneurysm.




Discussion

This is the first prospective study comparing cardiac outcomes in complete or incomplete KD during acute illness and mid-term follow-up in Switzerland.

The proportion of patients with incomplete KD versus complete KD in this national prospective surveillance study is in line with recent studies (3, 8, 9), and slightly higher than in a previous retrospective single-center study in Switzerland between 1981 and 2014, where incomplete KD represented 29.5% of all patients with KD (10).

Indeed, several epidemiological studies have shown a rise in the incidence of incomplete KD over the last several years, with some reports showing that more than 40% of KD patients have incomplete KD (2, 11–12). This is thought to be due to the impact of the guidelines published in 2004, including the laboratory criteria (13); it may also reflect the lower threshold for the diagnosis and treatment of patients with suspected KD in order to avoid cardiac sequels (12).

In the present study, the age of onset was lower in patients with incomplete KD than in those with complete KD, and in patients aged under one year of age, more than half fulfilled the criteria for incomplete KD. Indeed, the proportion of patients with incomplete KD has been shown to be particularly high in patients aged younger than one (14) and even higher, up to 78.1%, in patients aged under six months (15, 16). This might be due to their immature immune systems, leading to a weaker response to vasculitis in the younger patient population (17).

Not surprisingly, classic clinical symptoms were less prevalent in children with incomplete KD in our study. This is in line with the American Heart Association algorithm (6), which defines incomplete KD in children as a fever of 5 days or more and two or three compatible criteria, or in infants as a fever lasting 7 days or more without any other explanation. Other studies also found significant differences in the clinical characteristics between complete or incomplete KD (1, 12), with children with incomplete KD having less conjunctival congestion, lymphadenopathy, and hand and foot redness (18).

One clinical difference between the two groups is the duration of fever, which was longer in the group with incomplete KD. This can be due to the delay in diagnosis in the last group, which was not evaluated in our study, and because of the definition of incomplete KD in infants (6), but also due to the higher rate of IVIG resistance. Other studies also reported a longer fever duration in incomplete KD patients (18).

Despite the longer duration of fever in incomplete KD patients, there were no differences in inflammatory markers, such as CRP levels, between the two groups. This has also been observed in another study comparing children with complete and incomplete KD (1, 18). In the present study, this might be explained by the greater use of corticosteroids in children with incomplete KD.

Incomplete KD is characterized by some but not all of the diagnostic criteria for KD (6). As a result, one can expect that the laboratory values in incomplete KD may not be as pronounced as those seen in complete KD. However, in this study, all laboratory values, except for CRP levels, were more abnormal in patients with incomplete KD. This might be explained by the fact that the most abnormal laboratory value during the hospital stay was recorded and not the baseline value at diagnosis. In a large retrospective study by Manlhiot et al. (1), most laboratory values differed between incomplete and complete KD, with incomplete KD having the most abnormal values.

In this study, patients with incomplete KD did not receive a second dose of IVIG more often; however, they were more often treated with corticosteroids. This might be due to the fact that patients with incomplete KD have a higher rate of IVIG resistance, needing, in addition to a second dose of IVIG, second-line treatments such as corticosteroids. Furthermore, patients in this group are younger, some aged under one year, making them a high-risk group for treatment with corticosteroids in addition to IVIG.

In this national prospective surveillance study, the overall incidence of CAA at diagnosis was 16.2%. Tulloh et al. (19) reported, in a prospective population survey in the UK and Ireland between 2013 and 2015, a rate of CAA of 19% and an incidence of 1.6% for giant CAAs during the acute phase, which is similar to this study.

At follow-up, most CAAs had regressed, and CAAs were present in only 5.8% of the patients.

Overall, 72.6% and 92.8% of the patients had no coronary artery involvement at diagnosis and follow-up, respectively, with no differences between patients with incomplete and complete KD, despite a longer duration of fever in the first group. CAAs were slightly more frequent in patients with incomplete KD at follow-up but not at diagnosis. This suggests that the CAA regression rate is lower in incomplete KD than in complete KD. Friedman et al. (20) found an association between a higher CAA z-score at diagnosis and a lack of regression. This cannot explain a lower regression rate in incomplete KD in our study, as there were no differences in the size of CAAs at diagnosis between the two groups. However, because of the small number of patients, further studies are warranted to identify any potential association between the regression rate of CAAs in incomplete and complete KD.

In Asian countries, especially in Japan, numerous risk scores, including Kobayashi et al. (21), Egami et al. (22), and Sano et al. (23), have been developed to estimate IVIG resistance and the increased risk of cardiac complications. However, no score has been validated in North American and European populations (24, 25).

Previous studies in non-Asian countries have been contradictory regarding the risk of coronary artery involvement in incomplete versus complete KD. A retrospective study by Manlhiot et al. (1) found no differences between children with incomplete and complete KD. Davidson et al. (26) identified from a retrospective study in South Australia that children with incomplete KD were more likely to develop CAAs. However, both were retrospective studies, and the mid-term outcome was not analyzed. In a population-based study between 2004 and 2014 in Sweden, Mossberg et al. (27) described a much higher rate of CAA (31%) during the acute phase and an association between CAA and incomplete KD, with an incidence of CAA of 46.7% in this group. However, about one-quarter of patients with incomplete KD were not treated within 10 days with IVIG. In the present study, the time from the first day of fever to treatment with IVIG was not recorded; however, the mean duration of fever was 9 days in patients with incomplete KD. The distribution of the size of the CAAs was similar to the present study, with more than half of the patients having small CAAs.

In this study, the use of corticosteroids was higher in patients with incomplete KD. This could explain the lack of difference in inflammatory markers and coronary artery involvement between the two groups despite the longer duration of fever in children with incomplete KD. Indeed, steroids have been shown to reduce the risk of coronary artery development in addition to IVIG in KD, especially when given as an initial treatment (28). Some authors recommend the use of corticosteroids as initial therapy in patients with a high risk for IVIG resistance, for example, in children aged under 1 year (29, 30).

A high index of suspicion and prompt treatment with IVIG and, when indicated, corticosteroids are crucial to reducing the risk of coronary artery involvement.


Limitations

The present study has some limitations. First, several clinical and paraclinical data items were not completed in the questionnaire. The echocardiographic data from the left coronary artery were recorded, but the questionnaire did not specify the branches. If not specified by the treating cardiologist, we used the z-scores for the left main coronary artery. This might underestimate some results in terms of the severity of the CAAs of the left coronary artery. Furthermore, a number of patients were lost to follow-up. Second, during the study period, the international guidelines for the diagnosis and management of KD changed in 2017. This might have led to changes in clinical practice in the different hospitals involved in the study.




Conclusion

Although the clinical presentation in children with incomplete and complete KD is different, especially in the duration of fever, freedom from coronary artery involvement did not differ in this nationwide prospective surveillance study in Switzerland. The use of corticosteroids appears to be protective against the development of CAAs in this patient population. However, the results of this study suggest a lower rate of CAA regression in patients with incomplete KD. Further studies on a larger scale are needed to assess the risk of non-regression of CAA in this particular group of patients.
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Noninvasive cardiopulmonary exercise testing (CPET) provides the valuable capacity to analyze pulmonary gas exchange and cardiovascular responses that can be used to differentiate normal cardiopulmonary responses from abnormal. This case report highlights a proposed role for CPET in identifying potential cardiac pathologies in at-risk adolescents. An abnormal CPET response in an asymptomatic adolescent revealed a family history of early-age CAD. The significance of the abnormal CPET response was further supported by the presence of an elevated concentration of circulating high sensitivity C-reactive protein (hs-CRP). These findings emphasize the importance of a thorough clinical evaluation in at-risk adolescents, as CPET can aid in the early detection and management of cardiac pathologies, especially when combined with other relevant biomarkers such as plasma hs-CRP concentration, which can further suggest underlying pathology. Management considerations using serial CPET evaluations are recommended. Thus, CPET abnormalities combined with elevated hs-CRP should be taken seriously and provide justification for further evaluation and monitoring in adolescents at risk for cardiovascular disease.
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Introduction

Cardiopulmonary exercise testing (CPET) is a well-recognized, but underutilized diagnostic and prognostic test for clinical evaluation in the symptomatic pediatric and adult populations. However, an effective preventive healthcare clinical workflow for apparently healthy asymptomatic individuals at-risk for future cardiovascular disease (e.g., family history, overweight/obesity, elevated hs-CRP) is not well established, especially in adolescents. As a non-invasive and radiation-free test, CPET provides a simultaneous evaluation of cardiovascular, pulmonary, and skeletal muscle responses that may detect early-stage disease states. Therefore, a clinical workflow utilizing CPET has the potential to improve the current preventive healthcare strategy.

The value of CPET is based on its ability to accurately measure oxygen consumption (V̇O2), which is the product of cardiac output and arterial-venous O2 difference. Cardiac output is measured indirectly by tracking HR and O2 pulse (surrogate of stroke volume) throughout incremental exercise. In healthy individuals, V̇O2 and HR increase linearly along with a linear or curvilinear O2 pulse when a linear ramping work rate (WR) protocol is used on a cycle ergometer. Key CPET parameters (ΔV̇O2/ΔWR, ΔHR/ΔWR, ΔO2 pulse/ΔWR) reflect how V̇O2, HR, and O2 pulse respond to increasing workloads and provide important insight into cardiovascular function (1, 2). Deviation of these parameters from their expected trajectories signals that a closer analysis may be warranted to assess any underlying pathology. Some disease states may not be detected using resting studies, as in the example of this case. Therefore, CPET may reveal abnormalities in asymptomatic adolescents that suggest possible underlying cardiopulmonary disease states. This case report describes the abnormal CPET response in an asymptomatic adolescent male that later revealed a significant family history risk factor of early-age CAD. The abnormal CPET response was further supported by the presence of an elevated concentration of circulating high sensitivity C-reactive protein (hs-CRP) which adds to the probability of an underlying cardiac pathology and emphasizes the importance of the need for a more thorough clinical evaluation.



Case report

This paper reports on a 14-year-old Caucasian male participant with an overweight BMI percentile for age and sex who underwent a cardiopulmonary fitness test during a research study visit for apparently healthy adolescents. This Case Report comes from a follow-up study. The original study was approved by the Institutional Review Board at the University of Arkansas for Medical Sciences (IRB #206291), and the usage of data for this Case Report was approved by the same IRB (#263026).

The participant was enrolled in the original cohort study and was later recalled for a study visit when he was 14 years old, at which point the visit also included a CPET test. The case participant had no known previous or current medical history, was not taking any prescription medications, and was reportedly asymptomatic at the time of testing. Table 1 shows the demographics of both the case participant and a healthy control from the same study matched on age, sex and race, but with no significant family health history.


TABLE 1 Case participant and healthy control characteristics.

[image: Table 1]

Per the study protocol, the participant underwent fasting blood sampling to determine circulating levels of cardiometabolic and inflammatory markers. Vitals and blood sampling were followed by cardiopulmonary fitness testing via a maximum effort CPET using a metabolic cart (MGC Diagnostics Ultima PFX, St. Paul, Minnesota, USA) and cycle ergometer (Lode Corival, Gronigen, The Netherlands) with a linear ramp protocol of 20 watts per minute. The participant stopped the test due to leg fatigue and reached a respiratory exchange ratio of 1.16 (significant metabolic acidosis representing good effort), a peak HR of 93% of his age-predicted value (220-age), an anaerobic threshold (AT) of <40% of the predicted peak V̇O2, an O2 pulse at peak exercise (surrogate of peak stroke volume) of 58% of predicted, a ΔV̇O2/ΔWR of 6.4 ml·min−1·Watt−1 (64% of predicted) (3), and a peak V̇O2 of 21.3 ml·kg−1·min−1 (55% of predicted) (4). Blood pressure and electrocardiogram (EKG) were not measured during the exercise as peak V̇O2 was the study test's primary outcome. Graphically, his HR response as a function of V̇O2, and O2 pulse as a function of WR, became abnormal in the period following the AT. Steepening of the HR response as a function of V̇O2 with a simultaneous flattening of the O2 pulse response and a slowing of the V̇O2 response as functions of WR were noted at a WR of 78 watts. Figure 1 illustrates normal HR vs. V̇O2 and O2 pulse vs. WR responses of the control participant (mentioned in Table 1) compared to the abnormal case participant.


[image: Figure 1]
FIGURE 1
(A,B): Normal cardiopulmonary exercise test (CPET) responses (normal cardiac function) in a healthy 14-year old male control. Note there is little change in trajectories after AT compared to before AT. (C,D): Abnormal CPET responses (cardiac dysfunction) from the case participant 14-year old male with elevated hs-CRP and a family history risk factor for early-age coronary artery disease. Note the significant steepening of heart rate trajectory with abrupt flattening of oxygen pulse after AT compared to before AT. AT, anaerobic threshold; Oxygen pulse, V̇O2/HR (index of stroke volume x arteriovenous oxygen difference); V̇O2, oxygen uptake. SI conversion factors: To convert V̇O2 and AT values to L/min, multiply by.001; to convert V̇O2/HR (oxygen pulse, ml/beat) to L/beat, multiply by.001.


CPET slopes (ΔV̇O2/ΔWR, ΔHR/ΔWR, ΔO2 pulse/ΔWR) percent change were calculated by comparing the slope corresponding to the 2 min of exercise prior to test termination (slope 2) to the slope corresponding to the 2 min preceding AT (slope 1, baseline slope). This quantitative analysis showed a 286% steepening in ΔHR/ΔWR in slope 2 compared to slope 1 and a 105% decrease in O2 pulse using the same slope comparison process, suggesting an underlying cardiac dysfunction. Table 2 displays these abnormal slope changes compared to the control and other published healthy cohort slope data (1, 2). Figure 2 illustrates the normal HR response of the control compared to the abnormal case participant's HR response.


[image: Figure 2]
FIGURE 2
(A): Normal heart rate response seen in a healthy 14-year old male control showing normal cardiac function. Note there is only a slight change in slope (−5%) between the 2 min prior to exercise test termination (S2) and the 2 min prior to AT (S1). (B): Abnormal heart rate response from the case participant 14-year old male showing cardiac dysfunction. Note the significant steepening of slope S2 (286%) in late exercise compared to the baseline S1. S1 = slope of line of best fit for heart rate response in the 2 min prior to the exercise test termination. Dashed lines represent trajectory of S1 (baseline slope). AT, anaerobic threshold; Pred Max HR, predicted maximum heart rate.



TABLE 2 CPET slope changes: case participant vs. healthy control and published cohorts.
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Following the study visit, the abnormal CPET pattern indicative of cardiac dysfunction was identified. The center physician soon informed the parent of the finding and advised them to follow-up with a cardiology appointment. It was then that the parent revealed the case adolescent had a family history that was significant for early-onset coronary artery disease (CAD), with his father having a myocardial infarction before 50 years of age. The participant was seen by a pediatric primary care provider for further evaluation. A resting EKG was performed which showed normal sinus rhythm and no further testing was recommended by the provider. Thus, there was no intervention for the case. Unfortunately, we were not in a position to influence this decision, as it is our opinion that the case adolescent did not get sufficient thorough follow-up testing which should go beyond resting EKG measurements, as further discussed below.

Because of the irregular findings reported here, early serum sample analyses were done for the case and a control participant. It was found that the case participant's serum hs-CRP was elevated at 5.3 mg/L vs. 0.1 mg/L in the control participant (5%–95% interval in children: 0.1–2.8 mg/L) (5) (Table 1).



Discussion

Previous CPET research has mostly focused on symptomatic individuals and few investigative studies have been published utilizing CPET to assess the cardiovascular and pulmonary function in asymptomatic at-risk individuals (6). However, evidence of the utility of CPET as a unique diagnostic tool is emerging. This case highlights the contrast between a healthy adolescent control at low risk for cardiovascular disease and an adolescent at a significantly increased risk due to family history of paternal early-age CAD and being in the overweight BMI percentile. The abnormal CPET responses indicative of cardiac dysfunction combined with elevated hs-CRP levels add further importance to the need for a more thorough clinical evaluation. Therefore, the evidence highlighted in this case raises awareness to the potential value of using CPET in this at-risk population and the need for further testing and monitoring beyond a resting EKG and other common resting measures (e.g., blood pressure, cholesterol, etc). As such, CPET may contribute to early detection of cardiopulmonary abnormalities, which again would enable early interventions.

During CPET in healthy individuals, there is little change in the trajectory of key parameters in late exercise compared to early exercise when using a continuous linear WR protocol on a cycle ergometer (Figure 1, panels A and B). A normal AT, ΔV̇O2/ΔWR, and peak V̇O2 (relative to the percent predicted 3, 4) in response to exercise is required for an individual to have appropriate oxygen transport and physiological function. Substantial steepening in the HR slope and significant decrease in the O2 pulse slope after the AT in the case participant, reflect a compensatory HR response caused by the inability to augment stroke volume (7) (arteriovenous O2 difference normally increases relatively linearly from rest to peak V̇O2 (8)) — all while WR and minute ventilation increased linearly. These findings, combined with reduced AT, ΔV̇O2/ΔWR, and peak V̇O2 are typical physiological markers of inadequate oxygen transport. Since a slowing of ΔV̇O2/ΔWR was observed in late exercise, rather than a plateau, it may suggest the presence of a modifiable early-stage disease state. In adults, the significant early plateauing of ΔV̇O2/ΔWR and ΔO2 pulse/ΔWR is often indicative of exercise-induced myocardial ischemia, a late-stage manifestation of obstructive coronary artery disease (9, 10). Interestingly, a case report by Chaudhry et al. (11) detailed CPET's ability to detect and track the progression and regression of cardiac dysfunction in an asymptomatic young adult with a strong family history of early-age CAD. Therefore, our case findings suggest cardiac dysfunction may be detected by CPET at an even earlier age.

Obesity is characterized with a low-grade systemic inflammation. However, as an adjunct screening tool to lipid screening, the predictive role of hs-CRP in the future occurrence of cardiovascular diseases in at-risk adults has been recognized (12). This is particularly important given that a significant percentage of adults with CAD have normal LDL cholesterol at hospital admission (13). In fact, a recent publication detailing hs-CRP levels in a large multi-cohort of adolescents with varying metabolic phenotypes provides strong evidence that the abnormal case participant CPET responses are grossly different from adolescents who are metabolically unhealthy and obese (14). This suggests that findings in the case adolescent may not simply be attributed to an unhealthy metabolic phenotype or excess weight.

Comparing slope changes of key CPET parameters of the case participant to the slope changes of the control and other published adult slope data (1, 2) make these abnormalities evident (Table 2). Although abnormal, there is no evidence suggesting to terminate a CPET prematurely when the individual is asymptomatic throughout testing. Recently, a study assessing early flattening of O2 pulse in asymptomatic middle-aged adults found it was associated with cardiovascular risk factors (15). This data strengthens our findings, which are novel due to the young adolescent age of the case participant. Significant differences in cardiorespiratory fitness have been found in children and adolescents when comparing those with normal weight to those with obesity (16). Usually, these studies focus on peak V̇O2 as the primary outcome and do not assess for abnormal patterns that may reveal disease states, as we did in ours. This highlights the role of CPET in early detection of abnormal patterns, which would enable early intervention as long as the importance of the findings are recognized and proper follow-up is given. Further, a plan that incorporates CPET for prognosis of future cardiovascular diseases in at-risk asymptomatic adolescents is again novel, but presents challenges as described below. The current findings highlight the need for more research into abnormal CPET responses and their causes in this population, and identify best management practices.

One of the barriers to identifying a pathology following an abnormal CPET in young persons may be the assumption that subtle abnormalities are not too concerning since adolescents are viewed as being “naturally healthy” despite growing reports of negative health effects of poor diet and physical inactivity at young ages. This age bias may result in little to no follow-up testing after an abnormal CPET, especially in asymptomatic individuals, as in the example of this case. Since CPET research in this population is in its infancy and this testing is largely reserved for clinical populations, there are no evidence-based guidelines available for clinicians.

Likewise, it is known that some abnormalities are only first revealed during exercise, as in the example of this case. For instance, diastolic dysfunction, microvascular disease and endothelial dysfunction can cause abnormal CPET responses similar to this case, but the likelihood of identifying those disease states using the standard follow-up resting tests in an asymptomatic adolescent is low. In adults with suspected CAD, compared to ECG-only cardiac stress testing, CPET had superior sensitivity (88% vs. 48%) and specificity (98% vs. 55%) in detecting and excluding exercise-induced myocardial ischemia when nuclear SPECT imaging and coronary angiography were used to determine true CAD (10). Doppler echocardiogram provides valuable information on left ventricular function at rest, however, in asymptomatic apparently healthy adolescents, heart size and ejection fraction are usually normal. Without the evidence provided by CPET, objective signs of evolving pathologies may be absent. Thus, CPET is probably the most sensitive and comprehensive test available when screening for development of disease in high-risk individuals. An effective diagnostic work flow following an abnormal CPET must be driven by the CPET pathophysiological pattern that points toward the organ of cause. Therefore, work-up beyond the classic resting tests are likely needed. As the use of CPET increases in the clinical setting, providers should receive appropriate training to understand the role of CPET in disease detection and management.



Management considerations

In adolescents with strong family histories of CAD, initial screening for cardiac dysfunction using CPET with simultaneous measures of hs-CRP has potential to provide valuable information on the cardiovascular status and prognosis for early-age CAD risk. At-risk adolescents with abnormal CPET responses and elevated hs-CRP should receive a structured management process, as it may indicate early asymptomatic cardiac dysfunction in the presence of a proinflammatory state. Inflammation has a well-established connection with atherosclerosis development in adults, further underscoring the importance of addressing these findings in a timely and appropriate manner. When abnormal CPET responses are revealed, peak V̇O2 and O2 pulse (stroke volume) as percent of predicted values may be used to assess to what extent the dysfunction is affecting health status. In general, peak V̇O2 and O2 pulse in the range of 70%–84% of predicted is classified as a mild cardiopulmonary impairment. However, if peak V̇O2 and O2 pulse are moderately to severely affected (<70% of predicted), a referral to a pediatric cardiologist could be considered for further assessment and treatment as needed. Serial CPET testing can be utilized to assess the effectiveness of the intervention with the goal of improving peak V̇O2 and O2 pulse compared to the initial CPET result. Even if a definitive diagnosis cannot be reached after a thorough clinical evaluation, an abnormal CPET result should not be ignored as it may be an early sign of an evolving disease process. Lifestyle interventions utilizing structured diet and individualized exercise prescriptions to target modifiable cardiovascular risk factors may prove to reduce the inflammatory environment and has the potential to normalize the cardiac dysfunction if the driver of the dysfunction is in a modifiable state. Serial CPET testing may help clinicians determine the optimum interval for further workup. Information gained from CPET may be a valuable tool for preventive medicine and should be made more accessible for asymptomatic adolescents who have an increased risk for cardiovascular disease. Collaborating with clinical exercise physiologists with experience in CPET testing and interpretation can optimize clinical workflow, and also underscores the important role of exercise physiology in healthcare. Currently these results, since from a unique test, cannot be effectively applied in a universal way due to barriers previously mentioned. However, we urge clinicians and policy makers not to underestimate the risk and consequences of early-age CAD. We call for studies aiming for a better understanding of early-age CAD with a particular focus on investigation of effective early detection testing and diagnoses in at-risk adolescents to inform treatment and reduce major adverse cardiac event risk.



Conclusion

Current resting tests and measures are often ineffective at detecting subtle cardiopulmonary abnormalities and cannot detect exercise-induced abnormalities. A detailed assessment of key CPET slopes may enhance sensitivity in detecting abnormalities in asymptomatic at-risk individuals such as the adolescent highlighted in this case report. Serial CPET measures might be important to perform in adolescents with strong family histories of CAD, especially early-age CAD. Research in this at-risk population should strive to better define the clinical role of CPET in the evaluation of cardiac dysfunction for the purpose of improving preventive healthcare. As the use of CPET grows, so will the need to improve healthcare practices and education to incorporate the pathophysiology that CPET may reveal in asymptomatic adolescents at-risk for cardiovascular events.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board at the University of Arkansas for Medical Sciences. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

TE: conceived and wrote the manuscript. ET, KL, and EB: reviewed and revised the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors thank the Physical Activity and Clinical Research cores at the Arkansas Children's Nutrition Center. Special thanks to Colton Morrison, BS, for support with slopes template and Clark Sims, PhD, for support with graphs. The original study (parent study) was supported by the USDAARS Project 6026-51000-012-06S.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Chaudhry S, Kumar N, Behbahani H, Bagai A, Singh BK, Menasco N, et al. Abnormal heart-rate response during cardiopulmonary exercise testing identifies cardiac dysfunction in symptomatic patients with non-obstructive coronary artery disease. Int J Cardiol. (2017) 228:114–21. doi: 10.1016/j.ijcard.2016.11.235

2. Van De Sande DAJP, Schoots T, Hoogsteen J, Doevendans PA, Kemps HMC. O2 pulse patterns in male master athletes with normal and abnormal exercise tests. Med Sci Sports Exerc. (2019) 51(1):12–8. doi: 10.1249/mss.0000000000001772

3. Wasserman K, Hansen JE, Sue DY, Stringer WW, Sietsema KE, Sun XG. Priniciples of exercise testing and interpretation. 5th ed Philadelphia, PA: Lippincott Williams and Wilkins (2012).

4. James FW, Kaplan S, Glueck CJ, Tsay JY, Knight MJ, Sarwar CJ. Responses of normal children and young adults to controlled bicycle exercise. Circulation. (1980) 61(5):902–12. doi: 10.1161/01.cir.61.5.902

5. Schlebusch H, Liappis N, Kalina E, Klein C. High sensitive CRP and creatinine: reference intervals from infancy to childhood. Laboratoriums Medizin. (2002) 26(5–6):341–6. doi: 10.1046/j.1439-0477.2002.02071.x

6. Smith DL, Graham EL, Douglas JA, Jack K, Conner MJ, Arena R, et al. Subclinical cardiac dysfunction is associated with reduced cardiorespiratory fitness and cardiometabolic risk factors in firefighters. Am J Med. (2022) 135(6):752–760.e3. doi: 10.1016/j.amjmed.2021.12.025

7. Yoshida S, Adachi H, Murata M, Tomono J, Oshima S, Kurabayashi M. Importance of compensatory heart rate increase during myocardial ischemia to preserve appropriate oxygen kinetics. J Cardiol. (2017) 70(3):250–4. doi: 10.1016/j.jjcc.2016.11.010

8. Agostoni P, Wasserman K, Perego GB. Oxygen transport to muscle during exercise in chronic congestive heart failure secondary to idiopathic dilated cardiomyopathy. Am J Cardiol. (1997) 79(8):1120–4. doi: 10.1016/s0002-9149(97)00061-1

9. Belardinelli R, Lacalaprice F, Carle F. Exercise-induced myocardial ischaemia detected by cardiopulmonary exercise testing. Eur Heart J. (2003) 24(14):1304–13. doi: 10.1016/s0195-668x(03)00210-0

10. Belardinelli R, Lacalaprice F, Tiano L, Muçai A, Perna GP. Cardiopulmonary exercise testing is more accurate than ECG-stress testing in diagnosing myocardial ischemia in subjects with chest pain. Int J Cardiol. (2014) 174(2):337–42. doi: 10.1016/j.ijcard.2014.04.102

11. Chaudhry S, Arena RA, Hansen JE, Lewis GD, Myers JN, Sperling LS, et al. The utility of cardiopulmonary exercise testing to detect and track early-stage ischemic heart disease. Mayo Clin Proc. (2010) 85(10):928–32. doi: 10.4065/mcp.2010.0183

12. Yeh ETH. High-sensitivity C-reactive protein as a risk assessment tool for cardiovascular disease. Clin Cardiol. (2005) 28(9):408–12. doi: 10.1002/clc.4960280905

13. Sachdeva A, Cannon CP, Deedwania PC, Labresh KA, Smith SC Jr, Dai D, et al. Lipid levels in patients hospitalized with coronary artery disease: an analysis of 136,905 hospitalizations in get with the guidelines. Am Heart J. (2009) 157(1):111–117.e2. doi: 10.1016/j.ahj.2008.08.010

14. Agostinis-Sobrinho C, Rosário R, Santos R, Norkiene S, Mota J, Rauckienė-Michaelsson A, et al. Higher cardiorespiratory fitness levels may attenuate the detrimental association between weight Status, metabolic phenotype and C-reactive protein in adolescents—a multi-cohort study. Nutrients. (2020) 12(5):1461. doi: 10.3390/nu12051461

15. Almeida VR, Ostolin TLVDP, Gonze BB, de Almeida FR, Romiti M, Arantes RL, et al. Early flattening of the oxygen pulse during the cardiopulmonary exercise test in asymptomatic adults and its association with cardiovascular risk factors. Int J Cardiol. (2022) 367:65–73. doi: 10.1016/j.ijcard.2022.08.011

16. Grzyb A, Domagalska-Szopa M, Siwiec A, Kwiecień-Czerwieniec I, Szopa A. Cardiopulmonary capacity in overweight and obese children and adolescents: a cross-sectional study. Front Physiol. (2021) 12:671827. doi: 10.3389/fphys.2021.671827












	
	TYPE Original Research
PUBLISHED 12 April 2023
DOI 10.3389/fpubh.2023.1142414






Cardiovascular diseases morbidity and mortality among children, adolescents and young adults with dialysis therapy

Lung-Chih Li1,2, You-Lin Tain3, Hsiao-Ching Kuo4 and Chien-Ning Hsu4,5*†


1Division of Nephrology, Department of Internal Medicine, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Kaohsiung, Taiwan

2Institute for Translational Research in Biomedicine, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Kaohsiung, Taiwan

3Division of Pediatric Nephrology, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Kaohsiung, Taiwan

4Department of Pharmacy, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan

5School of Pharmacy, Kaohsiung Medical University, Kaohsiung, Taiwan

[image: image2]

OPEN ACCESS

EDITED BY
Shikai Yu, Tongji University, China

REVIEWED BY
Xiaohui Li, Children's Hospital of Capital Institute of Pediatrics, China
 Iman H. Kamel, National Research Center, Egypt

*CORRESPONDENCE
 Chien-Ning Hsu, chien_ning_hsu@hotmail.com

†ORCID
 Chien-Ning Hsu orcid.org/0000-0001-7470-528X

SPECIALTY SECTION
 This article was submitted to Children and Health, a section of the journal Frontiers in Public Health

RECEIVED 11 January 2023
 ACCEPTED 28 March 2023
 PUBLISHED 12 April 2023

CITATION
 Li L-C, Tain Y-L, Kuo H-C and Hsu C-N (2023) Cardiovascular diseases morbidity and mortality among children, adolescents and young adults with dialysis therapy. Front. Public Health 11:1142414. doi: 10.3389/fpubh.2023.1142414

COPYRIGHT
 © 2023 Li, Tain, Kuo and Hsu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: The age-specific burden of cardiovascular disease (CVD) and mortality in pediatric and young adult patients with end-stage kidney disease (ESKD) remains unclear. We aimed to examine the prevalence and incidence of CVD and all-cause mortality in children and adolescents compared with adults with dialysis in Taiwan.

Methods: This retrospective observational cohort study comprised 3,910 patients with more than 2 time point receipts of dialysis therapy in a year, including 156 aged <12 years (children), 250 aged 13–20 years (adolescents), 1,036 aged 21–30 years (young adults) and 2,468 aged 31–40 years (adults) in a large healthcare delivery system in Taiwan (2003–2017). Age groups were classified by the date of first receipt of dialysis therapy. The outcomes include the composite of CVD events and any cause of death. Death-censored Cox proportional hazard models were used to evaluate the composite outcome risk of CVD in the four age groups.

Results: Among patients receiving dialysis treatment, the risk of composite CVD events [HR, 1.63 (1.22–2.19)] and mortality [HR, 1.76 (1.38–2.25)] was greater in children than the dialysis initiated in older patients. Non-atherosclerotic CVD was more prevalent, especially in younger patients, within the first 6 months after the initiation of dialysis. After 6 months of initial dialysis, the risk of atherosclerotic CVD was higher in adults than those for adolescents and children. The magnitude of CVD risk in adolescents who initiated dialysis therapy was higher in females [HR, 2.08 (1.50–2.88)] than in males [HR, 0.75 (0.52–1.10)].

Conclusion: Younger patients undergoing chronic dialysis with a higher risk of CVD events than older patients are associated with a faster onset of non-atherosclerotic CVD and a higher risk of both CVD- and non-CVD-related mortality.

KEYWORDS
cardiovascular disease, end-stage kidney disease, dialysis, children, adolescents, young adults


Introduction

The increasing size of the population of patients with chronic kidney disease (CKD) and CKD-related morbidity and mortality is a great burden to health systems worldwide. Cardiovascular disease (CVD) is a leading cause of death among patients with end-stage kidney disease (ESKD) (1); however, the risk is compounded by additional factors. In adults aged ≥45 years, 87% have CVD reported at the time of ESKD onset, and approximately 50% of deaths are attributed to CVD in the 2016 United States Renal Data System (USRDS). In pediatric patients with ESKD, mortality is attributed to CVD in 23% of children in the United States and up to 50% in other countries (2, 3). However, the spectrum of CVD in children and young adults (aged <40 years) with ESKD remains unclear in Taiwan and worldwide.

Many CVD risk factors, including traditional risk factors (age, lifestyle, left ventricular hypertrophy, dyslipidemia, hypertension, and diabetes mellitus) and novel risk factors for CVD such as inflammation, endothelial dysfunction, sympathetic overactivation, oxidative stress, vascular calcification, and volume overload, are prevalent in patients with CKD (4, 5). In fact, these cardiovascular risks can increase very early in the progression of CKD at an estimated glomerular filtration rate of approximately 75 ml/min and increase continuously with declining kidney function (6). Patients undergoing chronic hemodialysis have multiple comorbidities and many metabolic disorders, causing cardiovascular comorbidity, mortality, including early mortality.

Studies have provided global estimates of the effects of multiple modifiable risk factors of CVD and mortality. Although data linking risk factors with CVD and mortality have mostly been derived from adult patients older than 40 years in the Annual Report on Kidney Disease in Taiwan (7), the impact of modifiable and non-modifiable risk factors on CVD and mortality may vary by age group. The current study aimed to examine and compare the prevalence and incidence of CVD and all-cause mortality among patients starting dialysis for ESKD of different age groups, including children, adolescents, young adults, and adults. Additionally, the risk profile differences in these groups for all-cause mortality and CVD incidence were compared.



Methods


Study design

The cohort study was identified based on all patients aged 0–40 years who received dialysis for ESKD between January 1, 2003, and December 31, 2017. Based on the age at the first receipt of dialysis for ESKD, the study cohort was categorized into children (aged <12 years), adolescents (13–20 years), young adults (21–30 years), and adults (31–40 years). Ascertainment of dialysis for ESKD was based on the billing codes for dialysis (Supplementary Table 1). Only patients who had received at least two dialysis modules in a year were included in the study cohort. The index date was defined as the earliest date of receiving dialysis. To identify the incidence of CVD, patients diagnosed with congenital heart disease were excluded (Supplementary Figure 1).



Data sources

Electronic health record data for this dialysis cohort were obtained from the largest healthcare delivery system in Taiwan, the Chang Gung Memorial Hospital network. This network, with a total of 9,584 beds, delivered approximately 11% of the health services reimbursed by Taiwan's National Health Insurance program in 2018, including over 9.1 million emergency and outpatient department visits and 300,000 hospital admissions (7, 8). These contain data regarding patient diagnoses, demographic characteristics, healthcare procedures, laboratory results, prescriptions and dispensing (9). This study was approved by the institutional review board of the Chang Gung Medical Foundation in Taipei, Taiwan (permit number, 202001176B0).



Outcomes

CVD was defined using the International Classification of Diseases, Ninth or Tenth Revision (ICD 9/10) for hospitalization discharge codes as defined in the USRDS (Supplementary Table 1) (10). Baseline and incident CVD were defined as at least one of the following conditions: atherosclerotic CVD (myocardial infarction, atherosclerosis, coronary artery bypass graft, percutaneous transluminal coronary angioplasty), non-atherosclerotic CVD (cardiovascular/circulatory disease, heart failure, atrial fibrillation, cerebrovascular accident/transient ischemic attack, stroke, artery disease), or other CVD (other heart disease and valve disease) in inpatient or outpatient settings. Information on hospitalization death was based on discharge diagnosis (11).



Variables

The algorithm of one inpatient or outpatient specified diagnosis code before the index date was used to determine the presence of CKD etiology, including congenital anomalies of the kidney and urinary tract (CAKUT), non-CAKUT CKD (glomerular disease, and other CKD), and baseline conditions commonly associated with CKD as risk factors (hypertension, hyperlipidemia), co-occurrence, or consequences of the CVD conditions (Supplementary Table S1). Congenital anomalies (without CAKUT and congenital heart disease) were assessed in all the patients. Pediatric Medical Complexity Algorithm with three categories: no chronic disease, non-complex chronic disease, and complex chronic disease was employed to examine the baseline medical complexity of pediatric patients with kidney replacement therapy (12), and Charlson Comorbid Index was employed for adult patients (13).



Statistical analysis

The time from the index date to the first occurrence of the composite outcome of CVD, censored at the date of last follow-up or the latest date in the dataset (December 31st, 2017), was described using the cumulative incidence function method with hospitalization death treated as a censored event.

Sensitivity analyses were performed to determine the timing of cardiovascular event onset. First, the rates of the composite event of CVD were calculated separately for times at risk after the index date (first receipt of dialysis) and after the index date plus 6 months for any CVD event of interest in the follow-up period. Second, stratified analyses were performed by sex, congenital anomaly, and CKD type in different age groups.




Results


Characteristics of the study cohort

The analytic cohort comprised 3,910 patients with dialysis aged 0–40 years, including 156 aged ≤12 years, 250 aged 13–20 years, 1,036 aged 21–30 years and 2,468 aged 31–40 years (Supplementary Figure 1). A total of 825,259 patient-dialysis receipts were analyzed for the study cohort, including 1,134 (29%) who ever had at least two modalities of dialysis and 2,776 who received single dialysis modality: 2,652 patients with hemodialysis, 26 patients with peritoneal dialysis and 98 patients received continuous renal replacement therapy.

The patient characteristics are shown in Table 1. Glomerular disease (42.92%) was the most common cause of CKD and the proportion was higher in patients aged >12 years than in younger children (14.1%). Patients with hydronephrosis and those who did not meet with a definition of CKD before the index date (37.9%) were classified into the non-CKD group. Hypertension (36.91%) and hyperlipidemia (13.94%) were commonly present at baseline, and the proportion was higher in older patients. Other common comorbid conditions, such as diabetes (27.27%) and liver disease (20.62%) were common in the 31–40 years group, whereas neurological disorders (19.87%) were prevalent in the 0–12 years group, and immunological (20.8%), gastrointestinal, and metabolic (19.6%) disorders were common in the 13–20 years group (Supplementary Table 2).


TABLE 1 Study cohort characteristics by age group.

[image: Table 1]



Onset and cardiovascular disease risk

Overall, 7.52% of the patients had a form of specific CVD at baseline, and non-atherosclerotic CVD was more prevalent (4.5%) than other forms of CVD (Table 1). The rate of composite CVD events was 31.83% in the incident cohort (n = 3,616) after the initiation date of dialysis during the study period. A high rate of CVD was found in the first 6 months of follow-up (18.47%), and younger patients had a higher risk than older patients (Table 2).


TABLE 2 Incidence rate of cardiovascular disease and mortality rate by age group.

[image: Table 2]

Figure 1 illustrates the patterns of cumulative incidence of composite and individual types of CVD over 16 years of follow-up. The children group (0–12 years) had the highest rate of composite CVD events, especially within 6 months of dialysis (up to 40%). Non-atherosclerotic CVD, including cerebrovascular disease, heart failure, cerebrovascular disease, and arrhythmia, are the leading causes of CVD in children and remained for 16 years of follow-up (Figure 1A). The adolescent group (13–20 years) had the second highest rate of CVD (up to 30%). Despite that non-atherosclerotic CVD was still the most prevalent CVD, the incidence of other CVD, including valvular heart disease, increased progressively and became similar to the incidence of non-atherosclerotic CVD after 10 years of dialysis (Figure 1B). In young adult and adult group, non-atherosclerotic CVD remained the dominant cause of CVD; however, atherosclerotic CVD, such as coronary artery disease or myocardial infarction, increased progressively to up to 30% in these groups (Figures 1C, D).


[image: Figure 1]
FIGURE 1
 Cumulative incidence of cardiovascular event and mortality over time in (A) 0–12 years of age, (B) 13–20 years of age, (C) 21–30 years, and (D) 31–40 years of age with dialysis treatment.


Compared to the 31–40 years group, patients aged 0–12 years had a highest risk of developing CVD [aHR, 1.63 (1.22–2.19)], an additional 77% risk for non-atherosclerotic CVD [aHR, 1.77 (1.28–2.45)], and a 2.43-fold risk for other forms of CVD [aHR, 2.43 (1.47–4.01)] (Supplementary Figure S2). Considering the onset of CVD after 6 months of dialysis therapy in the sensitivity analysis, the rate of composite events of CVD was 16.38% (n = 483) in the remaining 2,948 patients at risk. The risk of composite events of CVD changed across age groups, but statistical power was insufficient to support the increased risk in those aged 0–12 years [aHR, 1.63 (0.89–2.98)] and 13–20 years [aHR, 1.47 (0.95–2.28)], compared with the 31–40 years adult group. However, young adults (21–30 years) had a significantly lower risk [aHR, 0.79 (0.64–0.98)] than the 31–40 years patient group (Supplementary Figure S2, secondary cohort analysis). These results suggest that a high rate of composited CVD events, particularly for non-atherosclerotic CVD (i.e., artery disease and other types of CVD), had faster deterioration in pediatric patients undergoing dialysis therapy in the first 6 months of follow-up.



Risk of CVD modifiers: Sex, congenital anomaly, type of CKD

Stratified analyses were performed to examine the individual impact of sex, congenital anomalies, and etiology of CKD on the association between ESKD and CVD. Girls showed a higher risk than boys in the age <20 years groups, particularly adolescents [aHR, 2.08 (1.5–2.88)] (Figure 2).


[image: Figure 2]
FIGURE 2
 Forest plot of adjusted hazard ratio for the composite cardiovascular disease event in 0–12 years, 13–20 years, 21–30 years, and 31–40 years (reference) of age groups. The following covariates were adjusted for in the death-censored Cox proportional hazards model: Sex, type of CKD (CAKUT, non-CAKUT, and non- CKD), any congenital anomalies, baseline comorbid conditions of liver disease, severe liver disease, diabetes with and without complications, cancer, metastatic cancer, hypertension, hyperlipidemia, and AKI diagnosis.


In the stratum without any congenital anomaly, patients in the 0–12 years group had a 1.64-fold risk of composited CVD [aHR, 1.64 (1.2–2.23)] and a 1.21-fold in the 13–20 years group [aHR, 1.21 (0.94–1.54)], compared to patients in the 31–40 years group. The statistical power was insufficient to support the impact of any congenital anomaly on age-associated CVD risks (Figure 2). In addition, non-CAKUT CKD enhanced the association between children (0–12 years) and adolescents (13–20 years) and the risk of CVD [aHR, 3.03 (1.69–5.46) and 1.65 (1.21–2.25), respectively] compared with adults in the 31–40 years group (Figure 2).



All-cause mortality

The overall in-hospital mortality rate was 27.65% (n = 1,081) in the entire study cohort. The association between all-cause mortality and age was significantly higher in the 0–12 years of age group [aHR, 1.76 (1.38–2.25)] and 13–20 years of age group [aHR, 1.13 (0.89–1.43)] than in the adult group (Figure 3) after controlling for baseline characteristics and presence of CVD.


[image: Figure 3]
FIGURE 3
 Forest plot of adjusted hazard ratio for in-hospital mortality in 0–12 years, 13–20 years, 21–30 years, and 31–40 years (reference) of age groups. Persistent CVD: patients with any CVD both baseline and during the following covariates were adjusted for in the Cox proportional hazards model: Sex, type of CKD (CAKUT, non-CAKUT, and non-CKD), any congenital anomalies, baseline comorbid conditions of liver disease, severe liver disease, diabetes with and without complications, cancer, metastatic cancer, hypertension, hyperlipidemia, AKI diagnosis, and CVD at baseline and any time before death event.


Of the 1,081 patients with a hospital death event, 34.69% (n = 375) had a CVD diagnosis at discharge (7.03% with atherosclerotic and 28.31% with non-atherosclerotic CVD). The rate of any CVD diagnosis was higher in children aged <12 years (n = 39, 45.88%), followed by 13–20 years (n = 27, 33.75%), 21–30 years (n = 94, 38.84%) and 31–40 years (n = 215, 31.9%). Visually, the all-cause mortality risk was close to that of non-atherosclerotic CVD in the 13–20 years and 21–30 years age groups over time (Figure 1). Figure 4 shows that (congestive) heart failure was the most common diagnosis, accompanied by in-hospital mortality, and was independently associated with age. However, arterial disease and other CVD were more prevalent in children and adolescents than in adults, details of CVD at discharge are listed in Supplementary Table 3. Other common disease conditions were liver failure and related diseases, acute kidney injury, sepsis, pneumonia, kidney failure, gastrointestinal bleeding, fluid overload, and electrolyte imbalance, which were prevalent at hospital discharge among patients with in-hospital death events.
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FIGURE 4
 Discharge diagnosis of cardiovascular disease among patients with in-hospital mortality Atherosclerotic CVD, coronary artery disease and infarction; Non-atherosclerotic CVD, cardiovascular/circulatory, (congestive) heart failure, atrial fibrillation/flutter, any stroke, artery disease; other CVD, other heart disease and valve disease.





Discussion

In the current study, we compared the morbidity of CVD onset in four age groups when dialysis therapy was initiated. Dialysis treatment initiated in pediatric patients carries a greater risk of mortality and CVD than that in adults. In general, non-atherosclerotic CVD was more prevalent, especially in younger patients, within the first 6 months after the initiation of dialysis. After 6 months of initial dialysis, the risk of atherosclerotic CVD was higher in adults than that in adolescents and children. Girls showed a higher risk of CVD than boys in the 13–20 years age group.

Previous reports have shown that CVD-related mortality can be up to 500 times and even one thousand times higher than in age-matched young adults (10) and children (14), respectively. Our results supported that pediatric patients had a higher mortality rate than older patients. Furthermore, it is critical to delineate the etiologies of CVD in different age groups at the time of dialysis initiation. In the current study, children had the highest rate of all-cause mortality and composite CVD events especially at the initiation (within 6 month) of dialysis. Non-atherosclerotic CVD, such as heart failure or arrhythmia (atrial fibrillation/flutter), are the leading causes of CVD and the most prevalent diagnosis accompanying death events in children. After 6 months, the incidence of CVD has become less common in children than that in adolescents and adults, which is consistent with a previous publication from USRDS (10). In another study from USRDS 2006–2008, the causes of cardiac death in children 0–19 years of age with CKD were cardiac arrest/arrhythmia, followed by cerebrovascular diseases and heart failure (15). Unlike older adults, children generally have neither diabetes nor symptomatic atherosclerosis at the time of CKD diagnosis. Previous studies have shown that left ventricular (LV) hypertrophy and LV dysfunction occur early in CKD, and heart failure and atrial fibrillation may appear early after dialysis initiation (16, 17). CV abnormalities develop early and progress during the course of CKD, eventually leading to high mortality and CV events at the beginning of ESKD in children.

In addition to CVD, underlying diseases may also contribute to the high mortality in children. Of note, all-cause mortality rate was higher than composite CVD in the first 3 years and then became close to all CVD afterwards (Figure 1A). In contrast, a recent study using data from the USRDS (10) demonstrated a lower CVD incidence in children than in young adults. This discrepancy may be explained because our data originated from medical centers, where patients tended to have more comorbidities, such as liver diseases and cancer, which may also be responsible for the high mortality observed in the children. Moreover, although CAKUT CKD is prevalent in childhood ESKD (18), the role of CAKUT in CVD remains unclear. Our study showed that CAKUT played a minor role compared to other CKDs in the progression of CVD. Other non-CAKUT related CKDs contribute more to CVD development in children.

In the group aged 13–20 years, the incidence of CVD was approximately 23.5% at the beginning of dialysis therapy, which is lower than that in children but higher than that in adults. Non-atherosclerotic CVD is the most prevalent CVD. However, the incidence of other CVD, including other heart and valve diseases, increased progressively and catch up non-atherosclerotic CVD after 10 years of dialysis. Notably, girls showed a higher risk of CVD than boys, particularly in this age group. The etiology of CKD in this group is more glomerular disease (19), associated with the highest connective tissue disease, immunological, neurological, and pulmonary diseases. Autoimmune or connective tissue disease-related glomerulonephropathy, such as IgA nephropathy (8) or systemic lupus erythematosus (20), contributes to CKD in adolescents, especially in girls. Inflammation plays an important role in autoimmune and systemic-related CKD and CVD. The treatment of underlying diseases and screening for underlying CVD may help control mortality in adolescents.

In young adults and adults undergoing dialysis, non-atherosclerotic CVD remains the dominant cause of CVD. However, atherosclerotic CVD, such as coronary artery disease or myocardial infarction, increased progressively to up to 30% in these groups. The most common diseases associated with atherosclerotic CVD are diabetes, hypertension, and hyperlipidemia, which represent the traditional risks of CVD in the general population (21). Moreover, other CKD-related factors such as uremic toxins, vascular calcification, protein-energy waste, systemic inflammation, and oxidative stress are also important risk factors for CVD, and the influence of these factors may outweigh the traditional factors in advanced CKD or even post-dialysis (21–24). Unlike children, the incidence rates of CVD and mortality in the group aged 20–40 years were the lowest (<20%) at the beginning of ESKD but increased progressively to 50% and 30%, respectively, after more than 10 years of dialysis (Figures 1C, D). The control of traditional and non-traditional CKD-related risk factors for atherosclerotic CVD may help reduce the long-term CVD burden in young adults and adults.

The strength of the current study is the accurate quantification of the prevalence and incidence of cardiovascular events for different age groups at the time of dialysis therapy, to compare cardiovascular risk in a large dialysis cohort aged <40 years, and to explore atherosclerotic and non-atherosclerotic CVD-specific risk factors. Our findings have important implications for the assessment of cardiovascular risk in CKD patients. First, high CV events and mortality rates occur in the early stages of dialysis in children, and non-atherosclerotic CV events, such as heart failure, arrhythmia, and cerebrovascular diseases, are the main contributors to mortality. Second, as dialysis therapy proceeds, the role of atherosclerosis in CVD becomes increasingly important in young and older adults. Both traditional and CKD-related non-traditional risk factors for atherosclerotic CVD contribute to the etiology of CVD in these groups.

This study had certain limitations. First, CVD ascertainment relies on routinely collected electronic health record data in a healthcare delivery system, which may underestimate the prevalence and incidence of CVD. Second, based on the demographics of the study cohort and national health insurance program-supported healthcare system in Taiwan, our findings may not be generalizable to other countries.



Conclusion

The rates of cardiovascular morbidity and mortality were high and varied in different age groups, which remind clinicians to apply different strategies for CVD and mortality prevention in patients of different ages requiring chronic dialysis.
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Objective: This study was designed to develop an easy-to-perform and inexpensive measure to predict efficacy of the oral rehydration salts (ORS) in children with vasovagal syncope (VVS).



Materials and methods: Children diagnosed with VVS and treated with ORS for a median of 3 months at the Peking University First Hospital, China, were enrolled and followed up. Demographic data, clinical hemodynamic parameters, and variables related to red blood cells were collected at the baseline. On the basis of changes in symptom scores after treatment, participants were divided into effective or ineffective groups at the end of the follow-up. Logistic regression analysis was used to investigate parameters related to therapeutic efficacy of ORS and a predictive model of ORS effectiveness was created. The predictive efficiency was evaluated using the receiver operating characteristic curve. The accuracy/consistency was evaluated by the Hosmer–Lemeshow test and calibration curve. Internal validation was done using the bootstrap approach.



Results: Totally 97 pediatric participants were included in the study and 4 (4.1%) were lost during the follow-up. ORS therapy was effective in 46 children and ineffective in 47 children. Children in the effective group had higher baseline red blood cell count, hemoglobin, and hematocrit than those in the ineffective group (p < 0.01). Through logistic regression analysis, the baseline hematocrit and body mass index (BMI) were included in predictive model for the response to ORS treatment. The predictive efficacy of the model showed an area under the curve of 0.77 (p < 0.01). The predicted probability cut-off value of 0.5 was found to be optimal, with a resulting sensitivity of 67.4% and specificity of 80.9%. In the Hosmer–Lemeshow test, p-value was 0.75, and the calibration plot showed a good model fitness. Internal validation was performed using the bootstrap approach (n = 1,000), showing 95% confidence interval of 0.67–0.86.



Conclusion: Hemoglobin combined with BMI was useful for predicting the therapeutic efficacy of ORS in children with VVS.
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1. Introduction

Syncope is defined as a temporary loss of consciousness caused by reversible cerebral hypoperfusion with heterogeneous etiology. The most prevalent underlying cause of syncope is vasovagal syncope (VVS), which accounts for approximately 60% of all the syncopal causes in children (1). The pathogenesis of VVS is complex and includes, but is not limited to, hypovolemia (2–4), enhanced sympathetic nerve activity (5, 6) and catecholamine levels (7), and excessive peripheral vasodilation (8). It was found that during an attack of VVS, the orthostatic stress, which was the major trigger, may initially stagnate blood in the veins of lower extremities due to gravitational forces (9) and thereby reduced the circulating blood volume, which activated an aberrant autonomic regulation (10), resulting in bradycardia (11, 12) and/or hypotension, and ultimately decreasing the cerebral blood flow (13–15) and oxygen saturation (15, 16). The relative central hypovolemia can be the initial factor that promotes the whole process.

In clinical practice, the efficacy of oral rehydration salts (ORS) therapy is not satisfactory for VVS (17, 18), although it is the treatment targeting hypovolemia. Considering the complex pathogenesis of VVS as mentioned above, we hypothesized that ORS would be an ideal therapeutic option for children suffering from VVS with hypovolemia as the main pathogenesis, other than VVS with the abnormal sympathetic nerve activity (5, 6) and excessive vascular dilation.

Therefore, to increase the effectiveness of ORS on VVS patients, it is extremely necessary to find out some stable and easy-to-perform predictors or develop practical predictive models to indicate those VVS children with hypovolemia as the main pathogenesis to select ORS as the clinical therapeutic options. Previously, body mass index (BMI) (19) or 24-hour urinary sodium excretion (20) were utilized to predict the effectiveness of ORS in patients with VVS. Although both can indirectly reflect blood volume, the predictive value of a single indicator is always limited and has its own limitations. BMI can be easily influenced by congenital factors such as genetic background (21) and acquired factors such as nutrition and economic conditions (22, 23). Twenty-four-hour urine is not convenient to collect for outpatients. Some previous studies have suggested that hematocrit and red blood cell-associated parameters, which are relatively stable and easy to obtain, can indicate blood volume (14, 24). In order to predict the effectiveness of ORS in children with VVS, we sought to develop an easy-to-perform prediction model in this study.



2. Materials and methods


2.1. Subjects

Inclusion criteria for the participants were (1) children hospitalized due to VVS between July 2012 and December 2022, as determined by the existing criteria (25); (2) age of the patients ranged from 5 to 17 years old; and (3) patients treated by health education (avoidance of triggers and physical counterpressure maneuvers) and ORS.

Exclusion criteria were (1) children with uncertain illness or other causes of transient loss of consciousness such as cardiogenic syncope, orthostatic hypotension, or psychogenic pseudosyncope; (2) patients with anemia or other hematological disorders; (3) irregular use of ORS; (4) children treated with other medicines, such as beta-blockers and hydrochloride midodrine; and (5) patients with incomplete medical data.



2.2. Therapy and follow-up

ORS was administered daily to all participants (Anjian Pharma Company, Xi’an, China). Each bag included 3,375 mg of waterless glucose, 725 mg of sodium citrate, 650 mg of sodium chloride, and 375 mg of potassium chloride (25, 26). The treatment with ORS was initiated from the diagnosis of VVS made after hospitalization, and the median duration of treatment was 3 months.

Three months after starting therapy, follow-up was conducted by a professional investigator by telephone or outpatient visits. Demographic information, symptoms and signs, and baseline hemodynamic and hemocytometric variables were collected before the therapy. As indicated before (19), symptom score was calculated before and at the end of the follow-up depending on the occurrence and frequency of syncope: 0 point indicated no syncopal event; 1 point, 1 event per month; 2 points, 2–4 events per month; 3 points, 2–7 events per week; 4 points, >once per day. When the symptom score decreased by at least 1 point, the treatment was considered to be effective (19).



2.3. Collection of demographic data, symptoms, and baseline hemodynamic and hemocytometric variables

Demographic information and symptoms were recorded. Using a Dash 2000 multichannel physiological monitor (General Electric Company, New York, United States), baseline hemodynamics was obtained.

Before collection of the blood samples, participants were requested to fast for 4 h, and then venous blood (2–3 ml) was collected in the morning. All the patients did not have symptoms like vomiting and/or diarrhea that might cause dehydration 3 days before the blood sample collection. Sysmex XE-5,000 (Sysmex Corporation, Kobe, Japan) was used to measure hemocytometric variables.



2.4. Head-up tilt test

The head-up tilt test (HUT) was conducted in a darkly lit, warm, quiet environment. Before HUT, patients must fast for 4 h and quit autonomic nerve-affecting medicines for 5 half-lives. Children were monitored for 20 min while supine on a tilt table (SHUT-100A, Standard, Jiangsu, and ST-711, Juchi, Beijing, China). The tilt table was slanted at 60° and the test was terminated when a positive reaction appeared, or 45 min-process was completed.



2.5. Statistical analysis

SPSS 26.0 (IBM Corp, Armonk, NY, United States) was used in the present study. The Kolmogorov–Smirnov test for normal distributivity was performed, continuous data were analyzed with the t-test and nonparametric Mann–Whitney U test, and categorical data were analyzed with the χ2 test. Variables with p less than 0.05 and demographic variables were included into model built by logistic regression (stepwise regression method). Multicollinearity between the variables was checked using their corresponding variance inflation factor (VIF). Evaluation of the model was done by the receiver operating characteristic (ROC) curve, calibration plot (calibrate, MASS package), Hosmer–Lemeshow test, and decision curve analysis (DCA) (R, version 4.2.0, rmda package). A bootstrap self-sampling method (n = 1,000) was used to internally validate the model. A nomogram was used to illustrate the model results. p < 0.05 indicated a significant difference.




3. Results


3.1. The baseline items

Totally 97 patients treated with ORS for a median of 3 months were enrolled; however, 4 were subsequently lost during follow-up (Figure 1). According to changes in symptom scores, the ORS therapy was effective in 46 cases (effective group) and ineffective in the other 47 cases (ineffective group). There was no significant difference in pretherapy symptom score, age, BMI, duration of therapy, and hemodynamic parameters between the two groups (p > 0.05). There was statistical difference in red blood cell count, hemoglobin, and hematocrit between the two groups (p < 0.05). The levels of red blood cell count, hemoglobin, and hematocrit were higher in the effective group than those in the ineffective group (p < 0.01, Table 1).


[image: Figure 1]
FIGURE 1
The flowchart of the research.



TABLE 1 Baseline demographic and clinical data between effective and ineffective groups.
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3.2. Construction of predictive models

The items with p-values below 0.05 (red blood cell count, hematocrit, and hemoglobin) and demographic variables (gender, age, and BMI) were tested for multicollinearity. According to multicollinearity analysis (Table 2, VIF < 10), the six items mentioned were included in multivariate regression analysis. As per the results of regression analysis, hematocrit and BMI were two independent factors associated with the efficacy (Table 3), and the regression equation is shown as

[image: Table 2]


TABLE 2 The multicollinearity analysis.
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TABLE 3 Multivariate logistic regression of the construction of predictive models.
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3.3. Evaluation of predictive model


3.3.1. Degree of differentiation

ROC analysis showed that the area under curve (AUC) was 0.77 (p < 0.01). To predict the effectiveness, the ideal cut-off value was 0.5, producing a sensitivity of 67.4% and a specificity of 80.9% (Figure 2A).


[image: Figure 2]
FIGURE 2
Evaluation of the predictive model. (A) ROC. AUC: 0.77 (p < 0.01), cut-off value: 0.5, sensitivity: 67.4%, and specificity: 80.9%. (B) Calibration curve. The gray line indicates the ideal reference line where predicted (x-axis) and observed probability (y-axis) coincide. The black line represents the performance of the model. The closer the black line is to the gray line, the more accurately the model predicts. (C) DCA. ORS treatment is regarded as an intervention, and the purpose of the ORS is naturally to obtain a “good result” (positive outcome). DCA includes results for “ORS for all,” “ORS for none,” and “ORS for model.” The x-axis displays the probability threshold. The y-axis indicates the degree of benefit to which the patient benefited from the intervention (ORS). (D) Bootstrap-corrected receiver operating characteristic curve (n = 1,000). The gray part is the 95% confidence interval (0.67–0.86). ROC, receiver operating characteristic curve; AUC, area under receiver operating characteristic curve; DCA, decision curve analysis; ORS, oral rehydration salts.




3.3.2. Calibration

The Hosmer–Lemeshow test indicated that the predicted and observed values were not substantially different (p = 0.75), indicating a good model suitability. The calibration curve is shown in Figure 2B.



3.3.3. Clinical utility

Clinical utility was analyzed using DCA, and the results are shown in Figure 2C. Our study showed that within 0.1–0.8 of the threshold probability, the net benefit of the prediction model ranged between 0.01 and 0.5. We found that treatment decisions based on model predictions will provide higher net benefit than that without using the model. For instance, at a threshold of 0.4, the calculated net benefit based on intervention for model is about 0.22, while the calculated net benefit based on intervention for all is about 0.16.



3.3.4. Internal validation

Internal validation of the data performed using the bootstrap approach (n = 1,000) showed a good predictive accuracy: an AUCof 0.77 and 95% confidence interval (CI) of 0.67–0.86 (Figure 2D).




3.4. Nomogram of the predictive model

A nomogram of predictive model consisting of the two factors (hematocrit and BMI) were created to visually predict ORS treatment efficacy based on different scores (Figure 3). A nomogram is a graphical representation of the solution to an equation that approximates the risk with reasonable accuracy. For instance, when the BMI is 27 kg/m2, the score is approximately 20%. When hematocrit is 39%, the score is approximately 40%. The total score is approximately 60, resulting in a predicted effective rate of approximately 0.1. Therefore, ORS treatment is not recommended.


[image: Figure 3]
FIGURE 3
Nomogram of the prediction model. The nomogram is applied by placing each patient's items on a variable axis and then drawing a vertical line to determine the points for each item. The total points were then placed on the number axis of the total points line, and a vertical line is drawn to the final axis.





4. Discussion

We followed up 97 children with VVS treated with ORS, and after a median duration of 3 months of treatment, 46 patients responded well to the treatment, with an effective rate of less than 50%. There were statistical differences in gender, red blood cell count, hemoglobin, and hematocrit between effective and ineffective groups. Subsequently, logistic regression was carried out to generate a new model in which hematocrit and BMI were related to the effectiveness of ORS therapy. The model was evaluated, and the ROC curve demonstrated that the sensitivity and specificity were 67.4% and 80.9%, respectively, and the DCA suggested that using the model to predict the effectiveness of ORS in children with VVS would improve clinical outcomes. We also presented the results in a nomogram to facilitate the decision-making by clinicians and to enhance the practicability of the model.

To increase the water and salt intake is an acknowledged measure in the management of VVS. However, a confusing fact is that the empirically unselected use of oral rehydration salts as a first-line therapy for children with VVS showed limited efficacy (17). Therefore, there is a strong need to find out useful markers to indicate the VVS patients with hypovolemia as the main pathogenesis to guide the ORS therapy. It has been noted that BMI and 24-hour sodium excretion collection have correlation with blood volume (27) and were used to predict the effectiveness of ORS therapy for children with VVS (19, 20). However, as an indirect correlative factor to blood volume, BMI may be influenced by the genetic factors as well as the content of body fat, which may challenge the value of BMI in predicting the effectiveness of fluid and salt supplementation. Although the predictive power is similar between our model and 24-hour urinary sodium excretion based on the AUC of ROC curve (0.77 vs. 0.84), the parameters in our study are more readily available as the latter needs a 24-hour urine collection procedure. Furthermore, our model can provide an exact estimated effective rate, which is an important advantage of a nomogram. The nomogram of this study makes it more intuitive for clinical applications. In this study, we demonstrated that hematocrit combined with BMI was useful in the prediction of the efficacy of ORS treatment in children with VVS. Moreover, a clinical utility analysis was performed, and a graphic tool was created to assist the clinical decision-making, which may improve the current individualized treatment.

However, there are several limitations of our research. Due to the single-center design, selection bias was inevitable. In the future, multicenter-based studies are expected. The follow-up duration was not long enough, and the sample size was not large enough. We will continue to confirm the conclusions in future studies to achieve sufficient quantity. Second, the therapeutic efficacy was only evaluated by patients’ symptoms, while other indicators involving investigations such as negative rate of HUT need to be considered in future studies. Despite the limitations, our results suggest that hematocrit combined with BMI constitutes a clinically valuable model for predicting the efficacy of ORS therapy in pediatric patients with VVS, providing a useful strategy for the personalized treatment of VVS.



5. Conclusions

This study confirmed the hematocrit and BMI as useful, easy-to-obtain, and inexpensive indicators to forecast the therapeutic response to ORS in children with VVS, and we constructed a nomogram for an individualized prediction of the usefulness to ORS in pediatric VVS patients, which would greatly help in making treatment strategies.
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Background: Pediatric hypertension contributes to adulthood hypertension and target organ damage. Obesity is a well-known predictor for pediatric hypertension; however, the relationship between physical fitness and blood pressure (BP) is unclear among children. This study aimed to compare the differences in demographics, anthropometrics, and physical fitness across BP subgroups and investigate whether physical fitness was related to pediatric hypertension independent of weight status.

Methods: This quantitative, cross-sectional study investigated demographic, anthropometric, physical fitness, and BP measures among 360 healthy school-aged children. Continuous variables were compared across BP subgroups with the one-way analysis of variance. Mediation and moderation analyses were used to explore the mechanism. Multivariable regression models were used to assess independent associations for hypertension.

Results: There were 177 (49.2%), 37 (10.3%), and 146 (40.6%) children in the normotensive, elevated BP, and hypertensive subgroups, respectively. The hypertensive subgroup had higher body mass index (BMI) and waist/height ratio percentiles and performed worse in 800-m run, standing long jump (SLJ), and 1-min sit-ups than the normotensive subgroup. Furthermore, the 800-m run percentile (total effect: β = 0.308, standard error = 0.044, p < 0.001) and sit and reach percentile (total effect: β = 0.308, standard error = 0.044, p < 0.001) mediated the relationship between the BMI percentile and systolic BP percentile; the SLJ percentile was directly associated with the diastolic BP percentile (β,−0.197, 95% confidence interval,−0.298−0.097; p < 0.001). The parsimonious model of multivariable regression models revealed that the SLJ percentile (adjusted exp (β), 0.992, 95% confidence interval, 0.985–0.999; p = 0.042) and BMI percentile (adjusted exp (β), 1.024, 95% confidence interval, 1.016–1.032; p < 0.001) were two independent predictors for pediatric hypertension.

Conclusion: Physical fitness mediates the relationship between anthropometric and BP measures. The SLJ percentile is associated with pediatric hypertension independent of the BMI percentile. Proactive screening and health promotion for not only healthy weight status but also good physical fitness may be beneficial for BP control among school-aged students.
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blood pressure, body mass index, childhood obesity, pediatric hypertension, physical fitness, standing long jump


1. Introduction

Hypertension is well-documented as a risk factor for cardiovascular diseases (1), chronic kidney disease (2), and premature mortality (3). A meta-analysis in 2019 revealed that the global prevalence of pre-hypertension and hypertension was 9.67% and 4.00% among children 19 years and younger (4). Without effective management, pediatric hypertension is likely to develop into adulthood hypertension (5) and eventually lead to target organ damage (6). However, early identification and intervention of hypertension remain to be a challenge, especially among the pediatric population (7). Compared to adulthood hypertension, pediatric hypertension is diagnosed less promptly and controlled inadequately (7, 8). Although ambulatory BP monitoring is more accurate for diagnosing hypertension than clinic-measured BP (9), in most clinical settings, it is not easy to be implemented routinely for children and adolescents (10). Therefore, identifying at-risk individuals is vital for the timely diagnosis and management of pediatric hypertension (11).

Known risk factors for primary hypertension in children include male sex, older age, overweight and obesity, high sodium intake, physical inactivity, and obstructive sleep apnea (12–14). Some evidence has indicated associations between BP and anthropometric measures. Lo et al. found that waist-to-height ratio (WHtR) had significant screening power for metabolic syndrome components in children, including hypertension (15). Wang et al. revealed that abdominal skin fold was more closely associated with hypertension than body mass index (BMI) in Chinese boys and girls (16). Moreover, previous high-quality epidemiological studies supported the reverse association of physical activity with adolescent/pediatric hypertension (17–19).

While physical activity is defined as any bodily movement produced by skeletal muscles that result in energy expenditure, physical fitness is a set of attributes that are either health- or skill-related and can be measured only with specific tests. Physical fitness represents a general health status to perform daily life functions in work and leisure activities (20). The major health-related components of physical fitness include body composition, cardiorespiratory fitness, musculoskeletal fitness, and motor fitness (21). Physical fitness is a powerful marker of health regarding abdominal adiposity, cardiovascular disease risk factors, skeletal health, quality of life, mood status, and academic performance in children and adolescents (22). In an earlier study of ours, we discovered that body composition parameters predicted pediatric hypertension better than conventional anthropometric measures (23). Some other studies have also reported a connection between physical fitness and BP in children. For example, low cardiorespiratory fitness was related to elevated systolic BP (SBP) in children (24–26). Furthermore, change in physical fitness was inversely associated with the change in BP in school-aged children (27), and persistently low muscle strength contributed to subsequently raised levels of both SBP and diastolic BP (DBP) in adolescents (28). However, the results of studies on the associations between physical fitness and pediatric hypertension have been inconclusive after adjustment for body weight status (29–31).

We hypothesized that poor physical fitness was a risk factor for high blood pressure in children. The study aimed to compare the differences in demographic, anthropometric, and physical fitness measurements across BP subgroups, to explore the mediating and moderating roles of physical fitness on the relationship between body weight status and BP status, and to investigate whether physical fitness was independently associated with pediatric hypertension after adjusting for body weight status in a sample of school-aged children in Taiwan.



2. Materials and methods


2.1. Participants

This cross-sectional study utilized a quantitative analysis to evaluate anonymous data gathered from a multidisciplinary health promotion program, administered by Chang Gung Memorial Hospital's Linkou Main Branch between 2013 and 2016. The program's target audience consisted of 1,860 students, aged between 6 and 13 years, from four elementary schools in Guishan District—a suburban city located close to Taipei in Northern Taiwan—with a population of nearly 160,000. The parents of the students in this cohort were predominantly employed in the electronics, manufacturing, and healthcare industries (32). The Institutional Review Board of the Chang Gung Medical Foundation, Taoyuan, Taiwan (No. 101-4158A3) approved the program, and written informed consent was obtained from all participants and their parents. Details regarding the program have been previously described (32). This study adhered to the principles outlined in the World Medical Association Declaration of Helsinki (33).

We enrolled seemingly healthy fourth- to sixth-grade children to investigate whether physical fitness is a risk factor for high blood pressure, while also accounting for conventional risk factors such as male sex, older age, and overweight/obesity. These grades were chosen due to the availability of normative reference data on physical fitness. The inclusion criteria were as follows: (1) age ranged from 9 to 12 years; and (2) complete demographic, anthropometric, physical fitness, and BP data. The exclusion criteria were as follows: (1) a history of high BP or under treatment for high BP; and (2) any history of chronic illness such as diabetes mellitus, asthma, chronic pain, cystic fibrosis, congenital heart disease, attention-deficit/hyperactivity disorder, or depression (34, 35). Demographic (sex and age), anthropometric, physical fitness, and BP data were retrieved for statistical analysis.



2.2. Anthropometric measures

Body mass index (BMI) (kg/m2) was defined as body weight (kg) divided by the body height squared (m2). BMI percentiles were calculated based on sex and age in months according to the United States Centers for Disease Control and Prevention 2,000 growth charts (36). Waist circumference (in cm) was measured in the horizontal plane midway between the lowest ribs and the iliac crest. WHtR was calculated as waist circumference (cm) divided by the body height (cm) (37), and WHtR percentiles were obtained based on sex and age in years according to the United States National Health and Nutrition Survey, cycle III (38).



2.3. Physical fitness

In this study, the levels of physical fitness were measured by four exercise assessments, including 800-m run (800 mR), standing long jump (SLJ), 1-min sit-ups (1 mSU), and sit and reach (S&R). All physical fitness measurements were performed following the guidelines of the Ministry of Education in Taiwan (39). The detailed protocol of physical fitness measurements had been reported previously (40). Professional physical coaches conducted the assessments and recorded the results. The test results were expressed in percentiles based on sex and age in years according to the reference values for physical fitness of students aged 7–23 years in Taiwan (41).

The 800 mR (s) was defined as the time required for a participant to sprint an 800-m run (42). The 800 mR represented cardiorespiratory fitness and endurance (43).

The SLJ (cm) was defined as the maximum distance between the starting line and the heel of the closest foot after a participant took off for a forward and upward jump and landed on both feet (44). The SLJ represented lower body (leg muscles) strength (45).

The 1 mSU (times) was defined as the maximum number of correct sit-ups achieved within 1 min (46). The participant lay on a mat with knees bent, and arms crossed upon their chest. When the participant touched their knees with their elbows, it was considered a count. 1 mSU represented abdominal muscle strength and endurance (47).

The S&R (cm) was defined by the most distant point reached on the ruler with the fingertips. The participants slide their hands forward as far as possible toward their feet without bending the hamstring and maintaining the top position for at least 2 s (48). Each participant performed three times; the longest measurement out of three was used. The S&R represented the flexibility of the hamstrings (49).



2.4. Blood pressure measurements and categories

After the participant sat for at least 10 min in the classroom, SBP and DBP were measured using an automated sphygmomanometer. If a child's BP exceeded the normal range, the investigator rechecked SBP and DBP after a 5-min rest. BP was measured two times, and the lowest SBP and DBP-values were used (23).

The SBP percentile and DBP percentile were obtained based on age in years, sex, and height z-score according to the BP reference tables published in 2017 (50) as an update to the 2004 “Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents” (10). Normal BP was defined as BP of <90th percentile; elevated BP was defined as SBP and/or DBP of ≥90th to <95th percentile or 120/80 mmHg to <95th percentile (whichever is lower); pediatric hypertension was defined as SBP and/or DBP of ≥95th percentile (50).



2.5. Statistical analysis

The stratum sample size was calculated at 32 based on Pearson's correlation between cardiorespiratory fitness and systolic blood pressure (r = 0.43) (24) under a type-I error of 0.05 and statistical power of 0.95. Considering the heterogeneity of relationships across strata (three different grade groups, two sexes, and three blood pressure groups), a minimum of 324 children were required. Therefore, we included a representative cohort of 360 children.

Most continuous variables were normally distributed using the Kolmogorov–Smirnov test. Therefore, continuous variables were reported as means ± standard deviations (SD), and categorical variables were summarized as numbers (percentages). Furthermore, continuous variables were compared using the one-way analysis of variance with post hoc Tukey's honestly significant difference tests, and categorical variables were compared using the Mantel–Haenszel test for trend among three BP subgroups. The curve estimation procedure was used to identify useful functional relationships, and Pearson's correlation test was used to assess relationships between continuous variables.

All variables were included in the full models using multivariable linear or binary logistic regression models as appropriate. To identify independent variables of the parsimonious model, all variables were initially included; the variable with the highest but insignificant p-value of ≥ 0.05 was removed at one step, and the manual selection procedures were repeated until all variables with a p-value of < 0.05. To adjust the intervariable relationship within the model, the variance inflation factor of each variable was calculated and removed if its value was ≥ 5 to reduce the multicollinearity (51). Furthermore, conditional process analyses were performed to evaluate the mediation and moderation of selected variables using a PROCESS macro for SPSS (version 4.1) (52). Using 5,000 runs of bootstrapping, bias-corrected 95% confidence intervals (CIs) were estimated to verify mediation, moderated mediation, or mediated moderation. A p-value of < 0.05 was considered to be statistically significant. Statistical analysis was performed using SPSS software version 25.0 (International Business Machines Corp., Armonk, NY, USA).




3. Results


3.1. Participants characteristics

From a database of 1,860 elementary-school students, 1,066 were in grades 4 to 6. Among them, 533 have complete data of selected variables; 67 were excluded due to a history of high BP or under treatment for high BP, and 106 were excluded due to chronic illness. Therefore, a total of 360 children (180 [50.0%] girls and 180 [50.0%] boys) with a mean age of 10.0 ± 0.8 years (range, 9–12 years) were included in the study. There were 177 (49.2%), 37 (10.3%), and 146 (40.6%) children in the normotensive, elevated BP, and hypertensive subgroups, respectively. Furthermore, 96 (26.7%) children had isolated systolic hypertension, 22 (6.1%) children had isolated diastolic hypertension, and 28 (7.8%) had simultaneous systolic and diastolic hypertension.



3.2. Differences in participants' characteristics across various BP subgroups

Table 1 summarizes the demographic, anthropometric, physical fitness, and BP measures in the overall cohort and in the normotensive, elevated BP, and hypertensive subgroups. For anthropometrics, the hypertensive subgroup had the highest BMI percentile and WHtR percentile among all three subgroups. For physical fitness, the hypertensive subgroup had worse outcomes of the 800 mR percentile, SLJ percentile, and 1 mSU percentile compared to the normotensive subgroup. In addition, BP measures (including the SBP percentile and DBP percentile) of the hypertensive subgroup were higher than those of the normotensive and elevated BP subgroups, even though the distributions of age and sex were comparable across the three subgroups.


TABLE 1 Demographic, anthropometric, physical fitness, and blood pressure measures of the overall cohort as well as normotensive, elevated blood pressure, and hypertensive subgroups.
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3.3. Relationship between study variables

Table 2 demonstrates the associations of BP measures with physical fitness and anthropometric variables in the overall cohort. Higher SBP percentile was related to higher DBP, BMI, and WHtR percentiles, as well as lower 800 mR and 1 mSU percentiles. After adjustment for the BMI and WHtR percentiles, the SBP percentile was significantly associated with the 800 mR percentile (r = −0.12; p = 0.025) and S&R percentile (r = 0.14; p = 0.009). A higher DBP percentile was related to higher BMI and WHtR percentiles and lower SLJ and 1 mSU percentiles. After adjustment for the BMI and WHtR percentiles, the DBP percentile was significantly associated with the SLJ percentile (r = −0.18; p < 0.001) and 1 mSU percentile (r = −0.13; p = 0.017). A higher BMI percentile was associated with a higher WHtR percentile and lower 800 mR, SLJ, 1 mSU, and S&R percentiles. A higher WHtR percentile was associated with lower 800 mR, SLJ, and 1 mSU percentiles. A higher 800 mR percentile was associated with higher SLJ and 1 mSU percentiles. A higher SLJ percentile was associated with higher 1 mSU and S&R percentiles. A higher 1 mSU percentile was associated with a higher S&R percentile.


TABLE 2 Pearson correlations of blood pressure measures with anthropometric and physical fitness measures in the overall cohort.
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3.4. Independent associations between physical fitness, weight status, and blood pressure

Table 3 summarizes independent associations of the BP percentile with anthropometric and physical fitness measures in the overall cohort. Multivariable linear regression modules showed BMI, WHtR, and S&R percentiles were significantly positively associated with the SBP percentile in the full model. Using manual selection approaches, BMI, WHtR, and S&R percentiles were positively related to the SBP percentile, whereas the 800 mR percentile was inversely related to the SBP percentile in the parsimonious model. The SLJ percentile was independently inversely related to the DBP percentile in the full model and the parsimonious model.


TABLE 3 Independent associations of blood pressure measures with anthropometric and physical fitness measures in the overall cohort.
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3.5. Mediation and moderation analysis

Since there were nested data structures and significant correlations among BP, anthropometric, and physical fitness measures, we performed mediation and moderation analyses to investigate the role of physical fitness measures on the relationship between anthropometric and BP measures. The main findings included the following:

1) The 800 mR percentile significantly mediated the relationship between the BMI percentile and SBP percentile (total effect = 0.308, SD = 0.835, 95% CI: 0.222–0.394, p < 0.001; direct effect = 0.277, SD = 0.854, 95% CI: 0.189–0.365, p < 0.001; indirect effect = 0.031, SD = 0.247, 95% CI: 0.010–0.066; mediation percentage = 10.1%) (Figure 1A) as well as the relationship between the WHtR percentile and SBP percentile (total effect = 0.311, SD = 0.816, 95% CI: 0.227–0.395, p < 0.001; direct effect = 0.280, SD = 0.854, 95% CI: 0.192–0.368, p < 0.001; indirect effect = 0.031, SD = 0.266, 95% CI: 0.006–0.059; mediation percentage = 10.0%) (Figure 1B).

2) The S&R percentile significantly mediated the relationship between the BMI percentile and SBP percentile (total effect = 0.308, SD = 0.835, 95% CI: 0.222–0.394, p < 0.001; direct effect = 0.320, SD = 0.835, 95% CI: 0.234–0.406, p < 0.001; indirect effect = −0.012, SD = 0.133, 95% CI: −0.032−0.0002; mediation percentage = −3.9%) (Figure 1C); however, the S&R percentile did not mediate the relationship between the WHtR percentile and SBP percentile (total effect = 0.311, SD = 0.816, 95% CI: 0.227–0.395, p < 0.001; direct effect = 0.321, SD = 0.816, 95% CI: 0.237–0.405, p < 0.001; indirect effect = −0.010, SD = 0.133, 95% CI: −0.025–0.002; mediation percentage = −3.2%) (Figure 1D).


[image: Figure 1]
FIGURE 1
 Simple mediation models of possible mediators of the relationships between anthropometric and blood pressure measures. (A) The 800-m run (800 mR) percentile significantly mediated the relationship between the body mass index (BMI) percentile and the systolic blood pressure (SBP) percentile. (B) The 800 mR percentile significantly mediated the relationship between the waist/height ratio (WHtR) percentile and the SBP percentile. (C) The S&R significantly mediated the relationship between the BMI percentile and the SBP percentile. (D) The S&R percentile did not significantly mediate the relationship between the WHtR percentile and the SBP percentile. Data are summarized as β (standard deviations). *p < 0.05 and ≥ 0.01; **p < 0.01 and ≥ 0.001; ***p < 0.001.




3.6. Independent predictors for pediatric hypertension

Table 4 summarizes independent predictors for pediatric hypertension in the overall cohort. Using multivariable binary logistic regression models, a higher BMI percentile was significantly correlated with pediatric hypertension in the full model. Using manual selection approaches, a higher BMI percentile and a lower SLJ percentile were associated with pediatric hypertension in the parsimonious model. A higher BMI percentile and a higher S&R percentile were significantly related to systolic hypertension in the full models; however, a higher BMI percentile and lower 800 mR were independently associated with systolic hypertension in the parsimonious model. A lower SLJ percentile was correlated with diastolic hypertension in the full model; furthermore, a higher BMI percentile and a lower SLJ percentile were independently related to diastolic hypertension in the parsimonious model.


TABLE 4 Independent predictors for pediatric hypertension with anthropometric and physical fitness measures in the overall cohort.
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4. Discussion

Obesity is one of the most critical risk factors for pediatric hypertension. A substantial volume of research has supported the roles of anthropometric measures (such as BMI, WHtR, and waist circumference) and body composition parameters (such as fat mass and fat-free mass) in predicting pediatric hypertension (23, 53, 54). In line with the literature, our data showed that the hypertensive subgroup had higher BMI and WHtR percentiles; also, higher BMI and WHtR percentiles were related to the SBP percentile independent of physical fitness variables. Along with growth and development, weight status may be quite varying during childhood. The Clinical Practice Guideline developed by the European Society of Endocrinology and the Pediatric Endocrine Society has suggested regular evaluation, early identification, and prompt intervention to prevent the detrimental effects of pediatric obesity (55).

However, the connections between physical fitness and BP in children are not as conclusive as those between weight status and BP. Some research has shown that better physical fitness is associated with lower diastolic and systolic BP in children and adolescents despite mechanisms not yet fully understood (28, 30, 56, 57). Dong et al. used a complex and summative physical fitness indicator composed of forced vital capacity, SLJ, 800 mR, S&R, and 1 mSU, which could significantly predict raised systolic and diastolic hypertension in children aged 7–18 years; however, S&R was not related to high BP (26). Nevertheless, physical fitness did not well predict BP in children aged 6–11 years (58). Furthermore, a meta-analysis of randomized controlled trials conducted by García-Hermoso et al. in 2020 showed that physical exercise interventions improved BMI, waist circumference, and physical fitness, but not BP in preschoolers (59). These findings indicate that the relationships and interactions between physical fitness and pediatric hypertension need to be further delineated to yield more precise prevention and intervention strategies in terms of health promotion.

Current evidence suggests that cardiorespiratory fitness is overall inversely related to BP and multiple cardiovascular risk factors despite some discordances between studies with different epidemiological, methodological, and analytical approaches. Diaz et al. demonstrated that better cardiorespiratory fitness was associated with decreased probability of BP elevation, lower insulin resistance, and improved liver and renal functions (28, 30, 56, 57). Köchli et al. reported a less favorable micro- and macro-vascular profile in children aged 6–8 years with poor cardiorespiratory fitness (60). De Moraes et al. found that low cardiorespiratory fitness and muscular fitness accurately predicted high BP in children aged 3–17 years (61). Furthermore, Ayala-Guzmán et al. found that the relationship between low cardiorespiratory fitness and hypertension was not significant after correlation with BMI in children aged 9 to 12 years (29). The current study supported the linkage between poor cardiorespiratory fitness and high BP in children aged 9–12 years, and we further revealed that the impact was mainly on systolic BP, independent of weight status. Moreover, cardiorespiratory fitness mediated the relationships between the BMI percentile and WHtR percentile with the SBP percentile (Figures 1A, B). Future research is warranted to define clinically relevant cutoff points of cardiorespiratory fitness (62, 63) for children. Moreover, the effectiveness of cardiorespiratory fitness promotion on health outcomes needs to be examined from a public health perspective (29).

Notably, according to our data, the lower SLJ percentile was an independent and critical physical fitness indicator in predicting both hypertension and diastolic hypertension, even after adjustment for anthropometric variables. The SLJ percentile neither mediated nor moderated the associations of the DBP percentile with the BMI percentile or WHtR percentile; the effect of SLJ performance on DBP was direct. The SLJ, also known as the standing long jump, requires pushing the total body mass forward and is one of the most common physical fitness tests for children to assess lower body muscle strength. The SLJ is highly associated with isokinetic measures of lower extremity force (64). The calf muscles, including gastrocnemius and soleus, are involved in the movements of an SLJ. It is called “the second heart” by some as it pumps blood back to the trunk and improves circulation during walking and exercising (65). Calf muscle pump dysfunction can result in venous hypertension (66). Agostinis-Sobrinho found that a low level of muscular fitness was associated with a high inflammatory status in adolescents (62, 63). Delgado Floody et al. demonstrated that low maximal oxygen consumption and low body muscle strength were positively associated with high SBP (67) in children aged 11–13 years.

The solo and inverse association between the SLJ percentile and DBP percentile was a novel and particularly interesting finding of this study. In contrast to older people, in whom isolated diastolic hypertension is less prevalent and not associated with CV outcomes, emerging evidence suggests that the linkage between isolated diastolic hypertension and adverse CV effects is particularly significant in younger individuals and requires treatment (68). Cohen et al. reported a similar finding to the current study: handgrip had a protective effect against BP elevation, especially DBP (28, 30, 56, 57). Moreover, in a Korean multidisciplinary lifestyle intervention program, children and adolescents with moderate-to-severe obesity significantly improved their weight status, body composition, and DBP, but not SBP (69, 70). Future investigations on the pathogenesis of diastolic hypertension among the youth and its linkage to muscular fitness will be of interest.

Literature has suggested that the adverse effects of low physical fitness are likely to be prevented or even reversed by increasing physical activity. For example, an 8-week fitness course in indoor cycling can improve BMI, waist circumference, physical fitness (lower body muscle strength and aerobic fitness), and BP (71). Limiting sedentary behaviors, proper nutrition, increasing physical activity, and resting sufficiently may promote physical fitness and health outcomes (72, 73). Exercise can increase physical fitness and reduce BP in children and adolescents (69, 70) via the activation of adaptive mechanisms to improve endothelial function, induce pro-angiogenic pathways, and increase insulin sensitivity (74). Furthermore, engaging in moderate-to-vigorous physical activity, such as aerobic exercise, to achieve an improved (75) or a within-recommended level of cardiorespiratory fitness (76) reduces the incidence of hypertension. The results of the current study again highlight the importance of the assessment and promotion of physical fitness among children.

The present study has remarkable strengths derived from its comprehensive evaluation of physical fitness and BP with the exemplary sample size and the heterogeneous participants, recruited from different schools in northern Taiwan. However, this study has several limitations which merit discussion. First, all the participants were school students in Taiwan and mainly Han. The mean intake of sodium by Taiwanese children was significantly higher than the Daily Reference Intake of Taiwan or other recommended standards (77), furthermore, children in Guishan had the highest prevalence of overweight and obesity compared to nearby areas (78), therefore the cohort of this study was at risk of high BP. This may limit the generalizability of the study. Second, the BP measurements were not standardized for medical diagnosis of hypertension as there was no confirmation through auscultation or ambulatory BP monitoring. Therefore, conditions such as white coat hypertension, masked hypertension, or isolated nocturnal hypertension could not be identified (79). Instead, automated BP measurement with the lowest SBP and DBP readings was adopted. Third, there are many exercise tests to assess the same physical fitness component [for example, 20-m aerobic cardiovascular endurance run test (25, 29), 6-min running/walking test (30), maximal ergometer cycle test (24) to cardiorespiratory fitness, or push-ups (29), and manual dynamometer (31) to measure muscular endurance], construct validity may differ across various exercise tests. Fourth, this cross-sectional study could not conclude the causality of physical fitness-mediated hypertension in children and the results should be interpreted cautiously. Longitudinal case-control and interventional studies are warranted to confirm the role of lower body muscle strength in pediatric hypertension.

In conclusion, the present study demonstrated that suboptimal weight status and physical fitness were two major risk factors for high BP among children. The BMI percentile was independently associated with the SBP percentile, systolic hypertension, and pediatric hypertension. The 800 mR was independently associated with the SBP percentile and systolic hypertension; it also mediated the relationship between weight status and BP. The SLJ was independently associated with the DBP percentile, diastolic hypertension, and pediatric hypertension. Not only weight management but also physical fitness promotion is vital for the pediatric population and the focus should be on both cardiorespiratory and muscular fitness.
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Background: The increasing severity of obesity is expected to lead to more serious health effects. However, there is limited information on the prevalence and clinical characteristics of cardiometabolic risk factors in severely children affected by obesity in Malaysia. This baseline study aimed to investigate the prevalence of these factors and their association with obesity status among young children.

Methods: In this study, a cross-sectional design was employed using the baseline data obtained from the My Body Is Fit and Fabulous at school (MyBFF@school) intervention program involving obese school children. Obesity status was defined using the body mass index (BMI) z-score from the World Health Organization (WHO) growth chart. Cardiometabolic risk factors presented in this study included fasting plasma glucose (FPG), triglycerides (TGs), total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), blood pressure, acanthosis nigricans, insulin resistance (IR), and MetS. MetS was defined using the International Diabetes Federation (IDF) 2007 criteria. Descriptive data were presented accordingly. The association between cardiometabolic risk factors, such as obesity status, and acanthosis nigricans with MetS was measured using multivariate logistic regression, which was adjusted for gender, ethnicity, and strata.

Results: Out of 924 children, 38.4% (n = 355) were overweight, 43.6% (n = 403) were obese, and 18% (n = 166) were severely obese. The overall mean age was 9.9 ± 0.8 years. The prevalence of hypertension, high FPG, hypertriglyceridemia, low HDL-C, and the presence of acanthosis nigricans among severely children affected by obesity was 1.8%, 5.4%, 10.2%, 42.8%, and 83.7%, respectively. The prevalence of children affected by obesity who were at risk of MetS in <10-year-old and MetS >10-year-old was observed to be similar at 4.8%. Severely children affected by obesity had higher odds of high FPG [odds ratio (OR) = 3.27; 95% confdence interval (CI) 1.12, 9.55], hypertriglyceridemia (OR = 3.50; 95%CI 1.61, 7.64), low HDL-C (OR = 2.65; 95%CI 1.77, 3.98), acanthosis nigricans (OR = 13.49; 95%CI 8.26, 22.04), IR (OR = 14.35; 95%CI 8.84, 23.30), and MetS (OR = 14.03; 95%CI 3.97, 49.54) compared to overweight and children affected by obesity. The BMI z-score, waist circumference (WC), and percentage body fat showed a significant correlation with triglycerides, HDL-C, the TG: HDL-C ratio, and the homeostatic model assessment for IR (HOMA-IR) index.

Conclusions: Severely children affected by obesity exhibit a higher prevalence of and are more likely to develop cardiometabolic risk factors compared to overweight and children affected by obesity. This group of children should be monitored closely and screened periodically for obesity-related health problems to institute early and comprehensive intervention.
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childhood obesity, severely obese, cardiometabolic risks, metabolic syndrome, acanthosis nigricans


1. Introduction

There is a high prevalence of obesity worldwide, affecting both adults and children (1, 2). The most recent national prevalence of overweight and obesity among Malaysian children aged 5–17 years was 15.0% and 14.8%, respectively (3). Despite an increase in the prevalence of obesity over the past 15 years, data on the impact of overweight, obesity, and severe obesity in young children in the world, including Malaysia, are still scarce. In some countries, the increase in childhood obesity preceded the increase in adult obesity (4). This high prevalence of obesity has led to heightened awareness and concerns relevant to many significant health problems, such as type 2 diabetes mellitus (T2DM), liver disease, hyperlipidemia, and cardiovascular disease (CVD), which consequently increase healthcare costs (5, 6). Several studies have shown that severe obesity was associated with a greater risk of weight-related complications, including abnormal lipid levels, blood glucose levels, and increased blood pressure (7, 8).

A systematic review and meta-analysis of 63 studies examining 49,200 children found that obesity was associated with significantly worse risk parameters for CVD in school-aged children (9). However, the finding was obtained from studies conducted in a highly developed country. Studies on cardiometabolic risk factors and their association with obesity status in school-aged children are still insufficiently explored in low- and middle-income countries, such as Malaysia. Cardiometabolic risk factors associated with obesity may include acanthosis nigricans, insulin resistance (IR), elevated blood pressure, and dyslipidemia, which may later lead to CVD and T2DM. A recent study by Garcia et al. (10) found that children affected by obesity with grade 3 acanthosis nigricans (the degree of severity in the neck by Burke's scale) were associated with increased waist circumference (WC), triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), total cholesterol, and homeostatic model assessment for IR (HOMA-IR), which might lead to vascular alterations. Similarly, our group also previously found that the majority of children with acanthosis nigricans (43%) were in the upper tertiles of the ratio of triglycerides to high-density lipoprotein cholesterol (TG: HDL-C) (11).

In addition to acanthosis nigricans, the metabolic syndrome (MetS), which encloses the clustering of cardiometabolic disorders, such as abdominal obesity, elevated fasting plasma glucose (FPG), dyslipidemia, and hypertension, is also an important tool for identifying individuals who are at a high risk of T2DM and CVD (12, 13). A previous study showed that the prevalence of obesity among Malaysian children diagnosed with MetS was 10% (14). The individual risk factors of MetS (abdominal obesity, high triglycerides, low HDL-C, high blood pressure, and high FPG) were found to be higher in children affected by obesity than in children with normal weight (14). The findings of this current study may provide a comparison of obesity status among school-aged children in Malaysia to previous studies and help develop effective policy measures to prevent obesity. Therefore, this study aimed to determine the prevalence of cardiometabolic risk factors and their association with obesity status among children who participated in My Body Is Fit and Fabulous at school (MyBFF@school) programs.



2. Methods


2.1. Study design and sampling

This study was a cross-sectional study, which used the baseline data of overweight, obesity, and severe obesity among young children who participated in the MyBFF@school phase II program. This programs was a school-based lifestyle intervention program that included nutritional–physical activity and psychology modules specifically designed for children affected by obesity (15). Between January and early March 2016, children and adolescents from 23 Malaysian Public Schools were screened. Eligible children were invited to participate in the intervention program. A written informed consent was obtained from parents or guardians, and the assent form was signed by the participating child.



2.2. Study participants

All children affected by obesity classified as overweight, obese, and severely obese according to the World Health Organization (WHO) body mass index (BMI) chart (16) using the BMI z-score criteria were eligible for this study. Children affected by obesity with a physical or mental impairment, with medical conditions that prevent him/her from participating in moderate-to-vigorous physical activity, with comorbidities that may interfere with the study (such as diagnosed T2DM, hypertension, nephritic syndrome, epilepsy, congenital heart disease, and skeletal anomalies), and on steroids, anti-epileptics, and methylphenidate were excluded from this study.

A total of 11,950 primary school children aged 8–11 years were screened, and 3,516 (29.4%) children were eligible to participate. Of the 3,516 children, 1,397 (39.7%) gave their consent to participate in this study, with 647 of them in the intervention group and the remaining 750 children in the control group. At baseline, children in both groups underwent a similar screening that was performed in the morning because children were assessed during fasting. In this paper, 924 children with complete anthropometric measurements and fasting blood parameters at baseline were analyzed (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow chart for My Body is Fit and Fabulous at School (MyBFF@school) study at baseline.




2.3. Anthropometric measurements

These measurements were taken two times, and their average was used in the data analysis. BMI was calculated by dividing weight in kilograms by the square of height in meters (kg/m2). The weight category was grouped based on the WHO BMI chart (16) using the BMI z-score criteria, which is overweight, obese, and severely obese. The BMI z-score was calculated using the WHO AnthroPlus 2007 software, with an indication of overweight > +1.0 standard deviation (SD), obese > +2.0 SD, and severely obese > +3.0 SD (an extended cutoff from the WHO growth curve) (17, 18). WC was measured using a non-extensible tape (Seca 201, Germany) to the nearest 0.1 cm at the midpoint between the lowest rib and the iliac crest. Body weight and the percentage of body fat (PBF) were measured using a bioelectrical impedance analysis (InBody 720, BioSpace, Korea). Children were required to stand barefoot on the body composition analyzer while holding electrode hand holders for 3 min.



2.4. Clinical measurements

Blood pressure reading was gathered manually by trained staff using a mercury sphygmomanometer (Accoson, UK) with an appropriate cuff size for each individual. Children were in a sitting position with their right upper arm positioned at the heart level and their feet flat on the ground. The reading was taken two times at 5-min intervals to improve accuracy, and the mean was recorded. Physical examination for acanthosis nigricans at the nape of the neck was performed by trained medical officers/pediatricians.

A venous blood sample (after a minimum of 8 h fasting) was collected by trained nurses/medical officers. To measure blood glucose, 2 ml of blood was collected in a sodium fluoride tube, and to measure the lipid profile (total cholesterol, triglycerides, HDL-C, and LDL-C), another 5 ml in a plain tube test tube was collected. All blood samples were labeled and transported in an ice box to the central laboratory of the Institute for Medical Research within 2 h of collection. Serum total cholesterol, triglycerides, HDL-C, and LDL-C were assessed by the enzymatic colorimetric method, while the FPG level was determined by the enzymatic oxidation colorimetric method. All samples were analyzed by Randox Laboratories (Antrim, UK) using an autochemical analyzer, Dirui CS-400.

Children with MetS were determined according to the International Diabetes Federation (IDF) 2007 definition, which was defined as having a WC of more than the 90th percentile with the presence of at least 2 other clinical characteristics (triglycerides ≥ 1.7 mmol/L, HDL-C < 1.03 mmol/L, blood pressure ≥ 130/85 mmHg, and FPG ≥ 5.6 mmol/L) (19). These criteria are set for children over 10 years of age. Therefore, children who were <10 years of age and fulfilled the above criteria were classified as being at risk of MetS.

The IR status was based on the HOMA-IR calculated by multiplying the value of fasting plasma insulin and FPG and then dividing the multiplied value by 22.5 (20). In prepubertal children, a score of HOMA-IR of ≥2.6 (21) was classified as IR and of <2.6 as insulin sensitive. In pubertal children, a score of HOMA-IR of ≥ 4.0 was categorized as IR, while a score of <4.0 was categorized as insulin sensitive (22).



2.5. Statistical analysis

All data analyses were performed using the IBM Statistical Package for the Social Sciences (SPSS) version 22. The normality test of continuous data was determined using the Kolmogorov–Smirnov test. Continuous data were presented as mean and SD, while categorical data were presented as frequency and percentage. Comparison of the means was determined using the Kruskal–Wallis test for non-normally distributed variables. The chi-squared test was used to compare differences between the categorical data. The association between cardiometabolic risk factors by obesity status and acanthosis nigricans with MetS was measured using multivariate logistic regression and adjusted for gender, ethnicity, and strata. Spearman's correlation test was used to correlate anthropometry (BMI z-score, WC, and PBF) with MetS components and IR. A p-value of <0.05 was considered statistically significant for all analyses.




3. Results

Baseline sociodemographics by obesity status are presented in Table 1. The final number of children with complete data was 924, ranging in age from 8.0 to 11 years, with a mean (SD) age of 9.8 (0.84) and a median age of 9.9 years. In total, 52.5% were men and 47.5% were women. The majority of children were Malay (75.4%), followed by Chinese (12.4%), Indians (10.4%), and other ethnic groups (1.7%). Of the 924 children, 38.4% were overweight, 43.6% were obese, and 18.0% of them were severely obese. No significant differences were observed between school locations.


TABLE 1 Sociodemographic at baseline by obesity status.
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Table 2 presents anthropometric, clinical, and biochemical profiles at baseline by obesity status. As data on continuous variables were not normally distributed, median results were reported. The median of both BMI and the BMI z-score increased as a function of obesity status. Similarly, median WC and PBF increased as a function of obesity status. There was no significant difference in the blood pressure measurement. From the biochemical profile, severely children affected by obesity demonstrated higher triglycerides, higher median (0.9 mmol/l) and lower HDL-C, and lower median levels (1.0 mmol/l) compared to overweight and children affected by obesity.


TABLE 2 Anthropometric measures, clinical measures, and biochemical profile at baseline by obesity status.
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Table 3 presents the prevalence of cardiometabolic risk factors by obesity status. It was found that the prevalence of all cardiometabolic risks was significantly higher with a greater degree of obesity. Severely children affected by obesity had a significantly higher prevalence of hypertension, high FPG, high triglycerides, and low HDL-C with frequencies of 1.8%, 5.4%, 10.2%, and 42.8%, respectively, compared to overweight and children affected by obesity. The presence of acanthosis nigricans was significantly more common in severely children affected by obesity, which was 83.7% as compared to 58.8% in children affected by obesity and 31.3% in overweight children. Severely children affected by obesity also had the highest prevalence of IR using the HOMA-IR calculation, which was 72.8% and exhibited the highest value of the TG: HDL-C ratio. All severely children affected by obesity had WC above the 90th percentile (p < 0.001). Severely children affected by obesity had the highest PBF (45.5%), followed by 39.8% in children affected by obesity and 32.6% in overweight children. For children over 10 years of age, the prevalence of MetS increased significantly with the degree of obesity, which was 0.3%, 2.7%, and 4.8% in overweight, obese, and severely children affected by obesity, respectively. A similar prevalence of being at risk of MetS was also observed among children <10 years of age of 0.6%, 2.0%, and 4.8% in overweight, obese, and severely children affected by obesity, respectively.


TABLE 3 Prevalence of cardiometabolic risk factors by obesity status.
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The association between cardiometabolic risk factors and obesity status is shown in Table 4. Severely children affected by obesity had significantly higher odds (OR = 3.27; 95% confidence interval (CI) 1.12, 9.55) of having abnormal FPG levels compared to children affected by obesity. They also had higher odds of hypertriglyceridemia (OR = 3.50; 95%CI 1.61, 7.64), lower HDL-C (OR = 2.65; 95%CI 1.77, 3.98), the presence of acanthosis nigricans (OR = 13.49; 95%CI 8.26, 22.07), IR (OR = 14.35; 95%CI 8.84, 23.30), and MetS (OR = 14.03; 95%CI 3.97, 49.54). However, there was no significant difference in the odds of having high levels of total cholesterol and LDL-C.


TABLE 4 Association between cardiometabolic risk factors and obesity status.
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Table 5 presents the association between adiposity measures (BMI z-score, WC, and PBF) and MetS components and IR. A higher correlation was observed between adiposity measures and IR surrogate markers (HOMA-IR and TG: HDL-C ratio) compared to MetS components (r ≈ 0.4, p < 0.001 and r ≈ 0.2, p < 0.001). Additionally, a significant correlation was found between adiposity measures and triglycerides and HDL-C. All three adiposity measures were not significantly correlated with blood pressure and FPG.


TABLE 5 The correlation between adiposity (BMI z-score, WC, and PBF) and metabolic syndrome components and insulin resistance.
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According to Table 6, children affected by obesity affected by acanthosis nigricans were two times as likely to develop MetS, i.e., 2.22 (95%CI 1.09, 4.52), after adjusting for gender, ethnicity, and strata.


TABLE 6 The association between acanthosis nigricans and metabolic syndrome.
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4. Discussion

My Body Is Fit and Fabulous at school is a school-based lifestyle intervention program to combat obesity among overweight, obese, and severely children affected by obesity. We studied the prevalence of cardiometabolic risk factors and their association with obesity status among children using the baseline information from this intervention program. To our knowledge, this is one of the large-scale studies in Southeast Asia to embark on understanding the health-related problems among severely children affected by obesity aged 8–11 years in the community. Alarmingly, severely obese young children was almost in the proportion of 20%, which means that they were more likely to remain obese in adulthood and develop complications, such as high LDL, hypertension, and T2DM (23). A similar trend was reported in the USA. According to the National Health and Nutrition Examination Survey, the rates of obesity among children and teenage have increased to more than threefold since the 1970s, along with the rates of severe obesity increasing more than fivefold in the same period (24, 25). Therefore, it is vital to determine the clinical characteristics of this group of children. This information will give more insights into the health risk of these children. Then, the obesity strategy could be governed from prevention to early diagnosis and treatment.

It is not surprising to note that severely children affected by obesity had the highest prevalence and a greater likelihood of having cardiometabolic risk factors compared with overweight and children affected by obesity. For example, a study of 8,579 obese American children and young adults demonstrated that the mean for cardiometabolic variables and the prevalence of abnormal values were higher with greater severity of obesity, particularly triglycerides and HDL-C (26). According to a follow-up study by Morrison et al. (27), the occurrence of CVD in adulthood was highly predicted by individuals with hypertriglyceridemia in childhood. Furthermore, the association between atherosclerosis in young children and elevated BMIs was long proven by the autopsy of children and young adults from the Bogalusa Heart Study (28). Additionally, youth with traditional CVD risk factors associated with childhood hypertension (e.g., homozygous or heterozygous familial hypercholesterolemia), severe obesity, and T2DM are at a higher risk of CVD (29). Our study highlighted that a high proportion of young but obese healthy children (8–11 years) already demonstrated a poor cardiometabolic profile, which could potentially lead to premature cardiovascular events if left unattended (18).

We also found a higher prevalence and greater likelihood of having acanthosis nigricans among severely children affected by obesity. The increase in adipose tissues during childhood is a plausible starter to develop abnormal glucose metabolism associated with IR (30). This supports the presence of acanthosis nigricans as one of the clinical markers of IR in children affected by obesity (31). Our study showed that children affected by obesity with acanthosis nigricans were two times as likely to have MetS, which was consistent with a few other reported studies among children (32, 33). This observation is important as a cohort study by Morrison et al. (34) found that 10-year-old girls diagnosed with both MetS and hyperinsulinemia had a high frequency of progression to T2DM 14 years later.

Along with obesity, the prevalence of MetS has increased worldwide. Its prevalence affects not only adults but also children (4). In this study, we chose the IDF 2007 definition as the definition of MetS for children that are currently being used worldwide, stratified by age with fixed cutoffs for blood pressure, lipids, glycemia, and abdominal circumferential points assessed by percentile (35). Additionally, the presence of MetS using this definition is predictive of an increased cardiometabolic risk (36). Surprisingly, 4.8% of severely children affected by obesity younger than 10 years of age were already at risk of having MetS. The percentage was comparable to that of severely children affected by obesity who were 10 years of age and over and had MetS. Fortunately, this prevalence is much lower than that reported in a school-based study by Palhares et al. (37), with 13.6% of obese Brazilian children having MetS (using the same definition of MetS).

In addition, our findings showed that all adiposity markers, i.e., BMI, WC, and PBF, were significantly correlated with the HOMA-IR, TG: HDL-C ratio, triglycerides, and HDL-C. Interestingly, although there was no correlation with FPG, the highest correlation was observed with HOMA-IR, suggesting that childhood obesity studies should venture into IR beyond glucose measurements. Previous studies also showed that most obese and IR individuals did not develop hyperglycemia (38). However, the association between IR and childhood obesity is beyond the scope of this article. Moreover, a non-significant correlation with MetS components, such as high LDL-C and hypertension, could be explained by the age of the children involved in this study. This study involved young children in the early years of obesity. Therefore, complications such as high LDL-C, hypertension, and diabetes were not yet observed as these diseases were time-sensitive (depending on the chronic level of obesity).

The major strength of this study is that it is a community-based study with a large data set, with a huge number of students being screened, and with ages as early as 8 years old. In addition, our study included severely children affected by obesity, while other studies tended to exclude them. As proven in the present study, severely children affected by obesity were more likely to have cardiometabolic risk factors. Additionally, the HOMA-IR cutoff was adopted based on pubertal stages, considering the influence of the pubertal state with IR (39, 40). Another strength of this study was that proportionate random sampling was used to select schools to ensure sufficient representation of multiethnic and socioeconomically diverse populations in Malaysia. An adjustment for potential confounding factors was also done for the association between cardiometabolic risk factors and obesity status.

Nevertheless, this study has some limitations. One limitation is that we do not have adequate information on the socioeconomic status despite attempting our best to obtain the parental monthly income. However, we do have the information on strata, either from the urban or rural school, which broadly indicates their socioeconomic background. Hypertension could not be further analyzed as there were very few children with hypertension. It is impossible to explain the causal relationship between obesity markers and a cardiometabolic risk as this study only used the baseline data from an intervention study. In essence, we recommend initiating a cohort study to investigate the association further.



5. Conclusion

This study has demonstrated that severely obese young children aged 8–11 years have a significantly greater cardiometabolic risk, which may lead to premature cardiovascular complications, such as myocardial infarction, or cerebrovascular accidents. This finding is particularly important in managing childhood obesity, and it is therefore essential to implement effective intervention programs for severely children affected by obesity. These young children require early and targeted intervention. Additionally, obesity-related health problems should be monitored closely and screened periodically to evaluate both prevention and treatment strategies.
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Left ventricular non-compaction is a complex cardiomyopathy and the third largest childhood cardiomyopathy, for which limited knowledge is available. Both pathogenesis and prognosis are still under investigation. Currently, no effective treatment strategy exists to reduce its incidence or severity, and symptomatic treatment is the only clinical treatment strategy. Treatment strategies are constantly explored in clinical practice, and some progress has been made in coping with the corresponding symptoms because the prognosis of children with left ventricular non-compaction is usually poor if there are complications. In this review, we summarized and discussed the coping methods for different left ventricular non-compaction symptoms.


KEYWORDS
left ventricular non-compaction (LVNC), therapy, children, myocardiopathy, heart failiure





Introduction

With the advancements in diagnosis and treatment techniques, the detection rate of myocardial insufficiency in children has increased. Left ventricular non-compaction (LVNC) is a rare and complex condition in children with cardiomyopathy. It is characterized by the presence of thick and reticulated myocardial trabeculae in the ventricular cavity with deep, sunken fossae connecting to the left ventricular cavity. In recent Australian retrospective studies, the incidence of LVNC in children was reported to be approximately 0.11/100,000 (1), and several investigations demonstrated that the majority of pediatric patients with LVNC have a poor prognosis, especially those with comorbidities other than cardiomyopathies (1–4).

At present, LVNC is the most commonly used diagnostic method to detect the morphological characteristics of left ventricle by echocardiography. In the past cohort studies, specific echocardiographic criteria were established, including Jenni, Chin and Stollberger (5–7). And the widely used LVNC diagnostic criteria are mainly Jenni diagnostic criteria. Mainly in these aspects: (a) it includes dense layer and non-dense layer, and the ratio of the thickness of non-dense layer myocardium to the thickness of dense layer myocardium is more than 2 (children are more than 1.4), so it is necessary to pay attention to the measurement time in systole. (b) The lesion area is generally located at the apex of the heart (>80%), and some patients’ lateral walls and inferior walls will be involved. (c) Color Doppler can see that there is blood flow communication, but it should be noted that blood flow is not connected with coronary circulation.

It is worth mentioning that, in recent studies, LVNC is not usually recognized and LV hypertrabeculation is perhaps more accurate (8). This is because in studies of some adult cases, it has been found that the degree of myocardial trabecular densification varies from one person to another and from one site to another in the same individual. For some adult myocardial tissue, the degree of myocardial non-dense on imaging may meet the diagnostic criteria, but the patient does not show any symptoms. In addition, myocardial nondensification is usually accompanied by other cardiac diseases such as dilated cardiomyopathy or hypertrophic cardiomyopathy, but there is no clinical evidence that their outcome and prognosis are affected by the degree of myocardial nondensification. When these patients are diagnosed with LVNC, perhaps overdiagnosis is involved, and this may be normal in some patients, such as pregnant women or athletes. Therefore, the use of LV hypertrabeculation, more inclined to describe the imaging phenotype, is more recommended in studies than easily as a clinical diagnosis.

However, in pediatric cases, the use of LV hypertrabeculation in children still requires caution due to the paucity of relevant studies and the fact that, as a congenital heart disease, it is not easy to determine differences in the degree of myocardial trabecular densification in children given the relatively short time of cardiac development in children compared to adults. In this article, we tentatively follow the diagnosis of LVNC because of the inability to obtain strong support.

The clinical symptoms of LVNC in children are complex. LVNC may be clinically asymptomatic or present with a variety of symptoms such as chest pain, dyspnea, and palpitations; however, three main clinical symptoms require urgent attention (9–12). The most common and the most important is heart failure, which is associated with most of the other clinical symptoms (13–16). Thromboembolism and arrhythmias are also common complications of high clinical concern in patients with LVNC. In addition, these patients often have a neuromuscular disease and may experience fatigue (17, 18), muscle aches and pains, and elevated creatine kinase levels (19). The relevant data are compiled in Table 1. Moreover, even though several children with LVNC have adverse outcomes, to date, no clinically targeted treatment exists, and only symptomatic or prophylactic treatment is available (20–23).


TABLE 1 Clinical findings in pediatric patients with isolated non-compaction cardiomyopathy.

[image: Table 1]

Generally speaking, left ventricular noncompaction is a congenital disease with unknown etiology (26). At present, there is no literature to prove that adult myocardial noncompaction has an acquired trend or mechanism. Some patients with left ventricular noncompaction are asymptomatic from birth to onset, and it is not discovered until they have heart-related symptoms or physical examination. This is called myocardial noncompaction in adults. Therefore, both adults and children with myocardial noncompaction are congenital diseases, but the time of discovery or symptoms is different (27).

In this review, we discuss current advances in the clinical management of the different symptoms of LVNC to further the search for more effective treatments for the various related complications and facilitate the progress of clinical research. The latest treatment strategy, indications and contraindications are compiled in Figures 1–3. Simultaneously, our review provides potential insight for clinical discoveries in the treatment of LVNC.
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FIGURE 1
Treatment of LVNC complicated with heart failure.
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FIGURE 3
Treatment of LVNC complicated with thromboembolism.




Heart failure

Patients with LVNC can show many symptoms or no symptoms. To be sure, LVNC can lead to heart failure (9, 15). However, according to the researchers’ data, among LVNC patients, patients with heart failure symptoms have worse prognosis and higher mortality than those with isolated LVNC (28, 29). However, some researchers think that heart failure is not a high-risk factor for LVNC (1, 30, 31). Under any circumstances, prevention and treatment of heart failure should be prioritized (32) (Figure 1).

However, prevention and treatment of heart failure in children still require improvements. The etiology of heart failure in children, usually caused by congenital heart disease, is different from that in adults, which is usually ischemic. Therefore, the therapeutic management of heart failure in children also differs from that in adults in some respects. The onset of heart failure in children is usually associated with symptoms such as fatigue, shortness of breath, exercise intolerance, and sometimes more serious symptoms, therefore necessitating prompt and effective treatment. There are two widely accepted clinical principles of treatment: elimination of the cause and control of symptoms and disease progression (33, 34). The primary goal of managing children with heart failure is to closely monitor their general condition and arrange nutritional support rationally. For children with LVNC, close attention should be paid to changes in oxygen partial pressure and provide ventilation support if necessary. Additionally, digoxin should be administered to enhance myocardial contractility in children with LVNC and left heart systolic dysfunction. Other clinically recognized and recommended drugs include β-blockers and those of the ACEI class (33, 35, 36).

Ivabradine is a selective inhibitor of sinus node If current, which can specifically reduce the heart rate, but has no obvious effect on cardiac conduction time, myocardial contractility and ventricular repolarization (37). Clinical studies show that heart rate is significantly related to the prognosis of heart failure, and ivabradine can reduce the hospitalization rate and mortality rate of HF (25, 38, 39). Many authoritative heart failure guidelines strongly recommend HF (heart failure with reduced ejection fraction) for adults as Class IIa (38, 40–42), and pediatric heart failure guidelines are recommended as promising drugs for HF(chronic heart failure (CHF) in children (43). At present, only tablets are approved for adult CHF in China, and the Food and Drug Administration (FDA) has supplemented and approved oral liquid and tablets for children with stable HF caused by DCM for 6 months and above, which provides evidence-based evidence for clinical use in pediatrics. Specific usage and dosage are as follows: (1) for children over 6 months old and weighing less than <40 kg, the initial dosage is 0.05 mg/kg, twice a day, taken with meals, and the dosage is adjusted every two weeks according to the tolerance to reduce the heart rate by at least 20%; the maximum dose is 0.2 mg/(kg/times) (children aged 6 months to <1 year) or 0.3 mg/(kg/times) (children aged ≥1 year), and the total dose does not exceed 7.5 mg/time. (2) Children with body weight ≥40 kg: the initial dose is 2.5 mg, twice a day, and the dose is adjusted every two weeks according to the tolerance to reduce the heart rate by at least 20%, and the maximum dose is 7.5 mg/time (44).

Phase II/III clinical studies show that ivabradine can safely and effectively reduce the resting heart rate of children, and the left ventricular ejection fraction, clinical cardiac function classification and quality of life have a good improvement trend (24). At the same time, because it is dose-dependent, its activity depends on the opening and closing of If current channel, which can reach saturation state and prevent the adverse events of infinite decrease of heart rate (45, 46). It provides a new drug treatment idea for children with heart failure who still have symptoms, reduced left ventricular ejection fraction (LVEF), sinus rhythm and resting heart rate of not less than 70 beats/min after using traditional anti-heart failure drugs simultaneously, and can be used as an alternative. At the same time, considering its characteristics of direct action on sinus node and few adverse reactions, it has a good application prospect for the treatment of heart failure in children with sinus tachycardia.

Long-term use of β-blockers can improve the symptoms and quality of life of adults with heart failure, and reduce the risk of death and hospitalization. However, children's studies show that carvedilol can improve the echocardiographic parameters and serum brain natriuretic peptide (BNP) level to some extent, but it has only a tendency to improve the prognosis of clinical heart failure (47–49). Therefore, there is not enough data to recommend or prevent it for children with congestive HF.

Some studies demonstrate the effectiveness of using drugs such as sacubitril/valsartan and SGLT2 inhibitors for the treatment of heart failure (34); however, this drug has only been proved to be applicable to the treatment of heart failure in adults, and no study has proved that this drug can be applied to children. Therefore, the safety and effectiveness of this drug in children patients are unknown. Besides, although the research on the efficacy of diuretics in pediatric HF population is limited at present, it can be confirmed that diuretics play an important role in the acute management of symptomatic HF patients. Through the review of adult diuretic treatment, it is confirmed that the use of diuretics can effectively alleviate symptoms, reduce the onset of HF deterioration and improve living conditions (50). Through these data and empirical evidence, it is enough to prove that their routine use in the emergency of HF children is reasonable. Diuretics can reduce the fluid accumulation in children and reduce the burden on the heart (51).

However, although these studies suggest that their use in patients with heart failure is warranted, it is unknown whether they can improve the condition of patients with LVNC. Therefore, after clinical trials and evaluation, these drugs may be promising (52, 53).

Although pharmacological therapy can significantly improve the quality of life in children with heart failure, there is still a large proportion of children with poor prognosis owing to disease progression or other factors; therefore, these children should be considered for cardiac assist device implantation or even heart transplantation (33, 54). The implantation of a left ventricular assist device (LVAD) has been shown to be effective when medications fail to improve LV systolic and diastolic function in patients with LVNC (55). In an Italian study (56), researchers concluded that cardiac resynchronization therapy(CRT) was effective in improving LV function in 52 heart failure volunteers (20 with DCM plus LVNC and 32 with DCM alone) using cardiac resynchronization therapy and was more effective in patients with LVNC than in those with DCM alone. The efficacy becomes more evident with a larger area of myocardial densification. Heart transplantation as the ultimate treatment must be beneficial for patients with LVNC or even other cardiomyopathies (57, 58), but few cases of heart transplantation have been performed. Mexico reported the first case of a 20-year-old LVNC patient who underwent heart transplantation (59), and the outcome was successful within 15 months with no acute rejection on intramyocardial biopsy. Its long-term prognosis needs further follow-up investigation (60–63).



Arrhythmia

Arrhythmias in patients with LVNC usually symptomatically manifest as weakness and palpitations (13, 14) and require attention and effective treatment (20, 64). All patients with LVNC who develop arrhythmias should be routinely treated with antiarrhythmic drugs. In a limited pediatric cohort study, the use of β-blockers et al. antiarrhythmic drugs was found to reduce left ventricular ejection fraction and volumes significantly in patients with LVNC (35, 65), with carvedilol having effectively improved left ventricular function; however, the long-term efficacy is unclear (66). Sotalol has been proved to be effective in the treatment of ventricular arrhythmia and atrial fibrillation in both adults and pediatrics (67, 68). It is worth mentioning that antiarrhythmic drugs should be used with caution because of their side effects and unknown risks (35, 69, 70) (Figure 2).
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FIGURE 2
Treatment of LVNC complicated with arrhythmia.


In addition, the use of implantable cardiac defibrillators can effectively prevent ventricular tachycardia and sudden death (71–73). Implantation is especially indicated when at least one of the following conditions is met: left ventricular ejection fraction ≤35% (74), sustained ventricular tachycardia or previous cardiac arrest (75), presence of comorbidities or family history of genetic disorders (76). Risk assessment by analyzing the ECG characteristics of patients with cardiomyopathy has also been performed to determine the risk of ventricular tachycardia (77) for early detection and prevention, and to provide some guidance for the use of implantable cardiac defibrillators.

A direct and effective approach for the treatment of arrhythmias is catheter radiofrequency ablation (60, 78), which has great treatment advantages as the procedure is easy to perform, does not cause damage to the heart, and is minimally invasive, while the patient bears minimal pain and recovers quickly. However, some recent investigations have found arrhythmogenic lesions in the epicardial tissue, requiring the endocardium and epicardium to be operated (19, 36, 79). In the study by Sohns et al., 10 of 18 patients with LVNC underwent catheter radiofrequency ablation (two of them underwent endocardial and epicardial ablation) with a 90%success rate. After follow-up, the mortality rate of patients who did not undergo radiofrequency catheter ablation was approximately three times higher than that of patients who underwent radiofrequency catheter ablation; thus, it was concluded that radiofrequency catheter ablation is safe and effective for patients with LVNC (71). In addition, catheter radiofrequency ablation is contraindicated in patients with wall thrombus in the ventricular cavity, which may lead to dangerous thrombus dislodgement.



Thromboembolism

Owing to the presence of myocardial trabecular gaps in LVNC patients, there is a high risk of thrombus formation during blood flushing (36, 80). Statistically, the risk of thrombosis in patients with LVNC is about 21%–38% (52, 81). Thrombosis can be a fatal threat as it may cause complications such as stroke, pulmonary embolism, and mesenteric ischemia (Figure 3).

It is well known that anticoagulation and thrombolytic therapy are clinically applied for patients with LVNC who have thrombosis. However, the need for prophylactic anticoagulation in these patients is still controversial. Although there is a lack of prospective studies to make predictions, according to some recent studies and current medication guidelines (9, 82), prevention of thromboembolic complications is a clinical priority and all patients with LVNC require routine prophylaxis against thromboembolism (83, 84). In a 30-month investigation on a cohort including 17 patients with LVNC, Ritter et al. found that the incidence of thromboembolism was approximately 24%; therefore, the researchers concluded that thromboembolism occurs independent of left ventricular function and size, and that LVNC itself is a high-risk factor for it. Ultimately, the researchers supported anticoagulation for all patients with LVNC (84).

Anticoagulation is not necessary in asymptomatic patients or those with normal cardiac function and it even increases patient burden. In a mean follow-up of 229 patients with LVNC without AF by Fazio et al., the incidence of thromboembolic events was only 2.1% (85). Instead, in more severe cases, other studies found prophylactic anticoagulation in patients with heart failure to increase the risk of bleeding (86, 87).

Nonetheless, anticoagulation is clinically mandatory when LVNC patients have reduced cardiac systolic function, an ejection fraction below 40%, or thromboembolism or previous atrial fibrillation (88–90). Since the risk of thrombosis is substantially increased in patients with LVNC due to the deep grooves between myocardial trabeculae, prophylactic anticoagulation is not a problem in asymptomatic patients, although the risk of bleeding due to anticoagulation therapy cannot be ignored. In clinical practice, patients are treated according to their needs and the corresponding guideline criteria. In general, the CHADS2/CHADS2-Vasc score is commonly used as a medication guideline to analyze the risk of thromboembolism in children with LVNC (26, 91).

Unfortunately, in all anticoagulant therapy strategies, even within the normal treatment range, bleeding is inevitable, which is also a major complication of anticoagulant therapy (92, 93). The risk level of bleeding can refer to Spyropoulos’ research (94). When bleeding occurs during anticoagulation, there is no way to prevent it. When bleeding occurs during anticoagulation, the location, cause and severity of bleeding should be evaluated as quickly and accurately as possible, and specific treatment should be given, including mechanical pressing and lowering the dose of anticoagulant (95). When massive bleeding occurs (the standard is that the bleeding is serious enough to require major medical intervention, such as blood transfusion or surgery, and the prognosis is extremely poor) (92, 96), generally speaking, it is necessary to stop anticoagulation treatment immediately, quickly evaluate the degree of bleeding and life state of the patient, use specific reversal agents to reverse the anticoagulation effect, and use mechanical ventilation and blood transfusion to maintain life if necessary (97–100). As long as the patient has bleeding or bleeding risk during anticoagulation, it is necessary to closely detect the patient's life state, maintain the patient's body temperature and closely detect the patient's blood gas ion stability. However, if careful anticoagulation is carried out according to the known bleeding risk factors, the risk of bleeding will be greatly reduced (101).

In addition, recent clinical case reports have shown (27) that a 65-year-old patient with LVNC in Japan suffered from worsening symptoms such as dyspnea and heart failure. After being hospitalized in an emergency department, the patient was found to have cerebral infarction. After establishing a perfect cardiopulmonary bypass, a left ventricular incision was made to remove the thrombus in the ventricle. At the same time, the protruding muscle trabecula in the patient's left ventricle was removed as much as possible. After the operation, the patient's left ventricular diastolic function and left ventricular ejection fraction were gradually improved within one year, and serious symptoms such as heart failure could be effectively solved by eliminating the cause. Therefore, excision of prominent trabeculae may be effective in improving symptoms of LVNC patients (102–104), which also provides a novel direction for the treatment of LVNC; however, its long-term prognosis still needs further follow-up.



Prospective treatment

Gene mutations, such as those involving sarcomere and ion channel genes/proteins, can lead to LVNC (91). It has been demonstrated (105) that LVNC can be induced in the mouse heart using excess All-Trans Retinoic Acid. The successful establishment of this animal model provides a completely new platform for exploring potential LVNC therapeutic approaches in the future. In 2007 Takahashi et al. (106) successfully generated iPSCs cells from adult human dermal fibroblasts. It provides a basis for cultivating LVNC animal models (107). Moreover, recent studies are gradually devoted to constructing iPSCs model to further explore the pathways that may be related to the pathogenesis and treatment direction of LVNC. For example, some researchers have successfully established an LVNC-derived IPS cell model, and detected that the expression level of RhoA protein, a key protein of Rho pathway, is up-regulated and the degree of phosphorylation is significantly increased in the disease group (abnormal cytoskeleton changes) by Western blot, suggesting that this change may be related to Rho/ROCK pathway. Researchers believe that the imbalance of cytoskeleton and polarity may be involved in the occurrence of myocardial noncompaction, and the change of Rho/ROCK pathway activity may be its potential pathogenesis. Although there is not a lot of data to support it, it still provides a new idea for the treatment of LVNC (108).

The implementation of gene editing technologies, including zinc finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENs), and clustered regularly interspaced short palindromic repeats (CRISPR) systems (109), has made the generation of LVNC cardiomyocytes a reality. Gene editing techniques have been widely utilized in cardiomyopathy research and there have been attempts to explore the role of various genes in the pathogenesis of LVNC (110, 111). There have been successful experiments using TALENs technology to introduce MYH7 mutated genes into a pig model to obtain a HCM model (112). Further, the ability to obtain LVNC animal models provides greater opportunities for treatment experimentations, including the possibility of preventing or eliminating LVNC by means of gene knockout or mutant gene repair, which should be gradually considered (113). However, the effectiveness of genetic strategies to treat LVNC and ethical considerations warrant further discussion and reviewing.



Prevention and restrictions on daily activities

In addition to the distinct symptomatic treatment described above, another potential strategy is worth exploring for patients with LVNC. It is well known that patients with symptomatic LVNC have much higher mortality and worse prognosis compared to those with an asymptomatic presentation (74, 114), especially in patients with concomitant heart failure. Although controlling LVNC symptoms’ manifestation is impossible, its diagnosis before symptom development can effectively improve quality of life. In a retrospective cohort study in Japan (31) from 2000 to 2017, 44 of 105 pediatric LVNC patients (41.9%) were identified during school screening, and most of these students exhibited abnormal QRS wave segments on the electrocardiogram (ECG). With the detection of ECG abnormalities, school screening may be an important factor in the detection of patients with LVNC in the future (Table 1).

In addition, genetically screening families of patients with LVNC, may also elucidate whether LVNC is hereditary and determine what changes in their family's related gene is responsible and what effects this change might bring to their relatives, which could be important for future LVNC eradication and prevention (20, 115). According to statistics, the proportion of LVNC patients with family history is tremendous (Table 1).

Patients with LVNC can potentially engage in moderate physical activity (60, 116); this in turn can help prevent cardiovascular disease, as stated in the 2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease (117); the section for patients with LVNC states that only individuals with LVEF >50% and without arrhythmias should engage in high-intensity physical activity as well as competitive sports, and only individuals with LVEF >40% should engage in appropriate physical activity. However, the expected outcome requires further clinical investigation.



Perspectives and conclusion

Although we cannot currently predict the occurrence of LVNC and no definitive treatment is yet available, we can provide patients with a better quality of life through aggressive symptomatic and preventive treatment.

Many studies have successfully identified genes associated with cardiomyopathy (118–125), and this information can be employed in genome editing technology (126); while gene therapy will progressively develop in an increasing number of genetic tests, making the future eradication of LVNC promising, researchers are constantly refining genomic and proteomic analyses through animal models. These studies provide ideas for new therapeutic strategies in the future.

However, hopes always coexist with challenges, and the safety and effectiveness of genome editing technology cannot be guaranteed (127–129). Currently, human genome editing therapy technology is still under development. Whether in the experimental design or environment different from the human body, the therapeutic effect of gene therapy on cardiomyopathy is uncertain. Although the experimental data are promising, guaranteeing its effectiveness for practical clinical application is impossible. Moreover, owing to the great unknown of genome therapy, its toxicity and side effects may also be unsustainable. The possibility that gene editing may cause other mutations or symptoms must be considered. Moreover, most current gene therapy strategies are conducted on animal models, and once they are ready to be applied to human bodies, we must ask ourselves about the potential practical and clinical problems; for instance, who is the subject of gene editing, when and under what circumstances, what might be the possible consequences, treatment measures, and expected results. The related human genome editing program must be conducted through constant research and discussion. It is necessary to ensure not only its rationality and effectiveness but also ethical proceeding. Only with the support of a multidisciplinary team of professionals can we advance human genome editing treatment strategies (130, 131).

In conclusion, patients with LVNC of any type should be closely followed up and analyzed because of the conditions’ unknown nature and poor prognosis (132–134). Especially when LVEF function decreases, the prognosis of patients will be worse (28, 70, 135). We also recommend perfect genetic testing for every LVNC patient and their immediate family members, which will be of great importance to advance our research for patients with LVNC.
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Introduction: Burn injury in children causes prolonged systemic effects on physiology and metabolism leading to increased morbidity and mortality, yet much remains undefined regarding the metabolic trajectory towards specific health outcomes.

Methods: A multi-platform strategy was implemented to evaluate the long-term immuno-metabolic consequences of burn injury combining metabolite, lipoprotein, and cytokine panels. Plasma samples from 36 children aged 4–8 years were collected 3 years after a burn injury together with 21 samples from non-injured age and sex matched controls. Three different 1H Nuclear Magnetic Resonance spectroscopic experiments were applied to capture information on plasma low molecular weight metabolites, lipoproteins, and α-1-acid glycoprotein.

Results: Burn injury was characterized by underlying signatures of hyperglycaemia, hypermetabolism and inflammation, suggesting disruption of multiple pathways relating to glycolysis, tricarboxylic acid cycle, amino acid metabolism and the urea cycle. In addition, very low-density lipoprotein sub-components were significantly reduced in participants with burn injury whereas small-dense low density lipoprotein particles were significantly elevated in the burn injured patient plasma compared to uninjured controls, potentially indicative of modified cardiometabolic risk after a burn. Weighted-node Metabolite Correlation Network Analysis was restricted to the significantly differential features (q <0.05) between the children with and without burn injury and demonstrated a striking disparity in the number of statistical correlations between cytokines, lipoproteins, and small molecular metabolites in the injured groups, with increased correlations between these groups.

Discussion: These findings suggest a ‘metabolic memory’ of burn defined by a signature of interlinked and perturbed immune and metabolic function. Burn injury is associated with a series of adverse metabolic changes that persist chronically and are independent of burn severity and this study demonstrates increased risk of cardiovascular disease in the long-term. These findings highlight a crucial need for improved longer term monitoring of cardiometabolic health in a vulnerable population of children that have undergone burn injury.

KEYWORDS
 metabolomics, precision medicine, cardiometabolic disease risk, child health, burn injury, NMR, inflammation, cytokines


1. Introduction

Non-severe burn injury, defined as less than 20% total body surface area (TBSA), is a common childhood medical insult, accounting for over 85% of pediatric burn cases in Australia (1). Recent research has demonstrated that even non-severe childhood burns are associated with a significant increase in hospitalization for a range of morbidities, including cardiovascular diseases, suggestive of a sustained systemic response to this type of injury (2). However, non-severe burn injury has traditionally been less well-studied than severe burns (2). Severe burn injury induces a global multisystemic effect, far beyond the initial site of injury, and the subsequent hypermetabolic response has been shown to persist for several years post-injury, even when no scarring remains (3). However, the extent and nature of this response in non-severe burns is less well established.

The burn-induced hypermetabolic response is thought to result from a physiological drive toward healing, which causes elevated catabolism (4), inflammation and sustained stress hormone release (5). The hypermetabolic state has been found to be persistent in many patients with severe burns, with its resolution linked to the longevity and duration of exposure to elevated levels of catecholamines, cortisol and glucagons (6). Serum cortisol measurements, and a range of cytokines including IL-6 and TNF-α have been reported to remain significantly increased for up to 3 years post-burn injury in children (7). This heightened proinflammatory state is typically accompanied by hyperglycemia and increased insulin resistance, independent of burn severity (8). Post-burn dysregulation of metabolism and immune regulation has also been associated with increased production of reactive oxygen species (ROS) and reactive nitrogen species such as nitric oxide and peroxynitrite (9). While severe burns have been well documented to induce this chronic inflammatory and hypermetabolic response, the mechanisms behind these chronic aberrations and whether these changes persist after non-severe burns, is less clear (10, 11).

One of the hallmarks of burn injury is the high rate of hospital admissions for cardiovascular disease (CVD) compared to the general population within the first few years post-injury (12). However, some researchers report no such elevation in CVD risk (13). Our prior work, deploying targeted metabolic phenotyping strategies to map the hypermetabolic state present in children long after recovery from a non-severe burn injury, demonstrated increased plasma levels of multiple amino acids and the neurotoxic metabolite quinolinic acid (14) but did not assess whether there are sustained metabolic changes that might be associated with the observed increased risk of cardiovascular disease (15). In order to address this substantial research gap, here we utilize 1H Nuclear Magnetic Resonance (NMR) spectroscopy to measure a wide panel of plasma metabolites. We apply three different pulse sequences to capture different molecular panels including lipoproteins (quantified based on the standard 1D NMR pulse sequence); small molecules (spin echo pulse sequence to attenuate contributions of macromolecules) and the JEDI pulse sequence (combining three spectroscopic editing techniques: diffusion; relaxation; J-editing to suppress small molecules and large proteins/lipoproteins) to capture biomarkers of inflammation. Together these pulse sequences enabled assessment of the metabolic landscape associated with the risk and incidence of cardiovascular disease (16). We identify a systemic signature of dysregulated lipoproteins associated with prior burn injury that may be linked to altered CVD risk post burn-injury.



2. Results


2.1. Metabolic phenotypes indicate persistent metabolic effects of burn injury in children

Differentiation of children with prior burn injury versus no burn injury was apparent for all three data sets focusing on lipoproteins, small molecules, and the inflammatory NMR panel (17). Orthogonal Partial Least Squares-Discriminant Analysis (OPLS-DA) is a robust statistical strategy to interrogate features in high-dimensional data, utilizing supervised regression analysis to define variation for class discrimination (18). The OPLS-DA models of all three sets of spectral data indicated there were significant metabolic differences between the prior burn injury and the control groups. The strongest classifier of burn injury was based on the standard 1D NMR pulse sequence dataset suggesting that burn injury was defined by a broad metabolic response as the standard profile contains contributions from low molecular weight molecules, lipoproteins, and glycoproteins. The cross-validated OPLS-DA model yielded a predictive value (Q2Y) of 0.52 and was predominantly driven by higher relative concentrations of glucose, amino acids (with the exception of glutamate and glycine), pyruvate, creatine, N-acetyl signals from α-1-acid glycoproteins (GlycA and GlycB) representing the burn injury group, with lower concentrations of acetate, acetoacetate, glutamate, and 3-methyl histidine (Figures 1A,B). The contribution of these low molecular weight metabolites differentiating the prior burn injury group from controls was further assessed using metabolite concentrations quantified using B.I.-LISA™ software (19). Glutamine, alanine, creatine, phenylalanine, and glucose were found to be directly correlated with burn injury, based on Student’s t test, while controlling the false-discovery rate (p < 0.05) and the Cliff’s delta value (Supplementary Figure S2B), whereas glutamic acid and 3-D-hydroxybutyric acid were inversely associated (Table 1). 3-D-hydroxybutyric acid was higher in the control group plasma samples but did not retain significance after controlling the false discovery rate (Figures 1C,D). There was a trend toward higher levels of other ketone bodies (acetone and acetoacetate) in the control group, but these were not statistically significant.
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FIGURE 1
 OPLS-DA scores plots, with torth (orthogonal) representing the greatest amount of systematic variation in the data set uncorrelated to Y (burn injury or healthy control groups), and tpred (predictive) representing the greatest amount of correlated variation to Y. Corresponding model loadings coefficients are shown, differentiating the NMR plasma spectra from children with prior burn injury (red) from the control group (blue) based on the standard 1D NMR pulse sequence (A,B); the CPMG pulse sequence (C,D) and the JEDI-PGPE pulse sequence (E,F). Key: 1- Lipid: -CH2CH3, 2-Isoleucine, 3-Leucine, 4-Valine, 5- Lipid: -CH2CH2CH2–6-Alanine, 7- Lipid: -CH2CH2CO 8-Lysine 9-Glutamate, 10-Methioine, 11-Glutamine, 12-Acetone, 13-Pyruvate, 14-Tyrosine, 15-Creatine, 16-Glucose, 17-Glycine, 18-3-methylhistidine, 19-Phenylalanine, D1-Lipid: -CH2CH3 D2- Lipid: -CH2CH2CH2- D3- Lipid: -CH2CH2CO D4- Lipid: -CH2CH=CH- D5- Lipid: -CH2CO D6- Lipid: -CH=CH-CH2-CH=CH- D7- SPC: +NCH2CH2OP- D8-GlycA/GlycB N-acetyl sugar moieties, D9- SPC:-+NCH2CH2OP- D10- Lipid: -CH=CH-.




TABLE 1 Quantified metabolites differentiating children with prior burn injury from control.
[image: Table1]

Whereas the standard 1-Dimensional (1D) NMR experiment reflects the global molecular signature and composition, the Carr-Purcell Meiboom-Gill (CPMG) spin-echo experiment, effects spectral editing based on the proton T2 relaxation properties of proton signals by attenuating peaks from large molecules with slow rotational correlation times such as lipoproteins (20). In contrast JEDI-PGPE pulse sequences use pulsed field gradients to enhance signals from molecules with high segmental motional freedom but slow translational diffusion molecules that are contained within certain lipoprotein sub-compartments (21). Since the OPLS-DA model constructed from the standard 1D NMR spectra (Q2Y = 0.52) was stronger than either the CPMG (Q2Y 0.46; Figures 1C,D) or JEDI-PGPE (Q2Y 0.26; Figures 1E,F) models, this suggests that a broad range of low molecular weight molecules (most prevalent through 1D NMR spectral resolution), lipoproteins and glycoproteins are disrupted in children who have suffered prior burn injury. The CPMG model loadings (Figure 1D) further highlighted the association of citrate and formate with thermal injury whereas GlycA and GlycB were the strongest discriminatory signals differentiating burn from control group in the JEDI-PGPE data set (Figure 1F). The signals arising from the supramolecular phospholipid composite (SPC) peak were reduced in the burn injury group, but were not significantly differential. The corresponding PCA scores plots are provided in Supplementary Figure S1.

Metabolite-metabolite correlations were explored for key metabolites characteristic of prior burn injury using STOCSY (22) (Supplementary Figure S3). To investigate the association between 3-D-hydroxybutyric acid and ketogenesis, a correlation analysis driven from the apex of the acetoacetate peak (Supplementary Figure S3A) demonstrated a strong association between the three ketone bodies and 3-D-hydroxybutyric acid, further suggesting that burn injury was associated with a systematic decrease in plasma ketone bodies. Glucose was directly associated with GlycA and HDL lipoproteins (Supplementary Figure S3B); pyruvate was weakly associated with alanine and lactate (Supplementary Figure S3C); creatine was positively associated with multiple amino acids (Supplementary Figure S3D) and glutamine and glutamate were strongly inversely correlated (Supplementary Figure S3E).



2.2. Prior burn injury affects the plasma lipoprotein composition

PCA modeling of lipoproteins, quantified according to the Bruker iVDR B.I.-LISA™ method (19), showed a cluster of burn injury patients in the lower left-hand quadrant of the scores plot (Figure 2A). The differential signature of the plasma lipoprotein parameters was further defined in the OPLS-DA model (R2X 0.437, R2Y 0.492, Q2Y 0.321) and the eruption plot based on the model loadings versus Cliff’s delta statistic (Figures 2B,D). Prior burn injury was characterized by relatively higher plasma concentrations of LDL subfractions 5 and 6, particularly particle number, total cholesterol, free cholesterol, triglycerides, and Apolipoprotein B. Total LDPN and LDAB were also elevated in the burn injury group although this association was not significant after adjusting for multiple testing. In contrast, multiple VLDL5 subfractions were present in lower concentrations in the prior burn injury group in comparison to the controls as were L1TG and L4TG (Figures 2C,D; Table 2). Although the group size was small, the prior burn injury group was subdivided into burns caused by scalds versus flame. LDL-1 and LDL-4 triglyceride fractions were associated with scalds whereas the L6PL subfraction was associated with flame burns (Supplementary Figure S4).
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FIGURE 2
 PCA and OPLS-DA models of quantified lipoprotein subfractions. (A) PCA scores plot of burn injury patients and healthy control profiles (R2Y 0.987, Q2Y 0.933); (B) Scores plot of the equivalent OPLS-DA model (R2X 0.437, R2Y 0.492, Q2Y 0.321); (C) Variable importance eruption plot of predictive lipoprotein parameters based on OPLS-DA component loadings (tpred) and univariate effect sizes (Cliff’s delta). Co-ordinates are colored by the FDR-adjusted value of p (<0.05) from the statistical group comparison; (D) Significant lipoprotein parameters ranked by Cliff’s delta. Significant lipoprotein parameters distinguishing burn injury source (scald vs. flame) from multivariate linear regression modeling can be found in Supplementary Figure S4. L6CH, Low-Density Lipoprotein- 6 Subclass Cholesterols; L6PL, Low-Density Lipoprotein- 6 Subclass Phospholipids; L6PN, Low-Density Lipoprotein- 6 Subclass Particle Number; L6AB, Low-Density Lipoprotein- 6 Subclass Apolipoprotein-B100; L6FC, Low-Density Lipoprotein- 6 Subclass Free Cholesterol; L6TG, Low-Density Lipoprotein- 6 Subclass Triglycerides; L5CH, Low-Density Lipoprotein- 5 Subclass Cholesterols; L5AB, Low-Density Lipoprotein- 5 Subclass Apolipoprotein-B100; L5PN, Low-Density Lipoprotein- 5 Subclass Particle Number; L5PL, Low-Density Lipoprotein- 5 Subclass Phospholipids; LDPN, Low-Density Lipoprotein- Particle Number; LDAB, Low-Density Lipoprotein- Apolipoprotein-B100; H2A2, High-Density Lipoprotein- 2 Subclass Apolipoprotein-A2; L5FC, Low-Density Lipoprotein- 5 Subclass Free Cholesterol; H4TG, High-Density Lipoprotein- 4 Subclass Triglycerides; L1TG, Low-Density Lipoprotein- 1 Subclass Triglycerides; V5PL, Very Low-Density Lipoprotein- 5 Subclass Phospholipids; V5CH, Very Low-Density Lipoprotein- 5 Subclass Cholesterols; L4TG, Low-Density Lipoprotein- 4 Subclass Triglycerides; V5FC, Very Low-Density Lipoprotein- 5 Subclass Free Cholesterols.




TABLE 2 Quantified plasma lipoproteins significantly differentiating children with prior burn injury from healthy controls (p < 0.05).
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2.3. Correlation of and other inflammatory markers lipoproteins with cytokines

α-1-acid glycoprotein N-acetyl signals (GlycA and GlycB) have long been known to be associated with systemic inflammation (23), Spearman’s correlation of lipoprotein parameters and JEDI-PGPE integrals for GlycA, GlycB and SPC were calculated and presented two distinct profiles corresponding to non-burn controls (Figure 3A) and burn injury (Figure 3B). In the control group there were negative correlations between GlycA and IL-7, IL-10 and GM-CSF (Figure 4A), whereas GlycB was positively correlated with several cytokines including IFN-γ, IL-13, IL-17a, IL-13, IL-6 and TNF-α, signatures absent in burn injury children(Figure 4B). In contrast, in the burn injury group both GlycA and GlycB showed strong direct correlations for IL-2, IL-6, IL-10, IL-13, TNF-α and IFN-γ reflecting the hyperinflammatory consequences associated with previous burn injury (7). Of these cytokines, IL-2, TNF-α and IFN-γ showed independent association with burn injury.
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FIGURE 3
 Spearman’s correlation between lipoproteins and JEDI-PGPE quantified integrals for (A) non-burn controls and (B) burn injury patients; and between cytokines and differential lipoproteins (C) non-burn controls and (D) burn injury patients. GlycA, α-1-acid glycoprotein signal A; GlycB, α-1-acid glycoprotein signal B; SPC1, Supramolecular Phospholipid Composite Integral 1; SPC2, Supramolecular Phospholipid Composite Integral 2; SPC3, Supramolecular Phospholipid Composite Integral 3; TotalSPC, Total Supramolecular Phospholipid Composite; GM-CSF, Granulocyte-macrophage colony-stimulating factor; IFNγ, Interferon γ; IL-10, Interleukin 10, IL-12(p70), Interleukin 12 heterodimeric 70kDA; IL-13, Interleukin 13; IL-17A, Interleukin 17A; IL-1B, Interleukin 1B; IL-2, Interleukin 2; IL-5, Interleukin 5; IL-6, Interleukin 6; IL-7, Interleukin 7; IL-8, Interleukin 8; TNF-α, Tumour Necrosis Factor-α.
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FIGURE 4
 (A,B) Circular correlation map for healthy control (A) and prior burn injury (B) groups. (C–R) Weighted-node correlation networks showing inter-connectedness of significant parameters (p < 0.05) from the integrated three panels (cytokine, metabolites and lipoprotein) for control and burn injury groups highlighting key nodes. Additionally, IL-6 and IL-8 are included in the correlation maps based on their importance following burn injury. L6CH, Low-Density Lipoprotein- 6 Subclass Cholesterols; L6PL, Low-Density Lipoprotein- 6 Subclass Phospholipids; L6PN, Low-Density Lipoprotein- 6 Subclass Particle Number; L6AB, Low-Density Lipoprotein- 6 Subclass Apolipoprotein-B100; L6FC, Low-Density Lipoprotein- 6 Subclass Free Cholesterol; L6TG, Low-Density Lipoprotein- 6 Subclass Triglycerides; L5CH, Low-Density Lipoprotein- 5 Subclass Cholesterols; L5AB, Low-Density Lipoprotein- 5 Subclass Apolipoprotein-B100; L5PN, Low-Density Lipoprotein- 5 Subclass Particle Number; L5PL, Low-Density Lipoprotein- 5 Subclass Phospholipids; LDPN, Low-Density Lipoprotein- Particle Number; LDAB, Low-Density Lipoprotein- Apolipoprotein-B100; H2A2, High-Density Lipoprotein- 2 Subclass Apolipoprotein-A2; L5FC, Low-Density Lipoprotein- 5 Subclass Free Cholesterol; H4TG, High-Density Lipoprotein- 4 Subclass Triglycerides; L1TG, Low-Density Lipoprotein- 1 Subclass Triglycerides; V5PL, Very Low-Density Lipoprotein- 5 Subclass Phospholipids; V5CH, Very Low-Density Lipoprotein- 5 Subclass Cholesterols; L4TG, Low-Density Lipoprotein- 4 Subclass Triglycerides; V5FC, Very Low-Density Lipoprotein- 5 Subclass Free Cholesterols; GlycA, α-1-acid glycoprotein signal A; GlycB, α-1-acid glycoprotein signal B; IFNγ, Interferon γ; IL-2, Interleukin 2; IL-6, Interleukin 6; IL-7, Interleukin 7; IL-8, Interleukin 8; TNFα, Tumor Necrosis Factor α.


The same contrasting correlation profile for the control and prior burn (Figures 3C,D) groups was also evident in the correlation structure between the significant lipoprotein parameters and the cytokines. The cytokine correlation map for the full list of lipoproteins is provided in Supplementary Figure S5. The small dense LDL lipoprotein parameters from subclasses 5 and 6 were weakly anticorrelated with most measured cytokines in the control group, particularly GM-CSF, IL-7, IL-10, and IL-12, whereas the VLDL subfraction 5 parameters (V5PL, V5CH, V5FC) were weakly directly associated with most cytokines, particularly IL-2, IL-10 and IL-12. This pattern largely reversed in the prior burn injury group with a general positive correlation between cytokines and LDL-6 lipoprotein parameters with notable correlations with IL-7 and IL-12. VLDL5 sub-particles were inversely related with the global cytokine profile for the burn group. Plasma HDTG concentrations were lower in the burn group. Interestingly, H2TG, H3TG, H3A1 and H3A2 were positively correlated to GlycA in burn injury but showed no correlation in non-burn signatures.

The global correlation structure in these data can be visualized as circular correlation maps, illustrating Spearman’s correlations for the panels of metabolites, lipoproteins and cytokines that significantly differentiate the prior burn participants from the control group (Figure 4). Additionally, IL-6 and IL-8 were included in the network based on their previous reported sustained association with burn injury (7). A contrasting correlation pattern between cytokines and metabolites/lipoproteins was observed when the control group was compared to the prior burn injury group. Whereas the overall correlation between individual cytokines and metabolites/lipoproteins was slightly weaker in the prior burn injury group due to the presence of sub-phenotypes within this group (Supplementary Figure S6), the number of connections between nodes for the correlation networks was substantially greater for most metabolites and cytokines in the burn injury group, indicating a co-ordinated immune-driven systemic response to burn injury. The notable exceptions were H4TG and glucose, which demonstrated a greater number of connections to cytokines in the control group. Phenylalanine was the node with the greatest number of weighted correlations (n = 15), linked with LDL and VLDL parameters, TNF-α, IL-6, IL-8, glutamate, alanine, creatine and 3-D-hydroxybutyrate in the prior burn injury group, whereas for the control group, there was a lower number of significant associations (n = 6), losing the association with the LDL parameters, TNF-α and IL-8 correlation, despite a cluster of strong immuno-metabolic connections presented in the circular correlation map (Figure 4A). GlycB correlated with 9 parameters, including 3 cytokines in the burn injury group, while in the control group, GlycB only mapped to glutamine, alanine and creatine (all elevated following burn injury). Similarly, the small dense lipoprotein parameters (e.g., L6PN) had higher weighted node correlations with cytokines and alanine and phenylalanine in the burn group.




3. Discussion


3.1. Immuno-inflammatory signatures of burn injury

We identified an inflammatory signature in the plasma profile of children with prior burn injury based on elevated concentrations of GlycB. This is consistent with our previous observation of elevated cytokines TNF-α (1.31-fold), IL-2 (1.18-fold), IL-7 (1.63-fold), and IFN-γ indicating that children with prior burns manifested low grade chronic inflammation. GlycA, and GlycB, represent glycosylated amino sugars in sidechains of a composite of five main acute phase glycoproteins: α-1-acid glycoprotein, α-1-antichymotrypsin, α-1-antitrypsin, haptoglobin and transferrin. GlycA and GlycB are robust markers of inflammation, found to be superior in accuracy to traditional pathology measures such as C-Reactive Protein (CRP) (24). Elevations in these N-acetylated glycoproteins have been reported in association with non-ischemic heart failure (25), vascular aging (26), rheumatoid arthritis (27), SARS-CoV-2 infection (21), insulin resistance (28) and atherosclerosis (29). Glycosylation patterns of serum proteins are typically expected during acute phase injury. Connelly et al., found in children suffering acute Kawasaki disease, elevated GlycA, increased total and small LDL particle numbers and decreased HDL particle numbers (p < 0.001) (30). Similar signatures were observed in this cohort of children, with elevated GlycA and GlycB and elevated small dense LDL particle numbers (mainly L6PN). GlycB also demonstrated significant correlations with TNF-α, IFN-γ, IL-2, IL-6, IL-7 and IL-8 exclusively in burn injury children, suggesting that it is associated with the systemic response to inflammation post burn injury (due to overlap with lipoprotein peaks, the higher concentrations of GlycA in the prior burn injury group did not reach statistical significance). Burn-induced increase in TNF-α concentrations can increase the rate of lipolysis and hence production of free fatty acids (31), which can contribute to the hyperglycemia and increased insulin resistance associated with post burn injury (32).

Johnston et al., demonstrated elevated levels of TNF-α (1.31-fold), IL-2 (1.18-fold), IL-7 (1.63-fold), and IFN-γ (1.18-fold) 3 years post injury in the pediatric burn injury patients in comparison to healthy controls and described a significantly reduced antibody response to diphtheria, tetanus, and pertussis vaccine antigens (7). Numerous studies have reported high levels of serum cytokines and chemokines post burn injury including IL-7, IL-10, IL-12, macrophage inflammatory protein-1b with some studies noting the sustained elevation of these cytokines for at least 3 years post injury (33). Sustained elevation of cytokines such as TNF-α, IL-2 and IL-17 at 3 years post burn may suggest a transition from a Th1 response in acute burn injury toward a Th2 dominated immune response in the chronic phase (6).



3.2. The metabolic ‘memory’ of prior burn injury is associated with distinctive lipoprotein signatures

Multiple plasma lipoproteins were systematically altered in participants with prior burn injury. Specifically, we found higher concentrations of small dense LDL subfractions (LDL5 and LDL6) to be associated with burn injury. These small dense LDL particles are known to have greater atherogenic potential than larger LDL subfractions (LDL1-4) and in particular, small dense LDL cholesterol is more predictive of cardiovascular disease than that of total LDL-C (34). A large population-based study also found that increased long-term risk of ischemic heart disease in men was related to preferential accumulation of small dense LDL particles but not large LDL particles (35). This raises the question as to whether the association of LDL5 and LDL6 cholesterol and particle number could have implications with respect to increased risk of cardiovascular disease following burn injury. In one study, higher LDL particle number was consistently associated with increased risk for cardiovascular disease, independent of other lipid measurements, but other LDL parameters were not associated with cardiovascular disease after adjustment for cholesterol concentrations (36). There is substantial evidence demonstrating associations between burn injury and cardiometabolic diseases (37). Hypertriglyceridemia, hypocholesterolemia, and hypophospholipidemia have been reported to occur following thermal injury (38) with excessive accumulation of triacylglycerols in liver tissue (39). Concentrations of both low- and high-density lipoprotein have been reported to be reduced following burn injury, which is consistent with depleted blood cholesterol and phospholipid levels that occur following burn injury (40). While the altered lipid profiles may certainly contribute the increased risk of cardiometabolic disease, the systemic effect of burn injury is complex and it is likely that immune dysfunction and inflammatory mediators, also modulate cardiac damage (41).



3.3. Burn injury causes persistent changes in metabolite profiles reflecting hypermetabolism and hyperglycemia

Acute burn trauma is associated with long-term increased risk of developing multiple morbidities and with greater all-cause mortality (7). Burn injury exerts a profound physiological and metabolic impact resulting in raised resting energy expenditure, inflammation, altered cardiac and organ function and hypermetabolism and these effects persist for several years following the acute injury (6, 42). In the current study, we applied different NMR-based assays and integrated the metabolic response with cytokine data. All three NMR datasets indicated that prior burn injury, sustained 3 years prior to the study, induced a prolonged impact on the plasma phenotype with systematic differences in comparison with the non-injured group. These results are consistent with the known incidence of hypermetabolism and hyperglycemia, which are initiated a few days following injury and continue for several years after the burn event (43, 44), but which are not necessarily associated with the degree or severity of the burn.

We found a trend toward lower mean plasma concentrations of glucose for the control group in comparison with the burn injury group, which contributed to the differential weighting in the CPMG NMR data set (low molecular weight molecules) but was not significant for the univariate comparison using the quantified metabolite data. Burn injury stimulates insulin production and produces insulin resistance in liver, skeletal muscle, and adipose tissue, associated with post-receptor alterations such as phosphorylation of the insulin receptor substrate-1 (IRS-1) in the absence of changes in insulin receptor binding (45). Hyperglycemia during the acute phase of burn injury has been shown to be predictive of clinical outcome with high glucose levels being associated with higher incidence of infection, sepsis, and mortality (46). Similarly, abnormal insulin sensitivity indicative of peripheral and whole-body insulin resistance has been noted.

In this study, we find distinctly higher concentrations of branched chain amino acids (BCAAs) including valine, leucine, isoleucine and aromatic amino acids (AAAs: phenylalanine, tyrosine) in the prior burn injury group. Both branched chain amino acids (BCAAs) and aromatic amino acids (AAAs) have been associated with increased risk of developing type 2 diabetes with various mechanisms being proposed for their role in development of type 2 diabetes (47, 48). Leucine and other amino acids can induce pancreatic beta cells and activate the mammalian target of rapamycin (mTOR) mitogenic signaling pathway, which results in early beta cell dysfunction (49, 50). However, BCAAs can also enhance glycogen production from non-insulin dependent pathways via protein kinase C or phosphatidylinositol 3-kinase (51). The upregulation of BCAA and AAA production is consistent with the known 2.21-fold higher increase in developing type 2 diabetes within 5 years post burn injury (52). The subtle elevation of glucose and BCAAs along with the increase in serum phenylalanine levels may be indicative of an underlying impact on insulin sensitivity in the prior burn group.

One of the strongest changes in the burn cohort was the elevation of glutamine and depletion of glutamate, in comparison to healthy controls, with a 2.5-fold higher glutamine:glutamate ratio. In our previous targeted mass spectrometric study, we found similar evidence of hypermetabolism with significantly higher concentrations of 11 amino acids and quinolinic acid. Several of the amino acids overlapped with those measured by 1H NMR spectroscopy including alanine, phenylalanine, with several other amino acids demonstrating a similar trend, although not statistically significant (14). In contrast, with our observation of a higher glutamine: glutamate ratio in the prior burn injury group, most of the literature characterizing the metabolic phenotype of metabolic dysregulation [e.g., in relation to obesity (53), type-2 diabetes (54, 55) and recovery from viral infections such as long-COVID (56)] points to higher concentrations of glutamate and a lower glutamine: glutamate ratio driving the metabolic dysfunction. Similarly in incubated enterocytes obtained from burn-injury participants, increased utilization of glutamine, has been shown to lead to the increased formation of glutamate and alanine (57). The difference between the results found in the current study and other literature is difficult to reconcile and is complicated by the fact that most of the literature studies describe adult populations. Therefore the discrepancy in glutamine: glutamate ratio may be influenced by the fact that glutamine and glutamate production differs between adults and children (58).

The generalized hypermetabolic response associated with burn injury is not dependent on the size of burn and the responses elicited by a burn covering 30% or 50% of the total body surface area are the same (48). Jeschke et al. showed that unlike the hyperinflammatory response that persists for around 6 weeks post-injury, the hypermetabolic state and hyperglycemia can persist for several years (5). Here we show that prior burn injury is characterized by higher plasma glucose concentrations for at least 3 years after non-severe burns. Statistical correlation driven from the apex of the α-anomeric glucose signal at δ5.25 showed a weak correlation with GlycA/GlycB peaks (r < 0.25) indicating that the hyperglycemia may be associated with associated with inflammation since GlycA has been shown to reflect inflammation and is strongly correlated with high sensitivity C-reactive protein (hsCRP) (49). In fact, GlycA has been suggested to be a more robust marker of inflammation than C-reactive protein (CRP) (19). Following burn injury, it has been shown that metabolism shifts toward increased glycolysis, glycogenolysis, gluconeogenesis, lipolysis and proteolysis resulting from a severe energy deprivation at the cellular level promoting a hypermetabolic state (50). Altered hormone levels (increased circulating cortisol, catecholamines and glucagon) following burn injury also contribute to the hypermetabolic state (4) and serve to increase the cycling of glucose and free fatty acids (36).

Hypermetabolism induced by thermal injury has been associated with a switch from white to beige or brown fat metabolism, which may be related to increased mitochondrial mass and uncoupling protein 1 expression (59). Consistent with disrupted mitochondrial metabolism, we find prior burn injury to be associated upregulation of the tricarboxylic acid cycle as indicated by significantly higher concentrations of citrate in the multivariate models. Elevated pyruvic acid concentrations in the prior burn injury group may also impact on altered mitochondrial metabolism and has previously been reported to be increased 7 days post burn (60). It has been suggested that following burn injury, pyruvate is diverted from the TCA cycle toward lactate and alanine synthesis with Valbuena et al. finding that 60% of pyruvate, lactate and alanine carbons was glucose-derived following burn injury (61). Here we see increased plasma pyruvate and alanine without a concomitant increase in lactate concentrations. Another theory, proposed by Wolfe et al., is that there is an increased rate of substrate recycling in burn patients resulting in enhanced glycolytic-gluconeogenic and triglyceride-fatty acid cycling, which could serve to provide more metabolic flexibility to adapt efficiently to changes in burn-induced energy-substrate demands (62). Part of this energy recycling involves an upregulation of the Cahill cycle, which serves the purpose of transporting toxic nitrogenous waste from the muscles to the liver by converting L-glutamate and pyruvate into α-ketoglutarate and L-alanine (63), facilitating the transport of alanine to the liver where alanine is oxidatively deaminated to form pyruvate. The levels of alanine and aspartate aminotransferases have been shown to increase post-acute burn injury. However, Chiarelli et al. found that these transaminase levels do not always drop immediately after acute injury (64).

Phenylalanine concentrations were significantly higher in the plasma of the burn injury group than controls. Higher levels of phenylalanine have been noted in association with burn injury (primarily in the acute phase) and the elevation was associated with the hypermetabolic state (65). In severe cases of burn, even though the total free amino acids in plasma dropped, plasma phenylalanine and the phenylalanine to tyrosine ratio was consistently higher and was strongly associated with death and weight loss in both animals and patients (66). With regard to the current study, in the burn group, but not the control, phenylalanine correlated positively with multiple cytokines and small low density lipoprotein particles but negatively with 3-D-hydroxybutyrate. Collectively, there was a reduction of plasma ketone bodies in the burn injury group, although this was only significant for 3-D-hydroxybutyrate (Supplementary Figure S3A). Abbott et al. observed that in the initial phase of recovery from burn injury, patients failed to mount a ketonemic response to starvation monitored in non-burn participants following starvation (67).



3.4. Study strengths and limitations

This study utilizes novel metabolic profiling strategies to interrogate cardiometabolic risk in an overlooked vulnerable population. Here, we have demonstrated the elevated cardiometabolic risk for young children who have previously suffered from a burn injury. While prior research has established that these individuals are disproportionately affected by the development of comorbidities later in life, few follow up studies such as this exist. Although this current study was statistically underpowered for assessing if there are metabolic differences between different sources of burn, we did observe a difference between scald and flame burns scalds versus flame in the LDL lipoprotein signature with the L6PL subfraction associating with flame burns and lower density triglyceride subfractions associating with scalds. In a mouse model of thermal injury, IFN-γ was reported to be higher in scald-burned mice than in sham- and flame-burned mice suggesting that the type of burn injury may exert a differential effect on the immune-metabolic phenotypes (68). Given that there is a different chemical background to flame versus scald burns, with flame burns inducing greater formation of new protein degradation products, it is feasible that the systemic metabolic response may differ and warrants further investigation in a larger cohort. The authors recognize the limitations and constraints of capturing metabolic profiles at a single timepoint, and thus follow-up studies will be necessary.




Conclusion

The integrated multi-modal signature of plasma samples was indicative of chronic hypermetabolic and hyperinflammatory processes persisting at least 3 years post burn injury, driven by an immuno-metabolic memory. These processes were evident in the metabolic, glycoprotein, lipoprotein, and cytokine profiles. The weighted linkages between the various molecular panels underscored the systemic response to inflammation suggesting that the body mounts a prolonged response to the initial trauma with co-ordinated response between the small dense lipoprotein particles and a Th2-dominated cytokine profile. These findings support prior observation of a chronic hypermetabolic state following acute injury, driven by an immuno-metabolic memory. Further investigation of this systems response may uncover new understanding of the association of burn injury with increased long-term morbidity and mortality.
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Background: Left ventricular noncompaction (LVNC) is a rare inherited cardiomyopathy with a broad phenotypic spectrum. The genotype-phenotype correlations in fetal-onset LVNC have not yet been fully elucidated. In this report, we present the first case of severe fetal-onset LVNC caused by maternal low-frequency somatic mosaicism of the novel myosin heavy chain 7 (MYH7) mutation.



Case presentation: A 35-year-old pregnant Japanese woman, gravida 4, para 2, with no significant medical or family history of genetic disorders, presented to our hospital. In her previous pregnancy at 33 years of age, she delivered a male neonate at 30 weeks of gestation with cardiogenic hydrops fetalis. Fetal echocardiography confirmed LVNC prenatally. The neonate died shortly after birth. In the current pregnancy, she again delivered a male neonate with cardiogenic hydrops fetalis caused by LVNC at 32 weeks of gestation. The neonate died shortly after birth. Genetic screening of cardiac disorder-related genes by next-generation sequencing (NGS) was performed which revealed a novel heterozygous missense MYH7 variant, NM_000257.3: c.2729A > T, p.Lys910Ile. After targeted and deep sequencing by NGS, the same MYH7 variant (NM_000257.3: c.2729A > T, p.Lys910Ile) was detected in 6% of the variant allele fraction in the maternal sequence but not in the paternal sequence. The MYH7 variant was not detected by conventional direct sequencing (Sanger sequencing) in either parent.



Conclusions: This case demonstrates that maternal low-frequency somatic mosaicism of an MYH7 mutation can cause fetal-onset severe LVNC in the offspring. To differentiate hereditary MYH7 mutations from de novo MYH7 mutations, parental targeted and deep sequencing by NGS should be considered in addition to Sanger sequencing.
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1. Introduction

Left ventricular noncompaction (LVNC) is a rare inherited cardiomyopathy characterized morphologically by a severely thickened two-layered myocardium, excessive trabeculation of the left ventricle, and deep intertrabecular recesses leading to the left ventricular cavity (1). LVNC has a wide range of phenotypic expressions, ranging from severe prenatal manifestations to asymptomatic presentation in adulthood (2). The condition has been shown to have either a sporadic or familial genetic background, with hereditary causes accounting for approximately 30% of all LVNC cases (3). Recent studies using large cardiac disease gene panels have identified several genetic variants responsible for LVNC (4, 5). Of the genetic mutations causing LVNC, more than 50% are associated with sarcomeres, which are the smallest functional unit of the striated muscle tissue. The most common sarcomere-related gene associated with LVNC is that encoding for myosin heavy chain 7 (MYH7) (5).

With recent advances in genetic analysis technology, some genetic variants originally thought to be de novo mutations have been shown to be caused by parental somatic or gonadal mosaic mutations (6–8). Recent studies revealing parental mosaicism emphasize the importance of using more sensitive analysis techniques, such as digital polymerase chain reaction (dPCR), pyrosequencing, high-resolution melting analysis, and next-generation sequencing (NGS), rather than conventional direct sequencing (i.e., Sanger sequencing). The detection of parental mosaic MYH7 mutations associated with familial LVNC using sensitive methods has not yet been reported.

Herein, we report an extremely rare case of recurrent non-immune hydrops fetalis caused by fetal-onset severe LVNC associated with a mosaic mutation in the MYH7 gene.



2. Case presentation

A 35-year-old pregnant Japanese woman (spontaneously conceived), gravida 4, para 2, with no significant medical or family history, presented to our hospital. She had a spontaneous abortion during the first trimester of her first pregnancy. In the second pregnancy at 28 years of age, she delivered a healthy term female newborn with a birthweight of 2,908 grams. In the third pregnancy at 33 years of age, she was referred to our hospital at 23 + 5 weeks of gestation for perinatal management of hydrops fetalis. The fetus presented with remarkable systemic edema, ascites, and bilateral pleural effusion on transabdominal ultrasonography. Detailed fetal echocardiography revealed significant cardiomegaly (cardiothoracic area ratio, 56.7%) with severe tricuspid valve regurgitation (TR) and moderate mitral valve regurgitation (MR). Both ventricles were hypokinetic; the left and right myocardial performance indices were 0.92 and 0.85, respectively. Non-compacted layers in both ventricles and an extensive trabeculated layer with multiple deep intertrabecular recesses filled with blood directly from the left ventricular cavity were identified. Fetal echocardiography at 26 + 0 weeks of gestation is shown in Figure 1A. The fetus was diagnosed with cardiogenic hydrops fetalis caused by LVNC. At 30 + 6 weeks of gestation, regular uterine contractions with cervical dilation occurred spontaneously, indicating the onset of labor. We discussed the mode of delivery with the parents and decided on vaginal delivery because of the fatal prognosis of the fetus. At 31 + 0 weeks of gestation, the mother delivered a male neonate with a birth weight of 2,440 grams; Apgar scores of 1 and 1 at 1 and 5 min, respectively; and umbilical arterial pH of 7.310. The newborn died soon after birth, despite neonatal resuscitation. We offered the parents a pathological autopsy and genetic testing of the newborn to obtain important information for future pregnancies; however, they declined these examinations.


[image: Figure 1]
FIGURE 1
Fetal sonography and pathological findings of the proband's heart. (A) Fetal echocardiography at 26 + 0 weeks of gestation during the second pregnancy. (B) Fetal echocardiography at 25 + 4 weeks of gestation during the third pregnancy. The asterisk indicates the severely thickened myocardium, and the white arrows show the blood flow into the deep intertrabecular recesses of the left ventricle. (C) Fetal sonography showing marked subcutaneous edema and right pleural effusion in the proband. (D) Hematoxylin and eosin staining of the horizontal section of the middle level of the ventricular long axis of the autopsy. Remarkable trabeculation of the left ventricle is detected. (E) The solid bidirectional arrow shows the compacted layer, and the dotted bidirectional arrow shows the thickened non-compacted layer of the left ventricle. (F) Histological appearance with Azan staining reveals fibrosis of the endocardium of the left ventricle. The endocardium is stained blue more intensely. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle.


In the current pregnancy, we monitored the fetus every 2–3 weeks after 13 weeks of gestation, especially for the fetal hydropic sign and contractile dysfunction of the fetal heart on ultrasound. The mother did not take any precautions or interventions because there was no effective prevention of recurrence of hydrops fetalis. At 21 + 1 weeks of gestation, abnormal findings were not detected. However, at 23 + 1 weeks of gestation, we detected noticeably decreased ventricular contraction with moderate TR and MR. In addition, echocardiographic findings observed in the fetal myocardium were consistent with LVNC and were almost similar to those in the previous fetus. At 25 + 4 weeks of gestation, hydropic signs including systemic skin edema, pleural effusion, and ascites were noted. Fetal echocardiography is shown in Figure 1B. The fetal course was very similar to that of the previous fetus; therefore, we strongly suspected familial LVNC. The hydropic signs worsened during the course of the pregnancy (Figure 1C). Based on the previous pregnancy, we discussed perinatal management (especially the timing and mode of delivery) with the parents and respecting the parents’ wishes, decided to perform cesarean section to prevent fetal death. There were no maternal cardiac signs suggestive of Mirror syndrome. At 31 weeks of gestation, transabdominal sonography revealed an edematous and thickened placenta, and pulse-wave Doppler revealed continuous absent or reversed blood flow in the umbilical artery. To avoid fetal death, a cesarean section was performed at 32 + 0 weeks of gestation. A male newborn with breech presentation was delivered. His birth weight was 2,680 grams; Apgar scores at 1 and 5 min were 1 and 1, respectively; and umbilical arterial pH was 7.194. The newborn died shortly after birth, despite neonatal resuscitation. The placenta was grossly edematous, weighing 760 grams. The mother's postoperative course was favorable, and she was discharged without complications. In contrast to the previous pregnancy, the parents requested a pathological autopsy and genetic testing of the neonate. Gross anatomical findings at autopsy included systemic skin edema, bilateral pleural effusion, ascites, markedly dilated right ventricle, and hypertrophic left ventricle. Histological examination of the left ventricle revealed a two-layered structure composed of a prominent trabeculated and compacted layer (Figures 1D, E), and endocardial elastic fibrous proliferation throughout the left ventricle (Figure 1F). After obtaining informed consent from the parents, DNA was isolated from the neonatal whole blood. Genetic screening of 182 cardiac disorder-related genes associated with cardiomyopathies and channelopathies by NGS revealed a novel heterozygous missense MYH7 variant, NM_000257.3: c.2729A > T, p.Lys910Ile, which had not been reported in several genetic databases, including ClinVar, HGMD®, dbSNP, gnomAD, and Jmorp (Japanese Multi Omics Reference Panel) (Figure 2A). The GADD score and PolyPhen-2, which predicted the effect of a variant on protein function, showed that this novel MYH7 variant was pathogenic. The pedigree is shown in Figure 2B. After genetic counseling, parental genetic analyses were performed. By Sanger sequencing, the MYH7 variant was not detected in the father (Ⅰ-1), while in the mother (Ⅰ-2) a slight change (c.2729A > T) of unclear significance was detected in the chromatogram (Figure 3). Therefore, targeted and deep sequencing was performed on the whole blood of both parents by NGS. The same MYH7 variant (NM_000257.3: c.2729A > T, p.Lys910Ile) was detected in 6% (807/14,266 coverages) of the variant allele fraction (VAF) in the maternal sequence but not in the paternal sequence [0% (0/1,658 coverages) of VAF]. Echocardiography revealed no abnormal findings in the myocardia of the parents. The parents did not present with generalized muscle weakness. Furthermore, there was no increase in the maternal serum creatine kinase. Figure 4 illustrates the workflow from the delivery of the previous fetus (II-3) to parental sequencing.


[image: Figure 2]
FIGURE 2
DNA sequencing analysis of proband's whole blood (A) and the pedigree of this family (B). The black arrow indicates the proband (II-4).



[image: Figure 3]
FIGURE 3
Direct sequencing trio analysis chromatograms. A red circle indicates a slight change (c.2729A > T) of unclear significance.
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FIGURE 4
Diagram of the workflow from the delivery of the previous fetus (II-3) to parental sequencing.




3. Discussion and conclusions

To the best of our knowledge, this is the first report of fetal-onset severe LVNC caused by maternal low-frequency somatic mosaicism of the novel MYH7 mutation.

The MYH7 gene is composed of 40 exons of approximately 23 kilobases and is located on the long arm of chromosome 14 (14q11.2-q13). It encodes myosin heavy chain (MHC)-β and slow MHC, which are expressed in the myocardium and type 1 skeletal muscle fibers, respectively (9). A pathogenic MYH7 mutation was first reported by Lowrance et al. in patients with familial hypertrophic cardiomyopathy (10). Currently [HGMD®, available at http://www.hgmd.org (accessed February 11, 2023)], more than 1,200 MYH7 variants have been classified as pathogenic gene mutations.

To date, there have been few reports of mosaic mutations in MYH7. Forissier et al. reported two siblings with familial hypertrophic cardiomyopathy that was probably caused by maternal germline MYH7 mosaicism (11). In another study, somatic MYH7 mosaicism was identified in the father of the proband who had distal myopathy. In that report, the mosaicism was evaluated in the paternal peripheral blood cells (12). However, these two reports did not describe the VAF of MYH7 variants. In the present case, the targeted and deep sequencing by NGS was effective in detecting the rather low frequency (6.0%) mosaicism of the maternal MYH7 mutation, which was unclear by Sanger sequencing. In a previous report, the detection limit of Sanger sequencing was reported to be 15%–20% of the VAF (13). Our case report shows that the detection of the rather low-frequency mosaicism, which was undetectable by the conventional analysis method, was attributed to obtaining more accurate information about parental mosaicism.

The heterozygous missense MYH7 variant detected in both the proband (II-4) and his mother (I-2) is a novel variant that has not been previously reported in the available genetic databases. We judged this variant to be the pathogenic mutation causing LVNC with hydrops fetalis in the proband (II-4), based on the GADD score and PolyPhen-2 results. The similarity in the phenotypes of the proband and those of the previous fetus (II-3), including fetal-onset of heart failure and echocardiographic findings characteristic of LVNC, suggested that the same variant was probably present in the two brothers.

A recent systematic review identified 66 genes responsible for LVNC, and found that sarcomere-related genes, including MYH7, accounted for 52% of LVNC causal genes (5). Interestingly, this review showed that the risk of major adverse cardiac events was relatively low in patients, especially adults, with sarcomere-related gene mutations. Furthermore, among the sarcomere-related genes, MYH7 was associated with the lowest risk of major adverse cardiac events. However, in the present report, the MYH7 mutation caused progressive heart failure in the neonatal proband.

MYH7 mutations play an important role in the development of severe heart failure in fetal-onset LVNC. Previous reports of MYH7-related fetal LVNC found heart failure at mid to late of 2nd trimester of pregnancy (14, 15). In the proband (II-4) of our case, a fetal echocardiography showed signs of LVNC at 23 weeks of gestation and hydropic sign at 25 weeks of gestation, which is consistent with the clinical characteristics of previous reports. A study of the genetic background of 33 cases of fetal-onset LVNC showed that the most frequent causative variants were detected in MYH7 (7 out of 15 variants) (16). The reported variants were widely distributed between exon 5 and exon 37 of MYH7, and the present case harbored a variant in exon 23 of MYH7. Moreover, MYH7 variants cause hypertrophic and dilated cardiomyopathy in addition to LVNC, suggesting that the location of the variants may not be associated with the LVNC phenotype. Few studies have demonstrated MYH7 variants in fetal-onset LVNC (16, 17); therefore, further investigations are needed to validate the genotype and phenotype correlations in fetal-onset LVNC in more detail.

A strength of this report is that it highlights the importance of distinguishing true de novo variants from inherited, low-mosaic mutations in the diagnosis of genetic diseases, which probably contributes to assessment of the recurrence risk. One of the limitations of this report is that in the present case, MYH7 mosaicism was evaluated only in the peripheral blood cells and not in the germline cells because it was impossible to obtain germline cells from the mother without an invasive procedure. Another limitation of this report is that the possibility that unknown genetic mutations which not included in the screening of 182 cardiac-disorder related genes in this study may be involved.

In conclusion, this case demonstrates that maternal low-frequency somatic mosaicism of an MYH7 mutation can cause fetal-onset severe LVNC in the offspring and that parental targeted and deep sequencing by NGS should be considered to differentiate hereditary mutations from de novo mutations. This important finding should contribute to the genetic counseling of parents who wish to elucidate the genetic causes of recurrent severe perinatal adverse outcomes in their offspring.
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Introduction: Adolescent high blood pressure (HBP) can lead to several end-organ complications if it continues into adulthood. The 2017 AAP Guideline has lower blood pressure cut-off points and consequently leads to the identification of more people with high blood pressure. This study evaluated the impact of the 2017 American Academy of Pediatrics (AAP) Clinical Guideline on the prevalence of high blood pressure among adolescents when compared to the 2004 Fourth Report.



Methodology: A descriptive cross-sectional study was conducted from August 2020 to December 2020. The selection of 1,490 students, 10–19 years old, was by a two-stage sampling technique. Socio-demographic information and relevant clinical data were obtained using a structured questionnaire. Blood pressure was measured according to standard protocol. Categorical and numerical variables were summarized using frequency, percentages, mean, and standard deviation. The McNemar-Bowker test of symmetry was used to compare the blood pressure values in the 2004 Fourth Report and the 2017 AAP Clinical Guideline. The Kappa statistic was used to test for the degree of agreement between the 2004 Fourth Report and the 2017 AAP Clinical Guideline.



Results: The prevalence rates of high blood pressure, elevated blood pressure, and hypertension among adolescents were 26.7%, 13.8%, and 12.9%, respectively, using the 2017 AAP Clinical Guideline, and 14.5%, 6.1%, and 8.4%, respectively, using the 2004 Fourth Report. The degree of agreement between the 2004 and 2017 guidelines with respect to the classification of blood pressure was 84.8%. The Kappa statistic was 0.71 (CI: 0.67–0.75). The impact of this was a 12.2%, 7.7%, and 4.5% increase in the prevalence of high blood pressure, elevated blood pressure, and hypertension, respectively, using the 2017 AAP Clinical Guideline.



Conclusion: The 2017 AAP Clinical Guideline detects a greater proportion of high blood pressure among adolescents. The adoption of this new guideline in clinical practice and its use in the routine screening of high blood pressure among adolescents is recommended.
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Introduction

The global burden of high blood pressure (HPB) in adolescents is rising and constitutes a major public health challenge, affecting approximately one billion people worldwide and accounting for 9.4 million deaths each year (1). Song et al. (2) revealed a trend of the increasing prevalence of HPB in children and adolescents which was observed during the past two decades with approximately one in seven adolescents aged 12–19 years having elevated BP or hypertension (HTN) during 2013–2016 (3). Risk factors for HBP in adolescents include age, gender, obesity, physical inactivity, family history of HTN in first degree relatives, socioeconomic status, cigarette smoking, and alcohol intake (4). Other risk factors include birth weight, maturity during birth, heredity, renal abnormalities due to diet, coarctation of the aorta, medications, and neoplasm (5). Adolescents with these risk factors need to have their BP evaluated regularly.

However, the evaluation and detection of adolescent HBP can be cumbersome and complex with many challenges and discrepancies (6) given that BP in adolescents is subject to many variables including height, age, and gender which must all be accounted for when attempting to describe “normal” and “abnormal” BP. A solution for this was provided by the advent of evidence-based practice (EBP).

The advent of EBP led to the development of several guidelines which serve to aid physicians in identifying symptoms and signs while making the best clinical decisions based on the most recent available evidence. Amongst these guidelines are the 2004 Fourth Report and the 2017 American Academy of Pediatrics (AAP) Clinical Guideline.

The 2004 Fourth Report included normative data and an adaptation of this data to the childhood growth charts from the Centers for Disease Control and Prevention for the year 2000 (7). Furthermore, overweight or obese children were included in the formation of these tables; the inclusion of these children likely biased normative BP values upwards. However, the increasing prevalence of global childhood obesity (8) and metabolic syndrome (9) implies that the obesity and HTN dyad should not be overlooked. In recognizing this importance, the 2017 AAP Clinical Guideline (10) included an obesity risk assessment tool that aids clinicians in identifying children at risk for obesity, so that guidance on healthy eating and physical activity [at least daily 1 h of physical activity for children (moderate to vigorous)] can be provided early. The 2017 AAP Guideline used new normative BP tables that shifted the 95th percentile down by about 1–4 mmHg, ensuring that adolescent hypertensives are not missed, with easier-to-read tables that have height in inches/centimeters, with values for height and blood pressure percentile all in one.

Given the significant changes in the 2017 AAP Clinical Guideline and its projected impact on the evaluation and management of high blood pressure in adolescents, there was therefore a need for a more systematic evaluation of the impact of its use on the prevalence of HBP in Nigerian children. It is hoped that our findings will provide data for clinicians to implement appropriate changes in their practice to ensure early diagnosis, treatment, and prevention of end-organ damage among adolescents.



Methodology


Study design

This was a descriptive cross-sectional study conducted in the Mushin Local Government Area of Lagos State in southwestern Nigeria from August 2020 to December 2020. It is one of the 20 Local Government Areas in Lagos State. Mushin is a densely populated, urban area covering a land area of 14.05 square kilometers with an estimated population of 1,868,743 (11). It shares boundaries in the north with Oshodi-Isolo Local Government, to the east with Somolu and in the south with Surulere. It has one educational district called Educational District VI located in the Oshodi area of Lagos State. There are 129 secondary schools in the Mushin Local Government area comprising 113 private and 16 public secondary schools.



Study population

This study was conducted among adolescents aged 10–19 years, in 14 (12 private and 2 public) secondary schools in the Mushin Local Government Area of Lagos State. The total population of students in both public and private secondary schools, as obtained from the Educational District VI Oshodi, was 38,266 with 25,125 of them in public secondary schools and 13,141 students in private secondary schools. The ratio of students in public to private schools was approximately 2:1. Our work was done over a 5-month period, August through December 2020. Ethical approval was obtained from the Health Research Ethics Committee of the Lagos University Teaching Hospital numbered as NHREC/DCST/HERC/2659. Approval was also obtained from the Lagos State Ministry of Education with approval number LG/C530/VI/122.

The sample size was determined using the formula for prevalence studies (12).
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where:

n = minimum sample size when the study population is >10,000

z = Standard normal deviate corresponding to 95% confidence interval = 1.96

p = prevalence rate of HBP in adolescents from a previous study done in

Lagos, Nigeria, i.e., 16.5% (0.17) (13).

q = (1 − p), i.e., 0.83

d = precision level was set at 2% (0.02)

Substituting these figures into the formula:

n = 1.962 × 0.17 ×  0.830.022 = 1,355.

The minimum sample size was 1,355. An additional 10% (135 pupils) was added to make up for possible non-responses. This brought the total calculated sample size for the study to 1,490. Thus 1,490 adolescents were recruited for the study.

A total of 1,355 students aged 10–19 years who attended private or public secondary school in Mushin Local Government Area of Lagos State whose parents/guardians gave consent; and adolescents aged 18 years or more who gave consent were consecutively enrolled. Adolescents who were known or suspected to have renal conditions, such as acute glomerulonephritis, reno-vascular, and renal parenchymal diseases, and those who were on antihypertensive medications were excluded.

A two-stage sampling technique was used. Based on the student population, a ratio of one public school to six private schools was selected by simple random sampling. Within selected schools, participants were recruited from each class determined by proportional allocation using the school's register. Students were stratified along gender lines (girls and boys) using the class register. Participants were selected from each stratum by simple random sampling (balloting). Before being enrolled in the study, the selected students and their parents gave written and oral consent/assent. Socio-demographic information and relevant clinical data were obtained using a structured questionnaire. Questions were asked to exclude participants based on the presence of symptoms of renal disease and a history of hypertension.



Procedure

Anthropometry and blood pressure measurements were taken according to standard protocol. Body mass index Z scores were determined using the WHO chart for children 5–19 years (14). Weight was measured to the nearest 0.1 kg with minimal clothing (school uniforms with bare feet) using a standardized weighing scale (SECA model 756). Height was measured with the participant standing straight on bare feet, with both heels placed together, and buttocks, shoulder blades, and head without headgear [in a Frankfort plane (15)] in contact with the measuring rule, and readings recorded to the nearest 0.5 cm using a stadiometer (SECA model 213). Blood pressure was measured using an Accoson sphygmomanometer after the participant had rested in a seated position for 5 min legs uncrossed and flat on the floor. The measurement was done as recommended in the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) (16) The cuff covered approximately two-thirds of the arm with the lower border 2 cm above the cubital fossa. The manometer was at the level of the cuff. The radial pulse was palpated, thereafter, the cuff was inflated to record the systolic blood pressure (SBP) by palpation and later deflated. The brachial artery was palpated and its position was noted. The cuff was then inflated to a pressure of 30 mmHg above the level at which the radial pulse was no longer palpable. The stethoscope was placed over the brachial artery in the cubital fossa and the pressure in the cuff was deflated at 2 mmHg per s. The first audible sound (the first Korotkoff sound) was recorded as the SBP. The fifth Korotkoff sound, i.e., the point of disappearance of all sound, was recorded as the diastolic blood pressure (DBP). Blood pressure was measured three times at an interval of 2 min and the mean was recorded. The systolic and diastolic recording, as well as the age, gender, and height in centimeters (cm) of the participant, were used to obtain the blood pressure percentile based on the 2017 AAP Clinical Guideline using the MD CALC (17), a tool developed in partnership with the AAP. The tool is useful for adolescents aged less than 13 years, while the determination of HBP was done manually for adolescents aged 13 years and above. The MSD manual calculator was the tool used in calculating the blood pressure percentiles based on the 2004 Fourth Report (18).

Normal blood pressure (NBP) was defined as an SBP and DBP that are <the 90th percentile for gender, age, and height (19). Elevated BP was defined as an SBP and/or DBP that are either ≥the 90th percentile and <the 95th percentile or between 120/<80 and 129/<80 mmHg (whichever was lower) (10). Stage 1 HTN was defined as an SBP and/or DBP that are either ≥the 95th percentile and <95th percentile +12 mmHg or between 130/80 and 139/89 mmHg (whichever was lower) (10). Stage 2 HTN was defined as an SBP and/or DBP that are either ≥95th percentile +12 mmHg or ≥140/90 mmHg (whichever was lower) (10).

Social class was determined using the socioeconomic indices of the parents as described by Oyedeji (20).

Healthy weight was defined as a Body Mass Index (BMI) for age between the 5th and 85th percentiles, overweight was defined as a BMI for age between the 85th and 95th percentiles, and obesity as a BMI for age above the 95th percentile (21).



Data analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 23. Descriptive statistics were used to describe the socio-demographic and anthropometric characteristics. The prevalence rates of HBP, elevated BP, and HTN based on the 2017 AAP Clinical Guideline and 2004 Fourth Report were summarized using frequency and percentages, while numerical variables were summarized using mean and standard deviation. The McNemar-Bowker test of symmetry was used to compare the difference in the prevalence of HBP values using the 2017 AAP Clinical Guideline and the 2004 Fourth Report. The Kappa statistic was used to test for the degree of agreement between the 2004 Fourth Report and the 2017 AAP Clinical Guideline.




Results


Characteristics of the study participants

Of the initial 1,500 adolescents invited into the study, 1490 completed responses, giving a response rate of 99.3%. There was approximately equal representation of boys and girls and the mean age of the participants was 14.39 ± 2.79 years. The highest proportion of participants (649: 43.6%) belonged to the upper socio-economic class. The majority of the participants (83.5%) had a healthy weight as assessed by BMI, while 88 (5.9%) were underweight. There were 132 (8.9%) overweight and 25 (1.7%) obese participants (Table 1).


TABLE 1 Distribution of characteristics of study participants by age.
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Prevalence of HBP among participants based on the 2004 Fourth Report

The overall prevalence of HBP in the study population based on the 2004 Fourth Report was 14.5% (n = 216), while 1,274 (85.5%) had NBP.



Prevalence of HBP among participants based on the 2017 AAP clinical guideline

Based on the 2017 AAP Guideline, 398 participants had HBP with a prevalence rate of 26.7%.



Pattern of HBP among participants based on the 2004 Fourth Report

Table 2 shows the pattern of HBP when based on the 2004 Fourth Report. The prevalence rate of prehypertension was 6.1% while the prevalence rate of stage 1 HTN was 4.8% and the prevalence rate of stage 2 HTN was 3.6%. With respect to the 216 participants that had HBP, 42.6% had prehypertension, 32.9% had stage 1 HTN, and 24.5% had stage 2 HTN. The mean SBP and DBP increased steadily across the various blood pressure categories.


TABLE 2 Pattern of high blood pressure among participants based on the 2004 Fourth Report.
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Pattern of HBP among participants based on the 2017 AAP clinical guideline

Table 3 shows the pattern of HBP. The prevalence rate of elevated BP was 13.8%, the prevalence rate of stage 1 HTN was 9.3%, and the prevalence rate of stage 2 HTN was 3.6%. Among the 398 participants who had HBP, slightly more than half (51.5%) had elevated BP. The mean SBP was 123.10 ± 3.62 for participants with elevated BP, 132.16 ± 3.27 for participants with stage 1 HTN, and 140.61 ± 8.81 for participants with stage 2 HTN. The mean DBP also showed a steady increase and was highest (93.98 ± 4.52) for participants with stage 2 HTN. The prevalence of HTN among the boys was higher than the girls based on the 2017 AAP Clinical Guideline at 28.5% (212). This same effect was seen both in prehypertension/elevated BP and stage 1 HTN but not stage 2 HTN. The same pattern was observed among the girls. This is shown in Table 3.


TABLE 3 Pattern of high blood pressure among participants based on the 2017 AAP guideline.
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Comparison of prevalence and patterns of HBP based on the 2004 Fourth Report and the 2017 AAP clinical guideline

Overall, the prevalence of HBP was higher based on the 2017 AAP Clinical Guideline than on the 2004 Fourth report (26.7% vs. 14.5%) with an increase of 12.2% (p = 0.001). The increase was reflected in the prehypertension and stage 1 HTN groups (p = 0.001 each) but not in the stage 2 HTN group (p = 0.999). This is shown in Table 4.


TABLE 4 Comparison of prevalence and pattern of high blood pressure using the 2004 fourth report and 2017 AAP clinical guideline.
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Comparison of BP patterns according to the age group of participants based on the 2004 Fourth Report and the 2017 AAP clinical guideline

Within each age group, the prevalence of HBP was significantly higher based on the 2017 AAP Clinical Guideline (p = 0.001). The higher prevalence affected prehypertension/elevated BP and stage 1 HTN but not stage 2 HTN. This is shown in Table 5.


TABLE 5 Comparison of blood pressure patterns according to the age groups of participants using the 2004 fourth report and 2017 AAP guideline.
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Level of agreement between the 2004 Fourth Report and the 2017 AAP clinical guideline on the classification of blood pressure

The degree of agreement between the 2004 and the 2017 guidelines on the classification of the BP of participants was assessed. Figure 1 shows that in 1,264 (84.8%) cases the two sets of guidelines agreed on classifying the participants as normal or abnormal. In 226 (15.2%) cases there was no agreement between the 2004 and 2017 guidelines. The Kappa statistic was 0.71 (CI: 0.67–0.75).


[image: Figure 1]
FIGURE 1
Level of agreement between the 2004 Fourth Report and the 2017 AAP clinical guideline on the classification of BP.





Discussion

The current study demonstrates that there is a high burden of HBP amongst adolescents in Mushin, Lagos, Nigeria, a low-income country. Our study demonstrates that the 2017 AAP Clinical Guideline commonly identifies more adolescents as hypertensives than the 2004 Fourth Report.

It confirms that pre-hypertension and elevated BP are common using either the 2004 Fourth Report or the 2017 AAP Clinical Guideline. Within each age group, the prevalence of HBP was significantly higher when based on the 2017 AAP Clinical Guideline. This accentuates the sensitivity of the 2017 AAP Clinical Guideline in the detection of HBP amongst adolescents.

The first significant finding of this study is the establishment of the fact that the prevalence of HBP amongst adolescents in the current study was 14.5% using the 2004 Fourth Report and 26.7% with the 2017 AAP Clinical Guideline. Some previous studies had demonstrated a higher prevalence of HBP among adolescents of 27.5% (13) and 22. 5% (22) using the 2004 Fourth Report. This disparity may be attributable to the remarkably lower prevalence of overweight participants in the current study, 1.7%, compared to 9.6% and 12.6% in the previous Lagos and Enugu studies (13, 22). Using the 2017 AAP Guideline, the prevalence of HBP found in the current study was 26.7%. This difference in prevalence was significant and could be a result of the fact that the new reference tables in the 2017 AAP Clinical Guideline were produced excluding data from overweight and obese children. If this is so, the lower normative BP values in the 2017 AAP Clinical Guideline imply that there would be an increase in the prevalence of HBP in adolescents and a strong association between overweight/obesity and blood pressure. This exclusion resulted in 1–4 mm Hg drops in the elevated (≥90th percentile) and HTN (≥95th percentile) BP thresholds for children (23).

As anticipated, applying the 2017 AAP Clinical Guideline resulted in an increase in the prevalence rates of elevated BP (7.7%) and HTN (4.5%) over what they might have been using the 2004 Fourth Report. This is akin to the findings by Bell et al. (24), Sharma et al. (25), and Khoury et al. (26) in the US among children and adolescents. The implication of this is that the 2017 AAP Clinical Guideline is a more sensitive tool for the detection of HBP and fewer children with HBP will be missed. Missing HBP in any child exposes that child to adult HTN and hypertensive target organ damage including cerebrovascular accidents, retinopathy, coronary heart disease/myocardial infarction and heart failure, proteinuria and renal failure, and atherosclerotic changes (27).

Another striking finding with respect to age in the present study was that the prevalence of HBP increased progressively with the age group when the 2017 AAP Clinical Guideline was applied. This differed markedly from the pattern when using the 2004 Fourth Report in which the prevalence was lowest in the oldest age group and rates did not differ as much across age groups. This finding with the 2004 Fourth Report was unusual because BP is known to progressively increase with age.

The degree of agreement between the 2004 and 2017 guidelines with respect to the classification of BP was reasonably high at 84.8%, corroborating an earlier report of 84.8% by Sharma et al. (25) The corollary observation was that the 2004 and 2017 guidelines were at variance in the classification of 15.2% of participants. In all cases, as seen in the present study, affected participants were reclassified from normal to high blood pressure or from prehypertension to hypertension. There was no downward reclassification (23, 24, 28).


Strengths and limitations of the study

The current report is one of the earliest in Nigeria that used the 2017 AAP Clinical Guideline and the first to prospectively compare with the 2004 Fourth Report recommendation, with a fairly large sample of participants covering the full range of adolescent years. Evidence has been provided showing high prevalence rates of elevated BP and HTN among adolescents in secondary schools in Lagos. Due to limited resources, the study was done only in adolescents in secondary students to the exclusion of those who were not in school. It is plausible that social factors that influence BP may differ between the two subgroups of adolescents.




Conclusion

That more than a quarter of the adolescents in the present study had high blood pressure is indicative of a high prevalence, underscoring the need for routine blood pressure screening. Application of the 2017 AAP Clinical Guideline instead of the 2004 Fourth Report results in a substantial increase in the prevalence of high blood pressure among adolescents in secondary schools.
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Worrying trends of increased cardiovascular disease (CVD) risk in children, adolescents and young people in the Modern Era have channelled research and public health strategies to tackle this growing epidemic. However, there are still controversies related to the dynamic of the impact of sex, age and puberty on this risk and on cardiovascular health outcomes later in life. In this comprehensive review of current literature, we examine the relationship between puberty, sex determinants and various traditional CVD-risk factors, as well as subclinical atherosclerosis in young people in general population. In addition, we evaluate the role of chronic inflammation, sex hormone therapy and health-risk behaviours on augmenting traditional CVD-risk factors and health outcomes, ultimately aiming to determine whether tailored management strategies for this age group are justified.
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Introduction

Cardiovascular disease (CVD) is the most common cause of death worldwide (1). Atherosclerosis is one of the earliest signs of CVD. It is characterised by progressive accumulation of cholesterol-laden macrophages in the subendothelial layers of larger arteries which progress to more complex fibrous plaques. Acute plaque rupture or erosion can result in the formation of a thrombus, culminating in the clinical manifestation of myocardial infarction or ischaemic stroke (2). Although more prevalent with increased age, atherosclerotic vascular changes have been documented in young people in multiple post-mortem studies at the end of the past century (3–6). Most notably, asymptomatic microscopic lesions have been described in the coronary arteries of infants in the first 5 years of life, which are thought to precede the more invasive fatty streak lesions associated with atherosclerosis (4, 5). Future studies, built on these findings, established associations between the extent of arterial fatty streaks and fibrotic lesions in young people and traditional CVD-risk factors, such as increasing age and body mass index (BMI), hypertension (HP), dyslipidaemia, aberrant glucose tolerance and smoking, as well as chronic inflammation (3, 7, 8). The presence of CVD-risk factors between the ages of 18–30 can strongly predict the development of subclinical atherosclerosis in later adulthood (9). Interestingly, the sexual dimorphism characterising the CVD prevalence in adulthood is also observed in the prevalence of subclinical atherosclerotic lesions in young people, which were detected in 2% vs. 0% of young men vs. women aged 15–19 years, respectively, and 20% vs. 8% in men vs. women aged 30–34 years, respectively (10). One of the main drivers of this sex difference in prevalence is the higher incidence of traditional CVD risk factors in young males compared to females (6). This is reflected in the sex-disaggregated rate of progression of carotid intima-media thickness (CIMT), which is used as a validated marker of subclinical atherosclerosis, where CIMT progression begins in boys around age 6, and in girls around age 9, and increases gradually with age (11).

Adolescence is a key period of profound physiological changes with significant impact for preservation or deterioration of cardiovascular health, often associated with abnormal cardiovascular health metrics, or significant behavioural changes which impact on diet and other health-related outcomes (12). In addition, sex hormones and genes present on sex chromosomes differentially influence the regulation of the immune system (13), which is also reflected in the sex-bias observed in the predisposition to various autoimmune disorders as well as differential risk for chronic inflammation, which subsequently increases the risk for CVD.

In this review, we aim to assess the impact of sex determinants and puberty in driving metabolic abnormalities leading to atherosclerosis progression in young people and CVD-risk later in life, as well as the impact of chronic inflammation and health-risk on augmenting this risk. Identifying CVD-risk factors earlier in life and tailoring management strategies for prevention of CVD is likely to have significant societal implications. We summarised in Table 1 and Figure 1, the main factors contributing to CVD-risk in young people as well as the main effects of puberty and sex determinants which will be discussed in detail in this review.
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FIGURE 1
CVD-risk factors yin young populations. Legend: CVD—cardiovascular disease.



TABLE 1 Main effects of puberty and sex determinants on traditional CVD-risk factors and subclinical atherosclerosis in young populations.
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Sex-biased trends in cardiovascular risk factors in young people in general population

Various traditional CVD-risk factors have been studied in young people and have been included in clinical scores/tools aiming at assessing an individual's risk and tailor public health interventions to minimise the risk for CVD over time. We will focus on the main traditional CVD-risk factors from the perspective of the impact of sex-determinants and puberty on their prevalence, features and trends over time.




Obesity

Between 1975 and 2016, the global prevalence of obesity has nearly tripled (14). As of 2021, WHO estimates an annual mortality of 2.8 million people across all age groups as a direct result of the ongoing obesity epidemic. Targeting excessive weight during childhood and adolescence has been identified as the key intervention in reducing obesity-associated CVD- risk later in life. A higher BMI percentile and central adiposity correlate to a higher risk of obesity and metabolic syndrome in adolescence and adulthood (15, 16). The association between obesity in youth and later life was found to increase with age and is stronger in females (17).

The mechanism by which obesity causes increased CVD- risk is multifactorial. Obesity is associated with chronic mild inflammation, largely mediated by the secretion of inflammatory adipokines by excessive adipose tissue. Higher adiposity throughout puberty was associated with a more atherogenic metabolic profile and greater aortic stiffness (independent of metabolic factors), while reverting to a healthy weight during adolescence prevents this association and results in no difference in arterial stiffness compared to a normal weight control cohort (18). Not all obese individuals are at increased CVD-risk. A high body fat percentage in both adults and children (without additional features of metabolic syndrome—i.e., high blood glucose, insulin resistance, dyslipidaemia) is considered a metabolically healthy obese (MHO) state, and is not associated with increased CVD-risk (19, 20). However, children with prepubertal obesity are at a greater risk of metabolic syndrome, and the pronounced changes to their metabolic parameters during puberty often cause the shift to a metabolically unhealthy status (21, 22).

We summarise below the main effects of obesity on CVD-risk in young populations by sex, including its timing and its bidirectional relationship with puberty.

Obesity in childhood increases the risk of obesity in adulthood and CVD-risk factors in a sex biased way (15). A higher BMI percentile during childhood and adolescence correlates with a high risk of being overweight or obese in adulthood, and the association becomes stronger as age increases. The link observed is stronger in females than in males (17). During all stages of puberty, there is a positive link between trunk fat and systolic and diastolic blood pressure (BP). This association is seen in males only (23).

Obesity is associated with a pro-inflammatory state from an early age. Obesity associated with chronic mild inflammation led to elevated inflammatory markers, including C-reactive protein (CRP), Tumour Necrosis Factor-α (TNF-α), interleukin (IL)-6, IL-18, haptoglobin, macrophage inhibitory factor (MIF) and plasminogen activator inhibitor-1 (24). White adipose tissue has been noted to play an endocrine role, secreting leptin and adiponectin (25, 26). Obesity (particularly visceral fat) in childhood and adolescence increased the risk of metabolic syndrome in adulthood and adolescence, independent of baseline insulin level (16), suggesting that lifestyle factors may contribute more to the development of metabolic syndrome in young people than hereditary factors (27).

Obesity affects the timing of puberty. Obesity causes early and shorter puberty in girls (28–30), which can be explained by the “weight hypothesis”, which suggests that adipokines increase androgen conversion to oestrogen, therefore influencing the timing of puberty. Earlier puberty in obese children is determined by an interplay between molecular factors such as leptin, insulin and oestrogen. There is evidence that serum leptin levels are inversely correlated with age at menarche in girls (31, 32), while there was a close positive correlation between body fat and serum leptin levels in girls throughout puberty (31–35). Children with obesity have lower sex hormone-binding globulin than normal weight children (36), while obese adolescent boys have lower serum testosterone and higher oestradiol than normal weight adolescent males (36, 37). Overweight girls have reduced sleep-associated luteinising hormone (LH) synthesis, the first hormonal change observed at the onset of puberty (38).Puberty timing affects the obesity risk.. Early puberty in girls may be related to obesity due to the effect of oestradiol in increasing the body fat, while early menarche was associated with increased CVD-risk and mortality (39, 40). Early menarche was also related to reduced sex hormone binding globulin and higher oestrogen levels throughout adolescence and into adulthood (41–43), as well as increased risk of metabolic syndrome in adulthood, independent of BMI (44–50). Early puberty is associated with higher accumulation of subcutaneous fat on lower trunk in both males and females (49). The large AVENA study (50) assessed more than 500 children and adolescents and found that the waist circumference and BMI increased in girls as puberty continued, while in boys there were no correlations with the pubertal stage. An increase in total body fat was observed in both females and males throughout puberty, and BMI increased through the 8–18 years interval of observation (51). This was largely driven by the increase in the lean component of BMI, particularly in boys (52). Pubertal stage also affects the adipokine profile (53), and inflammation caused by obesity was somewhat affected by pubertal changes in sex hormones (54).

Obesity related biomarkers are also influenced by puberty and sex hormones. Although no significant difference between prepubertal and pubertal levels of leptin were found independent of body fat content (35), circulating IL-6 levels correlated positively with testosterone and oestradiol levels, and leptin: receptor ratio correlated positively with BMI in both sexes. In addition, IL-6 decreased throughout puberty in both boys and girls but was only found to be correlated to oestradiol and not testosterone. Adiponectin decreases in males from mid-puberty to levels below the ones found in females (53) and levels of circulating androgens were found to decrease plasma adiponectin and may be the cause for increased risk of insulin resistance and atherosclerosis in men (55). Higher serum leptin levels were observed in girls than males pre-, during and post-puberty, even after correcting for increased female adiposity. It is proposed that this may be due to oestradiol stimulating leptin synthesis and testosterone suppressing it (56). At the onset of puberty, leptin increases in girls and decreases in boys, potentially reflecting the increase in fat mass in girls (34), in addition to the potential role of testosterone in suppressing the leptin production (57). By the age of 15, there is an increase in IL-6, IL-8, IL-10 serum concentrations in obese and overweight girls compared to normal weight females even after adjustment for pubertal status, but no significant difference was observed in boys (58).

However, the relationship between early and shorter puberty on CVD-risk later in life is less certain. Data from the Avon Longitudinal Study of Parents and Children (ALSPAC) which recruited children born between April 1, 1991, and December 31, 1992 who were followed-up for 25 years, concluded that earlier puberty was unlikely to have a major impact on pre-clinical CVD-risk in early adulthood, appreciated using a variety of CVD validated outcome measures (59).

There are significant sex differences in adipose tissue distribution around puberty. Over the course of puberty, the prevalence of obesity or excess weight status (measured by BMI) doubles in girls (60). Post menarche, girls have greater subcutaneous fat deposits than pre-menarcheal girls, particularly in the gluteo-femoral region, therefore the sexual dimorphism in fat distribution begins in or is triggered by early puberty (61, 62). Higher oestrogen correlated with gynoid fat distribution in pubertal females (63). Age at menarche negatively correlated to hip and thigh circumference and negatively correlated to waist circumference (61), while early menarche associated with increased adiposity in childhood and increased risk for metabolic syndrome in adulthood (64). In boys, higher serum testosterone was associated with increase in subcutaneous abdominal fat deposition during puberty (63).

Sexual dimorphism in storage of adipose tissue (fat distribution) may underlie the increased CVD-risk in men. Visceral fat and fat deposition around abdomen are favoured in men (central android fat distribution), while subcutaneous fatty deposition in women is largely observed around hips, thighs, and buttocks (gynoid/ gluteal-femoral fat distribution) until menopause, after which there is a shift towards increased deposition of visceral fat (65, 66). Lipoprotein lipase is one of the key enzymes that facilitates the accumulation of adipose tissue. Testosterone inhibits lipoprotein lipase activity in subcutaneous fat in men (67). Lipoprotein activity in women is greater in gluteal subcutaneous fat than in abdominal visceral fat, and higher in abdominal fat in men (68). Distribution of receptors that modulate lipolysis in subcutaneous and intraabdominal fat depots account in part for the sexual dimorphism in body fat deposition. Oestradiol upregulates expression of anti-lipolytic α2-adrenergic receptors in subcutaneous adipocytes but not in abdominal depots (69). The ratio of α2 receptors to lipolytic β1–2 adrenergic receptors is higher in subcutaneous adipose tissue in young women than in men, promoting lower rates of lipolysis in these depots and a reduced lipolytic response to adrenaline and noradrenaline (70).

Increased visceral fat is associated with decreased insulin resistance, increased risk of glucose intolerance and metabolic syndrome (71, 72). Visceral fats have a higher lipolytic rate (65). Higher rate of lipolysis of visceral fat, as observed in males, releases more free fatty acids into the circulation, which in turn causes increased gluconeogenesis and hyperinsulinaemia (73). Subcutaneous fat on the other hand is associated with a lower CVD-risk and do not have the same diabetes-associated risk (74).

Despite good evidence that puberty and sex determinants influence obesity in young people, there is evidence of obesity risks that precede puberty. Children with one obese parent are more than twice as likely to be obese (75), and increased maternal pre-pregnancy weight and gestational weight gain increases the child's adverse CVD-risk. Children of mothers with higher gestation weight gain had higher BMI, waist circumference, fat mass, leptin, CRP and IL6 levels, as well as high density lipoprotein (HDL)-cholesterol and Apolipoprotein (Apo) A1) (76).

In conclusion, obesity in childhood is associated with increased traditional CVD-risk factors overall, as well as increased risk of obesity in adulthood. Obesity triggers early and shorter puberty, while early puberty also predisposes to obesity. There is also evidence of sex dimorphism in fat distribution and obesity-related biomarkers underpinning sex-differencs in CVD-risk from adolescence and young adulthood.



Metabolic syndrome

Metabolic syndrome is defined as a combination of risk factors for CVD, such as diabetes, HP, dyslipidaemia and obesity. The diagnosis of metabolic syndrome in children and adolescents is slightly controversial as only 50% of adolescents diagnosed with metabolic syndrome maintained a stable diagnosis over 3 years (77) and only 30% of obese children and adolescents diagnosed with metabolic syndrome at baseline were found to still maintain the required characteristics at a 60-day follow up (78). This instability may be a result of the dynamic changes observed throughout puberty. Metabolic syndrome in adolescence is higher in males than females by ∼10% (79), but this trend reverses with age as it becomes more prevalent in adult women (80). There is no correlation between any circulating metabolites and measures of atherosclerosis in children, but an inverse correlation between HDL-cholesterol levels and measures of atherosclerosis independent of BMI and BP are present in adulthood (81). However, CVD-risk is nine times higher in children with metabolic syndrome (82). Children with one parent with metabolic syndrome were also at greater risk of obesity and insulin resistance (75). In conclusion, puberty may promote metabolic instability, with a reversal of the sex-bias from male to female from adolescence into adulthood.

Insulin resistance is measured as impaired fasting glucose or impaired glucose tolerance. Hyperglycaemia measured indirectly through levels of glycohemoglobin in post-mortem studies was found to be associated with increases fatty streaks and raised coronary atherosclerotic lesions in young people who died in road traffic accidents from the age of 25, and aortic lesions from the age of 30 (83). In adolescence, obese males have a higher risk for insulin resistance and impaired fasting glucose than obese females (84). Insulin resistance increases at the onset of puberty, peaking at Tanner stage 3, but returns to baseline pre-pubertal levels by the end of puberty (85) and girls are more insulin resistant than boys at all pubertal stages. Serum insulin is highest at Tanner stage 2 in both sexes, independent of body mass and retains a consistent level throughout puberty (86). Between Tanner stages 1–3, there is an increase in fasting glucose, insulin and acute insulin response and an associated reduction in insulin sensitivity independent of sex or obesity status. The reduction in insulin sensitivity was not associated with androgen, oestradiol, visceral fat, or IGF-1 (87) and high levels of insulin in childhood were associated with early menarche (64).

Earlier menarche associated with increased risk of type 2 diabetes mellitus (T2DM) in adulthood independent of BMI at 18 years of age (45). This implies a potential role for sex hormones in the pathophysiology of T2DM (46). Hyperandrogenic profiles in women (e.g., polycystic ovary syndrome) are associated with insulin resistance and glucose intolerance (47, 48), while high oestradiol, high testosterone and low sex hormone binding globulin associated with increased risk of T2DM in women, independent of BMI (46, 88, 89).

In conclusion, puberty onset and early timing of puberty, as well as hyperandrogenic profiles in women increase the insulin resistance and diabetes risk, while early phases of puberty are associated with increased risk in both sexes, independent of obesity.


Dyslipidaemia

Prevalence of dyslipidaemia in children and adolescents across the world is increasing, being four-times more common in children and adolescents with obesity (90). The relationship between lipid abnormalities and atherosclerosis or vascular dysfunction in young people is currently debated (81) as no correlation between lipids and CIMT or pulse wave velocity has been found in children aged 11–12, independent of their BMI or BP. However, associations between these vascular markers and HDL-cholesterol and glucose levels were found in adulthood, suggesting that perhaps these associations arise during/post- puberty. Changes in lipid profiles that occur in puberty however are relevant, as they predispose to increased CVD-risk in adulthood (91). Overall, higher concentrations of triglycerides, low density lipoproteins (LDL) and very low-density lipoproteins (VLDL) cholesterol and ApoB were found in men, with corresponding higher concentrations of HDL-cholesterol, ApoA1, polyunsaturated fatty acids (PUFA) and docosahexaenoic acid (DHA) in women (92, 93). Interestingly, cross-sex hormone therapy in young trans-sexual individuals undergoing gender-reassigning treatment partially reversed the sex bias observed post-puberty in healthy controls (93).


Sex differences in dyslipidaemia

Although no sex difference has been observed in the mean total cholesterol concentration in the Framingham Offspring Study (92), there were sex differences in HDL, LDL and VLDL particles size, which are potentially influenced by sex hormones. Oestrogens have a role in promoting an atheroprotective lipid profile. High serum oestrogen promoted VLDL and LDL clearance as well as increased synthesis of HDL in mouse models through mediation of the hepatic oestrogen receptor α (Erα), the actions of which have been proposed to be modulated by an interaction with Liver X receptor α (LXRα) (94). Contrastingly, cellular study analysing HDL efflux in macrophages in trans-gender women undergoing hormone therapy found reduction in HDL efflux, with a specific decrease in ATP-binding cassette transporter A1 mediated HDL efflux (95).

No sex difference between total HDL concentrations have been reported in the large Framingham Offspring Study either (92). However, young men had a greater concentration of small and intermediate HDL particle subclasses, while women had almost double the concentration of large HDL particles (92). Although women have larger HDL particles than men, this difference is less prominent with increasing age (92). There is some evidence for a stronger inverse correlation between CVD-risk and HDL-cholesterol levels in women than men (96), and this could be attributable to the size of HDL particles (92). This trend seems to be related to the presence of female sex hormones as increased oestradiol serum concentrations correlated with increased HDL-cholesterol in young trans women too (93). ApoA1 is a metabolite for HDL cholesterol which is also affected by sex bias. Women have higher HDL-associated ApoA1 than men while ApoA1 levels were positively corelated with the length of oestradiol therapy and oestradiol serum concentrations in young trans women on cross-sex hormone therapy. However, there was no correlation with testosterone levels in young trans men (93).

Men have a greater total LDL-cholesterol serum concentration than women (92) and smaller LDL particles than women (92, 97–99). This is likely due to a greater concentration of small and intermediate LDL particle subclasses in men, and a greater concentration of large LDL subclasses in women (92). It has been suggested that the sex difference in total LDL particle concentration may be responsible for the sex bias observed in CVD-risk, as the sex difference in LDL concentrations also decreases with age, similar to the trend in CVD risk. There is an increase in small LDL in men before 50 that might underlie the increased CVD risk in middle aged men compared to younger men (92).

Men also have a higher VLDL-cholesterol serum concentration (92), and in particular this affects the larger and intermediate VLDL subclasses as men overall have larger mean VLDL particle sizes (92).



Puberty affects the lipid profiles

 Although, no significant difference in lipid profiles were detected between prepubertal girls and boys (93), the onset of puberty altered lipid profiles (100), although these changes normalised post-puberty, raising awareness that changes observed during this puberty should be considered in clinical guidelines for CVD-risk-assessment in adolescents and young people (101).

In conclusion, post-puberty, there is evidence for a trend towards a pro-atherogenic lipid profile in young men or trans-men undergoing cross-sex hormone gender re-assignment therapy with testosterone, while young women have higher concentrations of athero-protective HDL-associated ApoA1.




Hypertension (HP)

It is widely recognised that arterial BP increases with age (102), although has been also gradually increasing in prevalence in younger populations in the recent years Primary HP has been found to be more prevalent in children over age of 6, with associated increased BMI and positive family history (103). The most common causes for secondary HP in children and adolescents are congenital malformations, renal diseases, medications (such as corticosteroids, albuterol and pseudoephedrine), and endocrine causes, while in adolescents, additional factors are related to substance abuse and teen pregnancy (104).


Impact of puberty on HP

Despite less research available overall in younger populations compared to adults, there is evidence that the hormonal and metabolic changes associated with puberty impact BP. The overall prevalence of confirmed HP in children is 2%–5%, with many more being diagnosed with pre-hypertensive states (15.3%) (105). While initial research identified low birth weight as a risk factor for HP in childhood (106, 107), more recent studies found evidence that infants born with appropriate for gestational age or excessive birth weight are both at higher risk for primary HP compared to children with small weight for gestational age (odds ratio = 1.31 and 1.19 respectively) (107). Systolic BP increases in children entering puberty, reaching adult values at the end of puberty, process considered to be significantly influenced by the increased production of sex hormones, growth hormone, insulin-like growth factor-1 and insulin during puberty (108).

Puberty timing also influences the risk of HP. In a large prospective cohort study, which evaluated more than 4,000 children over time, males had significantly increased prevalence of systolic HP compared with females in early adulthood, but this was accrued before puberty, while puberty timing was associated only with small transient differences in systolic BP trajectories post-puberty in both sexes, suggesting that interventions targeting puberty timing are unlikely to influence systolic BP in early adulthood (109–114).



Sex differences in HP are underpinned by various mechanisms

The inhibition of the renin-angiotensin-aldosterone system (RAAS) is a recognised therapeutic option for HP; however, there is evidence that suggests responses to treatment is different in men and in women (115). Endogenous oestrogen is associated with a lower BP in women (116), while there is no consensus from literature data on the effect of exogenous oestrogen, which has been found to decrease (117–119), increase (120–122) or not affect BP measurements (123, 124). These differences may have arisen due to the administration of different oestrogenic compounds at different doses through different routes of administration, and different methods used to measure BP (125). The protective effect of female sex hormones could be explained by the role of oestrogen in promoting vasodilation and exerting cardioprotective effects on the RAAS system. In animal models, oestrogen has been found to upregulate synthesis of angiotensinogen and downregulate synthesis of renin and angiotensin enzyme (ACE) (124, 126, 127), leading protective effects. In rats, oestrogen has been found to reduce calcium efflux in vascular, renal and cardiac cells (128) as well as reduce BP by inhibiting synthesis of angiotensin II (AT II), endothelin 1 (ET1) and catecholamines that all have vasoconstrictive effects (124, 129, 130). One of the mechanisms of oestrogen's effect on BP is mediated through its modulation of expression of ET1, which is a potent vasoconstrictor and its receptors (131). The administration of exogenous 17β-oestradiol to ovariectomised rats decreased the circulating ET1 levels (132, 133) and reduced the expression and activity of endothelin-converting enzyme (133, 134). In vitro studies also find that 17β-oestradiol inhibits ET1 synthesis by increasing nitric oxide synthase (135) +/- decreasing AT II synthesis (136, 137).

Testosterone is pro-hypertensive, through potential modulation of the plasma ET1 levels, resulting in ET1 levels that are 40% higher in men and 90% higher in trans men treated with testosterone therapy than in premenopausal women (138, 139). Testosterone also promotes vasoconstriction and renal sodium reabsorption through the stimulation of AT1 receptor (AT1R) (140–142). In animal studies, it has been noted that males have a higher vascular AT1R:AT2R ratio than females (127, 143, 144).



Sex differences in Hp prevalence in adolescents and young adults

Sex differences in HP in adulthood are well-recognised, with males being more at risk; however, sex differences are particularly pronounced in early adulthood, with one study reporting both sex and ethnic differences in HP among 18- to 29-year-old adults (1.5% in White women vs. 5% White men and 4% and 10% for Black women and men, respectively) (145).

In a large American study of a large representative sample of adolescents followed up to age 24–34, young women were far less likely to be hypertensive compared to men (12% vs. 27%), and there were also sex differences in HP awareness among young people (32% and 25% of hypertensive women and men, respectively were aware of their status) (146).

In conclusion, the prevalence of HP is increased overall from the onset of puberty in both sexes, reaching adult values at the end of puberty, and is significantly influenced by molecular mechanisms subjected to sex hormones and metabolic factors regulation driving the overall increased risk in young males.


Subclinical atherosclerosis in young people in general population

As a consequence of various CVD-risk factors encountered in young population, there is also evidence of presence of subclinical atherosclerosis, usually evaluated on vascular scans or post-mortem studies. Subclinical atherosclerosis is one of the best predictors of CVD later in life. Coronary artery atherosclerotic lesions measured post-mortem in individuals aged 6–30 were more prevalent in men than women (6) All the traditional CVD-risk factors influence the prevalence of subclinical atherosclerosis. Puberty was associated with increased subclinical atherosclerosis in children with a benign obesity phenotype (147). In young people, HP contributes to atherosclerosis by accelerating development of raised lesions rather than fatty streaks. A post-mortem study in people aged 15–34 found that HP, causing increased intimal thickness of small renal arteries, was associated with more extensive raised atherosclerotic lesions in the abdominal aorta and in the right coronary artery (148). A post-mortem histological study of coronary arteries from American young people aged 15–34 found a higher prevalence of advanced atherosclerotic lesions in young men compared to young women (10). Positive correlation between serum oestrogen and progression of carotid atherosclerosis was found in men with intact oestradiol synthesis independent of BMI and other risk factors (149), while low testosterone in men associated with increased progression of atherosclerosis (measured by CIMT) (149).

In conclusion, there is a significant male sex bias in prevalence of subclinical atherosclerosis from early childhood into adulthood.



Effect of chronic inflammation on the cardiovascular risk of young people

Chronic inflammation is one of the known drivers of CVD-risk in patients of all ages. In addition to inflammation, some of the treatments that are used in young people with chronic inflammatory conditions (in particular, corticosteroids or small molecule immunosuppressants, such as Janus Kinase inhibitors and biologic treatments, such as IL6 blockers, etc) have significant metabolic effects (150), which indirectly impact the CVD-risk of a certain individual. Assessment of disease activity in young people with chronic inflammation usually pertain to composite scores aiming to combine objective and subjective assessment of disease manifestations, as well as laboratory parameters which are relevant for systemic inflammation or immune system abnormalities contributing to chronic inflammation (151–153). Despite improvement in quantifying inflammation and improved guidelines to ensure tighter control of disease activity in young people with chronic inflammatory and autoimmune conditions (154–156), there is still evidence of increased CVD-risk in children and young people which is not adequately captured by the CVD-risk assessment tools routinely used for primary care prevention strategies in general population(157, 158).

Long-term inflammation as well as glucocorticoid treatment used in the treatment of many childhood onset diseases, such as juvenile idiopathic arthritis (JIA), juvenile systemic lupus erythematosus (JSLE), juvenile dermatomyositis (JDM), inflammatory bowel disease (IBD), etc, influence the body composition by increasing body fat mass and reducing skeletal muscle mass (159). Obesity is more common in patients with JIA than in the healthy population (160, 161) and is associated with insulin resistance, HP, higher serum triglycerides and early atherosclerosis (162). Obesity and excess weight in JIA population is caused, in part, by glucocorticoid treatment, and functional limitation that causes a less active lifestyle (163) Children with systemic JIA and enthesitis-related arthritis (ERA) had the highest rates of overweight and obesity compared to other JIA subtypes (163). Several studies explored the association between obesity and disease activity or number of active and reported both no association (164, 165), and a positive correlation between obesity and disease activity (particularly on lower limb joints), number of affected joints and higher levels of CRP and ESR compared to the healthy population (166). Children with JIA and a BMI lower than 23 kg/m2 had lower serum leptin than healthy subjects, while children who were overweight or obese had higher prevalence of insulin resistance, lower insulin sensitivity and higher insulin secretion than age matched overweight or obese healthy children. In lean children with systemic JIA, insulin sensitivity was not different to lean age-matched controls (167).

In JDM, a condition associated with muscle and skin inflammation, a unique adipokine profile was found, characterised by higher serum adiponectin and resistin, and lower leptin levels in young women (168). A study of 17 patients with severe JDM, found a very high prevalence of obesity and excess weight, as well as insulin resistance and hypertriglyceridaemia (169). The increased CVD-risk observed in JDM is very likely multifactorial, largely accounted for by chronic inflammation, steroid treatment and poor functional levels leading to increased weight in some patients (170).

No significant difference in the prevalence of obesity in children and adolescents with JSLE compared to healthy controls has been reported (171), although there was a positive correlation between obesity (BMI) in JSLE patients and higher serum levels of TNF-α than in healthy controls. TNF-α is a pro-inflammatory adipokine, associated with a decreased activity of lipoprotein lipase in adipose tissue. It also has a role in the early inflammatory response that contributes to atherosclerosis. Furthermore, it is associated with hyperglycaemia, insulin resistance and dyslipidaemia, mediated by inhibition of insulin receptor autophosphorylation and signal transduction (172, 173). In a small study, it has been found that the prevalence of metabolic syndrome in patients with JSLE was higher than in the healthy population (174).

Children and adolescents with T1DM also had more severe periodontal inflammation (175), which was also associated with increased BMI in young people (176). Periodontal disease is also associated with atherosclerosis risk, potentially from early in life (177). In addition, chronic conditions, such as type II DM (T2DM), RA and SLE which are recognised risk factors for CVD are also associated with periodontal disease, although the majority of studies are derived from adult populations, characterised by a higher prevalence of gum disease (178–180).

Higher prevalence of dyslipidaemia was also observed in young people with T1DM characterised by increased triglycerides and LDL-cholesterol levels, with female adolescents having lower levels of HDL-cholesterol than healthy controls (181). Children with T1DM have higher triglyceride levels, independent of pubertal stage (unlike in healthy controls where TC decreased throughout puberty) which also correlated strongly with ApoB levels (182).




Impact of sex determinants on chronic inflammation and other cardiovascular risk factors relevant to young people's health

There is a recognised female sex bias in autoimmune rheumatic diseases associated with chronic inflammation, although this is less pronounced in diseases with paediatric onset (183). This sex-bias is due to a combination of genetic and epigenetic mechanisms (184), as well as due to impact of sex determinants at the time of puberty on the disease mechanisms and risk overall (185, 186). Many of the autoimmune conditions in young people are rare diseases overall. Therefore, it is not always easy to tease apart sex differences in CVD-risk due to chronic inflammation as many cohort studies are underpowered to detect this. Although, this sex bias is less evident in T1DM (187) and has inverse trends in IBD, where there is evidence of females have a lower risk of Crohn's disease compared with males until puberty, at which point there is a reversal, with females developing higher risk over time (188), the long-term impact of increased CVD-risk in patients with chronic inflammation is less defined by sex differences, suggesting that chronic inflammation is the main driver of this risk (189). However, there is evidence that younger age is an independent factor from increased CVD-risk in patients with RA, which is one of the most prevalent and better studied inflammatory rheumatic conditions (190), suggesting that chronic inflammation rather than increase in prevalence of traditional CVD-risk factor are likely to impact cardiovascular health overall.

No post-pubertal sex differences in serum lipid levels were found between adult men and women with JSLE (93), although in female adolescents with JSLE, dyslipidaemia was more than two times more prevalent than in healthy controls, and these differences were characterised by a lower serum HDL and a higher homocysteine in JSLE cohort (191). Dyslipidaemia in JSLE was also associated with decreased smaller HDL particle subsets than in healthy controls. Active disease accentuated this difference and was further associated with higher VLDL particles when compared to JSLE patients with lower disease activity, and it was related to B- and T-cell lipid rafts, inflammation, and disturbed liver function (192). JSLE patients with active disease also had increase in ApoB:ApoA1 ratio which is a pro-atherosclerotic biomarker (192). In addition, JSLE patients with a high ApoB:ApoA1 ratio (baseline levels correlated positively to SLE disease activity index) had increased cardiometabolic risk conferred by greater number of CD8+ T-lymphocytes and CD8+ T-lymphocyte transcriptomic profile which expressed a higher number of genes associated with interferon signalling and other processes that contribute to atherosclerosis (193).

In conclusion, while chronic inflammatory conditions in adolescents and young people are associated with an increased CVD-risk overall, this is likely driven by both traditional and non-traditional CVD-risk factors, and it is less influenced by puberty or other sex-determinants as the effect of underlying chronic inflammatory disease and treatment seem to override their impact.


Other cardiovascular risk factors relevant for young people

 






Role of (cross-) sex hormones, hormonal contraception, and hormone replacement therapy (HRT) on cardiovascular risk

The role of sex hormones in the development of atherosclerosis has been a point of contention. It has been suggested that sex-hormones have differential effects in either sex, although there are less published data in young people (194).

Low endogenous testosterone has been linked to increased CVD and mortality in men, suggesting an atheroprotective role in men, albeit through an unclear mechanism (195). It has also been argued however, that causation is uncertain, and low testosterone may be reflective of reduced general health status in men and thus indicative of other factors that may be directly linked to CVD-risk rather than the causative factor itself (196).

There is evidence of increased CVD-risk with oestrogen-combined oral contraceptives in women of reproductive age, in particularly the risk of venous thrombosis (2–7-fold), as well as arterial thrombosis and HP (197, 198). As a consequence, despite benefits in preventing unwanted pregnancies, as well as addressing other medical conditions common in adolescent and young females, such as menstrual irregularities, heavy menstrual bleeding, menstrual discomfort, or required to treat endometriosis, polycystic ovary syndrome, acne and ovarian cysts, combined oral contraceptives are not recommended (WHO-MEC 3) or even contraindicated (WHO-MEC4) in women with cardiac disease, increased thrombotic risk, either venous or arterial, ischaemic heart disease or HP (199).

Emergency contraception (Levonogestrel) has a small effect on blood clotting parameters and increases fibrinogen at 24 and 48 h post-dose, while being associated with a reduction in anti-thrombin III lasting from 2 to 12 h post treatment (200). However, despite these changes in laboratory parameters, there was no evidence of an increased risk of thrombosis in users of emergency contraception (201).

Large-scale studies thus far have been unable to establish a benefit of HRT for cardioprotective purposes. There is however some evidence for a benefit if treatment started immediately post-menopause, leading to the “timing hypothesis”, which suggests that the type of oestrogen used and the time between the start of menopause and initiation of HRT can lead to differential cardiovascular outcomes (202). However, no data are available in younger populations as this as sex hormone therapy is very rarely warranted. The impact of cross-sex hormone therapy in young trans-sex populations is insufficiently studied (203) as there are unmet needs to involve gender-diverse people in research in medicine overall (204).

In conclusion, while associated with a small CVD-risk overall, sex hormone therapies containing oestrogen have to be used cautiously in young female populations at risk, especially as alternatives are available (progesterone only contraceptive preparations or intrauterine devices and barrier protection).



Sex differences in health-risk behaviours contributing to cardiovascular risk in young people

According to the WHO, 10% of mortality due to CVD can be attributed to cigarette smoking (205) Smoking was associated with more extensive fatty streaks and raised atherosclerotic lesions in the abdominal aorta of young people in post-mortem study (206). Inhalation of cigarette smoke, both passively and actively, increases CVD-risk, as 10% of smoking-related mortality can be attributed to passive cigarette smoking (207). Smoking increases the risk of myocardial infarction and stroke (208) and exposure to cigarette smoke affects the regulation of mechanisms responsible for the formation of intravascular thrombi, inducing a hypercoagulable state and contributing to increased risked of acute thrombotic events (208). There is a higher mortality rate in female smokers than male smokers, with female smokers being 25% more likely to develop coronary heart disease (209).

A study conducted on healthy young men and women found that CVD-risk factors occur earlier in young female smokers than male cigarette smokers (210). In women only, exposure to cigarette smoke increased monocyte and lymphocyte counts, whereas in men, neutrophils and eosinophils were significantly increased. Global DNA methylation was reduced more in women than men who smoked, while smoking increased the number of platelets in women, and decreased the number of platelets in men. Smoking also seemed to affect endothelial function in women more than in men by causing a significant increase in asymmetric dimethyl arginine (ADMA), an endogenous inhibitor of nitric oxide synthesis, and L-arginine, a precursor of nitric oxide synthesis in women only. These are both surrogate measures of endothelial dysfunction. The trans-sulphuration pathway involves interconversion of cysteine and homocysteine. The forward reaction in this pathway produces homocysteine, a recognised marker of CVD-risk (211). In the non-smoking control group, homocysteine was found to be lower in females than in males, while exposure to cigarette smoke increased homocysteine levels in women only. Smoking also eradicated the sexual dimorphism in TNF-α release from human monocyte-derived macrophages (hMDMs) as even if in non-smokers, there is a higher basal TNF-α release from hMDMs in men than in women, the smoking increased TNF-α release in women only. Early onset of puberty associated with increased risk of smoking throughout adolescence (212).

Cigarette smoking intensity (acute smoking measured as number of cigarettes smoked per day) has been associated with increased serum concentration of biomarkers of CVD, particularly, markers of systemic inflammation, with hsCRP, being the most sensitive (213).

A large meta-analysis found a dose-dependent relationship between the number of cigarettes smoked per day, with pooled relative risk for coronary heart disease in men of 1.48 for smoking one cigarette per day and 2.04 for 20 cigarettes, while in women, the risk was 1.57 and 2.84, respectively (214).

Long-term exposure (chronic cigarette smoking), commonly assessed using smoking duration (years), or cumulative exposure (pack-years) was also associated with measures of either inflammation or subclinical atherosclerosis (215), which is relevant to adolescents, especially as cigarette smoking initiation rates during early adolescence (11–15 years) showed a marked increase after 1990 especially in West Europe, while smoking initiation during late adolescence (16–20 years) declined, with the exception of South Europe (216).

Recent research has been directed towards understanding the cardiovascular health effects of electronic vaping cigarettes (EVC) and heat-not-burn cigarettes, which are popular alternatives to traditional combustion cigarettes. An analysis of 7 systematic reviews found that acute EVC use was associated with several toxic effects, including detrimental impact on BP management, tachycardia, worsened arterial stiffness, as well as increased prevalence of atrial fibrillation and myocardial infarction, even if the causal link is still debated (217).

Adolescence is also associated with increased use of illicit substances (218), with potential devastating impact on cardiovascular health (219). Many studies investigated sex and gender differences as well as contextual factors and relationships associated with substance use and academic and health-related outcomes (220–224), highlighting the complexity of this phenomenon which cannot be simply disaggregated by sex. Significant atherosclerosis has been particularly linked to cocaine use compared to opioid use and other poor-health related factors (225). Illicit substance use is one of the main drivers of CVD in young people overall (226).


Is there any need for tailored CVD-risk strategies in young people?

There is ample evidence in the literature that puberty and adolescence are very dynamic periods in the life of young people associated with various metabolic changes and CVD-risk trends, some of which are reversable. Correct phenotyping of an individual, as well as assessment of risk over time are important strategies for managing the potential health consequences of having increased CVD-risk or subclinical atherosclerosis later in life. We would argue that certain groups of young people, especially in the context of genetic predisposition, concomitant chronic inflammatory conditions or at the time of intense vulnerability driven by physiological, socio-economic or psychological factors would benefit from tailored management strategies, irrespective of being aimed at addressing chronic inflammation, improving physical exercise or diet, or tackling health-risk associated behaviours. In addition, early identification of increased CVD-risk through improved detection strategies as well as dynamic assessment of this risk over time are likely to lead to improved outcomes. Although, there is evidence of a male bias in increased CVD-risk in young people, especially post-puberty, future research is needed to establish whether this can be addressed by sex-biased therapeutic and management strategies from early life.




Conclusions

There is an unmet need for better CVD-risk assessment and management strategies in young people overall, as although the traditional risk factors are clearly linked to subclinical atherosclerosis, there are other contributing determinants, related to pubertal changes, chronic inflammation and treatment addressing inflammation, as well as health-risk behaviours that are particularly relevant in this population. There are well documented sex differences in CVD-risk and subclinical atherosclerosis which maintain the male-biased predominance observed in the older populations; however, in the context of chronic inflammatory conditions, the upregulation of the pro-inflammatory pathways or the use of various treatments associated with metabolic effects with role in CVD-risk modulation seem to override the sex and puberty driven differences observed in the general population. Further research is needed to capture the long-term outcomes of young people with chronic inflammatory diseases and contrast them with the impact of traditional CVD-risk factors in the general population, disaggregated by sex, to give us the possibility to properly investigate whether sex and gender-tailored CVD-risk management strategies are warranted.
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Objectives: To assess the disease burden and changing trend of cardiomyopathy in children aged 0–14 years in China from 1990 to 2019.

Methods: This study was based on the Global Burden of Disease Study 2019; the age-specific prevalence rate, mortality rate and disability-adjusted life year (DALY) rate were used for analysis. Estimated annual percentage change (EAPC) in burden rate and its 95% confidence interval were calculated. The data of China were compared with the global average level.

Results: In 2019, the numbers of prevalence, deaths, and DALYs of cardiomyopathy in children aged 0–14 years in China were 4,493 [95% uncertainty interval (UI): 2687 ~ 6,838], 434 (95%UI: 337 ~ 565) and 37,522 (95%UI: 29,321 ~ 48,891), with declining amplitudes of 16.32, 70.56, and 70.74%, compared with 1990, respectively. In 2019, the prevalence rate of cardiomyopathy in Chinese children aged 0–14 years was 2.00/100,000 (95%UI: 1.2/100,000 ~ 3.04/100,000), higher than 1990 [1.66/100,000 (95%UI:1.00/100,000 ~ 2.53/100,000)]; mortality rate was 0.19/100,000 (95%UI: 0.15/100,000 ~ 0.25/100,000), significantly lower than 1990 [0.46/100,000 (95%UI: 0.25/100,000 ~ 0.95/100,000)]; DALY rate was 16.69/100,000 (95%UI: 13.04/100,000 ~ 21.75/100,000), also significantly lower than 1990 [39.71/100,000 (95%UI: 22.06/100,000 ~ 82.8/100,000)]. All burden rates of cardiomyopathy in Chinese children aged 0–14 years old were all lower than the global averages of 2019; the burden rates of male children were higher than female children. In all calendar years from 1990 to 2019, the mortality and DALY rates of children younger than 1-year-old were significantly higher than in the other age groups of 0–14 years old. From 1990 to 2019, the prevalence rate of cardiomyopathy aged 0–14 years old gradually increased, with EAPC of 0.82 (95%CI: 0.71–0.93); mortality rate and DALY rate decreased [EAPC = −2.32 (95%CI: −2.59 to −2.05)].

Conclusion: From 1990 to 2019, the disease burden of cardiomyopathy in children of China aged 0–14 years was heterogeneous; the burden of male children was higher than females; and the burden of cardiomyopathy in children younger than 1 year old needs more attention.

KEYWORDS
 cardiomyopathy, prevalence, mortality, disability-adjusted life years, children, China


Introduction

Cardiomyopathy is a kind of cardiovascular disease which can seriously affect the physical and mental health of children (1). It has the characteristics of high disability and mortality, with extremely poor prognosis and a huge disease burden (2, 3). Genetic variations and systemic diseases account for the main etiologies of pediatric cardiomyopathy which are complex and heterogeneous (4, 5). In pediatric cardiomyopathy, dilated cardiomyopathy is the most common, followed by hyper-trophic cardiomyopathy; restrictive cardiomyopathy and left ventricular myocardial insufficiency are relatively rare (6). Structural cardiac disease, infections causes, autoimmune diseases, drug reactions, metabolic disorders, hypersensitive reactions, and other exposures can also lead to cardiomyopathy (7, 8). Nearly 40% of cardiomyopathy patients developed sudden death or require heart transplantation in childhood or adolescence (8). The risk factors including pathogenesis, clinical manifestations, structural abnormalities, genetic phenotype are the leading reasons for poor prognosis in pediatric cardiomyopathy. According to population-based studies in the United States, Finland and Australia, the annual incidence of primary cardiomyopathy in children was about 1 in 100,000, but there were some differences among ages, genders and races (9–11). The incidence of cardiomyopathy was high in infancy, eight times higher than in older children (9).

The epidemiological characterization of pediatric cardiomyopathy in specific populations can help guide the formulation of public health policies, and further researches on prevention, diagnosis and treatment strategies. Published clinical studies related to cardiomyopathy in children are very rare, and no epidemiological studies have been published on cardiomyopathy in the population of children aged 0–14 years. The Global Burden of Disease (GBD) is currently the most influential study of disease burden in the world, and its database was updated in 2019 (12, 13). Based on GBD 2019, this study analyzed the disease burden and changing trend of cardiomyopathy in children aged 0–14 years in China from 1990 to 2019, and compared with global data, which aimed to provide a reference for guiding the research of pediatric cardiomyopathy and formulation of prevention strategies.



Methods


Data source

This study was based on the data of GBD 2019 from Global Health Data Exchange. The GBD 2019 has collected global disease burden data from primary research studies and various databases, and performed subsequent data analysis to provide systematical estimations on 369 diseases (12), which gives a unique opportunity to understand the latest state of cardiomyopathy in children of China. Following the methodology framework and analytical strategies used in the GBD 2019 study, this present study aimed to summarize the prevalence, deaths, and disability-adjusted life years (DALYs), and the corresponding secular trends of cardiomyopathy in children aged 0–14 years in China and worldwide from 1990 to 2019. DALY is one of the most important comprehensive indicators describing the burden of disease. And, it refers to the total healthy life years lost from morbidity to death, including the loss of healthy life caused by disease and disability (14). The Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) statement were obeyed to analyze the GBD database in every step (Report Checklist). The database was classified according to gender, age groups and years, and the burden of pediatric cardiomyopathy was analyzed using the standard model after modification. The International Classification of Disease (ICD) codes were adopted to identify cardiomyopathy in children aged 0–14 years old. The disease codes include 425.0–425.3, 425.7–425.8, 429.0 in ICD 9; I42.1–I42.5, I42.7–I42.8, I43–I43.9 in ICD 10. Statistical analysis code is freely available from the following website: http://ghdx.healthdata.org/gbd-2019/code.



Analytical indicators

Age-specific prevalence rate (ASPR), age-specific mortality rate (ASMR), and age-specific DALY rate (ASDR) were used to assess the burden of pediatric cardiomyopathy. The estimated annual percentage change (EAPC) and its 95% confidence interval (CI) were calculated (15, 16). In this study, the burden of Chinese children aged 0–14 years from 1990 to 2019 was analyzed by gender, age groups, and calendar years, and was compared with the global data. Age grouping adopted the inherent age grouping mode of GBD 2019, including less than 1 year old, 1–4 years old, 5–9 years old, and 10–14 years old.



Statistical analysis

Based on GBD 2019, the burden of cardiomyopathy of Chinese children aged 0–14 years from 1990 to 2019 was modeled by the Cause of Death Ensemble tool, DisMod-MR, and spatiotemporal Gaussian regression. Previous studies have described the primary data explanations and analytic approaches of the GBD 2019 study in detail (12, 13, 17). In this study, we conducted a descriptive analysis of the numbers of prevalence, deaths, and DALYs in China and the world in 1990 and 2019, and calculated the annual trends of age-specific rates (ASRs) from 1990 to 2019. EAPC was used to assess the annual trend in ASR to characterize the long-term change in the burden of pediatric cardiomyopathy. The upward trend is defined as the minimum value of EAPC and its 95% CI being positive; instead, a decreasing trend was recognized when EAPCs and the maximum of the 95% CI were negative; and the ASR trend is stable when neither meets (18, 19). Statistical analysis was completed using the R language version 4.2.1.




Results


Overview of the disease burden of cardiomyopathy in children aged 0–14 years in China, and comparison with global data

In 2019, the prevalent number of cardiomyopathy in children aged 0–14 in China was 4,493 [95% uncertain interval (UI): 2,687 ~ 6,838], down 16.32% compared with 1990 [5,369 (95%UI: 3221 ~ 8,164)] (Table 1); the number of deaths was 433 (95%UI: 337 ~ 565), down 70.56% compared with 1990 [1,474 (95%UI: 819 ~ 3,078)] (Table 2); the number of DALYs was 37,522 (95%UI: 29,321 ~ 48,891), down 70.74% compared with 1990 [128,224 (95%UI: 71,231 ~ 267,370)] (Table 3). In 2019, the ASPR of cardiomyopathy aged 0–14 years old was 2.00/100,000 (95%UI:1.20/100,000 ~ 3.04/100,000) in China, which was higher than in 1990 [1.66/100,000 (95%UI: 1.00/100,000 ~ 2.53/100,000)] (Table 1). In contrast, the global ASPR [3.21/100,000 (95%UI:1.69/100,000 ~ 5.21/100,000)] decreased compared with 1990 [3.55/100,000 (95%UI: 2.21/100,000 ~ 5.30/100,000)] (Table 1). ASMR and ASDR of 2019 in China were 0.19/100,000 (95%UI: 0.15/100,000 ~ 0.25/100,000) and 16.69/100,000 (95%UI: 13.04/100,000 ~ 21.75/100,000), both decreasing compared with the corresponding data of 0.46/100,000 (95%UI: 0.25/100,000 ~ 0.95/100,000) and 39.71/100,000 (95%UI: 22.06/100,000 ~ 82.80/100,000) in 1990 (Tables 2, 3). Both the ASMR and the ASDR in 2019 also declined globally compared with 1990. In 2019, the ASRs of cardiomyopathy in Chinese children aged 0–14 years old were all lower than the corresponding global averages (Tables 1–3).



TABLE 1 Prevalence and age-specific prevalence rate per 100,000 people of cardiomyopathy in children aged 0–14 years old in 1990 and 2019, and its estimated annual percentage change from 1990 to 2019.
[image: Table1]



TABLE 2 Deaths and age-specific mortality rate per 100,000 people of cardiomyopathy in children aged 0–14 years old in 1990 and 2019, and its estimated annual percentage change from 1990 to 2019.
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TABLE 3 DALYs and age-specific DALY rate per 100,000 people of cardiomyopathy in children aged 0–14 years old in 1990 and 2019, and its estimated annual percentage change from 1990 to 2019.
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Gender characteristics of the disease burden of cardiomyopathy in children aged 0–14 years in China, and comparison with global data

In 2019, the prevalence of Chinese male children aged 0–14 with cardiomyopathy was 2,711 (95%UI: 1,613–4,109), and 1782 (95%UI: 1,080–2,732) in women; the number of deaths in Chinese male children with cardiomyopathy was 260 (95%UI:185 ~ 377), and DALYs were 22,490 (95%UI: 16,058 ~ 32,629); the number of deaths in Chinese female children with cardiomyopathy was 173 (95%UI: 127 ~ 226), and DALYs were 15,033 (95%UI: 11,048 ~ 19,608) (Tables 1–3). In 2019, the ASPR, ASMR, and ASDR of cardiomyopathy in male children aged 0–14 years in China were 2.23/100,000 (95%UI: 1.33/100,000 to 3.38/100,000), 0.21/100,000 (95%UI: 0.15/100,000 to 0.31/100,000), and 18.52/100,000 (95%UI: 3.22/100,000 to 26.86/100,000), which were higher than the corresponding values of female children [1.72/100,000 (95%UI: 1.04/100,000 to 2.64/100,000), 0.17/100,000 (95%UI: 0.12/100,000 to 0.22/100,000), and 14.55/100,000 (95%UI: 10.69/100,000 to 18.98)/100,000] (Tables 1–3). In all calendar years from 1990 to 2019, the ASPR, ASMR and ASDR of Chinese children with cardiomyopathy aged 0–14 years old in males were higher than that in females; and the ASRs of cardiomyopathy in Chinese children aged 0–14 years old were all lower than the global averages of the corresponding genders (Figures 1–3).
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FIGURE 1
 Changes in the age-specific prevalence rate of children with cardiomyopathy aged 0–14 years across all age groups and genders, China and the world, from 1990 to 2019.


[image: Figure 2]

FIGURE 2
 Changes in the age-specific mortality rate of children with cardiomyopathy aged 0–14 years across all age groups and genders, China and the world, from 1990 to 2019.
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FIGURE 3
 Changes in the age-specific disability-adjusted life year (DALY) rate of children with cardiomyopathy aged 0–14 years across all age groups and genders, China and the world, from 1990 to 2019.




Characteristics of the disease burden of cardiomyopathy in children aged 0–14 years in China in age groups, and comparison with global data

In 2019, the ASPR of cardiomyopathy of all age groups among 0–14 years old in China increased compared with 1990, while ASMR and ASDR decreased compared with 1990. The highest ASPR in 1990 and 2019 were found in the 1–4 years old group (Table 1), and the highest ASMR and ASDR were found in the <1 year age group (Tables 2, 3). It is noteworthy that the number of deaths in children in the age group less than 1 year exceeded the number of prevalence in 1990 and 2019, more obviously in 1990; while the opposite results were observed in the other age groups (Table 2). From 1990 to 2019, ASPR, ASMR and ASDR of Chinese children with cardiomyopathy in all age groups among 0–14 years old were lower than the global average of the corresponding age groups (Figures 1–3).



Annual trends in the disease burden of cardiomyopathy in children aged 0–14 years old in China, and comparison with global data

From 1990 to 2019, the ASPR of cardiomyopathy in children aged 0–14 years in China gradually increased with an EAPC of 0.82 (95% CI: 0.71–0.93); the upward trend of male children [EAPC = 0.74 (95% CI: 0.64–0.83)] is weaker than that of female children [EAPC = 0.9(95% CI: 0.78–1.02)] (Table 1). However, the ASPR of cardiomyopathy in children aged 0–14 years old has shown a downward trend globally with similar trends for both male and female children (Table 1). From 1990 to 2019, the ASMR and ASDR of cardiomyopathy in children aged 0–14 years old in China showed a downward trend with the same EAPC of [−2.32 (95% CI: −2.59 to −2.05)], which was oblivious than the global trend [EAPC = −1.55 (95% CI: −1.68 to −1.41)] (Tables 2, 3). In Chinese male children aged 0–14 years old, ASMR and ASDR showed a downward trend [EAPC = −1.98 (95% CI: −2.28 ~ −1.68) and − 1.99 (95% CI: −2.29 ~ −1.69)], with a weaker degree than in female children [EAPC = −2.78 (95% CI: −3.02 ~ −2.54) and − 2.77 (95% CI: −3.01 ~ −2.54)] (Tables 2, 3). During the period 1990–2019, the two age groups with the most obvious upward trend of ASPR were 5–9 years old and 1–4 years old; 1–4 years old and younger than 1 year old are the two age groups with the most significant downward trend in ASMR and ASDR. The changing trend of ASMR was highly consistent with ASDR in all age groups between 0 and 14 years old in China and the whole world (Figures 2, 3).




Discussion

This study found that the prevalence of children with cardiomyopathy aged 0–14 years in China decreased from 1990 to 2019, but ASPR showed an upward trend; the number of deaths, DALYs, ASMR, and ASDR all showed a downward trend. The results suggested that the overall burden of cardiomyopathy in children aged 0–14 years in China presented a downward trend during the period of 1990–2019, which was mainly due to the continuous progress of basic, translational, and clinical researches related to cardiomyopathy. Genomics technology has promoted the continuous development of precision medicine, and more and more unexplained cardiomyopathy has been unveiled (20–24). In this context, medical personnel and scientific researches have gained a deeper understanding on the causes of pediatric cardiomyopathy, and the diagnosis and treatment strategies for pediatric cardiomyopathy have also been continuously developed and improved. Meanwhile, we should also pay attention to the rising trend of ASPR in children aged 0–14 years with cardiomyopathy in China, which was mainly due to the significant decline in ASMR. The continuous progress in diagnosis and treatment significantly reduced the mortality rate of children with cardiomyopathy. The continuous improvement in precision medicine for cardiomyopathy has enabled more children with cardiomyopathy to receive timely and effective diagnosis and treatment (25). The change in the overall size of the 0–14 year old population was another important influencing factor for the change in ASPR in China. This study also found that from 1990 to 2019, children with cardiomyopathy of all age groups and different genders in China showed the same changes as the overall trend. Namely, ASPR showed an upward trend, while ASMR and ASDR showed a highly consistent downward trend. Moreover, the overall disease burden of cardiomyopathy in Chinese children aged 0–14 years was lower than the global average. China has achieved good results in the prevention and treatment of pediatric cardiomyopathy for reducing the burden, which was mainly due to the in-depth research, experience sharing, and hard work of domestic medical and scientific researchers in the diagnosis and treatment of pediatric cardiomyopathy. The birth rate inevitably affects the number of children with cardiomyopathy, therefor different birth rate in the Chinese population compared to the global one is also an important factor affecting the discrepancies in cardiomyopathy burden. Another, the incidence rate of cardiomyopathy may vary among different ethnic groups.

Gender is an important factor affecting the burden of pediatric cardiomyopathy (26). The results of this study suggested that the burden of cardiomyopathy in Chinese male children aged 0–14 years was higher than that in female children. The number of prevalence, deaths, DALYs, and their corresponding specific rates in male children were higher than those in female children. Many children with cardiomyopathy have a familial basis, and most of the related genes are autosomal with dominant transmission mainly (27). Considering the impact of genetic patterns, the burden of disease should be similar for men and women, but this contradicts clinical statistics. The gender difference may be related to the penetrance of cardiomyopathy-related genes, mitochondrial genetics, modified genes, epigenetics, environmental factors, etc. between different sexes. Functional analysis of gene expression patterns showed that female-specific deregulation genes were mainly involved in energy metabolism, transcription, and translation regulation, while male-specific deregulation genes were related to myocardial contraction (28). Sex hormones can directly affect cardiac function by influencing endothelial cell function and vascular tension through androgen and estrogen receptors present in vascular endothelium, smooth muscle cells, and cardiac fibroblasts. Previous studies had found that heart failure with preserved ejection fraction was more common in women, and women experienced heart failure later than men (29). Sex hormones also have significant impacts on the immune system. Estrogen is more inclined to produce a protective immune response to the myocardium, while androgen can increase the Th1 response and promote inflammation (30). In terms of myocardial remodeling, animal studies had shown that testosterone was the cause of poor myocardial remodeling in men; elevated testosterone levels could promote myocarditis and fibrosis, leading to increased myocardial disease and heart failure (31). Currently, there is no definite evidence that standard heart failure therapies differ significantly between males and females. Overall, the prognosis of women with cardiomyopathy is better than men, but the mechanisms are complex and multifaceted. Research on the gender-specific mechanisms of cardiomyopathy can help improve diagnostic strategies and clinical management, and in-depth research on the cellular mechanisms of the “gender effect” can help find better-targeted therapies for cardiomyopathy.

The burden of childhood cardiomyopathy has significant age characteristics. This study found that the highest ASPR for cardiomyopathy in children aged 0–14 years in China in 1990 and 2019 presented in the 1–4 year old age group, while the highest ASMR and ASDR showed in the younger than 1 year old age group. It was also found that the number of deaths among children younger than 1 year old age group exceeded the prevalence in 1990 and 2019, especially in 1990; while the number of deaths among other age groups was smaller than the prevalence in both years. Cardiomyopathy is one of the most important causes of cardiac insufficiency and sudden cardiac death in children. Many children with cardiomyopathy often have severe clinical manifestations such as heart failure, malignant arrhythmia, embolism, or cardiogenic shock at the time of diagnosis, with extremely poor prognosis and high mortality. The result that the number of deaths in children younger than 1 year old was higher than the prevalence further confirmed the poor prognosis of infantile cardiomyopathy. The highest mortality and DALY rates in infants were mainly related to triggers of infant cardiomyopathy, including genetic abnormalities, genetic and metabolic diseases, and congenital factors such as intrauterine infections. In addition, there is fewer safe and effective interventions for cardiac insufficiency that has been identified during the fetal period which is an important influencing factor for the high mortality rate of children after birth. The highest prevalence rate among children aged 1–4 years was mainly due to the stable survival of infants with cardiomyopathy after timely diagnosis and effective treatment. Also, the higher diagnostic rate among children aged 1–4 years with cardiomyopathy was another important reason. According to the survey and analysis of 4,981 hospitalized children’s cardiomyopathy in 33 hospitals in China from 2006 to 2018 by the Children’s Cardiology Precision Diagnosis and Treatment Cooperation Group of Pediatric Society of Chinese Medical Association, 65.15% of children with cardiomyopathy were under the age of 3 years old (32). The result suggested that the incidence rate of early childhood cardiomyopathy in China was significantly higher than that of older children, similar to foreign literature, and also similar to the statistical results of our study. In order to reduce the burden of childhood cardiomyopathy, it is necessary to pay attention to the prevention and treatment of infant cardiomyopathy, and continuously improve the status of genetic testing in the diagnosis and classification of cardiomyopathy. Emphasis should be placed on genetic counseling and eugenics, especially for high-risk families. Complete family lineage excavation and comprehensive genetic counseling should be conducted in these families.

Clinical researches and epidemiological investigations related to cardiomyopathy in children are rare, and relevant academic conferences are rarely held. In this context, our study has some strengths. First, based on the GBD 2019, the data used in our study is calculated using a robust method, and its quality is currently the best (16, 33). Second, this study firstly conducted a comprehensive analysis of the disease burden of cardiomyopathy in children aged 0–14 years in China, which is the first nationwide epidemiological survey of cardiomyopathy in children aged 0–14 years. The purpose of this study is to provide evidence-based medical evidence for future research priorities in children with cardiomyopathy in China, in order to achieve early diagnosis, ameliorate clinical outcomes, and improve the quality of life of children and their families. The epidemiological investigation of childhood cardiomyopathy has also received increasing attention in China. The Collaborative Group on Accurate Diagnosis and Treatment of Childhood Cardiomyopathy of the Cardiovascular Science Group of the Pediatrics Branch of the Chinese Medical Association conducted multicenter retrospective analyses of the clinical data of children with cardiomyopathy from 2006 to 2016 and 2008–2018, providing a reference for accurate diagnosis and treatment of children with cardiomyopathy (32, 34). Important diagnostic and therapeutic recommendations such as “Recommendations for Genetic Testing of Cardiomyopathy in Children” and “Recommendations for the Diagnosis and Treatment of Heart Failure in Children (Revised in 2020)” have also been published (35, 36). In the foreseeable future, with the continuous improvement of gene editing technology, there will also be more and better clinical plans to treat hereditary cardiomyopathy (37). We have confidence that the disease burden caused by children with cardiomyopathy in China and the world will inevitably decrease with the efforts of medical and scientific researchers.

Some limitations should be noticed. First of all, this study uses the data from GBD 2019, which has methodological limitations of GBD 2019 itself. On the other hand, the database only includes data on overall cardiomyopathy in China, which cannot clarify the epidemiological differences between different provinces and regions. Thirdly, there is no survey data for different types of cardiomyopathy in the study. Specific epidemiological investigations targeting different etiologies and types of cardiomyopathy can help to analyze the disease burden of childhood cardiomyopathy in greater depth, but the GBD 2019 does not provide a detailed classification.

In summary, from 1990 to 2019, the disease burden of cardiomyopathy in children aged 0–14 years in China showed heterogeneous changes. The burden of cardiomyopathy in male children was higher than that in female children. Moreover, the burden of cardiomyopathy among people younger than 1-year-old in China requires more attention. Policymakers, researchers, and medical personnel should develop more effective and preventive measures in terms of primary prevention, early diagnosis and treatment, disease management, improvement of public health systems, education and awareness to reduce the burden of childhood cardiomyopathy, pay attention to changes in the epidemic characteristics, and rationally allocate limited medical resources.
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Background: Several cardiovascular (CV) risk factors are reported to be associated with abnormal cardiac structure in children and adults. However, no study has assessed the association between clustering of multiple CV risk factors and left ventricular geometric (LVG) remodeling. We examined the association between clustering of CV risk factors and LVG remodeling among Chinese children.



Methods: This cross-sectional study included 1,406 children aged 6–11 years. Clustering of CV risk factors was quantified as the sum of the number of five CV risk factors (abdominal obesity, elevated blood pressure, high fasting blood glucose, high triglycerides and low high-density lipoprotein cholesterol). Based on left ventricular mass index and relative wall thickness (RWT), left ventricular hypertrophy (LVH), high RWT and LVG remodeling [concentric remodeling (CR), eccentric hypertrophy (EH) and concentric hypertrophy (CH)] were defined.



Results: Compared to participants without CV risk factor, those with 1, 2 and ≥3 risk factors were at increased risk of LVH [ORs (95% CIs): 3.49 (2.19–5.56), 5.53 (3.20–9.55), and 19.19 (9.67–38.08), respectively]; corresponding values for high RWT were 2.47 (1.63–3.74), 3.76 (2.25–6.27), and 5.47 (2.65–11.28). Similar associations between clustering of CV risk factors and LVG remodeling were found [CR: 1.71 (1.06–2.76), 2.83 (1.54–5.18), and 3.82 (1.37–10.62); EH: 2.42 (1.42–4.11), 4.23 (2.24–7.96), and 16.86 (7.70–36.92); CH: 14.92 (4.41–50.47), 23.15 (6.32–84.83), and 71.19 (17.09–296.56)].



Conclusion: CV risk factors in isolation and combination were associated with an increased risk of LVH, high RWT and LVG remodeling among children, emphasizing the need to consider multiple risk factors when assessing the risk of cardiac outcomes.
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1. Introduction

Left ventricular hypertrophy (LVH) is a common target organ damage in youth with hypertension (1). LVH and left ventricular geometric (LVG) remodeling, which are surrogate markers of abnormal cardiac structure, and are independently associated with cardiovascular disease (CVD) morbidity and mortality (2, 3), stroke (4, 5) and cognitive impairment (6, 7).

Previous studies have documented the association between several cardiovascular (CV) risk factors separately and left ventricular structure in both children (8, 9) and adults (10, 11). Indeed, abdominal obesity (12, 13), elevated blood pressure (9, 14), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) (15, 16) are independently associated with cardiac structural remodeling in youth. Importantly, these CV risk factors usually co-exist in the population (17, 18) and the clustering of several CV risk factors could have a larger effect on CVD than the sole presence of individual CV risk factor (19). Although the clustering of at least three CV risk factors is defined as metabolic syndrome (MetS), this definition remains controversial. MetS is a binary definition (yes: number of the CV risk factors ≥3 vs. no: number <3) while those with 1 or 2 CV risk factors cannot be simply recognized as metabolicaly healthy. In 2017, the American Academy of Pediatrics also emphasized the need to consider CV risk factors clustering rather than MetS itself (20). Furthermore, a recent review also recommended a validated and unified continuous CV risk score for children (21). Accordingly, a continuous risk score of the clustering of the same five components from MetS may better identify CVD risk. Indeed, an international study of 2,427 children and adolescents aged 6–17 years showed that clustering of CV risk factors performed better than MetS in identifying high carotid intima-media thickness (cIMT, a surrogate marker of subclinical atherosclerosis) (22).

In this study, we investigated the association of clustering of CV risk factors (including the five risk factors used in the definition of MetS) with LVH, high relative wall thickness (RWT), and LVG remodeling [including concentric remodeling (CR), eccentric hypertrophy (EH), and concentric hypertrophy (CH)] among Chinese children aged 6–11 years.



2. Materials and methods


2.1. Participants

Data came from the baseline survey of “Huantai Childhood Cardiovascular Health Cohort Study” conducted in Huantai County, Zibo City, Shandong Province, China, conducted from November 2017 to January 2018. The survey has been described elsewhere (23). In brief, 1,406 children aged 6–11 years from one primary school were included in this study. All children and their parents/guardians provided written informed consent before examinations. Collected data included demographic information (sex and age), anthropometric examinations [height, weight, waist circumference (WC) and blood pressure (BP)], lifestyle factors (sleep duration, screen time, physical activity and intake of vegetables and fruits), fasting blood assays (glucose and lipid profiles) and an echocardiogram examination. The study protocol was approved by the institutional review board at the School of Public Health, Shandong University (approval number: 20160308).



2.2. Collections of CV risk factors

Anthropometric examinations were performed by trained staff according to a standard protocol in the school setting. Height and weight were measured twice in light clothes without shoes using a calibrated scale with stadiometer (HGM-300; Shengyuan Co. Ltd., China). WC was measured twice at 1 cm distance above the horizontal level of umbilicus using a flexible plastic tape. Mean values of height, weight, and WC, as well as body mass index (BMI, kg/m2), respectively, were calculated for data analysis. The BP in a seated position was measured three times consecutively at the heart level at about 20-second intervals, using the validated and calibrated electronic sphygmomanometer (HEM 7012; Omron, Osaka, Japan) (24). The last two BP readings were averaged for data analysis.

Venous blood samples were drawn after an overnight fast (for at least 10 h). Fasting blood glucose (FBG), TG and HDL-C were assayed using an automatic analyzer (Beckman Coulter AU480; Mishima, Shizuoka, Japan).



2.3. Measurements of left ventricular structure indices

A same experienced sonographer who was blinded with the study protocol measured the left ventricular structure using a portable color Doppler ultrasound machine (CX30; Royal Philips, Amsterdam, the Netherlands) equipped with an S4-2 convex array transducer (frequency of 2–4 MHz), according to recommendations proposed by the American Society of Echocardiography (25). Using the R-wave apex of the electrocardiogram as the standard phase, the left ventricular end-diastolic internal dimension (LVID) was obtained by measuring the echogenicity of the left ventricular septum from the left ventricular surface to the left ventricular posterior wall. In addition, the vertical distance between the two points on the time axis was measured from the upper edge of the front edge echo line to the upper edge of the rear edge echo line of the measured structure to obtain interventricular septal thickness (IVST) and left ventricular posterior wall thickness (LVPWT). Intra-observer reproducibility of IVST values [intra-class correlation coefficient (ICC) = 0.92] and LVPWT values (ICC = 0.95) was evaluated in the same 20 subjects by the same sonographer who measured twice. Left ventricular mass (LVM, g) was calculated using the Devereux's formula as 0.8 × 1.04 × [(IVST + LVID + LVPWT)3−(LVID)3] + 0.6 (26). Additionally, left ventricular mass index (LVMI, g/m2.7) was calculated as LVM divided by height to the power of 2.7 (27). RWT was calculated as (LVPWT + IVST)/LVID (28).



2.4. Definitions of CV risk factors and LVG patterns

CV risk factors including abdominal obesity, elevated BP, high FBG, high TG and low HDL-C were defined separately as recommended by the Society of Pediatrics, Chinese Medical Association (29). Abdominal obesity was defined as WC ≥90th percentile values for sex and age (30, 31). Elevated BP was defined as systolic and/or diastolic BP ≥95th percentile values for sex, age and height (32). High FBG (≥5.60 mmol/L), high TG (≥1.47 mmol/L) and low HDL-C (<1.03 mmol/L) were defined according to recommendations from the Society of Pediatrics, Chinese Medical Association (29). The clustering of CV risk factors was defined as the sum of the number of risk factors (abdominal obesity, elevated BP, high FBG, high TG and low HDL-C) with the range spanning from 0 to 4. As only few children had more than 3 risk factors, we combined those with 3–4 risk factors into a same group as ≥3, and the clustering was further categorized as 0, 1, 2 and ≥3. Additionally, we re-defined these CV risk factors according to the same distribution of the present study population, namely the corresponding 90th, 85th and 80th sex- and age-specific percentile values of WC, systolic/diastolic BP, FBG and TG, and 10th, 15th and 20th percentile values of HDL-C.

LVH was defined as LVMI ≥90th percentile values for sex and age of this population, and high RWT was defined as RWT ≥90th percentile values for sex and age of this population (the sex- and age-specific percentile cutoffs of LVMI and RWT are provided in Supplementary Table S1). LVG patterns were defined as normal geometry (normal LVMI and normal RWT), CR (normal LVMI and high RWT), EH (LVH and normal RWT) and CH (LVH and high RWT).



2.5. Statistical analysis

All statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC, USA), and a two-sided P < 0.05 was considered statistically significant. Continuous variables were presented as means ± standard deviations and categorical variables as numbers (percentages). Students' t test and chi-square test were used to examine differences in characteristics by the LVH status (presence vs. absence) or the RWT status (high vs. normal). Pearson correlation analysis was performed between single CV risk factors and LVMI and RWT. Potential covariates used for adjustment included sex, age, sleep duration (<9 vs. ≥9 h per day), screen time (≤2 vs. >2 h per day), physical activity (<1 vs. ≥1 h per day), and intake of vegetables and fruits (<5 vs. ≥5 servings per day). Adjusted LVMI and RWT levels between each CV risk factor status (abnormal vs. normal) and across the number of CV risk factors (0, 1, 2 and ≥3) were compared using covariance analysis. We also conducted trend analysis for LVMI and RWT levels according to the number of CV risk factors using multivariate linear regression analysis. Binary logistic regression analysis was used to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of LVH and high RWT, and multi-class logistic regression analysis for LVG remodeling with the normal geometry as the reference category.




3. Results


3.1. Characteristics of study participants

A total of 1,406 children (boys: 52.8%) aged 6–11 years were included in this study. Characteristics of children by the LVH status are shown in Table 1. Children with LVH (n = 133) had higher levels of BMI, WC, systolic and diastolic BP, and TG, and a lower level of HDL-C than those without LVH (n = 1,273). Similar characteristics were found between children with high RWT and those with normal RWT (Supplementary Table S2).


TABLE 1 Characteristics of the children according to the LVH status.
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3.2. Association of single CV risk factor with LVG remodeling

Abdominal obesity, high TG and low HDL-C were associated with the risk of LVH irrespective of definitions of CV risk factors (Table 2). Elevated BP was associated with LVH when using percentile values of this population (Table 2). High FBG was associated with LVH when using recommended guideline (Table 2). Similarly, regardless of definitions of CV risk factors, abdominal obesity and high TG were associated with increased risk of high RWT, while associations of elevated BP, high FBG and low HDL-C with high RWT varied slightly based on different definitions of CV risk factors (Table 2). Besides, there were positive correlations between specific CV risk factors (including WC, SBP, DBP, FBG, and TG; Supplementary Table S3) and LVMI and RWT, and HDL-C was related inversely with LVMI (r = −0.12, P < 0.001; Supplementary Table S3). Additionally, covariance analysis showed significant associations of each CV risk factor with LVMI and RWT levels (Supplementary Table S4).


TABLE 2 Associations of each CV risk factor with LVH and high RWT.
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Abdominal obesity (OR = 2.34, 95% CI: 1.53–3.59) and low HDL-C (OR = 2.36, 95% CI: 1.12–4.97) were associated with CR. Elevated BP (90th or 85th) and high TG (85th) defined using the percentiles were also associated with CR (Supplementary Table S5). Abdominal obesity, elevated BP, high TG, and low HDL-C increased the risk of EH with ORs (95% CIs) of 5.26 (3.34–8.29), 1.72 (1.03–2.89), 5.92 (2.92–11.98), and 2.58 (1.21–5.47), respectively; these associations were mostly similar when defining CV risk factors based on the percentiles (Supplementary Table S5). Abdominal obesity, high FBG, high TG, and low HDL-C also increased the risk of CH, with ORs (95% CIs) of 20.96 (8.13–54.03), 3.33 (1.38–8.06), 4.82 (1.86–12.52), and 4.58 (1.92–10.92), respectively; similar associations were found when CV risk factors were defined using the percentiles for definitions (Supplementary Table S5).



3.3. Association of clustering of CV risk factors with LVG remodeling

There were 787 (55.97%) children without CV risk factor, 413 (29.37%) with one, 156 (11.10%) with two, and 50 (3.56%) with at least three. LVMI and RWT levels were higher along increasing number of CV risk factors (P for linear trend <0.001), after adjustment for sex, age, sleep duration, screen time, physical activity, and intake of vegetables and fruits (Figures 1, 2).


[image: Figure 1]
FIGURE 1
Mean levels of LVMI (g/m2.7) according to the number of cardiovascular risk factors. Cardiovascular risk factors were defined according to the recommended guideline from the Society of Pediatrics, Chinese Medical Association and the corresponding sex- and age-specific percentile values based on the present population, respectively (P90, P85 and P80 for waist circumference, systolic/diastolic blood pressure, fasting blood glucose, and triglycerides, and P10, P15 and P20 for high-density lipoprotein cholesterol). LVMI, left ventricular mass index.
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FIGURE 2
Mean levels of RWT (mm) according to the number of cardiovascular risk factors. Cardiovascular risk factors were defined according to the recommended guideline from the Society of Pediatrics, Chinese Medical Association and the corresponding sex- and age-specific percentile values based on the present population, respectively (P90, P85 and P80 for waist circumference, systolic/diastolic blood pressure, fasting blood glucose, and triglycerides, and P10, P15 and P20 for high-density lipoprotein cholesterol). RWT, relative wall thickness.


The prevalence of LVH and high RWT increased progressively across the clustering of CV risk factors (Table 3). Compared with children without CV risk factor, those with 1, 2 and ≥3 CV risk factors were associated with an increased risk of LVH, with ORs (95% CIs) of 3.49 (2.19–5.56), 5.53 (3.20–9.55), and 19.19 (9.67–38.08), respectively (Table 3). Similarly, the more number of CV risk factors was associated with a higher risk of high RWT [2.47 (1.63–3.74) for 1, 3.76 (2.25–6.27) for 2, and 5.47 (2.65–11.28) for ≥3, Table 3]. Similar associations were found when CV risk factors were defined based on the percentiles (Table 3).


TABLE 3 Associations of the clustering of CV risk factors with LVH and high RWT.
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The clustering of CV risk factors was associated with LVG remodeling including CR, EH and CH (Table 4). The corresponding ORs (95% CIs) of CR were 1.71 (1.06–2.76), 2.83 (1.54–5.18), and 3.82 (1.37–10.62), respectively, for children with 1, 2 and ≥3 CV risk factors; those of EH were 2.42 (1.42–4.11), 4.23 (2.24–7.96), and 16.86 (7.70–36.92), respectively; those of CH were 14.92 (4.41–50.47), 23.15 (6.32–84.83), and 71.19 (17.09–296.56), respectively. Similar associations of the clustering of CV risk factors with CR, EH and CH were found when using the percentiles for definitions.


TABLE 4 Association of the clustering of CV risk factors with LVG.
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4. Discussion

In this cross-sectional study among 1,406 children aged 6–11 years from China, we found that increased numbers of CV risk factors were associated with the higher levels of LVMI and RWT. The clustering of CV risk factors progressively increased the risk of LVH, high RWT and LVG remodeling (CR, EH and CH). These findings indicate a strong association between the number of CV risk factors and the risk of LVG remodeling among children.

Consistent with previous studies, we found that specific CV risk factors were significantly associated with LVMI and RWT. A retrospective study including 160 overweight and obese children and adolescents aged 6–18 years found that WC above the 90th percentile values was associated with increased LVMI and CH (33). A cross-sectional study of 303 adolescents (mean age 15.6 years) showed an independent relationship between BP and LVMI (9). A cross-sectional study of 70 children with obesity (median age 14 years) found positive correlations of TG and the TG-to-HDL-C ratio with LVMI and RWT (15). Associations of the TG-to-HDL-C ratio with LVMI and RWT were also found in a study including 884 outpatient children and adolescents aged 6–16 years (16). In the present study, WC, SBP, DBP, FBG, and TG were positively related with LVMI and RWT, along with inverse correlation between HDL-C and LVMI. Our findings, combined with prior research, may suggest that monitoring CV risk factors among children holds practical value for the prevention of subclinical target organ damage.

Comparatively, abdominal obesity among all five CV risk factors had the largest effect on the cardiac remodeling. Obesity has been considered as a state of chronic metabolic disorder (34), and obesity-related hemodynamic factors (e.g., increased circulating blood volume and cardiac output) and metabolic factors (e.g., insulin resistance, visceral fat deposition and secretion of adipokines) may contribute to a series of adaptations/alterations in cardiac structure and function (35). Besides, obesity frequently promotes other CV risk factors such as hypertension, dyslipidemia, and glucose intolerance (36), and there is also an additive effect between obesity and BP on cardiac remodeling (37). Evidence shows that elevated BP is a prominent contributor to cardiac remodeling (38), however, a weaker association between elevated BP (vs. abdominal obesity) and cardiac remodeling was found in our study. This may suggest that other underlying mechanisms other than BP-related responses may play a vital role. Further studies are warranted to clarify the pathophysiologic mechanisms.

Furthermore, our study also showed that LVMI and RWT levels increased markedly according to the number of CV risk factors. Similarly, a cross-sectional study of 830 young US adults aged 24–43 years found that LVMI levels increased according to the number of abnormal MetS components (39). In another cross-sectional study of 291 children (mean age 11.7 years), a comprehensive CV risk score based on five MetS components had a positive correlation with cIMT levels (40). Overall, these findings support an additive effect of these risk factors on continuous subclinical CVD markers.

A recent combined analysis of three population-based studies of 2,427 children and adolescents aged 6–17 years showed that a graded risk score based on five MetS components was superior to dichotomous classification of MetS to predict high cIMT (22). Additionally, our findings that having ≥3 CV risk factors was associated with the highest risk of LVG remodeling, followed by having two and one CV risk factors, indicate a dose-response association between the clustering of CV risk factors and LVG remodeling. Of note, children who did not meet the definition of MetS (i.e., number of CV risk factors as 1 or 2) were also at an increased risk of LVG remodeling, re-emphasizing the continuous nature of the association between CV risk factors and cardiac outcomes. Therefore, our findings supported that it is important to focus on clustering of CV risk factors among children and adolescents rather than the arbitrarily defined MetS (20). Moreover, irrespective of what are cutoffs of CV risk factors, it is essential to keep an optimal levels of health factors. As exemplified in a child cohort study from China, the ideal levels of four behavior factors (i.e., diet, physical activity, nicotine exposure, sleep heath) as well as four health indicators (i.e., BMI, blood lipids, blood glucose, and blood pressure) were conducive to reducing the abnormal cardiovascular structures (41).

To our knowledge, this is the first study examining the association between the clustering of CV risk factors and LVG remodeling among Chinese children. Meanwhile, there are several limitations in this study that should be considered. First, this study included children aged 6–11 years from only one primary school, making our results less generalizable. Further studies in children with different ages from other regions are needed to further validate the associations observed in this study. Second, the cross-sectional data used in this study preclude concluding on the causal link of CV risk factors on cardiac outcomes. Third, although different CV risk factors had different effects on the cardiac structure, and we did not allocate different weights to specific risk factors because of unavailable weights, we partially addressed this issue by considering these CV risk factors along percentile values of the present population.



5. Conclusion

CV risk factors in isolation and combination were associated with an increased risk of LVH, high RWT and LVG remodeling among children, emphasizing the need to consider multiple risk factors when assessing the risk of cardiac outcomes.
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Introduction: The present study aimed to describe the phenotypic features and genetic spectrum of arrhythmogenic cardiomyopathy (ACM) presented in childhood and test the validity of different diagnostic approaches using Task Force Criteria 2010 (TFC) and recently proposed Padua criteria.



Patients and methods: Thirteen patients (mean age at diagnosis 13.6 ± 3.7 years) were enrolled using “definite” or “borderline” diagnostic criteria of ACM according to the TFC 2010 and the Padua criteria in patients <18 years old. Clinical data, including family history, 12-lead electrocardiogram (ECG), signal-averaged ECG, 24-h Holter monitoring, imaging techniques, genetic testing, and other relevant information, were collected.



Results: All patients were classified into three variants: ACM of right ventricle (ACM-RV; n = 6, 46.1%), biventricular ACM (ACM-BV; n = 3, 23.1%), and ACM of left ventricle (ACM-LV; n = 4, 30.8%). The most common symptoms at presentations were syncope (n = 6; 46.1%) and palpitations (n = 5; 38.5%). All patients had more than 500 premature ventricular contractions per day. Ventricular tachycardia was reported in 10 patients (76.9%), and right ventricular dilatation was registered in 8 patients (61.5%). An implantable cardiac defibrillator was implanted in 61.5% of cases, and three patients with biventricular involvement underwent heart transplantation. Desmosomal mutations were identified in 8 children (53.8%), including four patients with PKP2 variants, two with DSP variants, one with DSG2 variant, and one with JUP. Four patients carried compound heterozygous variants in desmosomal genes associated with left ventricular involvement.



Conclusion: Arrhythmias and structural heart disease, such as chamber dilatation, should raise suspicion of different ACM phenotypes. Diagnosis of ACM might be difficult in pediatric patients, especially for ACM-LV and ACM-BV forms. Our study confirmed that using “Padua criteria” in combination with genetic testing improves the diagnostic accuracy of ACM in children.
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1. Introduction

Arrhythmogenic cardiomyopathy (ACM) (PS107970) is a genetic cardiac disorder characterized by progressive fibro-fatty replacement of the ventricular myocardium. The disease's natural causes include the gradual progression of ventricular arrhythmias (VA), right (RV) or, rarely, left ventricular (LV) dilation, and a decrease in systolic heart function with a high risk of sudden cardiac death (SCD) (1, 2). Initially, the disease was described as predominantly involving the right ventricle (ACM-RV). However, over the years, the definition of ACM has been extended, and currently, the disease is classified into three subtypes: ACM-RV, ACM-LV, and ACM-BV (3).

Diagnosing ACM can be challenging and is typically based on a combination of criteria, including a detailed family history, electrocardiogram (ECG), Holter monitoring (HM), echocardiography (echo), magnetic resonance imaging (CMR), endomyocardial biopsy (EMB), and genetic screening (1, 4). These clinical tests were summarized in a criterial-based diagnostic algorithm known as the revised Task Force Criteria (TFC) (5). However, the 2010 TFC are exclusively concerned with the right phenotypic manifestations of ACM, and as such, have several important limitations (1). To improve the diagnostic approach to ACM, the Padua criteria were proposed in 2020. These criteria include clinical examination on both ventricles (5–8).

Additionally, the Padua criteria take into account genotype information, which is especially important in the case of ACM-LV and ACM-BV. With current genotyping technologies, various groups of genes have been identified, predominantly associated with defined forms of ACM. For example, the most frequent ACM-RV is mainly associated with variants in desmosomal genes such as PKP2, JUP, DSC2, DSG2, DSP, and SCN5A (4–6). On the other hand, patients with ACM-LV or biventricular phenotype often harbor pathogenic variants in LMNA, DSP, FLNC, TMEM43, and rarely other genes such as LDB3, DES, ACTN2, BAG3, PLN, TTN, NKX2-5, RBM20, SCN5A, KCNQ1, KCNH2, TRPM4, LEMD2, ILK and mitochondrial DNA mutations (4–6, 9).

Although ACM mainly manifests in adulthood, it can be very aggressive in children, albeit very rarely. Several recently published extensive meta-analysis and clinical summaries regarding ACM in pediatric patients have confirmed this fact (10–12). However, data on the pediatric phenotype of ACM and its association with genetic background is still limited. Defining the phenotypic features of pediatric ACM in connection to the genetic background is crucial for clinical prognosis and risk stratification, genetic counseling, and decisions on device implantation. Therefore, the aim of the current study is to describe the phenotypic features and genetic spectrum of ACM presented in childhood and to test the validity of different diagnostic approaches using TFC 2010 and recently proposed Padua criteria in pediatric patients with ACM.



2. Materials and methods


2.1. Patient cohort

The study cohort consisted of pediatric ACM patients who were admitted to the Almazov National Medical Research Center between 2010 and 2022. Patients were included in the study if they had either a “definite” or “borderline” ACM diagnosis before the age of 18 years, as per revised TFC 2010 criteria and the new Padua criteria, with subdivision to ACM-RV, ACM-LV, or ACM-BV (7, 8). The clinical data analyzed included physical examination, laboratory tests such as electrolytes and enzymes, 12-lead ECG, signal-averaged ECG, HM, cardiac magnetic resonance (CMR, performed in 9 patients) and echocardiography. Echocardiography criteria of RV/RV outflow tract (RVOT)/LV dilatation and/or dysfunction were as follows: following: RV dilatation >2 z-score (13), FAC <35%, PLAX RVOT/BSA ≥16 mm/m2, PSAX RVOT/BSA ≥18 mm/m2, LV dilatation > z-score 2 (14), ejection fraction LV <50% and wall motion abnormalities of LV or RV. LV dilatation and/or dysfunction by CRM was defined by identification of the following: end-diastolic volume ≥120 ml/m2, EF <50%; RV—RVEF <40%, end-diastolic volume ≥120 ml/m2 in male and ≥110 ml/m2 in female subjects and wall motion abnormalities. Histopathological examination was performed in 5 patients (patients 3, 4, 7, 9, 10): the samples were stained with hematoxylin and eosin and van Gieson stain. We performed immunohistochemical analysis with antibodies to CD3, CD68, HLA-DR to exclude myocarditis. Morphometric study of the residual area of cardiomyocytes and calculation of cell infiltrate were carried out using an image analyzer Image Scope Color M (Russia).

The study was performed in accordance with the Declaration of Helsinki, and approval was obtained from the local ethical committee of Almazov National Medical Research Center (15). Written informed consent was obtained from the parents of the minors before the investigation.



2.2. Genetic testing

Genotyping was performed using a target sequencing panel that included the 172 cardiomyopathy-related genes as previously described (16). In brief, target panel of 172 cardiomyopathy-associated genes was designed and processed with the SureSelect Target Enrichment System (Agilent; Waldbronn, Germany) with an Illumina MiSeq instrument (see Supplementary Material), probeset regions were extended by 100 bp in both directions to capture variants in non-coding areas during downstream analysis.

Alignment, data processing, and variant calling were performed according to GATK BestPractice recommendations using hg38 human genome reference and following tools were used: nextflow v22.10.2, python v3.10.6, fastp v0.23.2, fastqc v0.11.9, bwa v0.7.17, bcftools v1.16, samtools v1.16.1, mosdepth v0.3.3, gatk4 v4.3.0.0, vcftools v0.1.16. For variant calling HaplotypeCaller v4.3.0.0 and Deepvariant v1.4.0 were used. Filtered variants were annotated with Variant Effect Predictor (VEP) v.104 using frequency data from gnomAD, TOPMed and ExAC databases. Additionally, CADD v1.6 and dbNSFP v4.2 databases were used to assign pathogenicity prediction scores to variants. Variant annotation was performed using ANNOVAR (Philadelphia, PA, USA). The variants were filtered based on their functional consequences. To assess the influence of variants on splicing, we utilized Sequence Ontology (SO) classifications provided by VEP, along with precomputed SpliceAI scores from Gencode v24 by Illumina and dbscSNV v1.1 scores from dbscSNV. These resources were integrated as plugins within VEP. New ClinVar records were also incorporated during analysis. Before undergoing manual curation, variants were selected based on the following criteria: genotype quality >20, coverage depth >5 for SNPs and >10 for InDels, AF in gnomAD <0.01, CADD score >20, non-Benign classification in ClinVar, protein sequence altering or splicing altering consequences. Finally, bidirectional Sanger sequencing was performed to validate all reported variants. Genetic variants were classified according to the 2015 American College of Medical Genetics and Genomics criteria (ACMG) (17).




3. Results


3.1. Patient cohort

The study cohort consisted of 13 children with confirmed ACM, according to the TFC 2010 criteria and Padua criteria, who were admitted to the Almazov National Medical Research Center. The cohort comprised: 5 females (38.5%) and 8 males (61.5%) (Table 1), with a mean age at diagnosis of 13.6 ± 3.7 years. Twelve patients had a “definite” diagnosis according to both TFC 2010 criteria and Padua criteria, while one patient had a “borderline” diagnosis (Table 2). All patients were classified into three variants: ACM-RV (6 patients, 46.1%), ACM-BV (3 patients, 23.1%), and ACM-LV (4 patients, 30.8%) (Table 1).


TABLE 1 Genetic and phenotypic characteristics of patients.

[image: Table 1]


TABLE 2 ACM criteria (comparison of the TFC 2010 and the Padua criteria).

[image: Table 2]

Table 1 shows the clinical characteristics of the patients. The mean age of symptom onset was 12 ± 3.95 years (range 4–17), with syncope reported in 6 patients (46.1%), palpitations in 5 patients (38.5%), and chest pain in 5 patient (38.5%). Only 1 patient (7.7%) remained asymptomatic at the time of diagnosis and was examined due to premature ventricular contractions (PVCs) at 12-lead ECG baseline screening during a routine cardiology visit. Importantly, a “hot phase” of clinical presentation with chest pain episodes and high troponin I and/or CPK values was documented in 5 children (38.5%) after thorough exclusion of myocarditis according to MRI, cardiac biopsy and serum data. Heart failure was present in all pediatric patients at the time of the first admission, with 10 patients (76.9%) classified as NYHA functional class II.

All patients had available ECG and HM for analysis. ECG abnormalities were evident in all cases (100%). More than 500 PVCs per day were documented in all pediatric patients, and ventricular tachycardia (VT) was reported in 10 patients (76.9%), including 6 cases (46.1%) of polymorphic VT. The origin of monomorphic VT in the remaining 3 (23.1%) patients was in the RVOT with left bundle branch block (LBBB) morphology with inferior axis, one patient had monomorphic VT with left bundle branch block (LBBB) morphology with superior axis (7.7%), all of which met the major criteria of TFC 2010. Negative T waves in the right chest leads (V1–V2, V1–V4) were observed in 2 adolescents (15.4%) at the age of 16, but only one of them had it as the main criterion. None of the 13 patients had a defined and clear visualization of the epsilon wave while late potentials were seen in 9 patients (69.2%), no patient presented with low ECG including those with ACM-BV or ACM-LV. Regardless of the ACM phenotype, VA was the most prevalent symptom leading to the diagnosis of ACM. Children diagnosed with ACM-BV or ACM-LV had a poorer prognosis due to severe heart failure (Table 1).



3.2. Imaging and visualization

Echocardiographic abnormalities were detected in all 13 cases after the initial clinical presentation. Dilatation of the RV was registered in 8 patients (61.5%), 6 of whom had dilatation of the RVOT, LV dilatation was observed in 8 patients (61.5%). Biventricular involvement was documented in 3 out of 13 pediatric cases (23.1%), and aneurysms of the LV and RV were described in only 2 patients (15.4%). CMR was available for only 9 children and confirmed the diagnosis in 6 of them. Regional RV wall motion abnormalities, such as dyskinesia or akinesia, were noted in 4 patients (30.7%), two of whom had RV aneurysm. Late gadolinium enhancement (LGE) evidence of fibrosis was registered in 6 children (46.1%), including 2 cases (15.4%) where it was solely in the RV, 2 cases (15.4%) where it was solely in the LV, and 2 cases (15.4%) where it was present in both ventricles. Only 3 patients (23.1%) presented with LV regional wall motion abnormalities (hypo/akinesia), according to CMR data.



3.3. Histopathological examination

Histopathological examination was performed in 5 patients (Table 3); of those, 2 patients underwent a diagnostic EMB during radiofrequency ablation and 3 patients underwent histopathological examination of native heart. The morphological diagnosis of ACM was confirmed in all 5 patients. In all cases, the residual cardiomyocyte area was less than 40%. In 1 patient who had a biventricular phenotype, the residual cardiomyocyte area corresponded to 5%–10%. In 3 cases, fibro-fatty replacement were detected.


TABLE 3 Data of histopathological examination.
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3.4. Management of patients

All patients received antiarrhythmic therapy, including beta-blockers in 7 patients (53.8%), sotalol in 4 children (30.8%), amiodarone in 1 patient, and a combination of propafenone and sotalol in 1 patient. Almost half of the patients (7 of 13, 53.8%) required heart failure therapy, including diuretics and ACE inhibitors. Radiofrequency ablation of VT was attempted in 4 patients but was unsuccessful. Implantable cardioverter-defibrillators (ICDs) were implanted in 8 children (61.5%). Overall, 3 (23.1%) patients underwent cardiac transplantation before the age of 18 (at the age of 16 years), and one of them needed prolonged mechanical support prior to heart transplantation. All transplanted patients were followed in the outpatient department even after achieving 18 years of age and have remained stable until now.



3.5. Genetic testing

Genetic testing was performed in all 13 patients using a targeted new-generation sequencing approach with a broad spectrum of genes examined [Supplementary File, (13)]. This led to the identification of the genetic cause in all 13 patients. Desmosomal mutations were detected in 8 children (53.8%), including 4 patients with PKP2 variants, 2 patients with DSP variants, 1 patient with DSG2 variant, and 1 patient with JUP (Table 1). Three patients were compound heterozygous and carried two PKP2 variants, and 1 patient carried two variants in DSP with the corresponding clinical features of Сarvajal syndrome. Genetic variants in non-desmosomal genes, such as FLNC, MYH7, RYR2, SCN5A, and SYNE1, were found in 5 patients (38%).



3.6. Family screening

None of the patients had a family history of ACM, but SCD was reported in three families (23.1%). Clinical cardiac screening was performed in 5 out of 13 (38.5%) families and all relatives (parents and siblings) were asymptomatic for the moment. The data of genetic screening were available only in three families with compound PKP2 variants detected in the probands (patient 2, 10 and 11). In all three cases one or two parents were carriers of single PKP2 variant, still, remained asymptomatic for the time of clinical investigation (Table 1, Figure 1).
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FIGURE 1
Pedigrees of the family A (patient 2), family B (patient 10) and family C (patient 11). ACM patients are shown with solid symbols and unaffected with white symbols, the arrow indicates the proband. Dead people are shown with a cross. SCD, sudden cardiac death.





4. Discussion

According to the 2019 HRS expert consensus document, ACM-RV is considered to be extremely rare in children under the age of 10 years. Therefore, diagnosing ACM in childhood is quite challenging (18, 19). It is still under debate to what extent the TFC 2010 and Padua criteria of ACM are sensitive and specific in the pediatric population, taking into account that many of their components, such as CMR and EMB, often cannot be performed in children. Meanwhile some criteria, such as T-wave inversion or epsilon wave, may not provide enough information. In this regard, comparing the specificity and sensitivity of these criteria, especially for various forms of ACM, remains an important clinical task in pediatric cardiology.

We used the TFC 2010 and Padua criteria for the diagnosis of ACM. In patients with ACM-RV, the application of TFC 2010 and Padua criteria yielded consistent results. Padua criteria confirmed the definitive diagnosis in 5 out of 6 patients with ACM-RV (patients 1, 2, 3, 5, and 12). Only in 1 patient (patient 4), the diagnosis of definite ACM-RV was slightly weakened but still confirmed as borderline. In addition, in the other 3 patients (patients 9, 10, and 11), the ACM-RV suggested by TFC 2010 was revised to ACM-BV after reassessment using Padua criteria. In addition to 4 patients (6, 7, 8, and 13) initially diagnosed with ACM-LV using only Padua criteria, a total of 7 patients received a non-ACM-RV diagnosis when solely applying Padua criteria. Considering the prevalence of non-ACM-RV in half of the pediatric patients in our group and its worse prognosis compared to ACM-RV, the implementation of Padua criteria in children becomes more favorable, leading to a more precise diagnosis and risk stratification. This is in line with recent data published by Cicenia et al. on a group of 21 children, which also confirmed the superior performance of Padua criteria in establishing ACM diagnosis in children (12).

Of note, despite the early and severe clinical course, none of our patients reported a family history of ACM, which is a well-known hereditary disease. Even when considering 3 cases of SCD in close relatives, this may correspond to only 23% of familial cases. This fact can potentially be explained by several reasons. First, compound heterozygosity forms suggest that at least one of the parents carries a pathogenic variant which can be non-penetrant or lead to the late manifestation. This phenomenon is widely described for ACM variant carriers (18–21). In this case, only a compound heterozygous combination of variants can lead to the early and severe manifestation being asymptomatic in parents with single variants (as in patients 6 and 10). Another explanation is the potential de novo status of the variants, the most likely mechanism in non-desmosomal gene variants (LMNA, MYH7, FLNC), leading to the ACM-BV. Thus, Klauke et al. confirmed the association between de novo status in DES and ACM through both clinical and functional characterization (22). Therefore, the inability to confirm the de novo or allelic status of the mutations due to the unavailability of parental DNA can be an important limitations of our study.

Riele et al. showed that clinical phenotype and ARVC course were similar between pediatric and adult cases, and ACM may be fully manifested in pediatric patients with VA, cardiac failure, and SCD (23). Our study confirmed the prevalence of arrhythmic symptoms in pediatric ACM since arrhythmogenic manifestations (VA, including VT) were reported in all children from our study group. However, only 1 patient had VT of LBBB with a superior axis, which met the major criteria according to the TFC 2010. All other patients initially had VT of different morphology, so the diagnosis of ACM was confirmed using other criteria. These results questioned the sensitivity of arrhythmic criteria in the pediatric population and suggested that any type of VT could be a sign of ACM in children. This notion was previously underlined by Shriprasad et al., providing a further argument for establishing modified ACM diagnostic criteria in children (24). In most cases, arrhythmia preceded structural changes in the heart. Therefore, establishing a diagnosis in time to work on SCD prevention is extremely important (10, 25–27). Our results showed that children with ACM-RV and ACM-BV forms had the most pronounced and difficult-to-treat VA; 8 out of 9 children in this group required ICD implantation. In this light, it is necessary to provide dynamic monitoring of children with cardiac arrhythmias with or without any structural myocardial pathology to establish ACM diagnosis on time.

One the most challenging criteria to apply in children when diagnosing ACM is depolarizing abnormalities, since inverted T waves is a common finding in this population (28). As expected, only 1 child in our cohort met the main criterion for repolarization, which was a negative T wave in V1, V2, V3, and V4 leads. Additionally, epsilon waves are extremely rare in pediatric patients (26, 29). To confirm this, none of our patients had a clear visualization of the epsilon wave, which questions its reliability as a diagnostic criterion in pediatric patients.

Undoubtedly, CMR is a highly valuable in diagnosing ACM, and its high specificity in children has been validated by several studies (10–13, 26). In our cohort, dilatation of the RV or LV was detected in all patients, and signs of fibrosis on CMR were major criteria in 6 out of 9 patients, in whom CMR was available. However, performing CMR in young children can often be challenging due to the need for anesthesia, and the risk of severe cardiac arrhythmia (30, 31). It is worth noting that, the commonly used CMR parameters of TFC 2010 have not yet been validated in pediatric patients (26). Similar limitations are associated with EMB performance. While EMB can be very informative in establishing the diagnosis of ACM, its utility is rather limited in children due to the high risk of complications (24).

Since children lack a gold standard for diagnosing ACM, genetic testing can play a key diagnostic role, especially in cases of ACM-BV and ACM-LV (8, 32). Similar to adult groups, mutations in one of the desmosomal genes were the most frequent genetic causes in our study group, with 8 out of 13 patients having such mutations (PKP2, DSP, DSG2, and JUP) (1, 3, 33, 34). Of note, in half of the cases caused by desmosomal gene mutations, compound heterozygosity was detected mainly in association with LV involvement (patients 6, 10, and 11). In contrast, most of the isolated desmosomal gene mutations (3 out of 4) were associated with ACM-RV (Patients 2, 5, and 12). Even considering the small number of patients studied, one can suggest that compound heterozygosity in desmosomal genes is associated with a poor prognosis and early involvement of the LV in pediatric patients with ACM (35). Non-desmosomal genes (FLNC, RYR2, MYH7, SCN5A, and SYNE1) were detected in more than one-third of the children in our group. While some of these genes are well-known to be associated with ACM (SCN5A), the causative role of others, such as, SYNE1, needs further verification.

The present study evaluates the usefulness of TFC 2010 and Padua criteria in diagnosing ACM in a cohort of 13 pediatric patients. Interestingly, in 2 patients diagnosed with ACM, pathogenic variants were identified in genes that are well-known to be associated with other types of inherited cardiac disorders, MYH7, FLNC and RYR2 (6, 36, 37). These molecular mechanisms can differ from those in desmosome-associated ACM, potentially, leading to different clinical approaches. Both patients met the TFC 2010, and one of them, who carried the RYR2 variant, had one major CMR criterion of ACM. This highlights the clinical and genetic overlap between ACM and other inherited cardiac disorders, emphasizing the need for long-term close follow-up for a better understanding of such phenotypes (6).

Protonotario et al. reported that the sensitivity and specificity of the ACM-risk prediction model depend on the genotype with different factor weights depending on the causative gene (30). DeWitt et al. showed that ACM-RV is associated with a high proportion of PKP2 variants, while ACM-LV is associated with DSP (11). Although this study mainly includes desmosomal gene mutations, similar patterns, even to a greater extent, can be useful for ACM associated with non-desmosomal genes. Similar to other reports, we confirmed that ACM-LV and ACM-BV in children have some important clinical features. Thus, an earlier onset of the disease was noted in children with ACM-LV and ACM-BV. ACM-BV was the most severe and 2 out of 3 patients in the group required heart transplantation in childhood, mainly due to the rapid progression of biventricular heart failure. This notion was previously reported by Somprasong et al., who confirmed that the involvement of the LV in children is a stronger predictor of adverse outcomes, including the need for heart transplantation (38). Given the severity of ACM-LV- and ACM-BV and the difficulties in their accurate diagnosis, we emphasize the need for the proper use of Padua criteria in children, in combination with extensive genetic screening in order to establish this clinical form in a timely manner and to ensure the appropriate risk management, family screening, and genetic counseling.



5. Conclusion

Using a cohort of 13 pediatric patients diagnosed with ACM, we assessed the utility of TFC 2010 and Padua criteria. We demonstrated that VT of any morphology, in combination with chamber dilatation, should raise the suspicion of different ACM phenotypes. Age-related electrocardiographic features in children do not allow for the reliable use of the existing ECG diagnostic criteria for ACM in pediatric patients. The proportion of non-ACM-RV forms in pediatric patients is close to 50% and is associated with multiple gene mutations, LV involvement, and poor prognosis. Further analysis of larger pediatric cohorts with ACM due to different genetic backgrounds will allow for establishing more reliable genotype-phenotype correlations and creating new, more sensitive diagnostic criteria for ACM children with different phenotypes.



6. Study limitations

The study has some limitations that need to be acknowledged. First, it was a retrospective study that was limited to a small cohort of patients. Second, some clinical data were not available to all patients, for example, CMR was missed for 4 out of 13 patients, and EMB was not possible to perform in some of them. Another important limitation is the unavailability of parental DNA in most cases, which made establishing the de novo or inherited status of a genetic variant and its penetrance in parents impossible. This absence of detailed segregation analysis underlines the need for further research and functional studies for the new described variants and genes.
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Background: An inadequate maternal diet during pregnancy can impair offspring health and may increase the risk of cardiovascular disease later in life. The purpose of the proposed study is to assess the risk factors associated with cardiovascular disease in both mothers and their offspring 20 years following their participation in a Mediterranean diet intervention trial during pregnancy.



Methods: The “Cardiovascular Risk Reduction Diet In Pregnancy” (CARRDIP) study was a randomized controlled trial performed between 1999 and 2001. The participants were randomized to adhere to either a Mediterranean diet or their regular diet during pregnancy. An extensive amount of data such as diet information, ultrasound measurements, anthropometry, and biomarkers from these mothers during pregnancy and their offspring in the neonatal period were collected. The mother–offspring pairs (n = 269) from the CARRDIP study will be invited to participate in a clinical examination and blood sample collection. This follow-up study, conducted 20 years after the original CARRDIP study, will investigate cardiovascular risk factors in mothers and offspring. The primary outcome will be the blood pressure of the offspring. In addition, the study will explore various aspects of cardiovascular health, including metabolic and inflammatory status, clinical history, and body composition of the participants.



Discussion: Previous studies investigating the effects of nutrition during pregnancy on maternal and offspring health have been either observational studies, animal studies, or randomized controlled trials with a follow-up period of less than 5 years. This project aims to study the long-term effects of dietary intervention during pregnancy on maternal and offspring cardiovascular risk markers.



Clinical Trial Registration: Clinicaltrials.gov, identifier (NCT05030922).
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1. Introduction

Cardiovascular disease (CVD) accounts for about a third of all deaths worldwide (1). Numerous studies have demonstrated that lifestyle interventions, such as smoking, physical inactivity, and dietary habits, can reduce cardiovascular risk factors. Lifestyle intervention, as primordial and primary prevention, is a cost-effective way of combatting the burden of CVD morbidity and mortality (2, 3). Although the main goals for primary and secondary prevention are well established, the targets of primordial prevention for CVD are not as clear. Nevertheless, initiating CVD prevention as early as possible, including during childhood or even in utero, holds significant potential (3, 4).

One of the main causes of CVD is atherosclerosis, a progressive, lifelong process resulting in plaque accumulation and inflammation within the arterial wall, which in turn may lead to thrombosis and stenosis, thereby impeding local blood flow (5). Lifestyle changes, specifically diet, influence the progression of atherosclerosis and stenosis (6, 7). For example, strong evidence demonstrates that replacing saturated fatty acids with polyunsaturated fatty acids in adults reduces the risk of coronary heart disease, as discussed in a systematic review of current evidence by the Secretary of Health and Human Services in the United States (8).

A Mediterranean diet has been shown to alter the atherosclerotic process and protect against CVD (9–12). There are several variations of the Mediterranean diet, but all are based in principle on increased intakes of whole grain bread, fruit, vegetables, legumes, and sources of polyunsaturated fat such as nuts, fish oil, and olive oil. In addition, this dietary approach involves reducing the intake of pastries, meat, and fat-rich dairy products.

The development and progression of atherosclerotic lesions are dependent on individual lifestyle choices. Notably, epigenetic factors promoting atherosclerosis may be passed on from a pregnant mother to her fetus. A pronounced maternal hypercholesterolemia during pregnancy may adversely affect both the mother and the fetus. Increased levels of cholesterol in the maternal bloodstream can accelerate the development of atherosclerotic lesions in the child during the early stages of life. Observational studies have shown that fatty streak formations in the fetal aorta are modulated by maternal hypercholesterolemia. Some observational studies have shown that signs of atherosclerosis appear in early adulthood (13–17). Furthermore, maternal cholesterol levels correlate with offspring cholesterol levels at many stages of development, including 6 months, 1 year, 2 years, and 6 years, which may increase the long-term risk of CVD (18–20).

Observational studies have found associations between maternal dietary intake during pregnancy and the body composition and cardiovascular health of the child. The composition of fatty acids in the maternal blood has been suggested to be related to childhood adiposity, and a Mediterranean dietary pattern during pregnancy has been linked to lower waist circumference in childhood (21–24). Although several randomized controlled trials (RCTs) have examined the short-term effect of dietary and lifestyle interventions in pregnancy on the health status of infants, there is a lack of long-term follow-up examining these relations in an RCT setting. According to a Cochrane review of interventions in pregnancy, a long-term follow-up is rarely done, and we were unable to identify any RCT with dietary interventions during pregnancy with a follow-up period of longer than 5 years (25).

The Cardiovascular Risk Reduction Diet in Pregnancy (CARRDIP) study was an RCT that examined the effects of a Mediterranean diet intervention on both maternal and fetal outcomes among healthy pregnant women (26–30). Some important study findings were identified in this study, including differences in the fatty acid composition in the blood and a reduction of low-density lipoprotein levels in the serum during pregnancy. In addition, the intervention group exhibited a decrease in the instances of premature births compared with the control group. While the CARRDIP study focused on the immediate health effects, we now want to examine the long-term health effects on both mothers and offspring in the CARRDIP cohort. In this study, we describe the protocol for CARRDIP20, a follow-up study conducted 20 years after the original randomized controlled trial involving dietary intervention in pregnancy.



2. Methods and analyses


2.1. Aim

This study aims to examine cardiovascular risk factors in mothers and their offspring 20 years after the mothers participated in the CARRDIP study (Figure 1) (26–28).


[image: Figure 1]
FIGURE 1
Illustration of the timeline of the original CARRDIP study and the proposed CARRDIP20 study.




2.2. Design and setting

The CARRDIP study was an RCT with dietary intervention in pregnancy performed between 1999 and 2001. The participating mothers were allocated to either the intervention group (n = 141) or the control (n = 149) group. The aim of the intervention group was to limit dietary cholesterol to 150 mg/day and reduce the intake of saturated fat to 8% of the total energy intake. The intended composition of the total energy intake consisted of 32% from total fat, 16%–17% from protein, and 50%–51% from carbohydrates. The intervention group was encouraged to increase the intake of fatty fish, olive oil, nuts, and avocado to replace meat, butter, and fatty dairy products and to replace full-fat dairy products with skimmed or low-fat ones. The control group consumed their usual diet and did not introduce oils or low-fat meat or dairy products, aiming at 32% of energy from total fat (including 12% from saturated fat), 16%–17% of energy from protein, and 50%–51% of energy from carbohydrates. Total energy intake aimed at a weight gain of 8–14 kg during pregnancy in both study groups (26). The participants were monitored several times during pregnancy with planned follow-up visits at gestation weeks 24, 30, and 36. Mothers and offspring were followed up, both to ensure adherence to the Mediterranean diet in the intervention group and to monitor the health status of both the mother and the fetus (fetal biometric measurements and Doppler measurements). Blood lipid levels, markers of endothelial activation, and inflammation were measured in maternal samples during pregnancy and in cord blood at birth. Several pregnancy and birth outcomes were recorded, and neonatal lipid levels were measured. The CARRDIP study found a significant reduction in the umbilical artery pulsatile index, reflecting decreased placental vascular resistance (27). This reduction in the index between gestational weeks 24 and 30 was a significant predictor of higher systolic blood pressure at 6 months of age, supporting the concept of fetal origins in the development of cardiovascular risk factors (30).

The current CARRDIP20 study will be a long-term follow-up of all mothers and their offspring separately, comparing the effects of intervention against control in both groups.



2.3. Participants

The CARRDIP study included healthy, low-risk pregnancies to minimize possible confounding factors related to later CVD risk in the offspring. Eligible participants were included after an ultrasound showing a single healthy fetus in gestational weeks 17–20. The inclusion criteria were non-smoking pregnant women aged 21–38 years with a body mass index (BMI) of 19–32 kg/m2. The exclusion criteria were high-risk pregnancy due to diabetes mellitus, endocrine disease, chronic hypertension, drug abuse, history of thromboembolic disease, or significant gastrointestinal, cardiac, pulmonary, or hematologic disease. Of the 290 women included in the CARRDIP study, 21 women withdrew their consent before or during the intervention, leaving a final number of 269 mother–offspring pairs. All mothers and their offspring from the CARRDIP cohort will be invited to participate in the follow-up.



2.4. Data collection

The mother–offspring pairs from the original CARRDIP study will be invited to participate in a clinical examination and sample collection at the Department of Nutrition, Institute of Basic Medical Sciences, University of Oslo. Study investigators will be blinded to the original study group allocation. Data to be collected during the visit are presented in Table 1.


TABLE 1 Data to be collected in the CARRDIP20 study both from the mothers and their offspring.
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2.5. Outcomes

The primary and secondary outcomes will be based on the findings and sampling methods of the original study and of similar studies on nutritional status during pregnancy (23, 26–28, 30, 33–39). The assessment, analysis, and reporting of outcomes will follow relevant CONSORT guidelines for clinical trials, and the current study protocol will adhere to the SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) guidelines (40, 41).

The primary outcome of the study will be the difference in the mean arterial blood pressure between the control and intervention groups in the CARRDIP offspring group due to hypertension being one of the most important CVD risk factors (42). Maternal exposures during pregnancy have been found to potentially influence offspring's blood pressure and contribute to the development of CVD risk factors later in life. Factors such as maternal smoking, alcohol consumption, or diet have been associated with an increased risk of elevated blood pressure levels in the offspring. In addition, these maternal exposures have been linked to developing other CVD risk factors in the offspring, including dyslipidemia, insulin resistance, obesity, and impaired glucose metabolism (33, 43, 44). Moreover, we have previously collected blood pressure measurements among the offspring at both 1-year and 3-year follow-up visits. Thus, the blood pressure variable presents an opportunity for further analysis on parameters tracking from birth, through childhood, and into early adulthood.

The following secondary outcomes will be differences in the intervention and control groups in both mothers and offspring: lipid profile, fasting glucose and insulin, HbA1c, markers of endothelial activation and inflammation such as tissue plasminogen activator antigen (tPAag), von Willebrand factor (vWF), plasminogen activator inhibitor-1 (PAI-1) activity, plasminogen activator inhibitor-2 (PAI2) antigen, C-reactive protein (CRP), and differential white blood cell (WBC) count. We will use appropriate cardiovascular risk scores to estimate cardiovascular risk status and compare control and intervention in both the mothers and offspring separately. Additional secondary outcomes will include differences in intima-media thickness in the carotid artery and liver fat content measured by ultrasound, variations in body composition indicators by analyzing fat percentage, and skeletal muscle mass measured by bio-impedance. In addition, measurements of waist circumference, hip circumference, and body mass index will be conducted.


2.5.1. Sample size

The CARRDIP randomized trial was designed to detect a clinically relevant difference in maternal cholesterol levels at week 36 in pregnancy and in neonatal cholesterol levels (26). In the CARRDIP20 study, we examined differences in CVD risk factors, which are typically in the range of 0.5–0.7 standard deviations (SDs) in intervention trials with groups randomized to different diets (45), requiring a sample size of approximately 64–100 per group with 80% power at a 5% significance level. Thus, despite the expected loss to follow-up, we most likely have statistical power to detect clinically relevant differences between the groups (46). If we assume an average difference in the systolic blood pressure of 5 mmHg, with SD = 10 mmHg, we will need 128 participants (64 in each group; power 80%, significance level 5%). This corresponds to 47% of the mothers that participated in the CARRDIP trial.



2.5.2. Data analysis

The differences between the intervention and control group in primary and secondary outcomes will be analyzed separately for the mothers and offspring. We will follow the CONSORT guidelines (47–49). The primary outcome, blood pressure, and the majority of the secondary outcomes are continuous with two time points: baseline and a 20-year follow-up. Analysis of covariance will be used to analyze the data (50). There may be some selection of participants in a long-term follow-up. We can adjust for variables that differ between the intervention and control group and are associated with the outcome of interest (48). However, the use of analysis of covariance (i.e., adjustment for the baseline value) may have to be evaluated if there are major indications of selective drop-out. In that case, we will analyze the difference between the values observed at the 20-year follow-up and the baseline using a multivariable linear regression model and adjust for potential covariates.





3. Discussion

The existing evidence suggests that maternal diet during pregnancy may impact the health status of the offspring. Moreover, observational studies support the significance of the in utero metabolic environment on the risk of CVD in the offspring later in life (51, 52). The data from the randomized controlled CARRDIP trial with significant clinical effects in both mother and offspring offer a unique possibility to study possible mechanisms for the observed differences. Furthermore, it is crucial to identify possible targets for appropriate dietary intervention during pregnancy to optimize the health of the offspring, both in utero and later in life. Ideally, these potential targets should be investigated through long-term follow-ups of RCTs.

To date, studies investigating the effects and mechanisms of diet on the long-term health of the child have primarily been observational and animal studies. Thus, the proposed CARRDIP20 study of the long-term (20 years) effects of a Mediterranean diet during pregnancy on offspring health is unique and of potential great clinical and scientific interest.

Pregnancy may be regarded as a “window of opportunity” where interventions can promote the long-term health outcomes of both the mother and the offspring. Further identification of mechanisms responsible for fetal programming of adult CVD may identify possibilities for targeted treatment among groups at risk of CVD, as well as improved dietary recommendations and policy strategies to improve health in the general population.
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Background: Evidence regarding the relationship between sleep duration and blood pressure is controversial. Therefore, the aim of this study was to investigate the relationship between sleep duration and blood pressure in children with short stature.



Methods: A total of 1,085 participants with short stature were enrolled from the Affiliated Hospital of Jining Medical University in China. The variables involved in this study included sleep duration, anthropometric indicators and biochemical parameters. Sleep duration was evaluated in a face-to-face interview.



Results: The average age of the 1,085 selected participants was 10.2 ± 3.5 years old, and approximately 763 (70.32%) of them were male. The results of adjusted linear regression showed that sleep duration was negatively associated with systolic blood pressure z scores (SBP-Z) and diastolic blood pressure z scores (DBP-Z) after adjusting for confounders (β −0.07, 95% CI −0.13, −0.01 P = 0.038; β −0.05, 95% CI −0.10, −0.01 P = 0.035, respectively). A nonlinear relationship was detected between sleep duration and blood pressure, including SBP-Z, DBP-Z and mean arterial pressure z scores (MAP-Z). The inflection point of the nonlinear relationship between sleep duration and SBP-Z is 10 h, and the inflection point of DBP-Z and MAP-Z is 8 h.



Conclusion: This study revealed a nonlinear relationship between sleep duration and blood pressure in children with short stature. The findings suggest that the optimal sleep duration in children with short stature was 8–10 h, and sleep durations either too short or too long were associated with increased blood pressure levels.
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Introduction

Childhood hypertension is considered an important risk factor for advanced cardiovascular disease (CVD) (1). There is growing evidence that high blood pressure continues from childhood into adulthood, which indicates that children with high blood pressure are more likely to suffer from hypertension later in life (2). Considering that there is not a single cut-off point to define high blood pressure in children and adolescents (3), it is more difficult for young people to be recognized as having high blood pressure compared to adults. A growing number of studies have given considerable attention to screening for elevated blood pressure and have confirmed relevant factors in youths, especially in obese children, who are prone to having unfavourable blood pressure levels (4–6). However, there is increasing evidence that short stature is also a risk factor for CVD, and recent studies have reported that an inverse relationship between height and blood pressure is also exists in children (7, 8). Therefore, these studies suggest the need to analyse the blood pressure status and the associated factors, especially in children and adolescents with short stature.

Previous studies have demonstrated that elevated blood pressure as assessed in childhood is a predictor of increased risk of CVD in adults (9, 10). The assessment of childhood CVD risk based on elevated blood pressure may be useful for preventing CVD in adulthood (11). Previous studies have evaluated numerous factors that influence blood pressure levels, and major risk factors for hypertension have been identified, including age, body mass index (BMI), dyslipidaemia, diet and lifestyle habits (12); however, sleep is an often overlooked factor. Sleep plays an important role in the daily life of adults and the growth of children and adolescents, and adequate sleep is essential for everyday functioning and health. However, sleep deprivation is very common, with up to 30% of people affected by sleep deprivation during childhood and adolescence (13). Sleep deprivation in children increases the likelihood of poor behaviour and physical health consequences. In particular, an association between short sleep duration and an increased risk of cardiovascular events has been well established (14). Recent studies have suggested that the effect of sleep duration on CVD may be related to elevated blood pressure (15). Studies on the relationship between sleep duration and blood pressure have gradually increased (16). However, findings from previous studies regarding the relationship between sleep duration and blood pressure have been controversial in both children and adults (17–26), and the relationship between sleep duration and blood pressure has been found to be U-shaped (26), negatively correlated (19) or unrelated (20, 26). However, evidence of a relationship between sleep duration and blood pressure is lacking in children with short stature. Therefore, the aim of this study was to investigate the relationship between sleep duration and blood pressure in Chinese children with short stature.



Methods


Study population

The present study is a secondary analysis of our prospective cohort study. All the subjects enrolled were in the GDDSD study (http://www.chictr.org.cn, ChiCTR1900026510), an ongoing prospective, observational, open cohort study that is evaluating the aetiology of growth and development diseases and the long-term safety and effectiveness of growth hormone therapy in a real-life clinical setting (27). A total of 1,085 children and adolescents with short stature (763 males and 322 females) from the Affiliated Hospital of Jining Medical University between March 2013 and October 2020 were recruited. The average age of the participants was 10.2 ± 3.5 years. Subjects were eligible if their height standard deviation scores (SDS) were more than 2 SDS lower than the average of individuals of the same race, age and sex. The exclusion criteria were as follows: (1) chronic diseases; (2) skeletal dysplasia; (3) chromosomal abnormalities, including Noonan syndrome and Turner syndrome; and (4) missing data on sleep duration and blood pressure.



Anthropometric measurement

Height and weight were measured using a standard procedure with the participants wearing no shoes or coats. Height was measured using a stadiometer (Nantong Best Industrial Co., Ltd., Jiangsu, China), which is accurate to 0.1 cm. An electronic scale (Wuxi Weigher Factory Co., Ltd., Jiangsu, China) was used to measure weight to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight (kg)/height squared (m2). The SDS of height and BMI were calculated based on the growth charts of normal Chinese children (28, 29). Blood pressure measurements were performed after a 10-min rest with the children in a seated position, and the blood pressure was measured three times on the right arm with an electronic sphygmomanometer (Omron HBP-1300, Dalian, China). The average of the three measurements was used in the analyses. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were also expressed in SBP z scores (SBP-Z) and DBP z scores (DBP-Z) related to age, gender and height for every individual (30). The mean arterial pressure (MAP) was calculated as DBP plus one-third of the pulse pressure. Pubertal maturity was assessed by a trained physician who performed a physical examination and assigned each child a maturity level according to the Tanner stage (31). Boys with testicular volume less than 4 ml and no pubic hair and girls with undeveloped breasts and no pubic hair were considered prepubescent. Sleep duration was determined by parental report or self-report.



Laboratory measurements

All participants fasted for at least eight hours before blood samples were taken for biochemical measurements. The serum insulin-like growth factor-1 (IGF-1) concentration was measured by chemiluminescence assay (DPC IMMULITE 1,000 analyser, Siemens, Germany), and the intra- and inter-assay coefficients of variation (CVs) were 3.0% and 6.2%, respectively. Fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C) were analysed by an autobiochemical analyser (Cobas c702, Roche; Shanghai, China). The IGF-1 SDS was calculated using the reference values of healthy children of the same age and sex (32).



Statistical analysis

Continuous variables are expressed as the mean ± standard deviation or median (interquartile range), while categorical variables are presented as numbers and percentages. Univariate analysis was performed to estimate the association between SBP-Z and sleep duration as well as the other variables. Smooth curve fitting was applied to explore nonlinear associations between sleep duration and SBP-Z. In addition, smooth curve fitting was also used to analyse the relationship between sleep duration and DBP-Z, MAP z scores (MAP-Z). Furthermore, to examine the independent association of sleep duration and SBP-Z, we used multivariate linear regression and two piecewise linear regressions. A two-sided P < 0.05 was considered statistically significant. Data were analysed using R 3.6.1 (https://www.R-project.org) and EmpowerStats (https://www.Empowerstats.com, X&Y Solutions, Inc.; Boston, MA).




Results


Baseline characteristics of participants

Table 1 shows the descriptive characteristics of the study population at baseline. A total of 1,085 individuals participated in the study. The average age of the children was 10.2 ± 3.5 years old, and 763 (70.32%) of them were boys. The mean height SDS of the participants was −2.70 ± 0.63. Among the study population, 737 participants were prepubescent, accounting for 67.93% of the sample. The assessment of sleep habits showed that the average sleep duration per night in the population study sample was 9.20 ± 0.96 h. The mean SBP-Z and SBP level were 0.73 (0.08–1.45) and 105.71 ± 11.98 mmHg, respectively. The mean DBP-Z and DBP level were 0.35 (−0.07–0.84) and 62.22 ± 8.72 mmHg, respectively.


TABLE 1 Clinical and biochemical characteristics.
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Variables associated with blood pressure in the participants

The analysis results of the relationship between blood pressure and clinical parameters are provided in Table 2. In the univariate linear regression analysis, we observed a significant negative association between sleep duration and SBP-Z and DBP-Z (both P < 0.05). In addition, the relationship between age, sex and SBP-Z and DBP-Z remained negative, while other variables, including height SDS, body weight, IGF-1 SDS, TG, TC and LDL-C, were positively associated with SBP-Z (all P < 0.05). However, there were no significant associations between SBP-Z and pubertal stage, BMI SDS, FPG or HDL-C (all P > 0.05).


TABLE 2 Association between blood pressure and different variables.
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Independent association between sleep duration and blood pressure

To explore whether there was a nonlinear relationship between sleep duration and blood pressure, smooth curve fitting was performed. The results showed that there was a nonlinear relationship between sleep duration and blood pressure (SBP-Z, DBP-Z and MAP-Z) after adjusting for potential confounding factors, and there was an inflection point (Figures 1, 2). Before the inflection point, sleep duration and blood pressure were negatively associated, and after the inflection point, sleep duration and blood pressure were positively associated. To investigate this finding further, we conducted linear regression and two piecewise linear regressions.


[image: Figure 1]
FIGURE 1
The relationship between sleep duration and blood pressure was determined by smooth curve fitting. Adjustment variables: age, sex, height, weight, IGF-1, TG and TC. SBP-Z, systolic blood pressure z scores; DBP-Z, diastolic blood pressure z scores; IGF-1, insulin like growth factor-1; TG, triglyceride; TC, total cholesterol.



[image: Figure 2]
FIGURE 2
The relationship between sleep duration and MAP-Z was determined by smooth curve fitting. Adjustment variables: age, sex, height, weight, IGF-1, TG and TC. MAP-Z, mean arterial pressure z scores; IGF-1, insulin like growth factor-1; TG, triglyceride; TC, total cholesterol.


As presented in Table 3, it was observed through linear regression that after adjusting for confounding variables, sleep duration was independently negatively associated with SBP-Z (β −0.07, 95% CI −0.13, −0.01; P = 0.038). Moreover, in the two piecewise regressions, the results showed that the inflection point of sleep duration was 10 h. If sleep duration was less than 10 h, there was a negative association between sleep duration and SBP-Z (β −0.10, 95% CI −0.17, −0.03; P = 0.004), while if the sleep duration was greater than 10 h, there was a positive association between sleep duration and SBP-Z (β 0.34, 95% CI 0.04, 0.64; P = 0.025). In addition, we also analyzed DBP-Z, whose inflection point is 8 h, which is consistent with the relationship between SBP-Z and sleep duration.


TABLE 3 Threshold effect analysis for the relationship between the sleep duration and blood pressure.
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Furthermore, we analyzed the relationship between sleep duration and mean arterial pressure. Sleep duration was independently negatively associated with MAP-Z (β −0.05, 95% CI −0.10, −0.01; P = 0.021). Moreover, in the two piecewise regressions, the results showed that the inflection point of sleep duration was 8 h. If sleep duration was less than 8 h, there was a negative association between sleep duration and MAP-Z (β −0.43, 95% CI −0.64, −0.22; P < 0.001), while if the sleep duration was greater than 8 h, there was a positive association between sleep duration and MAP-Z (β 0.03, 95% CI 0.06, 0.01; P = 0.046) (Table 4).


TABLE 4 Threshold effect analysis for the relationship between the sleep duration and MAP-Z.
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The log-likelihood ratio test was used to evaluate whether linear regression or two piecewise linear regressions could better represent the relationship between sleep duration and blood pressure. P < 0.05 indicated that piecewise linear regression could better reflect the true relationship between sleep duration and blood pressure. The results showed that P for the log-likelihood ratio test were all less than 0.05, so the two-piecewise linear regression used to fit the association between sleep duration and blood pressure could accurately represent the relationship (Tables 3, 4).




Discussion

In this study, we observed a significant negative relationship between sleep duration and blood pressure in children with short stature. Furthermore, there was a nonlinear relationship between sleep duration and blood pressure. The optimal amount of sleep in children with short stature was found to be 8–10 h, and both short and long sleep durations were associated with increased blood pressure levels.

Over the past few years, many studies on sleep and blood pressure have been published, reporting conflicting results in both children and adults (17–26). A population-based cross-sectional study recruited 19,407 adults aged 18–79 years, and they observed that there were no significant associations between sleep duration and hypertension in the general population (20). Moreover, Morita N et al. conducted a study on 102 Japanese students with an average age of 11.9 ± 1.8 years and found that there was no relationship between sleep and blood pressure (33). In contrast, a meta-analysis of six prospective cohort studies examining the relationship between sleep duration and the risk of hypertension showed that short sleep duration was associated with an increased risk of hypertension (34). The results of our study are consistent with these studies. In this study, linear regression was used to find a negative association between sleep duration and blood pressure, and short sleep duration was related to high blood pressure levels.

Interestingly, smoothing curve fitting was applied, and it was found that there was a nonlinear relationship between sleep duration and blood pressure. We further performed piecewise linear regression to find the inflection point of 8 or 10 h. More specifically, when sleep duration was less than 8 or 10 h, there was a negative association between sleep duration and blood pressure, indicating that short sleep duration was related to a high blood pressure level. However, when sleep duration was more than 8 or 10 h, sleep duration was positively related to blood pressure. With increasing sleep duration, the blood pressure level increases significantly. This finding suggests that the optimal sleep duration in children with short stature was 8–10 h, and sleep durations either too short or too long can have a negative effect on blood pressure. This is consistent with the sleep duration recommended by the National Sleep Foundation (34). It is well established that shorter sleep duration is associated with elevated blood pressure levels (35); however, longer sleep duration was also associated with increased blood pressure. In the Sleep and Heart Health Study, an analysis of data from 5,910 participants aged 40 to 100 years (2,813 men and 3,097 women) found that sleeping nine hours or more was associated with a 30% increased risk of high blood pressure compared with sleeping seven to eight hours (36). In addition, consistent with our findings, Grandner M et al. assessed the relationship between sleep duration and blood pressure using combined data from the 2007–2017 National Health Interview Survey (NHIS) and 2013 Behavioural Risk Factor Surveillance System (BRFSS) from adults 18 years and older and reported that both short and long sleep durations are associated with increased hypertension risk (37).

Regarding the relationship between long sleep duration and blood pressure, the results of the study are also controversial (37–39). In addition to the reports that long sleep duration is related to high blood pressure (37), some studies have not found that long sleep duration is related to high blood pressure (38, 39). However, studies on the relationship between sleep duration and blood pressure in children with short stature are limited. This study reported that there is a nonlinear relationship between sleep duration and blood pressure, and sleep durations that are either too short or too long will increase blood pressure.

The underlying mechanisms by which sleep duration may contribute to increased blood pressure are complex and unclear. Some studies have suggested that short sleep duration may increase blood pressure by increasing sympathetic nervous system activity or by disrupting circadian rhythms and autonomic nervous responses (40, 41). In addition, short sleep periods may stimulate fatigue, irritability and stress, which increases the risk of elevated blood pressure (34). To date, no clear mechanism has been found to explain the relationship between long sleep duration and elevated blood pressure. However, some studies suggest that factors such as sleep disruption and depression may explain a link between long sleep and mortality (42, 43).

According to the hypertension guidelines, higher SBP and DBP are associated with an increased risk of CVD when they are considered separately. However, higher SBP is consistently associated with an increased risk of CVD after adjusting or stratifying DBP. In contrast, the association between DBP and CVD risk was not consistent after adjusting or stratifying SBP. In addition, mean arterial pressure can also predict the risk of CVD (44). Therefore, we analysed the relationship between sleep duration and blood pressure, including SBP-Z, DBP-Z and MAP-Z. The inflection point of the nonlinear relationship between sleep duration and SBP-Z is 10 h, and the inflection point of DBP-Z and MAP-Z is 8 h.

Several limitations of the present study are worth discussing. First, considering the cross-sectional nature of the data, it is impossible to establish a causal relationship between sleep duration and blood pressure. Second, sleep duration was based on subjective reports by parents or the participants. Although electroencephalogram (EEG) measurements of sleep duration are considered more accurate than subjective assessments, the results of subjective self-reporting correlate with those obtained by EEG methods (45). Finally, the population in the present study was composed of Chinese children and adolescents with short stature, and there was a nonlinear relationship between sleep duration and blood pressure. Different findings may be observed in other ethnic groups or disease populations, which is worthy of further study.

In conclusion, in the present study, a nonlinear relationship between sleep duration and blood pressure in children with short stature was observed. The findings suggest that the optimal sleep duration in children with short stature was 8–10 h, and sleep durations either too short or too long sleep durations were associated with increased blood pressure levels. Further studies are still needed to explore the potential biological mechanism of the association between sleep duration and blood pressure.
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Background: Systemic lupus erythematosus (SLE), a common autoimmune disease predominantly affecting women, has been linked to various complications during pregnancy. The transfer of anti-Ro/SSA antibodies from SLE-affected mothers to their offspring can lead to neonatal lupus and cardiac issues. This study investigated the association between maternal SLE and the risk of pediatric cardiovascular disorders.



Methods: The study utilized South Korea's National Health Insurance Service (NHIS) database, covering 3,505,737 children born between 2007 and 2017 and tracked until 2020. Maternal SLE cases were identified using the World Health Organization's International Classification of Diseases Tenth revision (ICD-10) codes and linked with delivery records. Cardiologic disorders were categorized into congenital heart disease (CHD), arrhythmic disorders, and acquired heart disease. Propensity score matching with 1:4 ratios was applied to the set control group.



Results: Among 3,505,737 children, 0.7% (n = 23,330) were born to mothers with SLE. The incidence of preterm birth was significantly higher in the maternal SLE group (5.9% vs. 3.0%). Compared with the control group, children born to mothers with SLE exhibited a significantly elevated risk of overall CHDs (5.5%, adjusted odds ratio [aOR] 1.21; 95% confidence interval [CI] 1.14–1.29), including atrial septal defect (1.18; 1.09–1.28) and patent ductus arteriosus (1.15; 1.03–1.30). In addition, a notably higher risk was observed in arrhythmic disorders (complete atrioventricular block 7.20; 2.41–21.49) and acquired cardiac disorders, including cardiomyopathy (1.40; 1.17–1.68) and mucocutaneous lymph node syndrome (MCLS) (1.27; 1.15–1.43).



Conclusions: Maternal SLE is associated with congenital and acquired cardiac disorders in offspring, including structural, arrhythmic, and MCLS. This study highlights the need for continuous cardiovascular monitoring from the prenatal stage to preadolescence in these children due to multifactorial influences involving maternal autoantibodies, genetic predisposition, and environmental factors.
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1. Introduction

Systematic lupus erythematosus (SLE) is one of the most common autoimmune diseases that affect multi-system abnormalities (1). It predominantly affects women, with up to a 9-fold difference in incidence during reproductive ages (2). Previous studies demonstrated that SLE causes a variety of complications in mothers, such as pre-eclampsia, preterm birth, and fetal demise (3). Although fetal loss has been improved due to clinical protocols and prenatal monitoring, it is still an important issue in SLE, and health surveillance of the surviving infants should be maintained (4).

The passive transfer of anti-Ro/SSA autoantibodies from an SLE-affected mother to her offspring is known to increase several clinical conditions, such as neonatal lupus rash and hepatic and central nervous system involvement (5, 6). Canadian (7) and Chinese (8) studies have shown that offspring born from mothers with SLE were more likely to have adverse neonatal outcomes, such as neonatal intensive care unit admission, preterm birth, and patent ductus arteriosus (PDA). In particular, cardiac findings are notable, and the most serious complication is third-degree atrioventricular (AV) block, affecting approximately 2% of exposed pregnancies (9). Cutaneous and hematologic abnormalities are usually known to subside by 6–8 months of age with the resolution of maternal antibodies (10, 11). Conversely, it is known that neonatal SLE is related to various cardiovascular abnormalities, including arrhythmias, structural abnormalities, and cardiomyopathies (12). Given that these adverse conditions could result in permanent damage, the risk of cardiovascular abnormalities should be assessed (13).

Until now, previous studies regarding pregnancy-induced outcomes of SLE have been confined to maternal perspectives (14, 15) or addressed adverse outcomes in the neonatal period with a relatively small sample size of children (3, 7, 8). Thus, the cardiovascular outcomes of offspring born to mothers with SLE should be investigated. Herein, using nationwide health claims data from 2007 to 2017, we evaluated the association of maternal SLE with pediatric cardiovascular disorders, including congenital and acquired disorders.



2. Methods


2.1. Data source and study population

We obtained data on children born between 2007 and 2017 and followed their medical claims data until 2020 in the National Health Insurance Service (NHIS) database. In South Korea, more than 97% of the population are registered and covered by national medical insurance. The NHIS collects medical claims data and has made them available to use for research purposes since 2007. Diagnoses data are registered with the World Health Organization's International Classification of Diseases Tenth revision (ICD-10).

We extracted prenatal records by linking the data of the individuals (children) with the data of their respective mothers. For the extraction, we only linked mothers when a delivery record was registered in the NHIS database and the date of delivery was defined as the date of the birth. Maternal SLE was defined as an individual who visited an inpatient or outpatient clinic on more than one occasion and was assigned the ICD-10 code “M32” prior to delivery. We included 3,505,737 children registered in the NHIS database in the study. We excluded 138,549 individuals without baseline demographic information. Among the population, 23,330 children were born to mothers diagnosed with SLE. The study was approved by the Institutional Review Board of Hanyang University Guri Hospital (IRB No. GURI 2023-02-026). The requirement for informed consent was waived because public data from the NHIS were used (NHIS-2023-1-396). The reporting of this study conforms to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (online Supplementary Table 1).



2.2. Cardiologic manifestations and clinical variables

We categorized pediatric cardiologic disorders as congenital heart disease (CHD), arrhythmic disorders, and other acquired cardiologic disorders [e.g., cardiomyopathy (CMP) and mucocutaneous lymph node syndrome (MCLS)]. Moreover, we investigated neonatal lupus and death as outcomes. Each outcome was defined as more than two outpatient or inpatient visits with respective ICD-10 diagnostic codes.

As maternal characteristics, we selected cesarean section, intrauterine growth retardation (IUGR), pregnancy induced hypertension (PIH), gestational diabetes mellitus, chronic kidney disorders, and maternal CHD as variables of interests. Maternal CHD was defined as a mother who was assigned a diagnostic CHD code (Q2) during the observation period. Growing evidence suggests that genetic predisposition plays a crucial role in the pathogenesis of CHD; therefore, maternal CHD should be taken into account as a matching variable (16).



2.3. Statistical analysis

The demographic characteristics of the participants were calculated with weighted percentages and compared with the standardized mean difference (SMD). The propensity score was calculated using variables including birth year, sex, socioeconomic status, residence, preterm birth, and maternal CHDs. Additionally, differences in maternal characteristics and cardiac manifestations between two groups were compared using a chi-square test and featured with weighted percentages and a p value. Although SLE increasing the risk of preterm birth was previously known, we included preterm birth in the propensity score variables as it significantly increases the risk of CHD (15). The nearest available matching based on the estimated propensity score was performed with 1:4 ratios. Then, logistic regression analysis was used to estimate the odds ratio (OR) with a 95% confidence interval (CI) of CHD risk of children with maternal SLE. Statistical significance was determined using two-sided tests, with a p value of less than 0.05 considered significant. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version 4.2.1 (www.R-project.org).




3. Results

We included 3,505,737 children registered in the national health insurance database in the study (Figure 1). We excluded 127,122 individuals without baseline demographic information. Among the population, 23,330 children were born from mothers diagnosed with SLE. The baseline demographic findings of the study population are shown in Table 1. Before matching, offspring born from mothers with SLE had a significantly higher incidence of preterm birth and maternal congenital heart disease (SMD > 0.1). After propensity score matching, the SMD between children with and without maternal SLE was lower than 0.1 in all variables, such as birth year, sex, socioeconomic status, residence, preterm birth, and maternal CHDs. The incidences of preterm birth and maternal CHD were 5.9% and 13.4%, respectively.


[image: Figure 1]
FIGURE 1
Selection flow of the population included in the analysis. SLE, systematic lupus erythematosus.



TABLE 1 Baseline characteristics of the pediatric population included in the study before and after propensity score matching.
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Table 2 summarizes the comparisons between maternal and cardiologic manifestations between two groups. For maternal characteristics, mothers with SLE had a higher incidence of cesarean section, IUGR, PIH, and chronic kidney disorders. However, these differences were not statistically significant.


TABLE 2 Prenatal and obstetric characteristics of the population included in the study.

[image: Table 2]

For CHD, children of mothers with SLE had a significantly higher incidence of ventricular septal defect (VSD), atrial septal defect (ASD), PDA, and all CHDs. For arrhythmic disorders, 15 cases of AV block were identified in children of mothers with SLE, which was significantly higher than in the control group (six cases, p < 0.05). Additionally, the incidence of other arrhythmias was higher than in the control group (0.7% vs. 0.5%). However, the differences in the incidences of cardiac arrest, other block, atrial flutter, and tachyarrhythmia were not significant. The incidences of neonatal lupus and childhood mortality in the SLE mother group were 0.5% and 0.2%, respectively, which were higher than those in the control group. A description of the number of cases of CHD in children of mothers with SLE is summarized in Supplementary Table 2.

Children of mothers with SLE had a significantly higher risk of overall CHD (OR 1.23; 95% CI 1.15–1.31), as well as VSD, ASD, and PDA. Additionally, the risk of AV block was the highest [10.01 (3.88–25.79)], followed by other arrhythmias [1.37 (1.14–1.64)]. For acquired cardiac disorders, there was a higher risk of CMP [12.16 (8.34–17.73)] and MCLS [1.29 (1.17–1.43)]. Finally, the enhanced risk of neonatal lupus [12.16 (8.34–17.73)] and pediatric mortality [1.48 (1.17–1.87)] was also investigated (Figure 2).


[image: Figure 2]
FIGURE 2
Logistic regression analysis presenting the risk of cardiovascular diseases in offspring born to mothers with SLE. SLE, systematic lupus erythematosus; OR, odds ratio; CI, confidence interval; CHD, congenital heart disease; VSD, ventricular septal defect; ASD, atrial septal defect; PDA, patent ductus arteriosus; AV, atrioventricular; CMP, cardiomyopathy; MCLS, mucocutaneous lymph node syndrome.




4. Discussion

This nationwide study demonstrated that offspring born from mothers with SLE had a significantly higher risk of congenital and acquired pediatric cardiologic disorders. In detail, maternal SLE was associated with congenital structural heart disorders. By contrast, the association with arrhythmic disorders was confined to AV block. Additionally, maternal SLE was associated with elevated risks of MCLS, CMP, and pediatric mortality.

To our knowledge, this is the first study to use nationwide data to assess the risk of cardiovascular disorders in offspring of mothers with SLE. It is already well-documented that SLE is strongly associated with pregnancy outcomes, and in our study, SLE was associated with the incidence of complications such as cesarean section, IUGR, PIH, and preterm birth. We did not include maternal comorbidities in the propensity score variables, except for maternal CHDs, as the association of these variables with pediatric cardiovascular disorder is unclear (17).

The incidence of overall CHD in offspring of SLE mothers was 5.5%, which was higher than previous reports (18, 19). There was an increased risk of preterm birth in the maternal SLE group, which can be interpreted as a key factor for the increased risk of CHD. However, according to our risk, the risk of CHD was still evident even after controlling for preterm birth. Further studies investigating whether SLE autoantibodies contribute to the pathogenesis of CHD should be undertaken. Rather, it could be the overdiagnosis bias, given that mothers with SLE are more likely to undergo a preemptive cardiologic work up during pregnancy. In addition, children born from mothers diagnosed with SLE may have been overdiagnosed with CHDs due to repeated echocardiograms, such as patent foramen ovale/ASD and PDA that can resolve spontaneously later in life.

Among arrhythmic disorders, we identified nine cases of third-degree AV block, with an estimated incidence of 1 per 5,000 live births, which was higher than in a previous study (20). The risk of third-degree AV block was 10-fold higher in the SLE mother group. Although we could not investigate the status of maternal autoantibodies due to methodological limitations, our results support the notion that the majority of pediatric third-degree AV block cases are due to maternal autoantibodies (21). We found that offspring born to mothers with SLE also have a prominent risk of first- and second-grade AV block. The initial manifestation of AV block could be either first or second degree, and those whose features usually spontaneously resolve within the first month of life (22, 23). This implies that the inflammatory reaction caused by maternal autoantibodies is mild and reversible (24). Neonatal lupus erythematosus is known to be closely associated with a variety of arrhythmic disorders (13). Our results showed that these adverse effects were limited to AV block, premature beat, ectopic beats, sinus arrhythmia, and long QT disorders.

Notably, we underline that the offspring born from SLE mothers had significantly higher risk of CMP and MCLS. According to previous studies, 15%–20% of affected children with third degree AV block could develop into more prominent myocardial disease, progressing to CMP (21, 25). Given that the incidence of CMP was higher than that of AV block, we assume that additional mechanism could underlie. The mechanism of cardiac damage resulting from maternal autoantibodies is still unclear, but the most known hypothesis is that maternal autoantibodies interfere with macrophage-mediated clearance of apoptotic cardiocytes by releasing pro-inflammatory cytokines and inducing inflammatory reactions, with subsequent cardiac inflammation and scarring (26–28). Nevertheless, we could not ascertain that maternal autoantibodies solely affected the pathogenesis of the CMP since pediatric CMP could result from many underlying cardiovascular conditions, not only maternal rheumatic disorders, but from coronary artery abnormalities, tachyarrhythmia, and secondary to underlying conditions (29).

There have been two studies with large sample sizes regarding the impact of maternal autoimmune disorders on MCLS, with conflicting results. Chu et al. (30) investigated 7,178 children and showed that SLE did not have an adverse effect on MCLS. However, when a broader range of autoimmune diseases, such as Sjogren's and rheumatoid arthritis, were included, maternal immune diseases were significantly associated. Meanwhile, a cohort study in Canada, with a follow-up for 12 years, stated that maternal rheumatic disorders had a 1.84-fold increase in MCLS in offspring; in particular, a higher risk was expected until 5 years of age (OR: 2.06, 95% CI: 1.77–2.41) (31). Unlike previous studies, we only included children who were born to mothers diagnosed with SLE, and considered maternal CHDs in the variables. It is known that transplacental autoantibodies disappear within the first 12 months. Thus, an inflammatory cascade known to be the pathogenesis of arrhythmic disorders would not explain the relationship with MCLS.

MCLS is a systemic vasculitis that affects small- and medium-sized arteries with elevated cytokine levels (32). Growing evidence suggests that immune complexes play a crucial role in the pathogenesis of MCLS (33). In addition, according to a genome-wide association study, autoimmune disease (e.g., SLE and rheumatoid arthritis) and MCLS share common candidate genes (e.g., BLK and CD40) (34). Although we could not verify the causality of the relationship, the genetic predisposition could affect the pathogenesis of MCLS, which would require clinical attention in febrile or infectious cases.

The strength of our study lies in the large sample size of nationwide health claims data, presenting pediatric cardiovascular diseases of offspring born to mothers with SLE. In contrast to previous studies that focused on the prenatal and neonatal health outcomes of childhood, we investigated overall pediatric cardiovascular disorders up until the pre-adolescent period. However, this study has several limitations due to methodological issues. First, we could not investigate the clinical information (e.g., maternal age, SLE flare, onset of maternal SLE, and duration of SLE) and laboratory findings (e.g., antibody status) of mothers. Such clinical symptoms and laboratory findings could not be obtained from our database, which is based on ICD-10 codes. The autoantibody profile is highly variable in SLE groups and could present different clinical manifestations of offspring (24). Approximately one half of pregnant SLE patients experience flare ups and should be considered a serious risk factor. Additionally, genetic predisposition to CHD was not identifiable due to the characteristics of our data. Further studies based on the nationwide data with genetic information should be carried out. Second, for children, we could not investigate the echocardiography and echocardiogram findings for the diagnosis of cardiovascular disorders. Although we defined outcomes using diagnoses confirmed by pediatricians, the objective clinical findings would be helpful in assessing cardiovascular outcomes in children. Finally, as we obtained maternal data by linking ICD-10 codes regarding delivery, we could not identify abortion and stillbirth cases of mothers with SLE. To evaluate the CHD risk, results from fetal echocardiography should be investigated in further studies.

In conclusion, using nationwide registry health claims data, this study investigated the risk of pediatric cardiovascular disorders in offspring born to mothers with SLE. In addition to the significant risk of complete AV block, maternal SLE was significantly associated with overall CHD, CMP, acquired cardiovascular disorders, such as MCLS, and even mortality. We suspect these associations to be multifactorial etiology, with the combined effects of maternal autoantibodies, genetic predisposition, and environmental factors, which needs to be confirmed in further studies. We underline that offspring born to mothers with SLE should undergo regular surveillance of their cardiovascular systems from the prenatal period through to pre-adolescence.
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Hypertrophic cardiomyopathy is the most common genetic cardiac disorder and is defined by the presence of left ventricular (LV) hypertrophy in the absence of a condition capable of producing such a magnitude of hypertrophy. Over the past decade, guidelines on the screening, diagnostic, and management protocols of pediatric primary (i.e., sarcomeric) HCM have undergone significant revisions. Important revisions include changes to the appropriate screening age, the role of cardiac MRI (CMR) in HCM diagnosis, and the introduction of individualized pediatric SCD risk assessment models like HCM Risk-kids and PRIMaCY. This review explores open uncertainties in pediatric HCM that merit further attention, such as the divergent American and European recommendations on CMR use in HCM screening and diagnosis, the need for incorporating key genetic and imaging parameters into HCM-Risk Kids and PRIMaCY, the best method of quantifying myocardial fibrosis and its prognostic utility in SCD prediction for pediatric HCM, devising appropriate genotype- and phenotype-based exercise recommendations, and use of heart failure medications that can reverse cardiac remodeling in pediatric HCM.
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1 Introduction

Hypertrophic cardiomyopathy (HCM) is the most common genetic heart disease, with a prevalence of 0.2% and an incidence of approximately 1 per 500 adults (1). These figures are likely underestimated due to the large number of asymptomatic cases; the actual prevalence of the disease is much higher when genetic testing and contemporary imaging techniques are applied (1). The pathogenesis of adult HCM is linked to autosomal dominant mutations in various genes that encode sarcomeric proteins, most frequently beta myosin heavy chain 7 (MHY7) and myosin-binding protein C3 (MYBPC3) (2). The clinical course of HCM is highly variable, ranging from asymptomatic to life-threatening complications such as sudden cardiac death (SCD), left ventricular outflow tract obstruction (LVOTO), heart failure with reduced ejection fraction (HFrEF), and atrial fibrillation with associated embolic events (3).

Compared to adults, pediatric HCM is an evolving field due to relatively limited data on epidemiology, etiologies, screening, diagnostic protocols, and management strategies. Epidemiological data from the United States indicate that HCM is substantially less common in children than adults, with an estimated prevalence of 1.2/1,000,000 and an annual incidence rate of 1.3/100,000 (4–6). Furthermore, the penetrance of child relatives of HCM patients is low during childhood and adolescence (7).

Pediatric HCM can be classified based on etiology into primary and secondary (8). Primary HCM can be due to sarcomeric mutations or can be idiopathic, which may be due to currently unidentified sarcomeric mutations or non-sarcomeric variants (9). Primary HCM is sometimes called familial HCM because of its typical autosomal dominant pattern of inheritance. The clinical outcomes of familial HCM due to sarcomeric mutations or idiopathic HCM are very similar, hence the two are often grouped as primary familial HCM (8). Primary HCM is typically asymptomatic through the first years of life, appearing during late childhood or adolescence, and exhibits an annual mortality rate of ∼1%, which is not significantly different from adult HCM. On the other hand, secondary HCM due to glycogen storage diseases, lysosomal storage diseases, syndromic cases, fatty acid oxidation disorders, and endocrine disorders like acromegaly typically manifests during infancy and is associated with a high mortality rate (10–12).

This review focuses on primary familial HCM, either with an identified pathogenic/likely pathogenic (P/LP) sarcomeric genetic variant or idiopathic. We survey the existing literature on the screening and diagnostic approaches for childhood-onset HCM and SCD risk assessment in such cases and highlight open questions in these areas.



2 HCM diagnosis and risk assessment


2.1 Cardiac MRI in HCM diagnosis

The diagnostic criterion for HCM in children is different than in adults. Left ventricular (LV) thickness children is adjusted for body size and growth, with a thickness >2 standard deviations (SD) above the mean after adjustment considered diagnostic for HCM (13–15), Some flexibility can be employed in the SD criterion when there is a high pretest probability of HCM like a strong family history or a positive cascade genetic test (16). Transthoracic echocardiography (TTE) is the primary imaging modality for diagnosing HCM but has limitations like poor acoustic windows and an overestimation of wall thickness on oblique sections (17–24).

Cardiac MRI (CMR) better distinguishes between the epicardial and endocardial layers to offer detailed information about LV systolic and diastolic function, LVOTO severity, atrial enlargement, and mitral regurgitation (17). CMR is also effective in detecting LV aneurysms, mural thrombi, and papillary muscle abnormalities in patients with sarcomeric HCM (13, 16). Existing data in adults with suspected HCM have showed that CMR leads to a clear HCM diagnosis in 44.7% of patients, indicated an alternative diagnosis in 5.3% of patients, and demonstrated no significant hypertrophy was found in 20.4% of patients, thereby refuting TTE findings (25). It will be important to determine whether these findings translate to pediatric HCM patients. Nevertheless, recommendations on when CMR is indicated for diagnosis vary. The 2014 and 2023 ESC guidelines recommend conducting CMR all HCM patients at initial evaluation to establish a baseline (13, 15), while the 2020 AHA/ACC recommends reserving CMR for cases where TTE findings are inconclusive (16). The 2023 ESC guidelines recommend considering CMR every 2–5 years to monitor disease progression on a case-by-case basis (class IIa recommendation) (15).

Given that phenotypic manifestations of HCM in children are more subtle than in adults, the question arises whether all children with suspected or diagnosed HCM should undergo CMR, as many of the aforementioned manifestations may be missed by TTE. Hence, studies evaluating the diagnostic yield and prognostic value of CMR, especially when TTE is negative or inconclusive, are needed in pediatric HCM patients. CMR can visualize subtle morphological changes in HCM genotype-positive individuals who do not have LV hypertrophy, a situation that often arises in children. These changes include narrow blood-filled myocardial crypts (i.e., deep, blood-filled invaginations within the LV myocardium), elongated mitral leaflets, and expanded extracellular space (23, 26–28). Lorenzini et al. showed that 32% of sarcomeric mutation carriers (median age 14.2 years) who were HCM phenotype-negative at first evaluation on TTE fulfilled diagnostic criteria of HCM on CMR (29). Furthermore, younger age at HCM diagnosis and sarcomeric mutations are predictive of long-term adverse outcomes including heart failure, atrial fibrillation, and ventricular arrhythmias (30). These findings strongly support the ESC guidelines that CMR be conducted in all genotype-positive children (15). However, there is currently insufficient evidence on the benefit of CMR in aiding the diagnosis of familial HCM without a genetic diagnosis (class IIb recommendation) (15).

Different HCM genotypes can differentially affect cardiac anatomy and physiology, manifesting as different degrees of myocardial perfusion alterations, fibrosis, and diastolic dysfunction. Increasing consideration of these changes as part of the HCM spectrum may result in a broadening of what defines HCM beyond simply LV hypertrophy (9). We posit that CMR would become key in this context by providing a more comprehensive description of the cardiac anatomy (Figure 1). CMR itself is a tool to explore the genotype-phenotype association, exemplified by the use of different CMR techniques to associate differet genotypes (e.g., sarcomeric vs. non-sarcomeric) with divergent findings on myocardial oxygenation (31). The translational potential of genotype-phenotype studies is illustrated by the results of the randomized, double-blinded, placebo-controlled trial showing that mavacampten—a first-in-class drug targeting cardiac myosin ATPase tailored to the pathophysiology of sarcomeric HCM—significantly improved exercise capacity, LVOTO, NYHA functional class, and health status in patients with hypertrophic obstructive cardiomyopathy (HOCM) (32).


[image: Figure 1]
FIGURE 1
Proposed future directions in the field of pediatric HCM.




2.2 Sudden cardiac death risk assessment

Risk factors for SCD vary between adults and pediatrics, which are reflected in different recommendations on SCD risk assessment in both groups. Approaches for SCD risk assessment in adults include the six-parameter risk score recommended by the 2011 AHA/ACC guidelines, the HCM Risk-SCD score recommended by the 2014 and 2023 ESC guidelines, and the enhanced 2020 AHA/ACC SCD risk assessment approach (14, 33, 34). For children, the 2020 AHA/ACC guidelines recommend ICD placement with HCM children who have ≥1 major risk factor for SCD, including a family history of SCD, massive LVH ≥30 mm in any LV segment, syncope, LV apical aneurysm, and LV systolic dysfunction. However, these risk factors were largely derived from studies conducted on adult patients (16). The phenotypic characteristics of HCM in children differ from those in adults (see above), hence the applicability of adult risk factors in pediatric cases may be limited (35–37). The need for devising SCD assessment approaches tailored to pediatric HCM is underscored by the higher risk of SCD in children (0.8%–2%) than in adults (<0.8%) (38, 39). Furthermore, children are ∼36% more likely to experience arrhythmic events compared to adults (38, 39). Children ICD recipients face a lifetime of device-related complications, including lead fracture/failure, infective endocarditis, or the need for lead repositioning, for which there are currently no preventative approaches (39).

Unique risk factors for SCD in the pediatric population include LV posterior wall diameter, left atrial diameter, and LVOTO, which are not risk factors for SCD in adult HCM (40). Conversely, family history of SCD and abnormal blood pressure response to exercise are not significant risk factors for SCD in HCM children (41). The evidence behind age as a risk factor for SCD in children is weak, hence it is not incorporated in current risk prediction models (discussed below) (42). A meta-analysis by Norrish et al. reported that SCD risk factors with sufficient evidence for use in pediatric HCM patients include previous ventricular tachycardia/ventricular fibrillation, unexplained syncope, non-sustained ventricular tachycardia, and extreme LVH (37). Subsequent studies identified left ventricular posterior wall diameter, left ventricular outflow tract gradient, and, myocardial fibrosis as additional risk factors (40, 43). Furthermore, although the meta-analysis by Norrish et al. did not find an abnormal blood pressure response to exercise to be a significant predictor of SCD (37), a recent study evaluating a cohort of 630 primary HCM pediatric HCM patients <18 years demonstrated that abnormal exercise stress test results were present in ∼28% of patients, with exercise stress test-induced ischemia being independently associated with lower SCD-free survival (HR, 3.32; 95% CI, 1.27–8.70) (44). It is important to note that the meta-analysis by Norrish et al. was based on a limited number of studies which were limited in terms of their patient selection, sample size, and follow-up times. Therefore, our understanding of the risk factors for SCD in pediatric HCM patients continues to evolve through robustly designed multi-center studies.

Two models exist that enable individualized SCD risk assessment in pediatric HCM (Table 1). Norrish et al. developed a risk prediction model for SCD in children called HCM Risk-Kids. This model achieved a c-statistic—which is a measure of the discriminative ability of a risk prediction model—of 0.69, with 1 patient being saved for every 10 ICD implantations in patients with a ≥6% 5-year risk of SCD (35). HCM Risk-Kids has been externally validated on a cohort of 421 HCM patients aged 1–16, with the 5-year SCD risk cut-off of ≥6% identifying 73.9% of SCD events with a c-statistic of 0.70 (45). Miron et al. developed another individualized SCD prediction model, PRIMaCY, which achieved a c-statistic of ∼70% in predicting 5-year SCD risk (40). No study has directly compared the performance of HCM-Risk kids and PRIMaCY in predicting the risk of SCD. These models were recently incorporated into the 2023 ESC cardiomyopathy guidelines, which recommended the use of either of these two models for HCM patients <16 years old (15).


TABLE 1 Comparison of the individualized SCI prediction models for pediatric HCM.
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Although these models have transformed pediatric HCM clinical practice, some notable limitations must be contended with (46). Most glaringly, important predictors of future adverse outcomes like electrocardiography parameters, CMR-based features, measures of myocardial fibrosis, and genetic factors like the presence of sarcomeric mutations have not been included (Figure 1). The importance of myocardial fibrosis and genetic factors is discussed below. Another critique raised by Maron et al. is concern over the derivation of HCM Risk-Kids from the HCM Risk-SCD score, which the authors found to lack sensitivity (47). However, the HCM Risk-SCD score has been externally validated in other multi-institutional studies and meta-analyses (48, 49). Although it is no longer the case that pediatric risk factors for SCD need to be derived from adult studies, the criteria by which variables were selected for the HCM Risk-Kids model was that they needed to be examined in at least two or more studies employing univariate or multivariate analyses. Employing only predictors established in multivariate analyses, although more robust, was not possible because of the limited data on pediatric HCM.

These findings highlight the transformative impact of individualized pediatric SCD assessment models but also raise suggestions on how to improve them. Future studies expanding our knowledge of the genotype-phenotype association in HCM may reveal important caveats about the genetic basis of SCD risk that need to be reflected in these models.



2.3 Myocardial fibrosis in SCD risk assessment

Myocardial fibrosis can be an indicator of myocardial ischemia, LV diastolic dysfunction, and future risk of atrial fibrillation and SCD (50). Late-gadolinium enhancement (LGE) is the most widely used tool to quantitatively measure myocardial fibrosis. Studies have demonstrated that LGE improves the stratification of adult HCM patients at low-to-intermediate risk of SCD when added to the 2011 AHA/ACC algorithm and HCM-Risk SCD (16, 51, 52). Consequently, the enhanced AHA/ACC SCD risk assessment approach incorporates LGE and LV apical aneurysm detected by CMR to the 2011 AHA/ACC six-parameter prediction score and is currently the most sensitive SCD risk assessment method for adult HCM patients (∼95%) (16, 34). Integrating artificial intelligence (AI) into CMR-LGE, a multi-center study on 1,229 HCM patients (mean age 52 years) showed that radiomic features—i.e., using computational algorithms to extract quantitative features from medical images—of myocardial scars on LGE-CMR added incremental prognostic value to HCM Risk-SCD and AHA/ACC SCD risk assessment protocols for adults (53). The 2023 ESC guidelines maintained the recommendation of utilizing HCM Risk-SCD as the first-line tool in SCD risk assessment in adult HCM patients, but state that the presence of extensive LGE (≥15%) in patients classified as low-risk can inform decision-making on prophylactic ICD implantation (15).

HCM Risk-Kids and PRIMaCY are yet to incorporate LGE into their risk prediction (26, 33, 34, 54). Low levels of myocardial fibrosis with LGE (>2% of LV mass) are common in children with HCM and the introduction of LGE significantly improves the predictive accuracy of the HCM Risk-Kids prediction model (55, 56). A recent study on a cohort of 166 pediatric HCM patients with a mean age of 10.4 years demonstrated the prognostic value of LGE in determining major cardiac events (i.e., sustained VT, resuscitated cardiac arrest, SCD, end-stage heart failure, heart transplant, and appropriate ICD intervention) (57). This study showed that the optimal cutoff LGE extent for predicting events was ≥2% (57). The predictive accuracy—evaluated by the median time-dependent area under the curve (AUC)—of LGE extent (0.88, 95% CI 0.86–0.89) significantly outperformed that of syncope (0.63, 95% CI 0.61–0.66, p < 0.0001) and nonsustained ventricular tachycardia (0.52, 95% CI 0.50–0.53, p < 0.0001), both of which have been included in the individualized pediatric SCD predictive models (57). Although this study utilized a composite primary endpoint not composed of just SCD or its equivalent event (i.e., sustained VT, resuscitated cardiac arrest, or appropriate ICD intervention) but also end-stage heart failure and heart transplantation, these results advocate for the introduction of LGE in the SCD risk assessment for pediatric HCM (Figure 1).

The influence of genetic background such as the presence of sarcomeric mutations on the decision to perform LGE is an area of active interest. LGE may be less prevalent in pediatric HCM (46%) compared to adults (∼60%), particularly in sarcomeric mutation carriers without overt left ventricular hypertrophy (58). However, some pediatric patients demonstrate progression of LGE extent over time, although age at diagnosis or time elapsed since diagnosis was not predictive of LGE increase, indicating a potential genetic basis for the progression of myocardial fibrosis in HCM (58). These results highlight the need for further exploration of genotype-phenotype associations with respect to myocardial fibrosis development and progression, which may enhance the decision-making process of when to opt for LGE based on patient genotype.

There is no universally accepted/agreed-upon method of quantifying myocardial fibrosis. LGE may not be the most sensitive method for detecting fibrosis. Alternative approaches like T1 mapping or calculation of extracellular volume (ECV) fraction may be more sensitive for assessing diffuse interstitial fibrosis (59). For example, left atrial enlargement and diastolic dysfunction can be present in childhood-onset HCM without LVH, which may be due to diffuse interstitial fibrosis that is undetectable by LGE (58, 60). In adult HCM patients, T1 mapping and ECV fraction measurements have been associated with major cardiac events like SCD in patients without LGE, even in those determined low-risk by the enhanced AHA/ACC strategy and HCM Risk-SCD (61, 62). Studies exploring what the added prognostic value of T1 mapping over LGE is in predicting SCD risk and other adverse cardiac events in pediatric primary HCM are needed (Figure 1). These alternate approaches may also constitute avenues to explore the genotype-phenotype association of HCM, as one study applied radiomics analysis to T1 mapping to study the genotype-phenotype associations of sarcomeric (MYH8 and MYPBC3) HCM patients with respect to myocardial fibrosis (63).




3 Appropriate screening age for children

Genetic evaluation of relatives of HCM patients requires a systematic approach including a comprehensive family history to assess for early-onset HCM and family history of SCD, a comprehensive phenotypic (i.e., clinical) and genetic evaluation of the proband to confirm phenotype-positivity and guide cascade genetic testing, referral for genetic counseling, and genotype- and phenotype-directed guidance on potential therapies like ICD, medications, and lifestyle modifications (64).

The 2011 AHA/ACC guidelines recommended screening first-degree child relatives with a positive HCM family history at the age of 12 years, with earlier screening recommended in children with a family history of SCD, participation in intense physical activities, and an early growth spurt (14). The 2014 ESC guidelines recommended initiating screening in first-degree child relatives with an unknown genetic history after the age of 10 years with screening intervals of 1–2 years between the ages of 10–20 and every 2–5 years thereafter (13).

Studies in the years following these guidelines challenged the notion that sarcomeric mutations and clinically significant adverse events in children with familial HCM are rare. Approximately 43%–63% of pediatric HCM cases are associated with sarcomeric mutations, and sarcomeric childhood-onset HCM is linked increased risk of heart failure and a composite clinical outcome of life-threatening ventricular arrhythmias, atrial fibrillation, stroke, and death (38, 65, 66). Childhood-onset HCM also exhibits a steeper increase in LV wall thickness and higher median event rate than adults, associated with a greater likelihood of developing life-threatening ventricular arrhythmias and interventions such as heart transplantation or ventricular assist device implantation (38, 67). Furthermore, a significant proportion of HCM phenotype-positive children and those with major adverse cardiac events were below the recommended screening age of 10 years, with around 69% of these children meeting the 2011 AHA/ACC and 2014 ESC criteria for early screening (67, 68).

Considering these findings, the updated 2020 AHA/ACC guidelines recommended clinical and/or genetic screening first-degree children relatives of genotype-positive patients irrespective of age. All children and adolescents with a family history of early-onset HCM are also advised to undergo screening regardless of age (16). Echoing the trend of basing screening decisions off proband genetic testing results rather than a cut-off age, the 2023 ESC cardiomyopathy guidelines recommended that if a P/LP genetic variant is identified, cascade genetic testing should be performed in first-degree relatives irrespective of age. Genotype-positive relatives should undergo clinical evaluation by EKG, multimodality imaging (echocardiography and CMR), and long-term follow-up, while relatives without the disease-causing variant are discharged from further follow-up but counseled to seek re-assessment if they develop symptoms (15). The value of genetic testing at a young age is further indicated by a study showing that a younger age at HCM diagnosis and sarcomeric mutations are predictive of long-term adverse outcomes including heart failure, atrial fibrillation, and ventricular arrhythmias (30). In favor of discharging genotype-negative patients, Nielsen et al. showed that first-degree relatives of an index HCM patient with no P/LP variant have a low frequency of diagnosis at initial evaluation and risk of developing the condition during 5 years of follow-up, and, if diagnosed, are at low risk of SCD (69). On the other hand, even sarcomeric variants of undetermined significance (VUS) have been shown to correlate with adverse outcomes (30), hence child relatives of the index VUS HCM patient should be offered serial clinical evaluations because of age-related penetrance (15). Finally, if no P/LP variant is identified in the proband or if genetic testing is not performed, then clinical evaluation with EKG and multi-modality imaging should be performed in first-degree relatives (class I recommendation) (15).

A puzzling HCM patient population that requires further improvement in their management is genotype-positive phenotype-negative patients. More precision is needed when ascertaining their risk of phenotypic conversion, which is affected by the specific underlying genetic mutation and possibly by gender. A retrospective study following 285 phenotype-negative sarcomeric mutation carriers demonstrated that 46% of individuals develop HCM over 15 years of follow-up (29). Male sex and an abnormal EKG were independently associated with higher penetrance. Furthermore, the TNNI3 sarcomeric protein variants had the lowest penetrance (29). Hence, future updates must account for individual differences in risk of phenotypic conversion, perhaps reflected as a stronger emphasis on the use of CMR and myocardial fibrosis assessment in high-risk groups (Figure 1).

Early genetic screening of children is not without its challenges (Table 2). It may not be feasible to screen every first-degree child relative of the index HCM patient. Many families also choose not to undergo genetic testing, limiting the identification of P/LP variants and cascade genetic testing in relatives (70). Clinical and imaging evaluation of children should take place in these circumstances. The financial and psychological cost of universal screening need also be considered, especially because significant LV hypertrophy and adverse events like SCD—although more common than previously thought—are still exceedingly rare before 10 years of age (70). The psychological aspects of an HCM diagnosis are increasingly recognized, such as anxiety among the child and especially parents, a difficult transition to higher levels of education and from pediatric to adult care, and the social stigma associated with cardiovascular disease and its consequences on confidence and anxiety, especially around exercise. Support from a trained professional like a clinical psychologist has been shown to significantly mitigate quality of life impairment in children who receive an HCM diagnosis (71, 72). On the other hand, genetic and clinical screening to identify potentially affected child relatives of the affected HCM individual does not seem to impair quality of life (72). Lastly, universal early screening could promote the potentially unnecessary prescription of medical treatment, lifestyle changes particularly surrounding exercise, and prophylactic implantation of ICDs. A paradigm shift towards individualized risk assessment and shared decision-making is emphasized because indiscriminate screening in an era where judicious resource allocation is crucial does not seem feasible.


TABLE 2 Potential benefits and harms of early screening for HCM in children.

[image: Table 2]

To address many of these challenges, we need to understand the link between specific genotypic variants, phenotypic HCM manifestations, and associated risks of adverse events (9). Genetic studies on the penetrance of different P/LP variants, most of which are currently unknown (15), are required to inform screening decisions (Figure 1). Further research may expand the definition of HCM beyond LV hypertrophy since different genotypes can differentially affect various aspects of cardiac structure and function and thus may be detected differently during screening (9).



4 Management of pediatric HCM


4.1 Exercise recommendations

HCM was originally described in the context of SCD and was popularized as the most common cause of SCD in professional athletes (73). Also, exercise can theoretically trigger hypertrophy of the myocardium, which may exacerbate LVOTO. Consequently, management strategies have historically strictly advised against any form of exercise other than low-intensity training, stemming from the fear of triggering a ventricular arrhythmia and SCD (13, 14). Subsequent studies began to highlight the negative psychological and long-term medical outcomes HCM patients may be predisposed to because of this restriction on their lives. Furthermore, a substantive percentage of HCM patients nowadays are largely asymptomatic and exhibit a normal life expectancy. It thus becomes important to explore more deeply the types of physical activity that HCM patients can carry out, especially during childhood and adolescence given its enormous benefits on physical and social development in this phase.

Recent studies have begun to show that exercise training during childhood and adolescence is associated with favorable indices of diastolic function independent of LVH (74). This is consistent with data on adult HCM patients, where a sedentary lifestyle is associated with obesity and adverse cardiovascular outcomes on the one hand and exercise is correlated with improved exercise capacity and cardiovascular and quality-of-life outcomes on the other (75–83). Recent studies also indicate that even vigorous exercise in genotype-positive HCM patients across most age groups including children and adolescents does not increase the risk of a primary endpoint of death, resuscitated SCD, arrhythmic syncope, and appropriate shock from an ICD (76). Furthermore, endurance exercise in athletes with HCM is associated with an enlarged LV cavity size and amelioration of outflow obstruction (84). Consequently, the recent North American and European guidelines adopt somewhat of a more liberal approach and encourage low-to-moderate intensity for all HCM genotype-positive individuals, even those exhibiting the phenotype (15, 16). Competitive and high-intensity sport is still approached with caution and is allowed for phenotype-negative and low-risk pediatric and adult phenotype-positive individuals after extensive initial assessment and re-assessments to check for phenotypic progression (15). For future studies, in line with the emphasis on genotype-phenotype associations and tailored management strategies, it will be important to distinguish exercise recommendations for different genotypes and for pediatric patients in different risk categories of the individualized SCD risk models.



4.2 Medications

Therapy for heart failure does not distinguish between specific etiologies and can be grouped into medical therapy, resynchronization therapy, ventricle assist devices, and transplantation. Different medications indicated for the treatment of HFrEF include angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARBs), angiotensin receptor neprilysin inhibitors (ARNI), beta blockers, mineralocorticoid receptor antagonists, and sodium-glucose cotransporter-2 (SGLT2) inhibitors (85, 86). These medications are also indicated in end-stage HCM with LV systolic dysfunction (86).

The role of these medications in early-stage HCM, which often is the case in pediatric patients, is not well understood. The multicenter, randomized, double blind, placebo controlled, phase 2 VANISH clinical trial of 178 participants including both adults and children with early-stage HCM showed that valsartan treatment for 2 years improved cardiac structure and function, indicated by an integrated z-score of LV wall thickness, mass, and volume, left atrial volume, doppler systolic and diastolic velocities, and serum levels of hs-troponin T and pro-BNP (87). In contrast, the INHERIT clinical trial did not show a statistically significant benefit to losartan use in decreasing LV mass in middle-aged patients with overt HCM compared to placebo (88). The INHERIT trial utilized CMR and cardiac CT to measure the primary outcome of LV mass, while secondary outcomes included LV fibrosis, maximum LV wall thickness, left atrial volume, and plasma levels of NT-pro-BNP. Therefore, different outcome measurements may have contributed to the conflicting results of the VANISH and INHERIT studies. However, a recent analysis showed that utilizing the VANISH composite z-score in the INHERIT cohort still did not result in a statistical benefit to losartan use (89).

It is plausible that ACEi/ARB may be beneficial in reversing cardiac remodeling in early-phase disease but this effect is lost upon progression to overt HCM (90). However, the recent multicenter, double-blind, placebo-controlled VANISH randomized clinical trial of 34 sarcomeric HCM patients (mean age of 16 years) showed no statistical benefit to valsartan use in patients with early subclinical HCM with no LVH using the aforementioned integrated z-score approach (91). However, this study was underpowered to detect a statistically significant benefit due to a small sample size, short follow-up duration (∼2 years), and slow phenotypic progression in both the valsartan and placebo group. Larger scale studies with longer follow-up durations are required to conclusively assess the clinical benefit of valsartan on cardiac remodeling in early phase HCM. It will also be important to determine if the underlying genotype influences treatment response in the early phase.




5 Conclusions

Tremendous advancements have been made in the screening protocols, timely diagnosis, and management of pediatric HCM, a historically understudied field. The recent ESC cardiomyopathy guideline update embraced the individualized pediatric SCD prediction models, but the incorporation of key imaging and genetic parameters into these models is awaited. Other important knowledge gaps notably include gaining a better understanding of the genotype-phenotype association, the best technique to detect myocardial fibrosis, and defining the potential role of AI as clinical decision support systems in screening and as algorithms like LGE-CMR radiomics approaches. Addressing these challenges will undoubtedly contribute to improving the care of these patients and thereby alleviate a significant healthcare burden in terms of morbidity, mortality, and health expenditures.
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Objective: Cold-inducible RNA binding Protein (CIRBP) has been shown to be a potent inflammatory mediator and could serve as a novel biomarker for inflammation. Systemic inflammatory response syndrome (SIRS) and capillary leak syndrome (CLS) are frequent complications after pediatric cardiac surgery increasing morbidity, therefore early diagnosis and therapy is crucial. As CIRBP serum levels have not been analyzed in a pediatric population, we conducted a clinical feasibility establishing a customized magnetic bead panel analyzing CIRBP in pediatric patients undergoing cardiac surgery.



Methods: A prospective hypothesis generating observational clinical study was conducted at the German Heart Center Berlin during a period of 9 months starting in May 2020 (DRKS00020885, https://drks.de/search/de/trial/DRKS00020885). Serum samples were obtained before the cardiac operation, upon arrival at the pediatric intensive care unit, 6 and 24 h after the operation in patients up to 18 years of age with congenital heart disease (CHD). Customized multiplex magnetic bead-based immunoassay panels were developed to analyze CIRBP, Interleukin-1β (IL-1β), Interleukin-6 (IL-6), Interleukin-8 (IL-8), Interleukin-10 (IL-10), Monocyte chemotactic protein 1 (MCP-1), Syndecan-1 (SDC-1), Thrombomodulin (TM), Vascular endothelial growth factor (VEGF-A), Angiopoietin-2 (Ang-2), and Fibroblast growth factor 23 (FGF-23) in 25 µl serum using the Luminex MagPix® system.



Results: 19 patients representing a broad range of CHD (10 male patients, median age 2 years, 9 female patients, median age 3 years) were included in the feasibility study. CIRBP was detectable in the whole patient cohort. Relative to individual baseline values, CIRBP concentrations increased 6 h after operation and returned to baseline levels over time. IL-6, IL-8, IL-10, and MCP-1 concentrations were significantly increased after operation and except for MCP-1 concentrations stayed upregulated over time. SDC-1, TM, Ang-2, as well as FGF-23 concentrations were also significantly increased, whereas VEGF-A concentration was significantly decreased after surgery.



Discussion: Using customized magnetic bead panels, we were able to detect CIRBP in a minimal serum volume (25 µl) in all enrolled patients. To our knowledge this is the first clinical study to assess CIRBP serum concentrations in a pediatric population.
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1 Introduction

Systemic inflammatory response syndrome (SIRS) is a frequent complication after cardiac surgery in children with congenital heart disease (CHD) caused by multiple factors including tissue injury due to surgical incision and the extracorporeal circuit during cardiopulmonary bypass (CPB) (1). During CPB the contact of blood to the synthetic surface of the extracorporeal circuit induces an early phase of systemic inflammation by activation of the complement system and release of proinflammatory cytokines (2). The late response is triggered by ischemia/reperfusion-induced injury leading to endotoxemia due to intestinal barrier changes. This stimulates systemic inflammation even further (2–4), causing and aggravating an impaired vascular endothelial barrier, which can lead to capillary leak syndrome (CLS) (2, 5). Postoperative morbidity is increased as SIRS and CLS are associated with a longer stay on the pediatric intensive care unit (PICU), prolonged mechanical ventilation, and higher demand for catecholamines (5–8).

To date, routinely assessed laboratory markers including C-reactive protein (CRP), Interleukin-6 (IL-6), lactate, and platelet count have been shown to be influenced by cardiac surgery, however they cannot be used to identify patients with SIRS (6). Different diagnostic approaches for CLS have been described including measurement of subcutaneous cytokines and hemoconcentration in infants with hypoplastic left heart syndrome undergoing Norwood stage 1 operation (9, 10). However, as we are currently lacking suitable biomarkers for identifying patients at risk of SIRS and CLS early on, diagnosis and therefore treatment of critically ill patients can be delayed.

CLS is primarily induced by endothelial dysfunction leading to a shift of intravascular fluid and protein to surrounding tissue and cavities, resulting in edema as well as intravasal volume and protein depletion. Vascular barrier and therefore, vascular permeability is controlled by two major components consisting of an inner, lumen facing layer consisting of endothelial glycocalyx and an outer layer, the endothelial cells (11). Furthermore, experimental studies have shown that the endothelial glycocalyx plays an important role in maintaining colloid osmotic gradient and preventing tissue edema (12, 13). Syndecan-1 (SDC-1) is a part of the endothelial glycocalyx that gets released upon glycocalyx degradation and has been described as a marker for glycocalyx shedding (14). Thrombomodulin (TM) is a transmembrane glycoprotein found in the vascular endothelium (15) and serves as a biomarker for endothelial injury as its release as soluble TM is initiated only by endothelial cell injury (16). Both the release of SDC-1 and elevated serum TM has been described in patients with SIRS/sepsis (17–19). Furthermore, Angiopoietin-2 (Ang-2) and vascular endothelial growth factor (VEGF-A) have been described as biomarkers for vascular leakage. Ang-2 is an endothelial growth factor that can be released upon endothelial activation (20). Both Angiopoietin-1 (Ang-1) and Ang-2 bind to the endothelial receptor tyrosine kinase (Tie2) (21). Whereas Ang-1 induces stabilization of the endothelial barrier, Ang-2 has been shown to induce inflammation and vascular leakage (22, 23). VEGF-A has been shown to play an important role in the induction of vascular permeability (24). VEGF-A is produced by neutrophils, macrophages, endothelial and smooth muscle cells, and stored in platelets (25–27). VEGF-A synthesis and release is induced by hypoxia, nitric oxide, coagulation, and bacterial endotoxins (25, 28–30). In vivo studies have shown that Ang-2 and VEGF-A are linked in the pathogenesis of vascular leakage as Ang-2 induced vascular barrier changes is synergistically driven by VEGF-A (31, 32). Ang-2 has been described as a biomarker for increased vascular permeability and poor outcome in both adults and children with SIRS and sepsis (33, 34). Additionally, SDC-1, Ang-2, and VEGF-A have also been studied in children after cardiac surgery (35–39).

Cold inducible RNA-binding protein (CIRBP) is a highly conserved 18-kDa nuclear protein belonging to the family of cold-shock proteins (40). It is expressed in various tissues (41) and upregulated upon stimuli including mild to moderate cold stress (28–34°C), ultraviolet radiation, and hypoxia (40, 42, 43). Extracellular CIRBP has been shown to act as a damage associated molecular pattern (DAMP) and has been reported as a novel biomarker for inflammation (44–46). By binding to toll-like receptor 4 (TLR4) and myeloid differentiation factor 2 (MD2) complex (44) as well as triggering receptor expressed on myeloid cells-1 (TREM-1) (47) and Interleukin 6 receptor (IL-6R) (48), CIRBP activates the proinflammatory stress response. In vitro and in vivo studies have reported CIRBP as a potent mediator of inflammation due to its ability to promote both cytokines and the release of other DAMPs, whereas CIRBP blockage resulted in a significant reduction of inflammation as well as higher survival rates (44, 45).

As both experimental and clinical data have described CIRBP as a mediator of inflammation, it could serve as a potential biomarker for postoperative inflammatory reactions in our pediatric cohort. Furthermore, experimental studies have reported CIRBP to be involved in the pathogenesis of endothelial dysfunction (49). However, to our knowledge CIRBP has not been analyzed in children with CHD after cardiac surgery. Moreover, a potential correlation between sex and age dependency in the amount of CIRBP detectable in serum after cardiac surgery with CHD has not been investigated.

Therefore, we conducted a feasibility study using a customized magnetic bead panel to analyze CIRBP, pro- and anti-inflammatory cytokines, as well as previously described biomarkers for increased vascular permeability at defined time points before and after cardiac surgery.



2 Methods


2.1 Study design

This prospective observational feasibility study was conducted at the German Heart Center Berlin after approval by the Ethics Committee of Charité—Universitätsmedizin Berlin, Germany (decision EA2/180/19). The study was registered with the German register for clinical studies before patients' recruitment (registration number: DRKS00020885; https://drks.de/search/de/trial/DRKS00020885). Written consent was obtained from the parents of each patient before study inclusion. Patients younger than 18 years receiving a cardiac surgery at our center were enrolled. Exclusion criteria were as follows: gestational age ≤ 37 weeks, a known maternal alcohol or substance abuse during pregnancy, immunodeficiencies or immunosuppressive medication, syndromic diseases (e.g., Trisomy 21 and 18), and congenital kidney disease.


2.1.1 Preoperative, operative and postoperative management

19 Patients were enrolled over a period of 9 months starting in May 2020. Anesthesia was performed by standardized protocols using propofol (3–5 mg/kg), rocuronium (1 mg/kg) and sufentanil (1 µg/kg) for induction and propofol (5 mg/kg/h), remifentanil (1–3 µg/kg/min), and dexmedetomidine (0.25–1 µg/kg/h) for maintenance. All patients received a urinary catheter, a central venous line as well as a femoral or radial arterial cannula upon induction of anesthesia. Most patients received a single shot dexamethasone (0.15 −0.5 mg/kg) before cardiac surgery. Core temperature was measured during surgery and postoperatively on the intensive care unit via a rectal temperature probe.

Cardiac surgery was performed depending on the underlying anomaly. On-pump beating heart surgery was performed in 5 patients (26%) to prevent reperfusion injury, aortic cross-clamping was necessary in 14 patients (74%). CPB was performed using polyvinyl tubing, roller pumping (mast-mounted pump, Stöckert Instruments, München, Germany), and a hollow fiber membrane oxygenator (Capiox RX05, Terumo Corp., Tokyo, Japan). Priming of the extracorporeal circuit was achieved using a balanced electrolyte solution (Ionosteril, Fresenius Kabi, Bad Homburg, Germany), and heparin (500 IE/kg), as well as tranexamic acid (10–15 mg/kg at initiation of CPB and 1–3 mg/kg/h for maintenance) was administered. Flowrate was maintained at 3 L/m2 body surface area during cardiopulmonary bypass. Upon weaning from cardiopulmonary bypass, protamine sulfate was administered according to remaining heparin effect (usually 10 mg/1,000 IE). After the operation, patients were transferred to our intensive care unit. For postoperative management of analgesia sufentanil (0.2–0.6 µg/kg/h) or morphine (30–60 µg/kg/h) or piritramide (0.1 mg/kg) plus additive metamizole (10 mg/kg) and paracetamol (10 mg/kg) were standardly administered. Dexmedetomidine (0.25–1 µg/kg/h) was given for postoperative adjuvant sedation.



2.1.2 Protocol of blood sample acquisition

Blood samples for biomarker analysis were obtained via the central venous line preoperatively after the induction of anesthesia (T0) as well as postoperatively upon arrival on the pediatric intensive care unit (PICU) (T1), and both 6 and 24 h after the operation (T2 and T3 respectively, Figure 1). We collected 1 ml blood for patients ≤15 kg and 2 ml of blood for patients >15 kg at each timepoint in Serum-Gel Microvette® 500 (20.1344 Sarstedt, Nümbrecht, Germany). Samples were centrifuged at 26 × g for 10 min and frozen temporarily at −8°C until final storage at −80°C.


[image: Figure 1]
FIGURE 1
Protocol of time points for blood sample collection. T0 = Baseline, collection after induction of anesthesia via central venous line; T1 = collection upon arrival on the intensive care unit; T2 = 6 h after T1; T3 = 24 h after T1. Blood samples were obtained in Serum-Gel Microvette® 500, centrifuged at 26 × g for 10 min and stored at −80°C until analysis.




2.1.3 Study outcomes

The aim of this clinical feasibility study was to measure perioperative CIRBP serum levels as well as concentrations of cytokines and biomarkers for endothelial dysfunction in a very small sample volume (25 µl/sample) from children undergoing cardiac surgery. Clinical primary endpoints were defined as duration of mechanical ventilation, duration of the intensive care unit stay, as well as the level of inotropic support. Administered catecholamines were documented hourly from the time of T1 (arrival on PICU) up to 72 h after operation and both maximum and mean vasoactive inotropic scores were calculated according to Gaies et al. (50).

Secondary endpoints were defined as 30-day mortality, as well as postoperative complications such as infection, arrhythmia, acute kidney injury, and signs for capillary leakage. Acute kidney injury was defined according to the KDIGO guidelines (51). Serum creatinine was assessed preoperatively in a standardized preoperative blood collection (usually 1 day before the operation, including analysis of red and white blood cell count, platelet count, CRP, liver and kidney values, as well as blood clotting analysis) at the studied time points (Figure 1 Protocol of time points) up to 96 h after operation, as well as maximum creatinine value during the hospital stay. For assessment of CLS, we analyzed both positive fluid overload exceeding >10% bodyweight during the first 72 h after operation and a subcutaneous-thoracic ratio (S/T) with a threshold of >12.6% calculated from a chest x-ray based on Sonntag et al., 24 to 72 h after operation (52). We utilized both tools as capillary leak syndrome is a frequently described complication after pediatric cardiac surgery, but we are currently lacking objective diagnostic criteria for this postoperative complication. Chest x-rays are part of postoperative diagnostics especially after extubation but are not performed routinely especially in pediatric patients. In our experience capillary leak syndrome is a clinical diagnosis. As fluid balance was assessed and analyzed postoperatively, we included this analysis. Chest-x-rays were analyzed by an experienced radiologist. x-rays were not included in the analysis if soft tissue was cut off. Fluid balance was documented for the first 72 h after operation (including the operation period) and fluid overload (FO) was calculated using the fluid balance method as follows (53):

[image: Eq]

Furthermore, the amount of blood products (erythrocytes, thrombocytes, fresh frozen plasma), clinical and laboratory chemical signs for infection and organ dysfunction (body temperature, CRP, leukocytes, urea, creatinine, aspartate transferase (AST), alanine transaminase (ALT), creatinine kinase (CK), creatinine kinase-myoglobin binding (CK-MB), lactate, and lactate dehydrogenase (LDH) and microbiological cultures were assessed.

For risk adjustment concerning in-hospital mortality we used the Risk Adjustment for Congenital Heart Surgery 1 (RACHS-1) consensus-based scoring system (54).




2.2 Magpix® bead-based analysis

Proteins were measured via MagPix® analysis (Merck/Millipore) using customized magnetic bead panels (Merck KGaA, Darmstadt, Germany) as listed in Table 1. Serum samples were defrosted and diluted according to manufactureŕs recommendations. Briefly, for SPRCUS1273 neat samples were used, whereas samples were diluted at 1:8 for SPRCUS1355. For data acquisition, Xponent (Merck KGaA, Darmstadt, Germany, version 4.2) and Milliplex (Merck KGaA, Darmstadt, Germany, version 5.1.0.0) software were used. All samples showed a bead count of >100. Serum background was subtracted from the mean fluorescent intensities (MFI) and concentration (pg/mL) was determined using an 8-point calibration curve including matrix (best fit from Milliplex Analyst software was used). Single samples were measured. For determining the instrumental variance, pooled quality control (QC) samples were used as quality control (n = 3 analysed at the beginning, middle and end of the run). The biological variability was higher compared to the technical variability. One patient's sample at T3 was clotted in the well, consequently the assay SPRCUS1273 could not be run for this sample.


TABLE 1 List of analyzed serum biomarkers and assay IDs.
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2.3 Statistical analysis

Numbers are presented as counts and percentages for categorical data and mean with standard deviation or median with range for continuous data. Data and respective tests were considered as a non-confirmatory, hypothesis-generating pilot study. The Wilcoxon test was used to compare post-surgery measurements with the pre-surgery biomarker value. No replacement of missing biomarker values was applied for analysis. P-values of <0.05 were considered significant; adjustment for 3 parallel tests of the 3 post-surgery measurements compared to the pre-surgery measurement, in case of gender comparisons for the 4 parallel tested time points per biomarker was done with Bonferroni correction. Longitudinal analysis of biomarker data was conducted with linear mixed-effects models (R packages lmer4 and lmerTest) with splines of grade 3 for time including age, sex, and duration of surgery as covariables. Considering the complexity of the linear mixed-effects models regarding the available case numbers, effects with p-values < 0.1 were also considered as “significant” signals. IBM SPSS Statistics 28.0 and R version 4.0.2 was used for analysis.




3 Results

For this pilot study, we enrolled 19 patients consisting of 10 males and 9 females. The median age was 2.9 years ranging from 0 to 18 years. Our cohort did not include neonatal patients. Demographic and data on diagnoses and procedures are summarized in Table 2. The study cohort represented a broad range of patients with congenital heart disease concerning both age and complexity of anomalies treated at our center. All patients survived until hospital discharge. On-pump beating cardiac surgery was performed in 5 patients (2 pulmonary valve replacements, 2 Glenn-anastomosis, and 1 modified-Fontan procedure). Aortic cross-clamping was necessary in 14 patients. In 6 patients systemic mild-moderate hypothermia (32–35.9°C) and in 5 patients moderate deep hypothermia (<30°C–31.9°C, with the lowest temperature 28°C) was applied, whereas 8 patients were kept at normothermia during CPB.


TABLE 2 Demographic and clinical data.
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Duration of mechanical ventilation and maximum as well as mean vasoactive-inotropic score (VIS) was comparable in both male and female patients. However, duration of stay on the PICU was longer in male compared to female patients (median 31 h and 9 h, respectively as summarized in Table 3). Acute kidney injury as defined by KDIGO criteria, infections, and arrhythmia presented frequent complications in our patient cohort (Table 3) (51). One patient showed respiratory failure, hemodynamic instability, and increased demand for volume and catecholamines after modified Fontan procedure and was re-intubated during the first 24 h after initial surgery (55, 56). After catheterization on the first postoperative day, the patient received a re-thoracotomy and takedown of the Fontan-procedure. Another patient showed an atrioventricular block III° postoperatively and received a transvenous pacemaker 10 days after initial cardiac surgery. S/T-ratio and fluid overload were assessed as criteria for CLS. In 7 patients S/T ratio was not analyzable due to a cut off soft tissue on the x-ray. 3 patients showed an S/T-ratio >12.6% during the first 72 h after CPB (an exemplary chest x-ray analysis is shown in Figure 2). During the first 24 h after operation both male and female patients presented a median fluid overload of 16% (Table 3). None of the enrolled patients died during hospitalization, 30-day mortality was 0% in both male and female patients. One patient with univentricular heart physiology was released after initial shunt operation and 6 weeks later readmitted to another hospital due to gastroenteritis. Two days after readmission the patient had an in-hospital cardiac arrest most likely due to shunt thrombosis, was transferred to our hospital under resuscitation conditions, where we ended the treatment due to the poor prognosis.


TABLE 3 Perioperative characteristics.
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FIGURE 2
Example of chest x-ray analysis for assessment of subcutaneous-thoracic (S/T) ratio according to sonntag et al. (52) (A) Pre- and (B) postoperative x-rays of a patient with an S/T-ratio 16.8.



3.1 Analysis of biomarkers

We collected blood and urine samples at the respective timepoints for all patients (Figure 1. Protocol of timepoints). The study protocol included blood and urine sample collection at the same timepoints. The urine samples were used to discover new urinary biomarker for early detection of acute kidney injury using proteomics analysis. However, not in all 19 patients included in the feasibility study urine samples could be collected during all timepoints. Furthermore, as this manuscript focuses on the feasibility of the customized magnetic bead panels, data on proteomic analysis will be published separately. For 15 patients, blood samples were obtained at all timepoints. In 3 patients T3 was not obtained as patient care on PICU did not allow sample acquisition at that timepoint, and one patient needed a re-thoracotomy at this timepoint.

Our first objective—the reliable measurement of protein concentrations in the serum of children in the clinical setting—was achieved. In short, the analyzed biomarkers could be detected using the customized magnetic bead panels. For IL-6, IL-8, MCP1, and FGF-23 a value above the limit of detection/quantification (LOD/Q) could be quantified in all samples. For CIRBP n = 9 samples showed values below the LOD/Q, while for IL-1β n = 10 sample values were below the LOD/Q. For IL-10 and VEGF-A one sample each was below LOD/Q.


3.1.1 Cytokines analyzed

IL-6, IL-8, MCP-1, and IL-10 all showed low baseline serum concentrations at induction of anesthesia (T0; Figure 3). In comparison to baseline values, both pro-inflammatory cytokines IL-6 and IL-8 were significantly increased at all postoperative timepoints (T1, IL-6 p < 0.001, IL-8 p < 0.001; T2, IL-6 p < 0.001, IL-8 p < 0.001; T3, IL-6 p = 0.002, IL-8 p = 0.002). Furthermore, IL-10 serum concentration was significantly increased at all postoperative timepoints (T1, p < 0.001; T2, p < 0.001; T3, p = 0.007). MCP-1 serum concentration was significantly higher directly after surgery (T1, p = 0.025,). Individual differences between baseline and the three postoperative time points are displayed in Figure 4, for all cytokines analyzed.
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FIGURE 3
Biomarker serum concentration [pg/ml] analyzed using customized magnetic bead panels. Timepoints of blood sample collection: T0 = baseline, at anesthesia induction; T1 = arrival on the intensive care unit; T2 = 6 h after T1; T3 = 24 h after T1. Dots represent statistical outliers. Statistical analysis was performed using the Wilcoxon test; p-values were adjusted for 3 parallel tests (all post-operative measurements vs. baseline) and *p < 0.05 was considered statistically significant.
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FIGURE 4
Change in biomarker serum concentration [pg/ml] compared to T0 (time of anesthesia induction). Timepoints of post-surgery blood sample collection: T1 = arrival on the intensive care unit (median 8 h after T0); T2 = 6 h after T1; T3 = 24 h after T1. The red line at 0 indicates no change, positive values increase and negative values decrease compared to T0. Dots represent statistical outliers. p-values were adjusted for 3 parallel tests; stars indicate significant changes (p < 0.05).


IL-1β baseline levels were generally higher than other analyzed cytokines, and serum concentrations showed a non-significant increase directly after surgery (T1). Overall, no significant increase in IL-1β serum concentration was observed (Figures 3, 4).

Furthermore, we examined the course of serum biomarkers concentrations with linear mixed-effects models adjusted for age, sex, and duration of surgery (Figure 5). IL-1β, IL-10, and MCP-1 serum concentrations increased directly after surgery and decreased at 6 and 24 h after operation (T2 and T3) upon returning to baseline levels. Whereas IL-6 showed a persistent increased concentration directly after operation, IL-8 peaked at T2 (6 h after operation) and returned to baseline level over time. Furthermore, linear mixed-effect models for the course of IL-1β serum concentration revealed the interaction of female sex and time as potentially significant (β(SE) = 14.3(7.7), p = 0.071; Table 4), indicating a more pronounced time course for female sex. Interestingly, we observed a tendency in increased IL-1β serum concentrations at all analyzed timepoints in male compared to female patients, however, this difference was not statistically significant (Figure 6).
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FIGURE 5
Course of biomarker serum concentration [pg/ml] analyzed with linear mixed-effects models adjusted for age, sex and duration of surgery. The model estimation is shown as bold black line with 95% confidence interval. Dots with connecting lines represent individual courses of biomarker serum concentrations for single patients. Timepoints of blood sample collection: T0 = at anesthesia induction (median 8 h before T1); T1 = arrival on the intensive care unit (=0 h); T2 = 6 h after T1; T3 = 24 h after T1.



TABLE 4 Estimates of the linear mixed-effects models for the course of biomarkers over the 4 time points of measurement adjusted for age, sex and duration of surgery, and respective interaction terms with time. For significant parameters the p-value is shown in bold fond. Timepoints of blood sample collection in the model were: −8 h (T0) = at anesthesia induction; 0 h (T1) = arrival on the intensive care unit; 6 h (T2) = 6 h after T1; 24 h (T3) = 24 h after T1.
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FIGURE 6
Sex associated differences of CIRBP, IL-1β, IL-6 and IL-8 serum concentrations [pg/ml]. Timepoints of blood sample collection: T0 = baseline, at anesthesia induction; T1 = arrival on the intensive care unit; T2 = 6 h after T1; T3 = 24 h after T1. Dots represent statistical outliers.Statistical analysis was performed using the Mann-Whitney test; p-values were adjusted for 4 parallel tests for each biomarker; none of the differences, also due to small case numbers, were statistically significant.




3.1.2 Biomarkers for endothelial dysfunction

Serum concentrations of SDC-1, Ang-2, and TM increased significantly after operation. SDC-1 serum concentration was low at induction of anesthesia and showed a significant increase both directly (T1, p < 0.001) and 6 h after surgery (T2, p = 0.002) in comparison to baseline (T0) (Figures 3A,B). Furthermore, TM serum levels increased directly after surgery (T1, p = 0.042) and 6 h (T2, p = 0.047) compared to baseline values (Figures 3, 4) with serum concentrations undulating around 30 pg/ml (Figure 3A). Ang-2 serum concentrations increased significantly at all postoperative timepoints (T1, p = 0.002; T2, p = 0.004; T3, p = 0.016, Figures 3, 4).

VEGFA showed a different dynamic with a significant decrease in serum levels directly after surgery (T1, p = 0.039) in comparison to baseline (Figures 3, 4).

Analyzing the course of biomarker serum concentrations, SDC-1 increases postoperatively, showing a peak at 6 h after operation, whereas both TM and Ang-2 serum concentration increase over time (Figure 5). Furthermore, modelling the course of SDC-1 and TM serum concentrations, we found age and/or the interaction of time with age, female sex, or duration of surgery to show statistical significance (all p < 0.1, Table 4). For TM serum concentrations indicating stronger fluctuation with higher age and increasing duration of surgery flattened by female sex. For SDC-1 suggesting a generally lower level with increasing age and stronger fluctuation with increasing duration of surgery flattened by female sex. The course of Ang-2 serum concentration also seems to be influenced by age and duration of surgery but not by female sex (Table 4).



3.1.3 Fibroblast growth factor (FGF-23)

Fibroblast growth factor FGF-23 has been previously described as a biomarker for acute kidney injury (AKI) after pediatric cardiac surgery (57–60). As we plan to analyze potential biomarkers for acute kidney injury in our clinical trial, we included FGF-23 in our customized magnetic bead panel. FGF-23 concentration significantly increased directly after operation as compared to preoperative serum levels (T1, p < 0.001), and remained significantly higher until 6 h after operation (T2 p = 0.007, Figures 3, 4).

Analyzing the course of serum concentration with linear mixed-effect models, FGF-23 peaked directly after surgery, decreased 6 h after surgery, and increased again 24 h after surgery (Figure 5). Potential variables of interest influencing the course of FGF-23 serum concentration was duration of surgery (p < 0.1, Table 4), tending to increase fluctuation.



3.1.4 CIRBP Serum concentration

CIRBP was detectable at all investigated timepoints. Serum concentration increased postoperatively although not statistically relevant (Figure 3). In comparison to baseline, CIRBP showed an increase at T1 then returning to baseline levels over time (Figures 4, 5). In the longitudinal model we found a signal that duration of surgery had a significant influence on the course of CIRBP serum concentration (p < 0.1, Table 4). There was no significant sex related difference in CIRBP serum concentrations (Figure 6).

As CIRBP is known to be upregulated by mild to moderate hypothermia (28–34°C) (40, 42), we analyzed CIRBP serum concentrations in patients treated with hypothermia during CPB. However, we did not detect significant differences in CIRBP serum levels between patients undergoing normothermic, mild-moderate hypothermic, or moderate deep hypothermic CPB.





4 Discussion

As both systemic inflammatory reactions and CLS are frequent complications after cardiac surgery in children with CHD, early diagnosis and treatment of patients at risk remain challenges in postoperative clinical management. This feasibility study was conducted to evaluate customized multiplex magnetic bead panels for the analysis of proinflammatory cytokines, previously described biomarkers for vascular leakage, acute kidney injury, and CIRBP in pediatric patients undergoing cardiac surgery at our center. CIRBP has been previously described as an inflammatory mediator and its serum or plasma concentration has been analyzed in adults after septic or hemorrhagic shock as well as after cardiac surgery. To our knowledge this is the first study to analyze serum concentrations of CIRBP in children with CHD before, during, and after cardiac surgery.

Peripheral blood concentrations of CIRBP have so far been analyzed using western-blot analysis and Enzyme-linked Immunoabsorbant Assay. As far as we know, CIRBP has not been analyzed using a customized magnetic bead panel and furthermore has not been detected in a pediatric cohort. Merck/Millipore established the customized magnetic bead panel and validated the measurements for our feasibility study using our serum samples. Using this technique, we were able to detect CIRBP as well as the other biomarkers including cytokines (IL-1β, IL-6, IL-8, MCP-1, and IL-10), markers for endothelial dysfunction (SDC-1, TM, Ang-2, and VEGF), and FGF-23 as a marker for kidney injury in a minimal serum sample volume (25 µl) in all enrolled patients. As blood sample volume is an important restriction in pediatric clinical studies, the ability to detect multiple analytes in a minimal serum volume is an important goal. Especially as we plan to enroll patients of different ages including neonates, infants, and toddlers up to adolescents with CHD for a larger follow-up clinical trial, the successful quantification of all analyzed biomarkers using the customized magnetic panel is an important achievement of this feasibility study.


4.1 Cytokines

We analyzed pro-inflammatory cytokines IL-1β, IL-6, and IL-8 serum concentrations in our cohort. Both IL-6 and IL-8 levels were increased directly after operation and remained increased during all analyzed postoperative timepoints compared to baseline values (Figures 3, 4). Analysis of the course of biomarker serum concentrations over time using linear mixed-effects models, IL-6 remained upregulated during all postoperative timepoints, whereas IL-8 showed a peak at 6 h and decreased 24 h after surgery (Figure 5). We did not see a significant regulation of IL-1β during the analyzed timepoints compared to baseline levels (Figures 3, 4), however linear mixed-effects models showed IL-1β increasing directly after operation and returning to baseline levels over time (Figure 5). The regulation of both IL-6 and IL-8 concentrations after CPB are consistent with previous clinical studies analyzing cytokine concentrations in children and infants after cardiac surgery (61–67). Allan et al. analyzed various cytokine plasma concentration in infants (median age 37 days) undergoing cardiac surgery at similar timepoints up to 24 h after CPB. Although this study concentrated on one age group, they detected similar dynamics of cytokine regulation with both IL-6 and IL-8 being upregulated directly after cardiac surgery (61). Furthermore, we recently analyzed cold-shock proteins as well as cytokines in dry blood spot samples of 23 patients with CHD of varying ages and diagnoses (median age 19 years) undergoing CPB and hypothermia. Both IL-6 and IL-8 were significantly increased after CPB and stayed elevated up to 24 h after surgery (62). However, in our previously published patient cohort we also detected a significant increase in IL-1β 24 h after CPB (62), which we did not see in our feasibility study. However, postoperative regulation of IL-1β has been controversial in clinical studies so far. Whereas no significant regulation of IL-1β has been reported in neither infants nor children after CPB (61, 66), there have been reports that IL-1β levels are significantly elevated in direct response to CPB in infants (63). As the median patient age was significantly higher in our last cohort the differing secretion dynamics might be due to age difference. Nevertheless, larger patients' cohorts are needed to further investigate a possible age dependency.

Analysis with linear mixed-effects models showed time and female sex as potential variables of interests in IL-1β serum concentration course (Table 4). Furthermore, we detected a trend in increased IL-1β serum concentrations at all timepoints in female patients (Figure 6) However, as we conducted a hypothesis-generating, non-confirmatory clinical study these signals need to be evaluated in future studies.

Furthermore, we analyzed the chemokine MCP-1 as well as the anti-inflammatory cytokine IL-10. Analyzing the course of serum concentration over time using linear mixed-effects models suggests MCP-1 and IL-10 to have a similar regulation dynamic. Both cytokines were upregulated directly after cardiac surgery and decreased back to baseline levels over time (Figure 4). This observed regulation is consistent with the results of various clinical studies analyzing infants and children after CPB (61, 64–66). We previously described an increase in both MCP-1 and IL-10 directly after CPB and decrease to baseline levels 24 h after surgery (62). However, other studies focusing on infants after pediatric cardiac surgery report different regulation of IL-10. Gu et al. detected an increase of IL-10 concentration directly after CPB showing a peak at 12 h after surgery before decreasing (63). While Trotter et al. showed that IL-10 levels remained elevated up to 7 days after CPB (67). As we did not analyze cytokine concentrations 12 h after CPB, we might have missed a potential further increase of IL-10 in our patient cohort. Nevertheless, a possible age-dependency needs to be investigated further.



4.2 Biomarker for endothelial dysfunction

SDC-1, Ang-2, and TM serum concentrations increased after operation. Both SDC-1 and TM increased both directly as well as 6 h after operation, whereas Ang-2 was upregulated during all postoperative timepoints as compared to baseline (Figures 3, 4). In vivo studies have shown that ischemia/reperfusion-induced injury leads to glycocalyx shedding and a significant increase in SDC-1 release (68). Various clinical studies have reported that SDC-1 concentration increases after cardiac surgery in both adults and pediatric patients (14, 38, 39, 69). Bruegger et al. analyzed SDC-1 in infants undergoing CPB with both beating heart aortic clamping and deep hypothermic circulatory arrest. They report a significant upregulation of serum SDC-1 concentration directly after CPB with SDC-1 remaining upregulated until intensive care unit (ICU) admission (39). In adults undergoing coronary artery bypass grafting with or without the use of CPB, SCD-1 was significantly upregulated during surgery and normalized during the first 24 h after surgery (69). However, previous clinical studies analyzing SDC-1 after pediatric cardiac surgery analyzed SDC-1 levels up to 2 h after surgery (38, 39). To our knowledge, this is the first report of SDC-1 levels 24 h after CPB in children. Analysis of the course of biomarker serum concentrations reveals a differing dynamic of the analyzed biomarkers for endothelial dysfunction as SDC-1 peaks at 6 h after operation whereas both Ang-1 and TM concentrations increase during the analyzed postoperative timepoints (Figure 5).

Changes in TM concentration after pediatric cardiac surgery have not been studied so far. TM has been shown to be associated with poor outcome in both children and adults suffering from sepsis (18, 19). In septic adults, TM serum concentration correlated with the risk of development of disseminated intravascular coagulation, multiple organ failure, or death during ICU stay (18, 19). TM enables thrombin-mediated activation of protein C playing a part in coagulation, fibrinolysis, and inflammation (70, 71). As it is released upon inflammation and endothelial cell damage (72), it remains an interesting potential biomarker for SIRS and CLS and its' regulation after pediatric cardiac surgery warrants further investigation.

Whereas Ang-2 levels increased after CPB, we report a significant decrease of VEGF-A directly after CPB and a slight increase during later timepoints although not statistically significant (Figures 3, 4). Giuliano et al. analyzed both Ang-2 and VEGF-A plasma concentrations in children undergoing CPB (median age 5 months) at the same timepoints as in our study (prior to operation, 0, 6 and 24 h after CPB). Ang-2 was significantly elevated 6 h after CPB and remained upregulated until 24 h after CPB. VEGF-A concentrations, however, were not significantly regulated after CPB (35).

SDC-1 has been associated with severe acute kidney injury as well as prolonged duration of stay on the intensive care unit as well as hospital stay after pediatric CPB (38). Ang-2 concentration at 6 h after CPB has been reported to show a correlation with CPB time and surgery complexity as assessed via RACHS-1. Furthermore, Ang-2 concentration was associated with the duration of stay on the ICU (35). VEGF concentration has been shown to be elevated after CPB in neonates and was associated with postoperative capillary leak syndrome (36). Elevated preoperative as well as postoperative VEGF-A concentrations have been associated with cyanotic congenital heart disease (36, 37).

Analysis with linear mixed-effects models revealed age, female sex, and duration of surgery as potential variables to influence both SDC-1 and TM course of serum concentrations over time, whereas Ang-2 concentration seems to be influenced by age and duration of surgery (Table 4). To our knowledge this has not been reported so far, however our study cohort represents a small and heterogenous group both in relation to age and cardiac defect. Additionally, there was no neonatal patient included in our study cohort. Therefore, both associations with cardiac anomalies as well as age and adverse clinical outcome need to be investigated further.



4.3 Fibroblast growth factor (FGF-23)

FGF-23 has been associated with AKI after CPB in children (59, 60). FGF23 is an osteocyte-derived hormone playing an important role in phosphate and vitamin D homeostasis (73). Serum FGF23 has been shown to be increased in both early stages of chronic kidney disease (74) as well as in early stages of acute kidney injury (75, 76). Preoperative FGF23 serum concentration was associated with AKI development after CPB suggesting FGF23 as a suitable screening marker for AKI (60). Additionally, FGF23 has also been described to be associated with inflammatory processes in experimental studies (77). We report a significant increase at both directly as well as 6 h after surgery in our patient cohort (Figures 3, 4). AKI occurred in 5 patients (26%, 22% in female and 30% in male patients). In accordance with AKI, FGF-23 serum concentrations seem to be influenced by the duration of surgery (Table 4). We report that FGF23 serum concentrations could be measured adequately using our customized panel.



4.4 CIRBP

CIRBP has been reported as a key player in the innate inflammatory response. Both in vitro and in vivo studies have shown that CIRBP enhances inflammation by inducing proinflammatory cytokines and DAMPs release (44). CIRBP antiserum as well as blockage of its receptors have been shown to reduce systemic inflammation, organ dysfunction, and mortality in in vivo sepsis and hemorrhagic shock model (44, 47). We could detect CIRBP in all patients, with increasing serum concentration after cardiac surgery (Figures 3, 4). Furthermore, linear mixed-effects models revealed duration of surgery having a potential influence on CIRBP serum concentrations (Table 4). However, as the purpose of this feasibility study was to establish the validity of our customized magnetic bead panel in order to analyze multiple analytes using only a small sample volume, the question of the present study is related to the measurability of biomarkers in the setting of CPB in children. Due to the size of our cohort, the potential value and significance of CIRBP as a biomarker was not assessed in this study. Nevertheless, the stable course for 17 out of 19 patients could raise the question if for the 2 patients with higher initial values and different progression the post-surgery recovery was divergent from the rest of the group. This has to be investigated in a larger sample. Following the positive results of this feasibility study, we further conducted a larger trial including 108 patients and are in the process of analyzing the results. To our knowledge this is the first study analyzing CIRPB in a pediatric population. So far, CIRBP has been detected in peripheral blood of patients suffering from septic and hemorrhagic shock (44, 46) with high CIRBP concentrations correlating with a poor survival rate (46). Furthermore, CIRBP has been detected in adult patients after cardiac surgery with CPB showing a correlation between duration of CPB and postoperative lung dysfunction (78). Whereas serum CIRBP was detectable in all patients suffering from hemorrhagic shock with a mean blood collection time of 43 h after onset of shock, CIRBP could not be detected in the control group (44). Zhou et al. report elevated plasma levels of CIRBP in septic patients and suggests CIRBP as an independent predictor for sepsis mortality as non survivors showed significantly higher CIRBP levels compared to survivors (46). Chen et al. analyzed CIRBP plasma concentration using Enzyme-linked immunosorbent-Assay in 31 adult patients (median age 60 years; 17 male, 14 female) undergoing cardiovascular surgery at 1 day before surgery, as well as 6 h, and 1, 3, and 5 days after surgery. They observed a significant increase in serum CIRBP 6 h after CPB that returned to baseline levels 5 days after surgery. CIRBP plasma levels were upregulated up to 1,300pg/ml postoperatively. Furthermore, they also observed a correlation between increased CIRBP concentrations with increasing CPB duration (78).

Interestingly, hypothermia did not have an influence on CIRBP concentration in serum. We recently investigated the gene expression of both cold-shock proteins RNA-binding motif 3 (RBM3) and CIRBP in patients treated with targeted-temperature management (33°C for 24 h) after cardiac arrest. CIRBP mRNA expression showed a tendency of upregulation after 24 h of cooling and decreased significantly during the following 48 h, whereas RBM3 was significantly elevated after 24 h of cooling (79). Chen et al. also did not observe a significant regulation of CIRBP due to hypothermia during CPB (mean temperature during CPB 31.6 ± 1.4°C) (78). However, the number of patients treated with hypothermia in our study was small and varied in temperatures between 28 and 32.1°C. Therefore, potential effects due to hypothermic treatment might not have been detected. Furthermore, we did not analyze the effect of body temperature after CPB on CIRBP concentration. As both slow rewarming after hypothermia during CPB and hyperthermia/fever could occur after pediatric cardiac operation, the possible effect of body temperature following CPB on CIRBP serum concentration needs to be analyzed in larger patients cohorts. In the following clinical study, we plan on assessing temperature along with other vital parameters up to 72 h after cardiac operation to investigate possible correlations.



4.5 Sex-associated differences

It is known that there are sex dependent differences concerning the incidence of specific cardiac defects in CHD. Transposition of the great arteries and left-sided obstructions occur more often in males, whereas atrial septal defects and Ebstein's anomalies are reported to be more frequent in female patients (80). Moreover, retrospective analyses report that male patients are more likely to undergo complex high-risk cardiac surgery (81). This aspect might influence early postoperative morbidity and potentially biomarker concentration. However, data on sex associated differences regarding postoperative mortality is to date inconsistent (82, 83). Trotter et al. investigated sex related differences in postoperative cytokine levels in 18 infants and children after CPB. All patients showed significant increases in IL-8 and IL-10 after surgery, however IL-10 plasma concentration was reported significantly higher in female patients (67). We did not observe a sex dependent regulation in IL-10 concentrations, but we did observe a non-significant trend in higher IL-1β at all respective timepoints in male patients (Figure 6). To our knowledge, a correlation between gender and CIRBP expression and secretion has not been investigated so far. We did not detect sex related differences in CIRBP serum concentrations (Figure 6). Trotter et al. reported a significant increase in the sex steroid progesterone in both male and female patients after CPB, but observed that only male patients developed multiple organ dysfunction (67). Considering the relatively small number of patients in their study and differences in clinical outcome the reported sex-dependent differences might also be related to clinical outcome, age, or original clinical syndrome. (67), This needs to be considered in our feasibility study as well. Although, both male and female patients had a comparable risk for in-of hospital mortality as assessed by RACHS-1 and operation time as well as time on CPB was similar (Table 2), length of PICU stay and mean VIS during the first 24 h after surgery was higher in male patients (Table 3).



Limitations

The present feasibility study was conducted as a single-center study enrolling a small number of consecutive heterogenous patients in regards to sex, age, cardiac anomalies, and subsequently complexity of cardiac surgeries. In all analyzed patients, surgery was conducted using CPB. The study protocol did not include a control group to evaluate the analyzed biomarkers in healthy children or children without cardiac surgery. Unfortunately, it would not have been justifiable from an ethics perspective, as we would need to draw blood from healthy infants and children, which can be a traumatic experience in pediatric patients. Since our cohort already has central venous access before the start of the operations, it was completely painless and easy to obtain blood samples at all time points from our pediatric patients. Furthermore, the concentration of analyzed biomarkers could be influenced by preoperative preparation of patients such as fasting or anesthesia induction as the baseline values were obtained after anesthesia induction directly before surgery. In summary, the results of this pilot study need to be confirmed by a clinical study analyzing a larger number of patients.




5 Conclusion

A valid measurement of the regulation of CIRBP in the clinical setting of cardiac surgery in children is possible. Measurements of potential biomarkers in a larger clinical trial in a pediatric patient cohort using small serum samples during cardiac surgery are essential to validate the promising preliminary results.

This feasibility study shows that multiple analytes can be quantified in a minimal serum volume (25 µl) using a customized multiplex magnetic bead panel. Moreover, a valid measurement of the release of CIRBP into the circulation in a clinical setting of cardiac surgery in children was possible. Measurements of potential biomarkers in a larger clinical trial in a pediatric patient cohort using small serum sample volumes collected during cardiac surgery are essential to validate these promising preliminary results.
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Introduction: Transforming growth factor β (TGFβ) metabolism plays an important role in the pathogenesis of Marfan syndrome (MFS). Accordingly, drug therapy uses TGFβ receptor blockade to slow down the cardiovascular manifestations, above all aortic root dilatation. Angiotensin II type 1 receptor blockers (ARBs) have been shown to reduce TGFβ levels in adults. Data on childhood are lacking and are now being investigated in the TiGer For Kids study presented here.



Methods: We examined 125 children without chronic disease and 31 pediatric Marfan patients with a proven FBN1 variant with regard to TGFβ levels. In addition, we measured TGFβ levels during the initiation of ARB therapy in pediatric Marfan patients.



Results: In children without chronic disease, TGFβ levels were found to decrease from childhood to adolescence (p < 0.0125). We could not measure a relevantly increased TGFβ level in pediatric Marfan patients. However, we showed a significant suppression of the TGFβ level after treatment with ARBs (p < 0.0125) and a renewed increase shortly before the next dose.



Discussion: The TGFβ level in childhood changes in an age-dependent manner and decreases with age. The TGFβ level drops significantly after taking ARBs. Based on our experience and data, a TGFβ receptor blockade in childhood seems reasonable. So far, TGFβ level cannot be used as an MFS screening biomarker.
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Introduction

Marfan syndrome (MFS) is classically caused by a pathogenic fibrillin-1 (FBN1) variant (1, 2). The dysfunction of fibrillin-1 itself as an extracellular matrix protein associated with microfibrils was, for a long time, known to be the only cause for this structural weakness of connective tissue in MFS. However, in 2003, Neptune et al. showed a function of fibrillin-1 for the regulation of transforming growth factor β (TGFβ). A pathogenic variant in fibrillin-1 results in an enhancement of TGFβ, whereas TGFβ activation then prohibits regeneration of vascular smooth muscle cells in, for example, the aortic wall (3). Accordingly, both the altered fibrillin structure itself and the dysregulation of TGFβ cause dilatation of the aortic root, and other cardiovascular, skeletal, skin, and ocular manifestations appear.

Due to this exceeding activation of TGFβ in MFS, medical therapy with angiotensin II type 1 receptor blockers (ARBs), also known as sartans, was expected to be highly effective and started in patients with MFS (4). Blockade of angiotensin II type 1 receptor causes the downregulation of TGFβ and stimulates the regeneration of vascular smooth muscle cells with protection of connective tissue, especially in the aortic wall. Aortic root dilatation could thus be prevented (5). ARBs are therefore, apart from β-adrenergic receptor antagonists (β-blockers), which have been the only cardiovascular medical treatment for MFS patients for a long time, a new option (6). The positive correlation of TGFβ dysregulation with the appearance of cardiovascular pathologies in MFS and other genetic aortic syndromes was already shown in adult patients (7, 8). The decrease of TGFβ concentrations after initiation of therapy could also be shown (9). Moreover, Franken et al. showed that therapy with sartans (losartan) leads to a significant decrease in aortic diameters in adult patients with haploinsufficient FBN1 variants. This was not demonstrated in the group with dominant-negative gene variants (10). Corresponding data concerning sartan treatment in childhood are still lacking. Especially, measurements of TGFβ levels in MFS children with ARB therapy are missing but essential to evaluate the effectiveness of this therapy. It may be reasonable to initiate therapy in early childhood before the appearance of, especially, cardiovascular pathologies to prevent symptoms of MFS (11).

The aim of this prospective study is to evaluate the serum TGFβ level in children without chronic disease and in comparison to children with connective tissue disorder MFS with and without medical therapy. We investigate four primary research hypotheses: (1) TGFβ serum levels are higher in MFS patients than in healthy children. (2) TGFβ levels are higher in patients with MFS patients with aortic root dilatation than in healthy children. (3) TGFβ serum levels in patients with MFS reduce under medical treatment after 6 h. (4) Sinus valsalvae Z-scores in MFS patients reduce under medical treatment.



Materials and methods

Our TiGer For Kids study is a monocentric prospective cohort study with the overall aim of comparing serum TGFβ levels in children without chronic disease with those of children with MFS and evaluating potential uses of TGFβ as a biomarker.


Subjects

Between April 2017 and May 2020, we examined and obtained blood samples from children without chronic disease and pediatric Marfan patients with and without treatment. In the following, children without chronic disease are also referred to as healthy children.

We included healthy children whenever they presented to the emergency room or admitted to the pediatric ward with uncomplicated pediatric diseases (mild upper airway infection, gastroenteritis, commotio cerebri, motor and development disorders, and social and behavioral problems) without any cardiovascular disease or drugs, cancer, inflammatory or autoimmune disorder, diabetes, nor drugs that could affect the extracellular matrix. To exclude the influence of inflammation or renal impairment on the TGFβ level, we examine the difference of the TGFβ value between low and high c-reactive protein (CRP) and creatinine values of the patients with the TGFβ value.

We included children with MFS while visiting our specialized pediatric Marfan Clinic in the Pediatric Cardiology in the University Heart and Vascular Center Hamburg for first presentation or clinical follow-up. We diagnosed MFS according to the revised Ghent Criteria (12).



Protocol: clinical examination and questionnaire


Baseline study

At the presentation of healthy children and pediatric Marfan patients, they received a standardized questionnaire about health and a blood sample. The questionnaire was used to precisely document and evaluate the patients’ previous medical history. The individual risk for a possible chronic, especially cardiovascular, disease was also recorded on the basis of family history. Blood sampling in non-chronically ill children was performed at the time when it was medically indicated. This can affect any time of the day or night. The TGFβ sample of Marfan patients was taken during Marfan consultation hours, mostly between 12 and 3 pm. Accordingly, there was no standardized time of measurement. In addition to the TGFβ level measurement, other laboratory parameters (CRP, creatinine) were analyzed to investigate their influence on the TGFβ level.

In addition, Marfan patients were examined according to the Ghent Criteria, and electrocardiogram (ECG) and echocardiography were performed. An experienced investigator performed echocardiography with the Philips diagnostic ultrasound system EPIQ7 (Amsterdam, Netherlands) with 12, 8, and 5 MHz probes.



Intervention study

As soon as medical therapy was indicated, we took a blood sample for measurements of TGFβ. Patients were admitted to the ward for 24 h. The first TGFβ measurement took place between 8 and 9 a.m. After we applied the ARBs, we repeated TGFβ measurement after 1, 2, 6, and 12 h. In our Marfan Clinic, we usually administer Valsartan two times a day. We start with a dose of approximately 1.5 mg/kg body weight daily and increase the therapy in the course of time. If therapy with losartan has already been started outside the clinic or patients favor losartan, we leave it at that. Thus, during the follow-up visit (6 and 12 months), we repeated the examinations from the baseline visit. The follow-up blood collection was also not standardized in terms of the time of day or in relation to the sartan intake. It was based on the time of presentation at the clinic. A timeline for the care of the MFS patients with medical treatment is shown in Figure 1.


[image: Figure 1]
FIGURE 1
Timeline of care for Marfan patients with medical therapy.





TGFβ measurements

Serum monovettes were centrifuged for 10 min at 3,000 g and 18°C. After filling and sealing of the tubes, the rack was stored directly in the working freezer at −80°C. Finally, TGFβ was determined in the laboratory by means of enzyme-linked immunosorbent assay (ELISA). For TGFβ measurement, we used the Quantikine human TGF 1 immunoassay (R&D Systems Inc. Minneapolis; catalogue number DB100B) according to the manufacturer's instructions. In order to avoid interfering variables, the TGFβ measurements were carried out simultaneously for all serum samples so that the experimental conditions in the laboratory were identical for all samples. The samples were measured in duplicate at points to ensure the accuracy of the values.



Data analysis

In accordance with applicable data protection, the patients were pseudonymized, and a laboratory code and a study code were assigned to each child. The data were collected and archived in a database using Filemaker software V.10 Pro Advanced (Santa Clara, CA) and Microsoft Excel 2007 (Microsoft, Redmond, WA). We performed statistical analysis with SPSS 26 (SPSS, Chicago, IL).

We categorized patients into four age groups: infants (1 day- 24 months), children (25 months-11 years), adolescents (12–14 years), and adults (15–18 years).

In the descriptive statistics, we reported absolute numbers with relative frequencies for categorical data and mean values (M) ± standard deviation (SD) and quantiles for continuous data. All TGFβ values are given in pg/ml.

For analysis, TGFβ levels, CRP values, and creatinine values were approximated to a normal distribution using logarithmic transformation. The first and second primary hypothesis, as well as secondary comparisons in healthy children considering TGFβ levels between sex, low or high CRP, and low or high creatinine, were evaluated using unpaired t-tests. Furthermore, TGFβ levels were compared between age groups in healthy children using analysis of variance. The third and fourth primary hypotheses were analyzed using paired t-tests.

We adjusted the analysis results of the primary hypotheses using Bonferroni correction, which led to an adjusted significance level of 0.0125. All p values of the primary analysis, which were lower than the adjusted significance level, were considered to be statistically significant. We reported 95% confidence intervals and any results of secondary hypotheses in a descriptive way.



Ethical standard

Informed and written consent was always obtained prior to blood sampling and testing by the doctors involved in the study. From the age of 6 years, in accordance with the recommendation of the Federal Court of Justice, the written consent of the child was obtained in addition to the verbal consent of the legal guardians. The study was approved by our Institutional Review Board [Ethics Committee Hamburg (PV 5457)].




Results

We measured TGFβ levels in 125 children without chronic disease (9.4 ± 5.7 y; male 57.6%) and 31 pediatric Marfan patients (6.1 ± 5.6 y, male 51.6%) with a proven FBN1 variant.

We present the age distribution of the healthy children and pediatric Marfan patients in Table 1. We demonstrate the clinical characteristics of the healthy and Marfan children in Table 1 and those of the Marfan patients with medical treatment in Table 2.


TABLE 1 Distribution of age and clinical characteristics of healthy children (control) and Marfan patients (MFS); ns, not significant.

[image: Table 1]


TABLE 2 Clinical characteristics of Marfan patients with medical treatment (n = 11).
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TGFβ level in children without chronic disease

In children without chronic disease, median TGFβ level declines the older the children get (Figure 2). At the beginning of puberty and adolescence, TGFβ is lower than in younger children (p = 0.001). Concerning sex we did not identify any differences of TGFβ level at any age in children without connective tissue disorder (p = 0.87). Regarding the presence of inflammation (p = 0.83) or impaired kidney function (0.47), we could not show any influence on TGFβ levels in our studies.


[image: Figure 2]
FIGURE 2
Distribution of TGFβ level in healthy children with a general decline of TGFβ the older the children get and lower levels with reach of puberty/adolescence (p = 0.001).




TGFβ level in pediatric Marfan patients

Baseline TGFβ serum levels were 6,137 (95% CI: 5,360; 6,914) pg/ml in MFS patients without medication and 6,526 (95% CI: 6,027; 7,026) pg/ml in healthy children.. We could not show a significant difference between both groups (p > 0.0125). In Figures 3, 4, we illustrate the comparison of TGFβ serum levels between MFS patients and healthy children by means of boxplots.
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FIGURE 3
TGFβ level in healthy children and children with Marfan syndrome (MFS), p > 0.0125.
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FIGURE 4
TGFβ level in healthy children (grey) and children with Marfan syndrome (striped) indifferent age groups (1 = 1-24 months, 2 = 25 months-11 years, 3 = 12-14 years, 4 = 15-18 years, p > 0.0125).


We also compared TGFβ levels between children without chronic disease [6,517 (95%-CI: 6,014; 7,020) pg/ml] and pediatric Marfan patients with aortic root dilatation [6,986 (95%-CI: 5,633; 8,339) pg/ml]. Again, there was no significant difference (p = 0.28) (Figure 5).


[image: Figure 5]
FIGURE 5
TGFβ level in healthy children and children with Marfan syndrome (MFS) with aortic root dilatation, p = 0.028.


In 11 patients (5.5 ± 3.8 y, male: 72.7%), medical treatment was indicated. After administration of Valsartan, the lowest TGFβ serum levels were reached after 6 h, with an average reduction of 1,288 pg/ml (95% CI: 85;2,491, p < 0.0125), followed by a return toward baseline at the 11.5-hour mark [delta from baseline −590 pg/ml (95% CI: −2,932;1,751, p > 0.0125), Figure 6]. Measuring TGFβ at random times 12 months later did not show a TGFβ level decrease in comparison to baseline. There was no significant change in the z-score of the sinus valsalvae of the Marfan patients during the short observation period of 1 year. In our patient collective, no relevant difference in TGFβ levels between haploinsufficient or dominant-negative gene variants could be detected at neither baseline nor after ARB treatment.


[image: Figure 6]
FIGURE 6
TGFβ level development 1, 2, 6, and 12 h after valsartan intake.





Discussion

Our TiGer For Kids study is, so far, the largest study to examine TGFβ levels in healthy children and in comparison with MFS children.

We firstly investigated serum TGFβ levels in children without chronic disease and children with MFS. Secondly, we analyzed the role of the biomarker TGFβ with regard to effectiveness and possible therapy monitoring in Marfan patients on the basis of TGFβ measurements.


TGFβ level in children without chronic disease

In our study, we examined the serum TGFβ level in healthy children. TGFβ plays an essential role in many processes of life and is a physiological cell parameter in the context of cell growth and differentiation, apoptosis, embryogenesis, and development, but it is also relevant in immune processes, wound healing, inflammation, and neoplasia (13). Most tissue types possess TGFβ receptors (14). Thus, TGFβ plays a role not only in the regulation of the cardiovascular system but also in the development of lung diseases, tumors, and inflammatory processes. Even the physical activity before the measurement influences the resulting value significantly (15). Only the combination of structurally altered microfibril ECM with dysregulation of TGFβ causes the symptoms of Marfan syndrome. Measuring TGFβ levels in healthy children to detect a possible connective tissue weakness as a screening tool is therefore not useful. Nevertheless, TGFβ normal values in a healthy collective would be helpful to classify the TGFβ level in diseased children. Our measurements showed a decreasing TGFβ level with age in healthy children, especially at the beginning of the second decade of life. Neither sex nor increased inflammatory or renal retention parameters had any influence on the TGFβ level. There are currently a few smaller studies looking at TGFβ norm levels overall and those in childhood. Okamoto et al. compared the TGFβ levels of 55 healthy children with 44 healthy adults, showing significantly lower levels in adulthood, consistent with our findings (16). Rosensweig et al. published similar results of decreasing TGFβ levels from infancy through adolescence into adulthood (17). Our collective consisted of children who presented to the pediatric clinic without chronic and systemic diseases, especially without cardiovascular disease. However, we were unable to standardize the physiological processes that also influence TGFβ levels. This resulted in a relatively heterogeneous collective. We have discussed the study limits in this regard in the limitations section.



TGFβ level in pediatric Marfan patients

Apart from abnormal fibrillin 1, excessive TGFβ activation is essential for the pathogenesis of MFS (3, 18, 19). Thereby, elevated TGFβ levels have been proven in different compartments of the body. Elevated TGFβ levels in Marfan patients have been detected in aortic tissue samples and in the peripheral blood of adult Marfan patients at the same time (7). Thus, TGFβ as a biomarker for aortic dilatation in MFS patients could be suggested. In our pediatric collective, the levels of TGFβ in the serum of Marfan patients did not differ significantly from those children without chronic disease. The comparison of healthy children with Marfan patients with aortic root dilatation also showed no significant difference. This correlates with previous data where TGFβ was also not increased compared to healthy controls (20). In other studies, particularly involving adult patients with aortopathies and especially MFS, an increased TGFβ level could be measured compared to the healthy collective (8, 11, 21). The prerequisites for the inclusion of healthy comparison groups are not always defined in detail in the various publications on adult patients. As already mentioned, TGFβ level is a biomarker that is influenced in many ways and could also possibly be subject to significant diurnal fluctuations, especially during growth. Therefore, the selection of our healthy comparison cohort might have been too inconsistent. Again, so far, TGFβ is no sufficient parameter for screening for connective tissue disease.



TGFβ level in pediatric Marfan patients with ARB treatment

Beta-blockers have been the gold standard in the treatment of MFS for almost 50 years (19, 22). Accordingly, the experience gained by physicians and patients with the medication is great. In addition to the hemodynamic effect with the reduction of heart rate and lowering of blood pressure, they cause an increased distensibility of the aortic wall and a reduced pulse wave velocity. This effectively inhibits aortic root dilatation (23, 24). Beta-blockers are also effective in the pediatric population and are accordingly recommended and used at an early age (24–26).

Since an inhibition of the excessive activity of TGFβ in Marfan disease could be demonstrated by the use of ARBs (angiotensin II receptor type 1 blockers) in pregnant mice and is presumable in humans too, their use appears rational in young patients (5, 9, 25). For more than 15 years, studies investigating the perfect treatment have dominated the scientific world of MFS. A superior effect of ARBs in comparison to beta-blockers has not yet been proven (27). However, an equivalent effect has been demonstrated in numerous large patient groups (27–30). In addition, ARBs have been shown to have a low side-effect profile in childhood (31). Moreover, there are a number of studies that tend to recommend ARBs in Marfan patients, whereas studies exclusively recommending beta-blockers are lacking (31–33). Therapy with sartans has been shown to be effective in adulthood, particularly in patients with haploinsufficient gene variants (10, 21). Our measurements showed no relevant difference between the TGFβ levels of haploinsufficient and dominant-negative patients either without or with therapy. We measured pediatric TGFβ levels before and during therapy with ARBs to assess the potential of TGFβ levels for therapy monitoring. Patients with sartan treatment showed an effective TGFβ suppression during the day, with the lowest level of six hours after ingestion and a renewed rise right before the second dose. Concerning TGFβ suppression, our results suggest that therapy with sartans in childhood seems to be reasonable, even though the z-score of the aortic diameter did not change significantly during the short period of observation. The next step is to correlate the TGFβ level reduction after ARBs use with the reduction in aortic root diameter over a longer period of time. Starting ARB therapy before the development of an aortic aneurysm does not appear to be indicated yet. Cook et al. investigated and explained the contrary TGFβ effect in Marfan patients. The early use of TGFβ inhibition in mice without aortic aneurysm even increased the risk of developing aortic dilatation or dissection. Only after aortic dilatation occurs does TGFβ inhibition reduce the progression of the disease. Accordingly, therapy should be started as early as possible after the occurrence of the aortic aneurysm (34). In line with our results, it seems to be reasonable to apply sartans twice daily for a constant suppression. The assumption remains that ARBs could even establish themselves as a superior therapy due to their effect that goes far beyond the antihypertensive effect. Based on our data and data published since then, TGFβ is neither suitable as a screening parameter for MFS nor as a biomarker for the progression of aortic aneurysms. Other cytokines from the TGFβ pathway such as IL11 are being investigated in order to find laboratory chemical, measurable parameters to perhaps one day enable a prognostic assessment of the disease (35).



Study limitations

Overall,the TGFβ-levels are broadly distributed not only in the children without chronic disease but also in the MFS patients. Of course, a standardized examination and timing would have produced clearer results. However, in our clinical practice, this could not be realized in both patient groups. Especially, the inclusion of healthy children with blood sampling was difficult. According to the ethics vote, blood sampling was only allowed if it was already indicated for other clinical reasons or a peripheral indwelling cannula was inserted. Thus, the timing and physiological fluctuations and prerequisites of the patients were different. Furthermore, pediatric Marfan patients received a TGFβ level measurement in the context of a routine blood collection whenever and under which conditions the presentation in our consultation took place. We accepted this for obtaining the first TGFβ measurements from the children. A clear statement that the TGFβ level differs or not between non-diseased patients and patients with MFS can therefore not be conclusively assessed by our study.

In addition to the broad distribution of the TGFβ values, it is also noticeable that in individual patients, the valley level of TGFβ before the next drug administration exceeds the initial level (Figure 6). We also explain this by the pronounced susceptibility of the TGFβ level to disturbances, in particular by physiological factors (e.g., physical stress, food intake), which were not standardized in this study.

Furthermore, although our healthy population includes children without chronic and cardiac diseases, it is known that infections or trauma can also influence the TGFβ level. However, no correlation with increased TGFβ could be found with analysis of the CRP value.

We did not find a clear TGFβ reduction after a half year or a year of ARB treatment. The TGFβ measurement after 6 and 12 months again was carried out at the time of the presentation in our Marfan consultation and not in a clear temporal relation to the ARB intake. In addition, as explained previously, the TGFβ level is very susceptible to interference and fluctuates over the course of the day. Accordingly, the follow-up level cannot be classified under these non-standardized conditions and is not helpful for the assessment of an effective therapy. Possibly, valley level measurements during the course of therapy could provide further information and improve the usefulness of this biomarker in therapy monitoring. Our aim was to measure circulating TGFβ in order to establish an uncomplicated parameter for everyday clinical use. However, it is known that the activated TGFβ level is particularly relevant and that it is expressed in the affected tissue. We did not take and examine any tissue samples in our pediatric population.

In our study, we have measured the total TGFβ level in serum, as in previous studies of adult Marfan patients. However, it is now known that serum contains high concentrations of platelet-derived TGFβ1, which is released during blood clotting. However, the free, active TGFβ component appears to be particularly relevant to the disease (36). Future studies should possibly determine the total level and the free TGFβ in plasma.




Conclusion

This study is so far the largest examination of serum TGFβ levels in children. We conclude that, first, TGFβ decreases with age, especially at the reach of puberty. Second, TGFβ level does not differ significantly between children without chronic disease and those with MFS. The screening of TGFβ levels to recognize a connective tissue disease does not appear to make sense. Third, sartan intake suppresses TGFβ level relevantly during the day with a rise again right before the second dose.
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Background: Cardiac troponin (cTn) is a reliable marker for evaluating myocardial damage. cTn is a very specific protein involved in myocardial injury, and it is a key factor in the diagnosis of coronary syndromes. Bibliometric analysis was applied in the present work, with the main goal of evaluating global research on the topic of cardiac troponin in pediatric populations.



Methods: Publications about cardiac troponin and physical activity in pediatric populations were retrieved from the Social Sciences Citation Index (SSCI) and the Science Citation Index Expanded (SCIE) of the Web of Science Core Collection, and they were then analyzed. The study was able to identify the key bibliometric indicators, such as publications, keywords, authors, countries, institutions, and journals. For the analysis, VOSviewer, R-based Bibliometrix (4.2.2), and MapChart were used.



Results: Initially, 98 documents were identified; however, once inclusion and exclusion criteria were applied, the number of documents decreased to 88. The search yielded 79 original research articles and 9 reviews, almost all of which were published in the past 2 decades. The total number of citations (Nc) of the retrieved publications was 1,468, and the average number of citations per article (Na) was 16.68. In general, 508 authors were found to have participated in research about troponin; they were associated with 256 institutions, and their work was published in 65 different journals from around the world. The authors hailed from 30 countries and/or regions. The year 2022 was the most productive year for the publication of the selected documents. The bibliometric analysis provided information regarding levels of cooperation among authors and institutions. In fact, China, the United States, and England were the most productive nations, and the journal with the greatest number of publications on the topic was Pediatric Cardiology.



Summary: The number of publications and the trend line show that research on this topic has not yet reached a stage of maturity. There are referent investigators, countries, and institutions that have laid the foundations for subsequent studies on the analyzed topic.
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1 Introduction

We have known for some time that continuous exercise produces changes and benefits in the heart (1) and that increasing cardiac capacity is positive. However, it has also been proven that, after engaging in exercise, athletes (2), including soccer players (3), rowers (4), swimmers (5), triathletes (6), and basketball players (7), experience higher levels of troponin, a protein that signals cardiac damage.

Troponin (Tn) is a regulatory protein responsible for the contraction of striated cardiac and skeletal muscles (8). This protein can be found in thin filaments, and it is made up of three subunits: C, T, and I. Troponin C (TnC) is responsible for binding to Ca2+, troponin T (TnT) attaches to tropomyosin, and troponin I (TnI) decreases the affinity of TnC to Ca2+, thereby inhibiting the contraction of myofilaments (9). Cardiac troponin (cTn) is a specific biomarker for heart damage and is the leading criterion for diagnosing myocardial injury (10, 11). The cTn isoforms of cardiac troponins T and I (cTnT and cTnI) are highly specific to myocardial cell damage and are key factors in the diagnosis of acute coronary syndromes and necrosis (12). In recent years, highly sensitive assays have been developed to determine the blood concentrations of cTnI and cTnT (hs-cTnI and hs-cTnT).

More advanced and sensitive tests have replaced the standard ones. These new tests, referred to as “high-sensitivity”, can detect extremely low levels of cTn in 99% of the population, with a small amount of variation, >10% (13–15). They can also identify cTn levels in at least 50% of healthy individuals when they are at rest. However, this higher sensitivity can sometimes lead to false-positive results, meaning that the tests may indicate a problem, such as an acute myocardial infarction (AMI), when the elevated level was caused by something else, such as physical exercise (16–18). The fourth definition, or clinical criterion, for myocardial infarction (MI) “denotes the presence of acute myocardial injury detected by abnormal cardiac biomarkers in the setting of evidence of acute myocardial ischaemia” (19). Nevertheless, to diagnose myocardial injury, doctors look for elevated cTn levels above the upper reference limit, which represents the 99th percentile (URL), a value that is used as a reference range; this situation is considered acute if there is an increase and/or decrease in cTn values (19).

Numerous investigations have shown that, in healthy individuals, the blood concentration of cTn increases after prolonged exercise, (e.g., running a marathon) (20, 21) and after shorter exercise sessions (30–60 min) (2, 4). In addition to the duration of the exercise, it should be noted that the intensity of the exercise sessions is also very important in assessing the increase in troponin. In fact, in the study by Peretti et al. (22) it has been observed that short, high-intensity exercise caused an elevation in cardiac biomarkers in 62% of the population. It has also been observed that the degree of training can influence troponin release. The percentage of subjects with postexercise cTn levels above the URL ranged from 0% (23) to 100% (24) in individual studies. Controlled studies that use high-sensitivity assays and perform multiple blood draws after exercise report that a release of cTn is evidenced in practically all subjects. They also observed high individual variability in peak values during recovery (25, 2). The clinical relevance of the postexercise cTn increase in healthy subjects is not entirely clear. In this topic, it is important to highlight that the magnitude and kinetics of cTn after exercise are different from thoseobserved in acute myocardial infarction (19, 26). Thus, the data from different studies reflects consistent kinetics in all subjects with a rapid increase in cTn during the first hours after exercise, with most subjects reaching the maximum value after 3–6 h and with values returning close to baseline levels at 24 h postexercise (25, 2, 4, 6). Furthermore, in these studies, the increase in cTn occurred in the absence of clinical signs and symptoms. It is also important to note that the release of cTn is evidenced after short- and long-duration efforts, which are known to induce beneficial effects (27).

Cardiac troponin appears to be elevated in children and adolescents after they have engaged in aerobic exercise, which is a finding that is consistent across most studies (28, 29). In this context, it is relevant to review all the information about any investigation in which the main goal was the study of cardiac biomarker liberation (29).

To review an extensive source of information on any research topic, numerous studies have indicated bibliometric studies as effective for this type of analysis (30). Bibliometrics are used in the field of library and information science. As a method of statistical analysis, they play an important role in impact and tendency analyses (30). Additionally, they allow for the analysis of a significant amount of scientific literature within a given research area (31). Moreover, using bibliometrics can be a complementary orientation strategy for research, and it can play a significant function in decision making in the development of the research (32).

Furthermore, bibliometrics involve the analysis of the cooperation, citations, journals, and institutions that make research visible (33). These types of indicators allow for the identification and definition of the characteristics of the most productive authors and the existing collaborations between them; the centers that generate the research; the intrainstitutional and interinstitutional collaborations; the primary sources in which the works are published; their productivity, concentration, or dispersion; their national and international diffusion; and the repercussions and impact they have on subsequent work (34, 35).

Understanding the current status, areas of focus, productivity growth, and scientific collaboration on heart damage and physical exercise will allow established researchers to expand their circles of contacts, and encourage broader participation in discussions and forums for the exchange of ideas and the expansion of work groups and networks, or the integration of new members into them (36–38).

In recent years, bibliometric mapping has been widely analysed within the field of public health (39–43). Furthermore, there is a recently published, retrospective study on heart failure biomarkers (44) that presents a bibliometric analysis that aims to assess the state of research on biomarkers and heart failure. However, to our knowledge, no bibliometric studies have been carried out on cardiac troponin as specifically linked to the field of sports science in pediatric populations. Understanding the current status, areas of focus, and future perspectives on cardiac troponin will help us to explore the intrinsic relationship between the discipline’s knowledge structure and its development mechanisms in the field of health, providing deeper insight into the role that cardiac troponin plays. Doing so will also assist in the discovery of innovative strategies for clinical heart disease prevention and treatment problems.

The main objective of the present study was to analyse systematically the scientific findings on cardiac troponin in pediatric populations, providing a bibliometric view of research in the field of cardiac troponins. This bibliometric analysis will help identify relevant and potentially useful publications of cardiac biomarker measurements for cardiovascular risk assessment in the pediatric population. The bibliometric study will recognize the most influential authors, journals, institutes, articles and countries in the development of research on cardiac biomarkers. At the end of the document, relevant aspects of the research are discussed, as well as findings that guide future research.



2 Materials and methods


2.1 Search strategy and eligible criteria

Our raw data were retrieved and downloaded from the Web of Science Core Collection (WoSCC) Science Citation Index Expanded (SCIE) and Social Sciences Citation Index (SSCI) developed by Thomson Scientific. The Web of Science consists of many high-quality, high-impact scientific studies, making it the most comprehensive and inclusive collection of information available worldwide (33, 45). Due to differences in the citation data in each database, no database used for bibliometric studies is considered to be better (45, 46). The search strategy was performed using MeSH terms, which were employed in the following manner: TS = (Troponin OR Troponin Complex OR TnT OR hs-cTn OR cTn) AND TS = (Children OR Adolescence* OR Teen* OR Youth* OR Female Adolescent OR Male Adolescent) AND TS = (Exercise OR Physical Activity OR Physical Exercise OR Acute Exercise OR Isometric Exercise OR Aerobic Exercise OR Exercise Training OR Sport). In this manner, we retrieved all of the articles and reviews on troponin in children and adolescents as related to physical exercise that were published online between 1900 and 2023 from the WoSCC SCIE and SSCI.

To reduce the risk of bias, two independent authors obtained the information from all the documents on the same day (24th of February 2023).

Using Web of Science, the documents that met the inclusion and exclusion criteria were selected and exported. The search strategy process and study selection are detailed in Figure 1. For the analysis, only articles or reviews were taken into consideration, which led to the exclusion of one document based on the document type; we also excluded proceeding papers and editorial material, which led to the exclusion of seven documents. Those documents that, after review by the two authors, did not comply with the MeSH terms used in the search strategy were also excluded. Finally, 88 original articles and reviews were included in the analysis and further analyzed and visualized. Later, they were exported to an Excel document where the following information was recorded: the number of citations; name of the journal; year of publication; first and last names of the author and co-authors; total number of authors; geographical location, origin, and associated institute of the authors; title of the article; type of document (article or review); abstract; and the corresponding author. For the analysis of the authors, all individuals who participated in the study were counted. In the bibliometric analysis by country, the country of each author who participated in the study was taken into account, and the citations received were counted. Citations received by a country more than once were not counted if several authors from different institutions (but from the same country) had participated in the same study. The number of articles per country was counted as long as there was an author from the country in the study.
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FIGURE 1
Flowchart of the present study.




2.2 Bibliometric analysis

In this study, objective and evaluative bibliometrics were used to visualize and analyze findings on cardiac troponin research. Objective bibliometrics measure the quantity of literature and the number of citations, and they also involve citation analyses (47). The productivity, impact, and quality of a publication are expressed as the number of publications (Np), the number of citations (Nc), and the mean number of citations (Na). Evaluative bibliometrics provide quantitative evaluations of countries’, authors’, journals’, and institutions’ field contributions, and their measurable index is known as their h-index (48). This type of analysis can identify the articles that influence the history of a field, and it can uncover current research hotspots and future trends (49).



2.3 Statical analysis

We used SPSS 27.0 software (IBM, USA) to perform the correlation analysis. Microsoft Office Excel was used to conduct a linear regression analysis to evaluate the publication trend over time. A polynomial model was applied to predict the increase in publications. We used a popular bibliometric analysis tool, VOSviewer 1.6.18 (CWTS, The Netherlands) (50) for cooperative network identification and keyword co-occurrence analysis. We also used the Bibliometrix tool in R (4.2.2). The R package is intended to be used in quantitative scientometrics and informetrics (51). The tool offers various means for importing bibliographic data from Clarivate's Web of Science. Furthermore, the bibliometric packages permit the classification and analysis of vast quantities of historical research data from a defined period so as to acquire metadata from the database.

The analysis identified information based on the concurrent relation and map distance. The interpretation of the maps was simple due to the colors, sizes, and distance classifications (clusters) of the evaluated terms. In addition, the software can generate visual maps of knowledge. We also used the MapChart program to generate a personalized map of different regions of the world, accompanied by colors and descriptions.




3 Results

The study flowchart, shown in Figure 1, includes studies that were published between 1900 and 2023, records that were identified from the Web of Science Core Collection, and specifically from within the Social Sciences Citation Index (SSCI) and the Science Citation Index Expanded (SCIE) by using the search strategy. After applying the strategy, the search topic produced 98 documents.


3.1 The global publishing landscape

We analyzed a total number of 88 documents, divided in 79 articles and 9 reviews. Virtually all of the works were published within the last two decades. The total number of citations (Nc) of all of the retrieved publications was 1,468, and the average number of citations per article (Na) was 16.68. A total of 508 authors from 30 countries had published one or more papers on troponin. The 88 papers were published in 65 journals.

The works were published between 1997 and 2022, of which 85% were published after 2010. We performed an analysis of publication trends using 5-year intervals based on a ranking of the publication dates. Between 2018 and 2022, 43 documents were published, almost 50% of the total number of publications. The years 2021 (n = 11) and 2022 (n = 14) were the years of greatest production. There can be seen a visible improvement in the quantity of the data, and exponential growth can be observed in recent years. According to our linear regression analysis, there exists a positive correlation between the number of publications per year and the year of publication (R2 = 0.724, p < 0.001) (Figure 2).
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FIGURE 2
Distribution pattern of the articles (number of articles per year).


The analysis of publication terms can provide an idea about the principal research topics and trends. This was developed using VOSviewer software, taking into account the title, keywords, and abstract. Terms that appeared in at least five publications were considered, and 40 terms were selected for inclusion in the net. The results from this analysis are presented in Figure 3, and there are three distinct clusters. The red group, or first node, is related to terms such as “exercise”, “children”, “cardiac troponin”, and “cardiac biomarkers”, among others, with “exercise” being the most related term. The green group, a part of the second node, is related to terms such as “brain natriuretic peptide”, “endurance exercise”, “NT-proBNP”, and “runners”. In this second node, the term “brain natriuretic peptide” was the one that presented a stronger relationship. The third node, shown in blue, represents all of the terms related to “adolescent”, “biomarkers”, “troponin-t release” and “intensity”, with the term “adolescent” being the most related. The most frequent words were “exercise”, “adolescent”, “biomarkers”, “brain natriuretic peptide”, and “endurance exercise” (see Figure 3A).
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FIGURE 3
(A) The co-occurrence network of keywords. The size of the nodes indicates the frequency of occurrence. The curves between the nodes represent their co-occurrence in the same publication. The smaller the distance between two nodes, the higher the number of co-occurrences of the two keywords; (B) the relationship between the terms in time is illustrated. The color of the terms indicates their average publication period. This value is calculated by taking the average of the years of publication of all publications; (C) word Cloud for Cardiac Troponin topic.


The most used terms were identified in the range from 2014 to 2018. The oldest terms are presented in blue, while the most current terms are presented in yellow. Based on the range of colors and the size of the circle, the most frequently recurring terms appeared between 2016 and 2017. The clusters with current terms were those related to “adolescent”, “cardiac troponin-t”, and “cardiac biomarkers”. The cluster related to the terms “children”, “troponin”, “diagnosis”, and “cardiac troponin” refers to older terms. Some terms, such as “troponin” and “cardiac troponin” have evolved into terms that are more specific; such as “cardiac troponin-t”, “cardiac biomarkers”, and “NT-proBNP”. In the same way, it seems that the most recent research has focused on the study of maturational stages, such as adolescence, as compared to younger ages, as was the case in 2014 or 2015 (Figure 3B).

Figure 3C shows a word cloud of the analyzed subject. As expected, the cloud illustrates the strong interaction between the words “adolescent”, “exercise”, “troponin-t release”, and “brain natriuretic peptide”.



3.2 Authors and bibliometric analysis of the co-authorship

A total of 508 authors contributed articles on the troponin's topic. The number of authors on each article ranged from 1 to 22 (mean = 7.43). Our analysis of the 10 most productive authors, based on their number of articles, but regardless of their authorship positions, showed that J.L. Nie, K. George, and J. Reverter-Masia were the authors with the greatest number of articles on the topic.

J.L. Nie, from the People's Republic of China, had 442 citations—the maximum number—with 18 articles listed, and an h-index of 10 in relation to the topic of troponin. The average number of citations per article was 23. However, K. George, from England, published 17 papers, with a total of 342 citations, resulting in an average of 20 citations per article and an h-index of 11. The third most prolific researcher was J. Reverter-Masia. Hailing from Spain, this researcher published 10 documents with more than 110 total citations, resulting in an h-index of 6 (see Table 1). We found that the total number of citations was related negative to the number of authors (rs = −0.051, p < 0.001).


TABLE 1 The top 10 authors with the most documents on the topic of troponin.
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The graphical representation of the authors’ level of production on the cardiac troponin's topic over time is displayed in Figure 4. The sizes of the circles in the figure represent the numbers of published articles, and the colors represent the numbers of citations.
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FIGURE 4
Authors’ level of production over time on the subject of cardiac troponin. The circle sizes in the figure signify the numbers of documents, and the shades of the colors signify the numbers of citations.


The pattern of cooperation of each author's publishing was examined using VOSviewer (see Figure 5). There was a high level of collaboration between most of the main authors, creating three cooperative research networks. Authors with a minimum of two papers were considered for analysis. Of the 508 authors, 28 reached the threshold (Figure 4). K. George formed a collaborative network with 21 other researchers. Another cooperative research network was formed by J.L. Nie with 19 researchers. The third cooperative research network was formed around H.F. Zhang with 12 other researchers.
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FIGURE 5
The authors’ collaborative networks. The collaboration map of the authors reflects the scientific research cooperation between them. The circles/nodes signify the authors; the sizes of the circles/nodes signify the numbers of articles. The lines denote the strength of the authors’ collaboration, and each color signifies a cluster.




3.3 Countries, institutions, and bibliometric analysis of the collaboration

Researchers from a total of 30 countries published 88 articles on the topic analyzed. Table 2 shows the 10 most productive countries, with the People's Republic of China contributing the most, with 24 documents, followed by the USAand England, with 20 articles. These same three countries were also accorded the greatest number of citations. Regarding the average number of citations per article, the Canada was notable among the countries, with an average of 33, 50 citations per article, followed by England, with an average of 20, 80 citations per article.


TABLE 2 The top countries with the greatest number of citations per document on the topic of troponin.
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The publications focusing on cardiac troponin were created in 30 different countries, with 19 of those being located in Europe, 4 in Asia, 4 in the Americas, 1 in Africa, and 2 in Oceania. Figure 6 illustrates the global distribution of these countries and regions. The top four countries alone (13.3%) produced almost 60% of the publications. Half of the countries produced only one document. It is important to note that a publication may be related to different countries or institutions due to multiple affiliations or authors as all author affiliations, with respect to both country and institution, were considered. The People's Republic of China produced the greatest quantity of publications, followed by the England and then USA.


[image: Figure 6]
FIGURE 6
Distribution map showing the numbers of published articles per country (mapChart).


Figure 7A presents our analysis of the collaboration between countries. The analysis was performed using VOSviewer software. Countries with two or more collaborative publications appear in the network. Four collaborative nodes were established. The first node, shown in red, involves five countries, and the USA had the most active associations within this network, with 20 collaborative documents produced. The main research collaborators of the USA included Austria, Germany, Belgium, and Italy. A second, smaller node, shown in green, focuses on Australia, which collaborated on seven papers. Its main research collaborators included Canada, France, and the Netherlands. A third node (shown in blue) centers on England, which produced 20 collaborative documents, with its main connection—to Spain—yielding 15 documents. Finally, a fourth node (shown in yellow) centers around the People's Republic of China with 24 documents; its main research collaborator was Scotland.
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FIGURE 7
(A) Intercountry collaboration networks; (B) intercountry collaboration map.


The analysis was developed using Bibliometrix software, and it shows the strong level of cooperation between England, Spain, Mexico, and China (see Figure 7B).

In total, 256 institutions participated in the creation of 88 publications according to the available affiliation data. (A publication can be written by several authors, or an author can be affiliated with more than one institution.) The number of institutions per article ranged between 1 and 19. The average number of institutions involved in a collaboration was 3.9 institutions per article. Considering all of the institutions, 80.07% (n = 205) participated in only one publication; 14.5% (n = 37) participated in two publications; 3.6% (n = 9) participated in the creation of three to seven publications. Only five institutions (2%) were involved in the development of 10 or more publications. Liverpool John Moores University and Macao Polytechnic Institute were the two most prolific institutions with 17 publications each. Seven of the ten most productive institutions are located in China, two in Spain, and one in England. The two universities with the highest number of documents listed as the first or last institutions were Lleida University (80% of the documents) and China Institute of Sport Science (66.6%). In addition, the China Institute of Sport Science, together with Liaoning Normal University, were the institutions with the greatest mean for citations by document (35.83 and 33.17 citations per documents, respectively). There was a positivecorrelation between the total number of citations and the number of participating institutions (rs = 0.112, p = 0.228).

Most of the institutions are universities, but there is also evidence of the presence of research centers and institutes, and even some private institutions appear to be involved (Table 3).


TABLE 3 The top 10 institutions with the greatest numbers of citations per document.
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In the collaboration network analysis (see Figure 8), a minimum of three collaborations between institutions were established. A total of 13 institutions reached the threshold, and four cooperation network nodes were formed. In the first of them, the red node, Macao Polytechnic Institute cooperated with institutions including Beijing Sport University, China Institute of Sport Science, Hong Kong Baptist University, and Liaoning Normal University, resulting in collaboration on 17 documents. Liverpool John Moore University Shown in green) had a strong partnership and cooperation with the University of Zaragoza and Lleida University with 17 documents), and the third node (shown in blue), illustrates the strong cooperation between Hebei Normal University and the University of Macau and the Provincial Key Lab of Measurement and Evaluation in Human Movement, resulting in collaboration on seven documents. We observed that Macao Polytechnic Institute and Liverpool John Moores University concentrated their collaboration networks, resulting in a near majority of the scientific production on the subject analyzed.
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FIGURE 8
Institutional collaboration networks.




3.4 Journals analysis

Table 4 shows the 10 journals that published the most articles. Pediatric Cardiology was the most productive journal (n = 4), followed by Biomarkers, Frontiers in Physiology, International Journal of Environmental Research and Occupational Health, International Journal of Sports Medicine, Pediatric Exercise Science, and Scandinavian Journal of Medicine & Science in Sports, with 3 documents each. A total of 56.8% of the journals published one single document, while the remainder of the journals (n = 15) published the remaining 43.2% of the publications.


TABLE 4 The top 10 journals that published articles on the topic of troponin.
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Among the most productive journals, the one with the highest number of citations was International Journal of Sports Medicine (n = 105), and the one with the fewest citations was Frontiers in Physiology (n = 10).

Of the 65 journals included in the list, 23 of them were ranked in Q1 (35.4%), 23 were ranked in Q2 (35.4%), 10 of them were ranked in Q3 (15.4%), and the remaining 9 were ranked in Q4 (13.8%). Together, 70% of the studies were published in high-impact journals (Q1–Q2).

The IFs of the 65 journals ranged from 0.699 (Heart Surgery Forum) to 41,787 (Intensive Care Medicine).

We found 11 journals with an IF ranging between 0.699 and 1,929, 35 journals that had an IF ranging between 2,141 and 4,997, 12 journals whose impact factor ranged between 5,121 and 8,307, and 7 journals with an IF greater than 10,000.

The top 10 journals published 31.8% of the articles, and they account for more than 68% of the total citations. The journal with the highest number of citations was International Journal of Sports Medicine (n = 105), and the mean number of citations per article was 35 citations/article.




4 Discussion

In recent years, bibliometric studies have gained great momentum because they provide useful analytical indicators on the evolution of science, new lines of research, or new fields that are developing and are worth investigating. To our understanding, this is the first time that a bibliometric evaluation of the literature related to cardiac troponin in sports science has been carried out. We aimed to obtain a global overview, as well as to understand the foci, themes, and research frontiers in this field.

In this study, we collected data from 80 papers about cardiac troponin in pediatric populations published during the past 2 decades according to the SSCI and SCIE databases. We performed a series of bibliometric analyses and data visualizations using VOSviewer and the Bibliometrix (4.2.2) R package, revealing a growth trend in the number of publications produced in this field per year.

The publication analysis and trend curve on the topic showed that only one document was published prior to the 21st century. Since 2000, the number of documents has been progressively increasing, with 2022 being the year with the greatest level of production. Some research, such as that conducted by Aronson and Fermer (52), or more recently, one produced by Dong et al. (44), has pointed out the significant increase in interest in biomarker studies, showing a clear upwards trend since the end of the last decade. The growth trend in scientific production on cardiac troponin in young people shows that it has not yet reached a stage of maturity, and it could continue to grow in the coming years. In addition, numerous studies suggest that it is necessary to continue conducting research in this area, to establish standardized protocols and to perform more studies with larger populations (53–55).

The keyword co-occurrence analysis revealed that the words “exercise”, “brain natriuretic peptide” and “adolescent” had the highest frequencies of co-occurrence in the research on the topic analysed, creating three clusters. This allows us to ascertain which topics attract more interest in the research community.

Word clouds are another visualization technique, but their goal is completely different, as they provide the user with an overview of the content of a collection of texts. The size of the word (as the source's size) indicates the frequency with which it appears in the text (56). The goal of using a word cloud in an article is to enable searching for the most frequent terms, which indicates the subtopics that receive the most attention in those fields of study (57–59). Terms such as “adolescent”, “exercise”, and “troponin-t release” were the words that were viewed in the largest and most centralized cloud, which suggests a growing interest in these terms. Authors such as Bjornan et al. (56) suggest that the largest and most central words attract more users, which may lead to new work on that topic.

For the co-authorship analysis, metadata from all of the documents were used to reveal the most productive authors, as well as the most impactful sources. The analysis showed how a large number of authors (508) contributed to the documents; being 7.43 the average number of authors per article. As Mattson et al. (60) point out, this kind of analysis is not suited to determining individual contributions, and therefore, the role of each author is not very clear. Traditionally, in multiauthor articles, the first position is occupied by the senior contributor, while the final position is reserved for the supervisor (61). The authors with the greatest impact in the studied category generally held relevant positions, either as the main author or as the supervisor. This practice is becoming increasingly common due to the influence of experimental sciences, which accord equal importance to the first and last author based on the author/director relationship (43, 51). This interpretation is known as the FLAE approach, which stands for first–last–author–emphasis (62). In this sense, our work reflects how Nie and George are referents within the context of this topic, and they represent two key figures in the research on cardiac troponin in pediatric populations.

The h-index quantifies the research performance of individual scientists, incorporating both the number and visibility of their publications (43). In the present study, an even distribution of the h-index can be seen among the most productive authors, where the number of citations that a scientific subcommunity grants to a manuscript is undoubtedly and directly related to the number of researchers that make up said subcommunity (48).

As Jung et al. (63) show, in a context where there is great interest in intensifying international collaboration within scientific practice, our work aims to present a way to measure and visualize international collaborative work at an institutional level. The remarkable collaboration among the different authors, as observed in our study, is in line with findings from studies such as those by Zhu et al. (64) and Yu et al. (49). The joint analysis of collaboration indices to determine the relationships between the different authors of the documents allows us to better interpret the structure of international scientific collaboration networks in the study category (65). The analysis has enabled us to map and identify existing collaborations within the field of cardiac troponin in pediatric populations.

Studying the publication of documents in different countries can elucidate the importance and impact of each country in an area of study. Our work shows that all of the G7 members, with the exception of Japan, are among the most productive countries in this research area. The dominance pattern of the G7 has been seen in most scientific fields, reflecting the high economic activity and academic level of these countries (66–69, 31). Most of the articles are originated in three advanced economies: China, North America, and Western Europe. Undoubtedly, these territories, with strongly developed economies and access to the most innovative and advanced research, can support research in the field of medicine and health (70, 71). In 2022, the World Health Organization (WHO) presented in its Annual Report the finding that high-income countries spent a higher percentage of their GDPs on the health sector (72). As Zheng et al. suggest (73), this pattern is similar to that of other fields of scientific research, where collaborating countries tend to be geographically correlated and revolve around the most productive countries in terms of publication output.

Regarding our citation analysis, the most productive institutions in our study are located in China, the United States, and Europe. One reason may be that larger universities provide greater opportunities for scientists to collaborate and work on similar topics, and co-authorship can lead to higher citation rates (43).

The cooperative network of research institutions reveals the distribution of research strengths in the field of cardiac troponin. The United States, England, and China have the most extensive cooperative relationships. A wide range of research has produced results similar to ours in the field of medicine and health (31, 43, 74–76, 33). In the realm of science, collaborative work and institutional and disciplinary structures face the challenge of a global context. This new research paradigm has led to initiatives such as e-Science in countries like the United Kingdom. This is a program of global collaboration in key areas of science, and focused on the development of the country's next-generation infrastructure. According to Jirotka et al. (77), initiatives such as e-Science are necessary and essential for global collaboration, enabling the broad handling of scientific data in a multidisciplinary manner.

As some authors, including Forero-Peña et al. (78) and Rojas-Montesino et al. (74), suggest, there is a strong contrast between Latin America (excluding Mexico) and Africa vs. the US, Europe, and China, since it has been found that scientific contributions from geographic areas such as Africa and Latin America represent a low percentage in the global production of research on cardiac troponins due, as these same authors suggest, to low economic investment, limited institutional development, a limited number of researchers, and the high costs of reagents and equipment—even though this percentage has increased in the last decade.

Regarding the analysis of production and institutional collaboration, as seen in the co-occurrence network, Liverpool John Moores University and Macao Polytechnic Institute take central positions with the thickest line between them, which represents a very collaborative, narrow relationship. In addition, the connecting lines between countries are intertwined, indicating that academics and institutions from each country contribute their respective strengths to eliminate academic barriers and promote academic cooperation and exchange.

Previous studies have suggested that international research collaboration is motivated by the beneficial exchange of resources, skills, and expertise, as well as by sharing the high cost of research (79). In this topic, it is worth highlighting the work published by Adams in 2013 in the journal Nature, where he claimed that “the fourth era of research” would be dominated by research driven by international collaboration. In his work, the author recommended incentivizing institutions to participate in international research to avoid the risk of marginalization and the loss of talented researchers (80).

Regarding the journals with the highest numbers of publications (Nps) on cardiac troponin in pediatric populations, we were able to observe how specific journals on pediatrics (Pediatric Cardiology, Pediatric Exercise Science, and Acta Pediatrica) were of great interest in regard to the publication of specific works on the theme of our analysis. In addition, it was possible to observe that the results obtained show that a significant number of studies were concentrated in a very specific and small core of journals. Our results are in line with other works where Bradford's Law was fulfilled (44, 43, 76, 81). One may recall that Bradford's Law is a model that estimates the exponential decrease in performance of expanding the search for references in scientific journals (82). Authors such as Highhouse et al. (83) point out that, very often, authors tend to send their papers to journals they consider to be the most important.

If we pay attention to the quartiles of the analysed publications, the vast majority were published in journals in the first and second quartiles. Publishing papers in high-impact journals (Q1 and Q2) has numerous advantages, starting with the fact that researchers who publish in high-impact journals can advance in their scientific careers and be recognized as experts in the subject or area of study (84). In addition, as indicated by Derntl (85) and Cáceres Castellano (86), publishing in high-impact journals helps researchers develop their criteria, increases self-esteem, strengthens researchers’ confidence in what they do, generates ambition to continue researching and publishing more papers, and ensures the quality of new research through peer review.

The document with the greatest number of citation, is an article published in the Journal of Applied Physiology in 2012 (87). In a study carried out by Stephan van der Zwaard et al. (88), it was concluded that the Journal of Applied Physiology had published high-impact research, being a reference within the field of exercise physiology, obtaining impact values high. It is no coincidence, then, that it has always occupied the first positions among the most relevant journals, in the two categories in which it is classified within Web of Science, which are “Physiology” and “Sports Sciences”.

Regarding future lines of research, it is proposed that researchers analyze proceedings and observe whether their inclusion produces changes in the rankings and/or in the indicators obtained in this work. It would also be interesting to analyze the performance of cardiac troponin research grants and how these translates into publications. Finally, it would be fascinating to follow the temporal evolution of the research groups already identified, as well as to detect the births of groups, the creation of new institutional collaborations, and the evolution of the impact of research in this field and its transfer to society.


4.1 Limitations

Even though bibliographic records have been obtained from the most relevant sources at the national and international levels, it is possible that papers have been overlooked due to failures in our search strategy. Articles and reviews were examinated, and there may be some proceedings derived from some participation or presentation at conferences that have not been included.

Second, although the choice of papers was reviewed by two investigators, biases that could stem from opinions or background knowledge were uncontrollable.

Finally, the rankings of institutions, authors, countries, and journals were based on data extracted and provided by WoSCC. It has been discussed in numerous works that there are cases in which the name of the author or the institution may be spelled differently, may be abbreviated, or the author may have affiliations with several institutions. This could lead to inaccurate productivity reports from these agencies or authors.




5 Conclusions

To the best of our knowledge, this is the first bibliometric analysis on the investigation of cardiac troponin and physical activity in pediatric populations. Terms such as “troponin” or “cardiac troponin” have given way to more specific terms such as “cardiac troponin-t”, “cardiac biomarkers”, and “NT-proBNP”. The number of articles has progressively increased, especially in the last decade. The vast majority of the papers were published in a specific number of journals and mainly in a certain subject area (Pediatrics). A very specific index of referring authors was observed; only three authors had 10 or more articles. The number of works carried out in collaboration with foreign institutions was high, with an important presence of institutions such as Liverpool John Moores University and Macao Polytechnic Institute. Four large groups of researchers were identified, geographically located in the USA, England, Spain, and China. A total of 508 authors, hailing from 30 countries, participated. They were affiliated with 256 institutions, and the works were published in 65 different journals from around the world.

This study contributes to a better understanding of productivity and collaboration, and it identifies the main scientific institutions, sources chosen for scientific dissemination, and the main scientists.
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Background: Kawasaki disease (KD) is an important cause of acquired heart disease in children and adolescents worldwide. KD and infectious diseases can be easily confused when the clinical presentation is inadequate or atypical, leading to misdiagnosis or underdiagnosis of KD. In turn, misdiagnosis or underdiagnosis of KD can lead to delayed use of intravenous immunoglobulin (IVIG), increasing the risk of drug resistance and coronary artery lesions (CAL).



Objectives: The purpose of this study was to develop a predictive model for identifying KD and infectious diseases in children in the hope of helping pediatricians develop timely and accurate treatment plans.



Methods: The data Patients diagnosed with KD from January 2018 to July 2022 in Shenzhen Longgang District Maternity & Child Healthcare Hospital, and children diagnosed with infectious diseases in the same period will be included in this study as controls. We collected demographic information, clinical presentation, and laboratory data on KD before receiving IVIG treatment. All statistical analyses were performed using R-4.2.1 (https://www.rproject.org/). Logistic regression and Least Absolute Shrinkage with Selection Operator (LASSO) regression analyses were used to build predictive models. Calibration curves and C-index were used to validate the accuracy of the prediction models.



Results: A total of 1,377 children were enrolled in this study, 187 patients with KD were included in the KD group and 1,190 children with infectious diseases were included in the infected group. We identified 15 variables as independent risk factors for KD by LASSO analysis. Then by logistic regression we identified 7 variables for the construction of nomogram including white blood cell (WBC), Monocyte (MO), erythrocyte sedimentation rate (ESR), alanine transaminase (ALT), albumin (ALB), C-reactive protein to procalcitonin ratio (CPR) and C-reactive protein to lymphocyte ratio (CLR). The calibration curve and C-index of 0.969 (95% confidence interval: 0.960–0.978) validated the model accuracy.



Conclusion: Our predictive model can be used to discriminate KD from infectious diseases. Using this predictive model, it may be possible to provide an early determination of the use of IVIG and the application of antibiotics as soon as possible.
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C-reactive protein to lymphocyte ratio, C-reactive protein to procalcitonin ratio, Kawasaki disease, infectious diseases, predictive model





1 Introduction

Kawasaki disease (KD) is a common vasculitis syndrome in childhood whose major complication is coronary artery lesions (CAL), which has a significant impact on the cardiovascular health of children and adolescents (1). KD is a major culprit in cardiovascular and cerebrovascular sequelae in children, adolescents and even in adulthood (2, 3). An epidemiologic survey in Shanghai from 2013 to 2017 showed KD incidence rates ranging from 68.8 to 107.3 per 100,000 children younger than 5 years of age (4). Japan has a relatively high prevalence, with surveys during 2018 showing a KD prevalence of 359 per 100,000 children aged 0–4 years (5). Europe has a relatively low incidence of KD, with an annual incidence of KD of approximately 10–15 per 100,000 children under 5 years of age (6). In Shanghai, China, 8.4% of KD patients receiving initial intravenous immunoglobulin (IVIG) develop drug resistance, and 9.1% of KD patients develop CAL (4). Also in Japan, 19.7% of KD patients who received initial IVIG therapy did not respond, 9.0% of KD patients were diagnosed with cardiac complications within 30 days of disease onset, and 2.6% of KD patients developed cardiac sequelae after the acute phase (5). The incidence of KD is increasing year by year, whereas the rate of CAL is decreasing, and these can be attributed to advances in the early diagnosis and initial treatment of KD.

However, KD is prevalent between the ages of 0 and 5 years, which is the same time when infectious diseases in children are prevalent. Early diagnosis of KD relies on specific clinical manifestations. However, when the clinical manifestations are inadequate or atypical, KD and infectious diseases can be easily confused with each other, leading to misdiagnosis or underdiagnosis of KD (7). Ultrasound findings of typical coronary artery abnormalities are also an important indicator for diagnosing KD, but CAL tends to be delayed, which makes diagnosing KD with ultrasound lagging behind, and the optimal window of time for initial IVIG therapy in KD is within 10 days of onset, with delayed treatment leading to increased risk of drug resistance and CALs (8, 9). A recent study in Turkey also showed that prolonged duration of IVIG treatment is the most important determinant of the occurrence of CAL (10). Therefore, in order to avoid underdiagnosis and misdiagnosis of KD, new diagnostic markers should be actively developed on the basis of clinical presentation and cardiac ultrasound. Although there is no single validated hematologic marker that can be used to differentiate KD from infectious diseases in children, a subset of studies have been devoted to exploring clinical models for the combined identification of KD from other diseases by laboratory markers and blood biomarkers, with results suggesting that these models have more robust diagnostic performance (7, 11). This reveals that clinical predictive models that combine multiple indicators may be an important way out to solve the dilemma of KD diagnosis.

In fact many factors have been identified as biomarkers of Kawasaki disease, such as inflammatory biomarkers such as white blood cells (WBC), C-reactive protein (CRP) and procalcitonin (PCT), immunomarkers, proteomic markers, and genomic markers, but the common problem with these markers is that they have low sensitivity or specificity, and are of limited value when used individually to discriminate between KD and infectious diseases in children (12). C-reactive protein to procalcitonin ratio (CPR) helps to differentiate bacterial inflammation from non-bacterial inflammation, and C-reactive protein to lymphocyte ratio (CLR) is strongly correlated with the degree of infectious or non-infectious inflammatory response (13–15). Whether CLR and CPR are risk factors for KD is not yet known, and CLR and CPR have not yet been included in clinical prediction models for KD diagnosis.

In order to better identify children with Kawasaki disease (KD) and infectious diseases, we aimed to develop a clinical prediction tool with good predictive performance and strong interpretability by collecting demographic information and laboratory data from children, using lasso regression for variable screening and logistic regression for modelling, with a view to enhancing the early identification of children with KD by paediatricians.The study protocol and presentation of results were informed by the TRIPOD report list (16).



2 Methods


2.1 Data collection and inclusion criteria

The data Patients diagnosed with KD from January 2018 to July 2022 in Shenzhen Longgang District Maternity & Child Healthcare Hospital, and children diagnosed with infectious diseases in the same period will be included in this study as controls. Clinical information and laboratory data were collected separately for comparison between the KD and infection groups, and laboratory data for all KD patients were collected during the acute phase of KD and prior to treatment with IVIG. All children with KD were diagnosed according to the diagnostic criteria of the 2017 American Heart Association (AHA) guidelines (9). According to the guideline diagnostic criteria, a diagnosis of classic KD is made if the following conditions are met: fever for at least 5 days and at least 4 of the 5 main clinical features: 1. Erythema and cracking of lips, strawberry tongue, and/or erythema of oral and pharyngeal mucosa; 2. Bilateral bulbar conjunctival injection without exudate; 3. Rash: maculopapular, diffuse erythroderma, or erythema multiforme-like; 4. Erythema and edema of the hands and feet in acute phase and/or periungual desquamation in subacute phase; 5. Cervical lymphadenopathy (≥1.5 cm diameter), usually unilateral. Incomplete Kawasaki Disease is based on the flowchart mentioned in the guidelines for assessing suspected incomplete Kawasaki Disease. Infants were excluded from the study if they met any of the following criteria: autoimmune disease, inherited metabolic disease; unexplained fever; abandonment of hospitalization or incomplete information. Eventually 20 patients with KD and 4,132 infected children were excluded, and then 187 patients with KD and 1,190 patients with infectious diseases were included.

The study was conducted in accordance with the Declaration of Helsinki (revised 2013) and approved by the Ethics Committee of Shenzhen Longgang District Maternity & Child Healthcare Hospital (protocol code IRB No. LGFYYXLLL-2022-025 in 2022.09.29), which also approved the waiver of informed consent as this was a retrospective study and therefore did not require informed consent consent.



2.2 Power analysis

Our study focuses on two key variables, CLR and CPR. Therefore, we calculated the sample size based on these two variables using a specific formula. We set the parameters to have a type I error of α = 0.05, a type II error of β = 0.1, a sample size ratio of K = 1:1, and a threshold of Δ = 0. This ultimately led to a maximum sample size of 54. It is clear that the samples we collected greatly exceeded this maximum sample size.



2.3 Variable selection

Based on clinical experience and previous clinical studies (11, 17), two researchers from the team collected clinical information and laboratory data from children with KD and infected children. Variables collected included gender, age, weight, clinical presentation, white blood cell (WBC), hemoglobin (HGB), Hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), Platelet (PLT), Mean platelet volume (MPV), Platelet distribution width (PDW), Monocyte (MO), erythrocyte sedimentation rate (ESR), alanine transaminase (ALT), albumin (ALB), aspartate transaminase (AST), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), CLR and CPR. The study was retrospective and masked information such as patient name and hospitalization number when obtaining subject information from the medical record system to minimize selection bias in the study. The data collectors were full-time pediatricians who were familiar with the inclusion and exclusion criteria of the study subjects. Laboratory data are measured by the examiner according to uniform standards, while the examiner does not know in advance that the subject will be included in the study, which reduces information bias.



2.4 Statistical analysis

All statistical analyses were performed using R-4.2.1 (https://www.rproject.org/). In order to demonstrate the characteristics of the distribution of the clinical and laboratory data in the two groups, we have performed descriptive statistics and one-way analyses of the parameters in the two groups. We tested whether the quantitative data of the two groups conformed to a normal distribution. Quantitative data that conformed to normal distribution were described statistically as mean ± standard deviation and analysed for differences using the independent samples t-test, while non-normally distributed measurements were described statistically as median (interquartile range) and analysed for differences using the Mann–Whitney U rank sum test. Count data were statistically described as frequencies and percentages and analysed for differences using the chi-square test. The “glmnet” package in the R software was used to perform least absolute shrinkage and selection operator (LASSO) regressions to screen for the best predictors of KD (18). The predictors selected for the LASSO regression were included in the multivariate logistic regression analysis using the “rms” package to build the predictive model. Differences of P < 0.05 were considered statistically significant.



2.5 Predictive model and nomogram construction

We used LASSO regression analysis to determine the best predictors of KD, and the minimum coefficient λ was determined by cross-validation. The factors screened by the LASSO regression were incorporated into the logistic regression analysis to construct the predictive model. Then we presented the prediction model as a nomogram. The C-index was used to assess the predictive performance of the model, and the closer the C-index was to 1, the better the predictive ability. In addition, we use calibration curves and receiver operating characteristic curves (ROC) to show the performance of the model in terms of calibration and discrimination.




3 Results


3.1 Baseline clinical characteristics

A total of 1,377 children were enrolled in this study, 844 (61%) boys and 533 (59%) girls with a median age of 1.00 (1.00–2.00) years.187 patients with KD were included in the KD group and 1,190 children with infectious diseases were included in the infected group. Based on univariate analysis, we observed no statistical difference in age, MCH, MPV, PBW, MO between the two groups.WBC, MCV, PLT, ESR, ALT, NLR, PLR, CLR, CPR were significantly higher in KD group than in the infected group (p < 0.05), whereas the levels of HGB, HCT, MCHC, ALB, AST were significantly lower in KD group than in the infected group (p < 0.05). The general profile of the included children is shown in Table 1.


TABLE 1 Characteristics of the distribution of demographic information and laboratory data on children with KD and children with infectious diseases.

[image: Table 1]



3.2 Selection of predictors

The data were first downscaled using LASSO regression to screen for independent risk factors for KD (Figures 1A,B). When the coefficient λ is optimal, the coefficients λ of the excluded variables are compressed to zero, while the coefficients of the remaining variables in the model are not zero. The results of our analysis indicate that the optimal value of λ corresponds to 15 remaining variables (Figure 1B). Therefore, the results of LASSO analysis suggested that the 20 predictors were reduced to 15 predictors. Through multivariate logistic regression, we further filtered out 7 potential predictors with P-values < 0.05 in the logistic regression results from the above 15 predictors as the final variables for constructing the model (Figure 2). The seven predictors that were finalized included WBC, MO, ESR, ALT, ALB, CLR, and CPR.


[image: Figure 1]
FIGURE 1
Use LASSO regression to select predictors. (A) LASSO regression was used to identify predictors. (B) Cross-validation and minimum criteria were used to adjust the penalty factor in the LASSO model. The vertical dashed line indicates the best lambda (the model that provides the best fit to the data).
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FIGURE 2
Forest plot for logistic regression of predictors. MO, Monocyte; ALB, albumin; CPR, C-reactive protein to procalcitonin ratio; ALT, alanine aminotransferase; CLR, C-reactive protein to lymphocyte ratio; ESR, erythrocyte sedimentation rate; WBC, white blood cell count.




3.3 Quantitative analysis of the degree of impact of CPR, CLR

The effects of CPR and CLR on KD were analyzed by restricted cubic spline modeling after considering the effects exerted by other factors in the prediction model (19). The results suggested that when the value of CLR was greater than 4.1, the risk of KD gradually increased as the value of CLR gradually increased (Figure 3A). When the value of CPR was greater than 53.2, the risk of KD gradually increased as the value of CPR gradually increased (Figure 3B).


[image: Figure 3]
FIGURE 3
RCS plot of CLR and CPR (considering confounding effects of other predictors). CLR, C-reactive protein to lymphocyte ratio; CPR, C-reactive protein to procalcitonin ratio.




3.4 Development of nomogram

A risk prediction nomogram was constructed from the seven variables with P-values < 0.05 in the logistic regression results (Figure 4). The C-index of the nomogram was 0.969 (95% confidence interval: 0.960–0.978), indicating that the model has good discriminatory and predictive ability.


[image: Figure 4]
FIGURE 4
A nomogram to distinguish KD from infectious diseases in children. KD, Kawasaki disease; MO, Monocyte; ALB, albumin; CPR, C-reactive protein to procalcitonin ratio; ALT, alanine aminotransferase; CLR, C-reactive protein to lymphocyte ratio; ESR, erythrocyte sedimentation rate; WBC, white blood cell count.




3.5 Validation of the accuracy of the prediction model

To validate the accuracy of the predictive model, the ROC of the nomogram indicates that the model has high accuracy (Figure 5). In addition, calibration is required to plot the curves to evaluate the predictive model, and it can be seen that the predicted probabilities of the model remain essentially the same as the actual probabilities (Figure 6).


[image: Figure 5]
FIGURE 5
ROC curve for nomogram.



[image: Figure 6]
FIGURE 6
Calibration curve for nomogram.





4 Discussion

In this study, we developed a predictive model for early recognition of Kawasaki disease and childhood infectious diseases. We found that WBC, MO, ESR, ALT, ALB, CLR and CPR were independent risk factors for KD. A nomogram constructed from these variables can be very helpful for pediatricians to identify KD and infectious diseases in children, thus reducing misdiagnosis and underdiagnosis of KD, as well as the incidence of cardiovascular sequelae. From our prediction model, we can see that WBC, ESR, ALT, CLR and CPR are risk factors for KD, and conversely ALB and MO are protective factors for KD.

Among the factors that differentiate KD from infectious diseases, the level of MO before IVIG treatment has the most significant effect. Disturbed immune response is one of the important pathogenetic mechanisms of KD, in which monocytes and their molecular markers can be used as diagnostic indicators of KD (20). Eight immune cells, including monocytes, construct a diagnostic scoring system that can be used to differentiate KD from febrile infections (21). All of the above studies suggested that monocytes are a risk factor for KD, but our study shows the opposite result. This may be related to the different subtypes of circulating monocytes, with the predominant classical CD14++CD16− monocytes having phagocytosis of debris and tissue repair, whereas intermediate CD14++CD16+ monocytes lead to pro-inflammatory responses and reactive oxygen species generation (22). However, the role of monocytes in the pathogenesis and diagnosis of KD remains unclear and further studies are needed.

ALB is a traditional protective factor for KD and is a biomarker for predicting KD (23). ALB levels ≤3 g/dl can assist in determining incomplete KD, and low ALB levels have also been identified as an independent risk factor for CAL progression in patients with KD (9, 24).

From our results it is clear that CPR alone has little effect on the diagnosis of KD and being included in the model improves its predictive role for KD. Up to now no study has examined the relationship between CPR and KD. However, CPR has been found to have high predictive value in predicting infections, solid tumors, and ischemic stroke, which may be related to the property that PCT is elevated in infectious diseases more often than CRP (13, 25–27). Thus this index integrates the distinction between infectious and non-infectious inflammation, making it a biomarker that may differentiate KD from infectious disease.

Coincidentally, our study was the first to identify the role of CLR levels in the diagnosis of KD.CLR is a well-recognized indicator of inflammation with high predictive significance in both infectious and non-infectious inflammatory diseases (14, 15). CLR combines both inflammatory and immune factors in KD, and suggests that patients with KD have more intense inflammatory responses and immune disturbances compared to infected patients.

The ability of WBC, ESR and ALT alone to differentiate KD from infectious diseases is limited, so they need to be combined with other indicators for prediction (12). WBC and ALT can be used to differentiate KD from other febrile infections in children by constructing a nomogram in combination with other inflammatory indicators (23). ESR is highly expressed in KD and can be used as a diagnostic marker for KD (28).

Clinical predictive modeling, as a very effective tool, has a bright application prospect in KD diagnosis and prognosis. Liu et al. used eosinophil percentage, CRP, ALT, ALB, and WBC to construct a nomogram for predicting KD, and the AUC of the model was 0.873 (23). Huang et al. used total leukocyte count, prognostic nutritional index (PNI), complement C3, and NLR to construct a nomogram for differentiating KD from other febrile children, with AUCs of 0.858 and 0.825 for the training and validation groups, respectively (17). Liu et al. used WBC, HGB, PCT, CRP, ALT, and ALB to construct a predictive model for KD, with an AUC of 0.873 (29). Weng et al. then found that protein S100-A8, protein S100-A9, protein S100-A12, neutrophil defensin 1, alpha-1-acid glycoprotein 1 combined with six commonly used laboratory markers CRP, ALT, WBC, platelet, segment and hemoglobin can be used to differentiate KD from other febrile patients with a prediction model consisting of an AUC value of 0.88 (95% confidence interval: 0.80–0.96) (30). Tsai et al. found that combining eight independent predictors of platelets, eosinophil, alanine aminotransferase, CRP, hemoglobin, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, and monocyte combined were used to distinguish KD from other febrile patients, and the sensitivity, specificity, and accuracy of the cohort were 0.824, 0.839, and 0.838, respectively (31). Our previous study incorporated WBC, hemoglobin, CRP, NLR, eosinophil-to-lymphocyte ratio, and PNI as indicators for constructing a KD prediction model with a C-index of 0.921 (11). In this study, we selected the indicators WBC, MO, ESR, ALT, ALB, CLR, and CPR to successfully construct a new KD prediction model with an AUC of 0.969, which achieved a new improvement in its predictive value over the previous models. In addition, compared with the above-mentioned studies, our study both used the 2017 AHA guidelines as the diagnostic criteria for KD. The current prediction models typically utilize a retrospective case-control study design, which provides some credibility to the conclusions drawn. However, when compared to prospective cohort study designs, retrospective case-control studies have limitations in controlling for bias and making causal inferences. Current prediction models commonly use children with infectious diseases as the control group, which is due to the clinical fact that KD is mainly distinguished from patients with infectious diseases.The current prediction models typically employ logistic regression for model construction.In terms of variable selection, Huang Y, GUO X, and Liu X utilize the traditional method of first considering individual variables and then aggregating them. This approach is feasible when dealing with fewer variables.When compared to their method of variable selection, the Lasso regression and support vector machines (SVM) utilized by ourselves and Weng K demonstrate superior adaptability to high-dimensional data, improved prediction performance, and greater interpretability.

Our established model still has some diagnostic limitations. Our study design is retrospective case-control, which has limitations in controlling for bias and making causal inferences. Therefore, the research conclusions should be validated in prospective cohort studies. Our model performs well in internal validation, but as we currently lack access to external data, external validation has not yet been conducted. Whether the model is overfitting still needs to be verified through multi-center cohort studies.Our model is primarily used to distinguish between children with Kawasaki disease and infectious diseases. It has not yet been applied to the differential diagnosis of Kawasaki disease and other diseases such as rheumatological autoimmune diseases. Therefore, there are certain limitations in the application scenarios of our model, and further improvements are needed.



5 Conclusion

Our study used common laboratory indicators WBC, MO, ESR, ALT, ALB, CPR, CLR to construct a prediction model of Kawasaki disease. By using the model, we can distinguish Kawasaki disease from other infectious diseases. Using this prediction model, it is helpful to the early diagnosis of Kawasaki disease and to start the use of IVIG as early as possible, thus reducing the incidence of CAL. It could also reduce the overuse of antibiotics.
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The therapy of ventricular preexcitation-induced dilated cardiomyopathy in very small infants or infants with a high risk of ablation is tough and related articles are rare. Effective pharmacotherapy to suppress ventricular preexcitation is valuable.


Aims: To evaluate the effectiveness and safety of pharmacotherapy for cardiac resynchronization in infants with ventricular preexcitation-induced dilated cardiomyopathy.



Methods and results: Three infants with ventricular preexcitation-induced dilated cardiomyopathy, due to the disappearance of ventricular preexcitation during the placement of catheter, intermittent WPW pattern, and right mid septal accessory pathway respectively, had received pharmacotherapy for cardiac resynchronization. The initial dosage of oral amiodarone was 5 mg/kg.d and it was followed by the maintenance dosage of 2–2.5 mg/kg.d 4 weeks later. Propafenone (15 mg/kg.d) served as a supplement since amiodarone was not adequate in case 3. The three infants achieved successful pharmacologic suppression of ventricular preexcitation 10, 6.5, and 4.5 weeks after the initiation of amiodarone respectively. They all got normalized contraction of interventricular septum and LVEF as well as reduced LVEDD gradually after the disappearance of ventricular preexcitation. No side effects associated with pharmacotherapy happened during the follow-up. Amiodarone had been withdrawn for 2 years and 5 months in Cases 1 and 2. They both remained free from ventricular preexcitation and retained normal LVEF and LVEDD.



Conclusions: Pharmacotherapy for cardiac resynchronization with oral amiodarone or in combination with propafenone for infants with ventricular preexcitation-induced dilated cardiomyopathy is effective and safe. Pharmacotherapy for cardiac resynchronization served as another therapeutic choice besides ablation.
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Introduction

Type B ventricular preexcitation may cause abnormal interventricular septal motion and left ventricular (LV) dyssynchrony in patients with WPW pattern/syndrome, which can induce LV dysfunction and dilation. Some patients even develop ventricular preexcitation-induced dilated cardiomyopathy (DCM) (1–8). With more and more related cases being reported worldwide, ventricular preexcitation with ventricular dysfunction presumed due to dyssynchrony in larger patients (weight ≥ 15 kg) or when medical therapy is either not effective or associated with intolerable adverse effects in smaller patients had been listed as ablation indications (class IIa) (9, 10). However, for infants weighing less than 7 kg, ablations are hard to perform due to the small diameter of the femoral veins especially in the areas without special ablation catheters designed for pediatric patients. Medical treatments with anti-heart failure drugs do not respond well in most cases. The application of digoxin is limited due to ventricular preexcitation, which proposes another obstacle to the therapy.

Cardiac resynchronization aimed to suppress anterograde conduction of accessory pathways (APs) by effective pharmacotherapy is quite valuable in low-body-weight infants and infants with anteroseptal/mid septal APs which bring a high risk of Ⅲ°atrioventricular block secondary to ablation or patients who can not be ablated successfully. Related articles are quite limited. We have treated three cases of ventricular preexcitation-induced DCM with different situations successfully by the suppression of ventricular preexcitation through amiodarone or in combination with propafenone.



Methods


Patients

Three consecutive female infants with DCM and WPW pattern/syndrome, who underwent oral pharmacotherapy meditation to suppress ventricular preexcitation through amiodarone or combination with propafenone besides anti-heart failure drugs between July 2020 and May 2022, were included in this study. The vectors of the delta waves of the three cases suggested right anterolateral, posterolateral, and midseptal pathways (Figure 1). DCM was defined as a literature description (11). All the infants presented with the clinical signs and symptoms of chronic congestive heart failure, such as fatigue and exertional dyspnea, and they were at the low end of physical growth compared with infants in the same age group. Cases 1 and 2 never complained of tachycardia-related symptoms. Periodical Holters (ECG Holter's recordings) were performed on the two patients and showed no tachycardia episodes. Case 3 was admitted to the local hospital for paroxysmal supraventricular tachycardia (PSVT). After termination of it, continuous ECG monitoring for 1 month did not show the onset of PSVT. However, the left ventricular systolic function did not improve with the remission of PSVT. Incessant tachycardia as the cause of DCM was not considered. All patients underwent routine and comprehensive diagnostic screening for the common etiologies of DCM and the results were negative for all patients. They were treated with routine anti-heart failure chemotherapy. The dosage of drugs was not altered after the administration of amiodarone until the patients achieved recovery of their LV function. The Declaration of Helsinki was reflected in a priori approval by the institution's human research committee, and it was approved by the Ethics Committee of Capital Medical University affiliated with Beijing Anzhen Hospital.


[image: Figure 1]
FIGURE 1
EKGs of the three cases before the therapy of amiodarone shown right postlateral, lateral, and midseptal manifest accessory pathways respectively (①A ②A ③A). Amiodarone alone (cases 1 and 2) or in combination with propafenone (case 3) suppressed the ventricular preexcitation successfully in the 3 cases (①B ②B ③B).




Electrocardiography and echocardiography

Twelve-lead electrocardiography during sinus rhythm was conducted in all patients before and after the administration of pharmacotherapy. Transthoracic echocardiographies were performed with an iq echo system (GE Medical Systems). All patients underwent echocardiographic examinations before and 1, 3, 6, 12, 18, and 24 months after the pharmacotherapy. Their global LV function was assessed by measuring end-diastolic and end-systolic LV diameters from a parasternal long-axis M-mode echocardiogram. The left ventricular ejection fraction (LVEF) was calculated using the biplane Simpson's method. The basal interventricular septal thickness was measured from the apical 4-chamber view at the end-systole. Intraventricular dyssynchrony through M-mode echocardiography was quantified as the time delay between the peak septal systolic motion and the left posterior wall systolic motion (septal-to-posterior wall motion delay, SPWMD) (12). Speckle tracking echocardiography was applied for the evaluation of LV dyssynchrony. The two-dimensional LV longitudinal strain was analyzed through the apical 4-, 2- and 3- chamber long-axis views (13, 14). The standard deviation of the time to the peak systolic strain (Ts-SD) over 18 longitudinal segments was measured. Echocardiography was performed by the same physician and was analyzed online.



Pharmacotherapy for cardiac resynchronization

We planned to perform ablation for case 1 with propofol as the anesthetic. When placing the coronary sinus electrode, the delta wave disappeared abruptly. Ventricular pacing showed no retrograde conduction of the AP. Atrial pacing in several sites of the right atrium did not show antegrade conduction through it. The delta wave did not recover 1 h after the anesthetic was reduced and all the electrodes were removed. Two hours after returning back to the ward, persistent ventricular preexcitation appeared. Case 2 had intermittent ventricular preexcitation and the proportion of preexcitation was about 60%. Case 3 had a midseptal AP indicated by the EKG. The initial dosage of oral amiodarone was 5 mg/kg.d and the maintenance dosage of 2–2.5 mg/kg.d 4 weeks later. Case 2 encountered an episode of PSVT for about 1 h which was terminated by intravenous propafenone when she had been treated by amiodarone for 23 days. Her LV dysfunction did not deteriorate due to the second onset. After that, oral propafenone (15 mg/kg.d) was added. PSVT did not recur from then on.




Results

The clinical characteristics and echocardiographic investigations of the three infants are shown in Supplementary Table S1. The abnormal interventricular septal motion presented as obvious rightward systolic bulging (Figure 2A). The basal/middle segments of the interventricular septum moved similar to an aneurysm, with typical bulging during end-systole. The M-mode echocardiogram showed paradoxical motion between the interventricular septum and posterior wall of the LV (Figure 3A). The interventricular septal paradoxical motion of the basal segments was shown by the longitudinal strain analysis, with positive strains that were opposite to the other segments (Figure 4A).


[image: Figure 2]
FIGURE 2
The parasternal long axis four-chamber view of case 1 showed the left ventricle was spherically dilated and the basal/middle segment of the interventricular septum (IVS) contracted paradoxically like an aneurysm (see the arrow) protruding into the compressed right ventricle before pharmacotherapy for cardiac resynchronization (A). The paradoxical motion of the interventricular septum disappeared and the diameter of LV returned to normal after successful pharmacotherapy for cardiac resynchronization (B).
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FIGURE 3
M-mode tracing from a parasternal long-axis view of case 2 before the therapy of amiodarone, showing interventricular septal paradoxical motion (A, arrow). The ventricular septum and LV post wall moved normally 6 months after the therapy of amiodarone (B).
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FIGURE 4
Lv longitudinal strain curves from the apical 4-chamber (1A), 2-chamber (2A), and 3-chamber (3A) view of case 2 before the pharmacotherapy of amiodarone, showing the basal segments of the interventricular septal paradoxical motion (arrow, positive strain). The LV longitudinal strain becomes normal 6 months post pharmacotherapy (1B,2B,3B). The bull's eye of the LV longitudinal strain before the pharmacotherapy, shows the segment of the post-interventricular septal wall paradoxical motion (positive strain). The bull's eye of the LV longitudinal strain changed to normal 6 months after the pharmacotherapy (4B).


The three infants achieved successful pharmacologic suppression of ventricular preexcitation using amiodarone or combination with propafenone 10, 6.5, and 4.5 weeks after the initiation of amiodarone respectively. Case 1 started to show intermittent ventricular preexcitation and the proportion of preexcitation was about 50% at the week 10, followed by her LVEF increasing gradually. Holter scans showed ventricular preexcitation disappeared completely at week 18. After 22 weeks of treatment, echocardiography showed that paradoxical motion of the IVS had disappeared. The LVEF and LVEDD completely returned to normal with cardiac resynchronization (Figure 2B, Supplementary Table S1). Cases 2 and 3 also experienced remarkable improvement in LVEF and reduced LVEDD following the disappearance of ventricular preexcitation (Supplementary Table S1). All three infants had normal thyroid function and no abnormalities were found in eyes and lungs during the follow-up. Amiodarone had been withdrawn for 2 years and 5 months in cases 1 and 2. Ventricular preexcitation did not recur in the 2 cases; they obtained normal growth and development and continued to retain normal LVEF and LVEDD.



Discussion

The development of ventricular preexcitation-induced dilated cardiomyopathy was heterogeneous. Some children still had better compensatory cardiac function in adolescence. However, infants tended to show obvious decompensated cardiac insufficiency. Previous studies have confirmed that ablation can reverse the disease (1–8, 11, 12). We reported ventricular preexcitation-induced dilated cardiomyopathy in China in 2013 firstly and have accumulated lots of experiences in ablation (1, 7, 8). However, ablation is not always preferable for every infant, especially those with low body weight, high risk, or difficulty in ablation. Pharmacotherapy for cardiac resynchronization may serve as a supplement for ablation in some instances.

Our first case had a proper indication for ablation since anti-heart failure drugs were ineffective. However, her ventricular preexcitation disappeared suddenly during the process. Ablation could not be performed since the AP had no retrograde conduction and antegrade conduction could not be provoked. So, pharmacologic suppression of ventricular preexcitation was tried. Her left ventricular function and diameter became completely normalized following the successful suppression of ventricular preexcitation. Even after the discontinuation of amiodarone, she maintained normal heart function and was free from ventricular preexcitation. Amiodarone was also prescribed for intermittent ventricular preexcitation and mid septal AP in the following 2 cases and also gained satisfactory effects. Treated with the dosage of 5 mg/kg.d, case 3 still suffered from an episode of PSVT. Propafenone was added to control the onset of PSVT. Due to the combined effect, it just took 4.5 weeks for successful suppression of ventricular preexcitation.

Reports associated with pharmacologic therapy for cardiac resynchronization in infants with ventricular preexcitation-induced DCM were rare. There have been just seven cases reported (15–20) (Supplementary Table S2). Five cases used amiodarone and one case failed. One case chose propafenone and another chose flecainide. Cadrin Tourigny (15) reported that two infants with severe ventricular preexcitation-induced DCM were successfully treated with amiodarone to suppress the antegrade conduction of the AP, which obviated their need for heart transplantation. One case remained free from ventricular preexcitation and heart failure 10 years after withdrawal of amiodarone. Further ablation was still needed in another case. Suzuki Y (16) reported amiodarone was chosen for cardiac resynchronization after twice unsuccessful catheter ablations in a 6-month-old infant weighed 6.8 kg and attained satisfactory effect. However, amiodarone was not always effective (5). Besides amiodarone, flecainide and propafenone were also reported to be effective in such cases (17, 18). Since amiodarone had more positive evidence, we chose it as a preference. Long-term administration of amiodarone-related adverse effects such as interstitial lung disease, abnormal thyroid function, and corneal pigmentation should be paid attention to. In order to avoid the adverse effects, our maintenance dosage was 2–2.5 mg/kg.d.

Although it has been reported that catheter ablation may be a safe and effective treatment option in right free wall accessory pathways (21), catheter ablation for any reason is infrequently performed in infants less than 6 months of age considering the increased risks associated with the procedure. Of course, if small-size ablation catheters designed for children are available, catheter ablation can also be considered the first choice in centers with ample experience. Moreover, for infants with low body weight or anteroseptal/midseptal APs with a high risk of Ⅲ°atrioventricular block secondary to ablation, pharmacologic suppression of ventricular preexcitation is more sensible compared with ablation. In addition, the natural evolution of accessory pathways in infants, with a 36% rate of spontaneous resolution, favors a less aggressive approach (22). If antegrade conduction of the AP can not resolve spontaneously, amiodarone may postpone the need for ablation, so that the infants can grow and develop with normal cardiac function, and avoid the risks of ablation due to the low body weight.



Conclusions

Pharmacotherapy for cardiac resynchronization with oral amiodarone or in combination with propafenone for infants with ventricular preexcitation-induced dilated cardiomyopathy is effective and safe. Pharmacotherapy served as another therapeutic choice besides ablation for infants with low body weight, anteroseptal/midseptal APs, or intermittent ventricular preexcitation.
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Cardiovascular disease remains the leading cause of mortality on a global scale. Individuals who possess risk factors for cardiovascular disease, such as high blood pressure (BP) and obesity, face an elevated risk of experiencing organ-specific pathophysiological changes. This damage includes pathophysiological changes in the heart and peripheral vascular systems, such as ventricular hypertrophy, arterial stiffening, and vascular narrowing and stenosis. Consequently, these damages are associated with an increased risk of developing severe cardiovascular outcomes including stroke, myocardial infarction, heart failure, and coronary heart disease. Among all the risk factors associated with cardiovascular disease, high blood pressure emerges as the most prominent. However, conventional resting BP measurement methods such as auscultatory or oscillometric methods may fail to identify many individuals with asymptomatic high BP. Recently, exercise BP has emerged as a valuable diagnostic tool for identifying real (high) blood pressure levels and assessing underlying cardiovascular risk, in addition to resting BP measurements in adults. Furthermore, numerous established factors, such as low cardiorespiratory fitness and high body fatness, have been confirmed to contribute to exercise BP and the associated cardiovascular risk. Modifying these factors may help reduce high exercise BP and, consequently, alleviate the burden of cardiovascular disease. A significant body of evidence has demonstrated cardiovascular disease in later life have their origins in early life. Children and adolescents with these cardiovascular risk factors also possess a greater propensity to develop cardiovascular diseases later in life. Nevertheless, the majority of previous studies on the clinical utility of exercise BP have been conducted in middle-to-older aged populations, often with pre-existing clinical conditions. Therefore, there is a need to investigate further of the factors influencing exercise BP in adolescence and its association with cardiovascular risk in early life. Our previously published work showed that exercise BP is a potential useful method to detect adolescents with increased cardiovascular risk. Children and adolescents with cardiovascular risk factors are more likely to develop cardiovascular diseases later in life. However, previous studies on the clinical utility of exercise BP have largely focused on middle-to-older aged populations with pre-existing clinical conditions. Therefore, there is a need to investigate further the factors influencing exercise BP in adolescence and its association with future cardiovascular risk. Our previous studies, which focused on exercise BP measured at submaximal intensity, have shown that exercise BP is a potentially useful method for identifying adolescents at increased cardiovascular risk. Our previous findings suggest that improving cardio-respiratory fitness and reducing body fatness may help to reduce the risk of developing cardiovascular disease and improve overall cardiovascular health. These findings have important implications for the development of effective prevention and early detection strategies, which can contribute to improved public health outcomes.
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Introduction

Cardiovascular disease is the leading cause of death worldwide, with individuals who have risk factors like high blood pressure (BP) and obesity being more likely to develop organ-specific pathophysiological changes that can lead to severe outcomes such as stroke, heart failure, and ischemic heart disease. High BP is identified as the most significant risk factor among all (1–3). Whilst this remains true, conventional resting BP measurement methods may fail to detect asymptomatic hypertension (4). Exercise BP has recently been proven useful in revealing high BP and underlying cardiovascular risk in complementary to resting BP in adults (5–7). Moreover, multiple factors such as cardiorespiratory fitness and fatness have also been revealed to contribute to exercise BP and related cardiovascular risk (8). Modifying these factors might lower high BP response to exercise and, as a result, alleviate the burden of cardiovascular disease. Of note, substantial evidence has shown that cardiovascular diseases in later life have an early life origin and children. Children and adolescents with these cardiovascular risk factors have a greater propensity to develop cardiovascular diseases in later life (9). Nonetheless, most of the previous studies on the clinical utility of exercise BP were conducted in the middle-to-older aged population often with pre-existing clinical conditions (8–10). Standardized exercise protocols are employed in specific clinical studies, as well as for evaluating the cardiorespiratory fitness. However, the limited availability of reference values for exercise BP in children and adolescents under various protocols complicates the interpretation of BP readings in these populations. Therefore, there is a need to gain deeper insights into the contribution of the factors on exercise BP in children and adolescence, and explore the association between exercise BP thresholds and long-term cardiovascular risk for developing effective prevention and early detection strategies.

The overarching aim was to summarize how these factors (such as cardio-respiratory fitness and fatness) contribute to exercise BP and its related potential cardiovascular risk in children and adolescence. We also want to provide an overview of the concept of exercise BP and related cardiovascular risk and to discuss essential literature on the clinical relevance of exercise BP, evidence of the early life origin of cardiovascular disease and rationale for utilising exercise BP in childhood and adolescence in revealing cardiovascular risk.


Cardiovascular disease risk factors

Many risk factors play an important role in contributing to the development of cardiovascular disease. These risk factors include modifiable factors such as high BP, diabetes, abnormal blood lipids, obesity, unhealthy diet, physical inactivity and socioeconomic status, and the non-modifiable risk factors of age and family history. Of all the identified risk factors, high BP stands out as the predominant risk factor for cardiovascular disease (11). A meta-analysis showed that for each 10 mm Hg reduction of SBP, the risk of major cardiovascular disease events including coronary heart disease (0.83, 0.78–0.88), stroke (0.73, 0.68–0.77), and heart failure (0.72, 0.67–0.78) are substantially reduced (12). The reduction of 10 mmHg of SBP has been shown to lead to a significant 13% reduction in all-cause mortality (0.87, 0.84–0.91) (12). Therefore, by managing high BP, the burden of cardiovascular disease can be significantly reduced.




Blood pressure – the greatest risk factor for cardiovascular disease


What is (high) blood pressure?

The heart provides tissues and organs of the human body with oxygenated blood for sustaining life (13). With each heartbeat, blood is pumped into the blood vessels of the circulatory system, the flow of which generates a perpendicular force against the endoluminal surface of the arterial walls (13). This force is termed arterial BP (13). BP is typically viewed as two numbers: the highest number being systolic pressure, representing the peak of pressure against the arterial wall during the contraction phase (14). Diastolic pressure is the BP in the arteries during the relaxation phase (14). In clinical practice, both systolic and diastolic BP are generally recorded with a unit of millimetres of mercury (mmHg) (14).

High BP, also known as hypertension, is a condition in which the pressure on the arterial walls (systolic and/or diastolic BP) is higher than normal (15). There is a continuum of risks related to BP, although high BP is classified according to a threshold level in clinical practice (16–19). Thresholds used to define high BP differ among regional clinical guidelines. For instance, the European guidelines define high BP as the average of more than two BP readings above 140 mmHg for SBP or above 90 mmHg for diastolic BP on more than two occasions (18). The same definitions are used for the ‘in-office’ hypertension in the 2020 International Society of Hypertension global hypertension practice guidelines (17). However, the US guidelines propose a lower threshold of 130 for systolic and 80 mmHg for diastolic since 2017 (16). Despite the differences in thresholds for defining high BP, guidelines are in agreement on the necessity of taking multiple measurements and including the provision of out-of-office BP measurements such as ambulatory BP monitoring (ABPM) or home BP monitoring (HBPM) to confirm true BP level for clinical decisions (16–19). Diagnosing high BP/hypertension in pediatric and adolescent populations poses a significant challenge due to the complexity of standards and definitions during periods of rapid growth which makes it difficult to design outcome cardiovascular studies. Despite the heterogenity of definiton in different countries, high BP/hypertension in children and adolescents is usually defined as values exceeding the 95th percentile of age-specific and sex-specific distributions (20, 21).



How is BP measured and managed in clinical practice?

Despite the high prevalence of high BP and advancements in BP measurement and monitoring, there is still a lack of identification and control of high BP. According to WHO, approximately 46% of the adult population with high BP are unaware of their diagnosis (1). Given the significant role of high BP in contributing to cardiovascular risk, accurate measurement of BP in clinical practice is paramount (11, 22, 23). It is important to follow clinical guidelines for BP measurement to avoid misclassification of cardiovascular risk and potential adverse health consequences (23).

In real practice, health professionals typically measure BP in a clinic setting using a manual auscultatory or automatic oscillometric device that has been validated according to standardized protocols, known as “office BP” or “clinic BP” (24). Accurate measurement of BP in clinical practice is essential for assessing cardiovascular risk. To address the “white-coat effect, “where BP rises in the presence of health professionals, unobserved office BP measurements should be taken using an automatic device while patients sit alone in the doctor’s office. These unobserved office BP readings are typically lower than conventional office BP readings, (25) but similar to or lower than average daytime BP readings measured by ambulatory blood pressure monitoring (ABPM), which is considered as the gold-standard BP measurement (26).

In addition to office BP measurements, out-of-office BP measurement is commonly performed in clinical practice. This refers to BP measurements taken outside of the doctor’s office, such as at home or in the workplace, and is considered more reflective of daily life BP. Home BP monitoring (HBPM) is usually done by the patient using an automatic oscillometric device in a quiet environment at home in the morning. HBPM measurements are typically lower than office BP and showed higher reproducibility (27). HBPM has also been found to be more closely associated with targeted organ damage, such as left-ventricular hypertrophy, compared to office BP (27).

Another form of out-of-office BP measurement is ABPM, which is considered the gold-standard method to confirm high BP (27). ABPM records multiple BP readings over a 24-h period using a portable automatic oscillometric BP monitor. ABPM is more closely associated with hypertension-mediated organ damage and cardiovascular mortality than office BP (27, 28). Since the ABPM device is expensive and the side effects includs sleep interference, plan, skin irritation, noisy device, inconvenience with work, haematoma etc. for some patients (29). ABPM can not be performed without specialist equipment and clinical supervision. Thus, ABPM might not be appropriate for screening high BP in public health settings or in large population-based studies where there are time and budget constraints. Thus, there is a practical need to find other alternatives for population detection and screening for high BP.

In clinical practice, treatment decisions for high BP should consider factors beyond BP. Both US and European guidelines recommend considering coexisting risk factors to reduce underlying cardiovascular risk (16–18). High BP rarely exists alone, and risk factors that coexist with high BP have a multiplier effect on the risk of cardiovascular disease (30). Previous evidence suggests that cardiovascular risk calculator identifies patients at high risk who may not be identified through traditional BP measurement. Identification of individuals at high risk of developing cardiovascular risk based on algorithms which integrate several cardiovascular risk factors has been shown to be more effective than targeting BP alone (30, 31). Quantifying future cardiovascular risk in patients with hypertension is particularly important for healthcare service and disease prevention.



What are the current shortfalls in the current measurement and management of high BP?

Although the prevalence of high BP remains high worldwide, many asymptomatic individuals are unaware of their high BP diagnosis. Although office BP measurements are frequently utilized in clinical settings, they may not consistently provide an accurate representation of an individual’s true BP status. White-coat hypertension is characterized by elevated BP readings obtained in a clinical setting that exceed the recommended thresholds, whereas measurements obtained through HBPM or ABPM demonstrate normotensive values. This observation indicates that the increased office BP may be a phenomenon triggered by the presence of a health professional. On the other hand, office BP measurements can also underestimate a person’s true BP level, leading to a condition known as masked hypertension (18–20). This occurs when BP readings are normal in the clinic but elevated outside of the office on HBPM or ABPM. Individuals with masked hypertension have an increased cardiovascular risk compared to those with normal BP (30). Nevertheless, this risk is frequently overlooked due to the absence of a recommendation for ABPM when an individual’s office BP falls within the normal range. For patients who are suspicious of masked hypertension, current guidelines recommend confirming BP levels with HBPM or ABPM rather than relying solely on a single clinical BP (16–19). Nevertheless, these individuals are frequently overlooked as a result of their “normal” clinic BP, and ABPM may not always be feasible for patients who struggle with wearing the monitoring device due to discomfort in the arm and disturbances in sleep (29). Therefore, other alternative methods are needed to identify masked hypertension and its associated risks.




Exercise BP


The acute BP response to exercise

Dynamic exercise increases the metabolic demand for skeletal muscles (32). Coordinated physiological responses to exercise fulfil this physiological need of the active musculature whilst maintaining sufficient blood supply to vital organs such as the heart and brain (33). Peripheral resistance reduces as a result of redistribution of blood flow from non-activated to activated circulatory beds and muscular arteriole dilates in order to supply skeletal muscle (34). Moreover, cardiac output increases due to upregulated sympathetic activity and accelerated heart rate as the workload of exercise increases (35). The increase in cardiac output predominates over the decrease in systemic vascular resistance, which can lead to as much as a 40% rise in mean arterial pressure (33). Regardless of the mode of the exercise test, systolic BP normally increases with exercise intensity and reaches its peak at maximal exercise intensity/capacity, (36) whilst diastolic BP remains largely unchanged (37). Although there is no unanimity on the definition of normal BP response to exercise, some studies used absolute value. For instance, according to Framingham criteria, a peak systolic BP reaching 210 mmHg for males and systolic BP reaching 190 mmHg for females was considered as the theoretical maximum values for treadmill testing according to standard protocols (often the Bruce protocol) (38, 39). In contrast, in other studies, maximal systolic BP below the 90th or 95th percentile of the studied population was considered normal (33, 34, 40). It is worth noticing that the peak exercise systolic BP, diastolic BP and the increase in systolic BP from rest to peak intensity were higher in men than in women in the same age group and the peak exercise systolic BP was shown to be positively associated with age (33, 41). Therefore, both gender and age should be taken into consideration when interpret BP responses to exercise.



Abnormal BP response to exercise

Despite the majority of people who undertake an exercise test presenting a normal BP response, some individuals may demonstrate an abnormal BP response to exercise, either a hypotensive response or a hypertensive response. Hypotensive response to exercise is a transient drop below the pre-test resting BP or failure of an increase of 10 mmHg in pre-test resting systolic BP as the exercise intensity progressively increases (42, 43). Currently there is no consensus on the magnitude of BP decrement or duration of the response (33, 42). Individuals with borderline hypertension have been reported as more likely to experience a greater drop in post-exercise BP than those without high BP (44, 45). A hypotensive response to exercise such as a decrease in systolic BP of 10 mmHg or more with the increased workload is an indication for termination of exercise testing (44, 46). The incidence of hypotensive response to exercise was previously reported 3 to 6% among those being referred to treadmill exercise testing (42, 47–49). Hypotensive response has been reported not only associated with a higher prevalence of coronary artery disease or left ventricular dysfunction but also a worse prognosis of cardiovascular events in those individuals with or without established cardiovascular diseases (42, 47–51). Hypotensive response to exercise was thought to be attributed to a decreased cardiac output and systemic vascular resistance, altered venous return and/or myocardial contractility, however, the underlying cause of abnormal haemodynamics has not yet been revealed and therefore warrants further investigation (44, 48, 52). Whilst hypotensive response is associated with cardiac dysfunction and subsequent cardiac events, it is not the focus of this review.

In contrast with hypotensive BP response, an excessive rise in exercise systolic BP is termed as a hypertensive response to exercise or exaggerated exercise BP (Figure 1), although the pathophysiological mechanism behind this rise remains unclear (48). Exaggerated BP response to exercise can occur at any stage or different intensity of exercise and in both a healthy population and patients on antihypertensive medications (38–41, 48). Exaggerated exercise BP measured at a fixed light or moderate intensity has been revealed to have higher prognostic value in predicting future cardiovascular risk than resting BP or exercise BP measured at maximal intensity, (37, 48) although currently there is no definitive threshold to define exaggerated exercise BP at either submaximal or maximal intensity of exercise. Some studies utilized specific BP thresholds to define an exaggerated exercise BP while others used the 90th to 95th percentile of the BP response in the studied population. For instance, a systolic BP of 210 mmHg in males or a systolic BP of 190 mmHg in females was adopted as the cut-off values for exaggerated exercise BP at a maximal intensity of exercise in several studies including the Framingham Heart Study (49–52). According to the ACSM guideline, a peak systolic BP greater than 250 mmHg or diastolic BP greater than 115 mm Hg with maximal exercise testing is defined as an exaggerated exercise BP (43). In addition to an exaggerated exercise BP at the peak or maximal exercise intensity, various thresholds ranging from 150 to 180 mmHg have been adopted at submaximal intensity in relation to different cardiovascular outcomes with different intensity and protocols of exercise tests (8). However, in the case of adults, the determination of elevated exercise BP is hindered by variations in testing methods and protocols, such as whether the exercise is conducted on a treadmill or bicycle, and whether BP is measured during moderate or maximum intensity. As mentioned in the hypertension guidelines, the definition of elevated BP in children is based on sex-and age-specific reference values rather than fixed cut-off points. The scarcity of studies investigating exercise BP in the children/adolescent population complicates the interpretation of exercise BP in these groups. A recent published review advised that (1) the external exercise workload remain consistent when measuring exercise BP, and that (2) exercise BP should be assessed at a fixed submaximal exercise intensity (8). These aforementioned suggestions warrant a proper interpretation of exercise-induced BP changes in relation to cardiorespiratory fitness, and can be easily incorporated into practice. Further investigation is needed to establish standard reference values and assess the clinical relevance of indexing exercise systolic BP responses in diverse and extensive populations.

[image: Figure 1]

FIGURE 1
 Exaggerated exercise BP or hypertensive BP response to exercise.


Whilst the mechanism behind exaggerated exercise BP remains to be elucidated, abnormal haemodynamics may be a key factor that contributes to the excessive rise in exercise BP. Previous studies suggested that impaired vascular function which includes increased arterial stiffness and impaired endothelial function is associated with exaggerated exercise BP (51, 53). This association between impaired vascular function and exaggerated exercise BP may explain the mechanism link between exercise BP and increased cardiovascular risk. A previous study also indicated that those with exaggerated exercise BP may have an underlying impaired vascular function (51). The vascular system with impaired vascular function fails to compensate for the increased cardiac output caused by daily normal physical activities and therefore leading to frequent rises in BP (35).

The dashed line in this figure depicts the excessive rise of the systolic BP in response to the increasing intensity with the progression of the exercise test. This abnormal rise which is called an exaggerated exercise BP or a hypertensive BP response to exercise occurs in some individuals, irrespective of their normal resting BP. The solid line represents the normal increase of exercise BP which is termed as a normal BP response.




Clinical relevance of abnormal exercise BP


Incident hypertension

Over the past four decades, increasing evidence has emerged suggesting that exaggerated BP response to exercise is complementary to conventional office BP in predicting incidents of hypertension among apparently healthy populations (54–57). For instance, the prognostic value of an exaggerated exercise BP measured at a graded treadmill test was reported higher in predicting the future incidence of hypertension than resting BP in general populations with normal resting BP (54). In a longitudinal study of 3,741 apparently healthy middle-aged men with normal office BP, those whose peak exercise systolic BP greater than 181 mmHg had a 1.54-fold higher risk of developing hypertension compared to those whose peak exercise BP was below the cut-off (50). This peak exercise systolic BP cut-off was also shown to be the strongest predictor of future hypertension (50). Similarly, another study of 1,534 middle-aged male participants with normal resting BP also showed that participants with peak exercise systolic BP greater than 200 mmHg would develop a higher resting BP after 10 years (58). Moreover, the baseline exercise systolic BP was confirmed a stronger predictor of future systolic BP than baseline resting BP after an average of a 10-year follow-up (58).

Due to the differences in mode of exercise and choice of protocol, different threshold values are used to define exaggerated exercise BP in adults, showing a notable variation. When exercising at maximum intensity, the 90th-95th percentiles of exercise BP specific to each gender (usually corresponding to 210/110 mmHg or higher for males and 190/110 mmHg or higher for females) are commonly employed to indicate exaggerated exercise BP (57, 59). Consistent with the aforementioned data, a peak exercise systolic BP of 210 mmHg for males or 190 mmHg for females was established as the cut-off to predict the incidence of hypertension 5 years later in individuals with normal resting BP (57). In addition to exercise BP measured at peak intensity, a submaximal exercise BP cut-off of 160 mmHg at 100 W workload of a symptom-limited cycle ergometry test for males was reported as the optimal cut-off value in predicting the incidence of hypertension independently of other established cardiovascular risk factors in normotensive males (59).

The utility of exaggerated exercise BP in predicting the development of hypertension has been confirmed in specific populations such as young athletes (60). For instance, a young athlete with an exaggerated BP response to exercise defined as peak exercise BP greater than 220/85 mmHg for males or 200/80 mmHg for females had a 3.6 times higher chance of developing into hypertension than an athlete with a normal exercise BP response (60). Several meta-analyses also demonstrated that an exaggerated exercise BP is associated with future cardiovascular risk irrespective of exercise mode/intensity (10, 54).



Underlying high BP/masked hypertension

Instead of staying in a resting state for an entire day, individuals spend substantial time each day in an ambulatory state. The major concern with only applying clinic (office) BP measurement is that it fails to capture high BP which occurs out of the office (masked hypertension) (7). For those with normal in-clinic BP but raised out-of-office BP, there is no indication for them to be referred to do an out-of-office BP measurement (ambulatory BP monitoring). Therefore, the hidden cardiovascular risk of masked hypertension can be easily missed if individuals are only provided with a conventional office BP measurement. Thus, there is a practical need to find other methods to detect those with underlying high BP such as masked hypertension. BP is measured during a submaximal (light-to-moderate) intensity exercise which is representative of the physiological response to daily life physical activity and it correlates well with ambulatory BP monitoring (51, 61). Thus, BP measured during submaximal exercise may be a more might be more reflective of the BP in daily life than BP measured in the resting state in the clinic.

Given the high prevalence of masked hypertension (58%) among those with a hypertensive response to exercise BP, many studies suggested that exercise BP might be a useful tool in revealing masked hypertension and related cardiovascular risk (5, 7, 61, 62). For instance, peak exercise systolic BP has been confirmed related to underlying high BP missed by office BP but also related to underlying high BP when measured by ABPM (63). Although most of the previous studies of exercise BP only focus on peak or maximal intensity exercise BP, submaximal intensity exercise is similar to daily physical activity. Therefore, various thresholds of BP response to submaximal intensity exercise have been revealed associated with masked hypertension in adults (5, 7, 61–63). For instance, a systolic BP above 150 mmHg at an early stage of exercise stress testing was reported to reveal masked hypertension in individuals with apparent normal office BP (5). Similarly, an exercise systolic BP greater than 175 mmHg at low intensity was reported to reveal masked hypertension with high sensitivity (74%) and moderate specificity (67%) (7). These findings could be partially explained by the fact that the BP response to moderate-intensity exercise is more akin to the chronic BP load that people encounter in their daily physical activity and therefore more reflective of ‘true BP’ (8, 9). Taken together, all these results suggested that exaggerated exercise might be a warning signal of underlying high BP (masked hypertension) and related cardiovascular risk which is undetectable through conventional resting BP measurement.



Factors associated with exercise BP

Exercise BP has been shown associated with many factors such as increasing age, (30, 64) gender, (65) cardiorespiratory fitness (8, 48), and insulin sensitivity (55). Among all these factors, cardiorespiratory fitness is not only an important modifier of exercise BP but also a powerful predictor of future cardiovascular events and mortality (8, 57, 63, 66).



Cardiorespiratory fitness

Cardiorespiratory fitness is known as a clinical indicator to reveal the body’s capacity for transport and consumption of oxygen during aerobic exercise and is traditionally represented by indices such as maximum oxygen uptake, physical work capacity, and resting heart rate. Cardiorespiratory fitness is considered an important cardiovascular risk factor since low cardiorespiratory fitness has been shown associated with higher all-cause and cardiovascular mortality (67–69). Moreover, high cardiorespiratory fitness has also been confirmed associated with a higher level of physical activity, which in turn creates more health benefits such as lower occurrence of coronary heart disease (39). Whilst numerous methods can be used to assess cardiorespiratory fitness either directly or indirectly, the gold standard or most objective measure of cardiorespiratory fitness is maximal oxygen uptake (VO2 max). An individual’s maximum capacity of oxygen utility (VO2 max or peak VO2 more appropriate) is normally assessed in a graded exercise treadmill or cycling test by wearing a ventilation mask and VO2 max was generated by analysing the concentrations of oxygen and carbon dioxide of inspired and expired air (70–72). Other methods such as an indirect estimation of VO2 max generated from validated metabolic equations are also acceptable under circumstances where a direct measure is not applicable (73–75).

The health benefits of improvement in cardiorespiratory fitness have been reported by many clinical studies. Substantial evidence showed that low cardiorespiratory fitness is associated with increased all-cause mortality from many causes, especially from cardiovascular disease (57, 63). Accordingly, improvement of cardiorespiratory fitness provides a variety of health benefits such as decreased incidence of cardiovascular diseases and mortality and better prognosis of cardiovascular events (51, 57, 63, 76). Cardiorespiratory fitness has been reported to modify exercise BP in different populations irrespective of resting BP. Previous studies indicated that exercise BP is negatively associated with cardiorespiratory fitness such that individuals with high fitness levels would exhibit a lower exercise BP compared to peers with lower fitness levels (76). Moreover, this negative linear association between exercise BP and cardiorespiratory fitness has been found in both normal, prehypertension, and hypertensive populations (72, 75). Furthermore, longitudinal studies have also shown that higher cardiorespiratory fitness at baseline was associated with lower submaximal systolic BP after years of follow-up in an apparently healthy middle-aged population (57).

Although the mechanism behind how cardiorespiratory fitness modifies exercise BP remains unclear, it can be speculated that exercise training improves the efficiency of oxygen delivery and consumption and therefore leads to an increase in fitness (63). For individuals with improved fitness, the cardiac work during exercise is much reduced as a result of a lower heart rate at a fixed cardiac output (51). As a result, a decrease in exercise BP was observed in adults who underwent lifestyle interventions such as exercise training (75).

Indeed, those with low cardiorespiratory fitness usually exhibited a high exercise systolic BP, however, a high exercise BP response could also be seen in those with high fitness. For instance, a reverse J-shape relationship between fitness and exercise systolic BP was reported in a cohort of young males such that a high exercise BP was found in those with low and high fitness (77). The high exercise BP exhibited in those with high fitness could be explained by the fact that cardiac output is the major determinant of fitness (78). Therefore, exercise BP increases due to high cardiac output associated with high fitness. Higher fitness has been shown conversely associated with a lower all-cause mortality rate due to the reduced rate of cardiovascular disease and cancer (51, 79). Thus, an elevation in exercise BP for those with high fitness might not share the same level of potential cardiovascular risk as those with low fitness. Moreover, an absolute value of exercise BP may not be adequate in assessing cardiovascular risk in the absence of cardiorespiratory fitness. Some recent studies suggested that indexing the increase in peak systolic BP to the increase in workload is more predictive of cardiovascular mortality than peak exercise systolic BP alone (80). These findings suggest the importance of combining fitness or workload with exercise BP in assessing exercise BP-related cardiovascular risk in practice.



Body composition

Body composition is often used to describe the different components of the human body such as lean body mass and body fat mass etc. Many aspects of body composition including quantity and distribution of body fat mass, and lean mass, are considered as critical outcomes in infant’s and children’s health research (81). Obesity and the proportion of body fat are well-established risk factors for chronic diseases, especially cardiovascular diseases. Some anthropometric indices of body composition such as body mass index (BMI), skinfold thickness, and the waist/hip circumference ratio (WHR) are conventionally used indicators of obesity or fatness level (82). These indices of body composition are widely used to quantify or monitor the change in obesity status and to assess related cardiovascular risk at either individual or population levels.

Whilst some factors such as gender, ethnicity and age were recognized to have a huge influence on these indices of body composition and sometimes it will lead to a misclassification of obesity. Other limitations still exist in using these indirect measures of body composition. For instance, BMI is a convenient measure of weight relative to height. BMI estimates body fatness level only on two basic anthropometric components: height and weight (BMI = weight in kg/height2 in m2). BMI is widely used in epidemiological or clinical studies with a large population to assess the obesity level. However, there are some limitations in using BMI. It is not uncommon for individuals with well-developed muscles to be categorized as overweight according to their body mass index (BMI). However, this classification can be deceptive as it fails to account for the possibility that these individuals may possess minimal or no surplus body fat. Conversely, BMI has the potential to underestimate the level of adiposity in individuals with limited muscle mass, such as the older adults or those who are physically weak (83). What’s more important than misdiagnosis is that the same level of BMI at different ages consists of different proportions of fat and fat-free mass. Therefore, differences in the body composition and components of fat and fat-free mass cannot be clearly distinguished using BMI. A more objective measure for different components of body composition is available with technological advances. Dual-energy x-ray absorptiometry (DXA) is a precise measurement method for body composition as it differentiates bone mass, fat mass and lean mass and thus, the proportion of each component can be easily calculated (84).

Data from prospective studies have shown that individuals with increased fatness characterised by an increase in waist circumference, waist/hip circumference ratio (WHR), or sum of skinfold were at heightened risk for developing cardiovascular diseases and had a higher incidence of cardiovascular mobility and mortality (73, 85). For instance, high BMI and fatness were associated with increased occurrence of cardiovascular diseases such as coronary heart disease, ischemic stroke, hypertension, and diabetes mellitus (79, 86–88). Due to lifestyle changes such as a poor diet and lack of exercise, the prevalence of fatness or obesity has increased in general. The prevalence of obesity has been reported to double and even quadrupled over the last three decades (85). An increase in body fatness or obesity as a result of the complexity of genetic, socioeconomic, environmental, and behavioral factors has become a major health and socioeconomic burden for individuals, health systems and society. Moreover, an unabated rise in the prevalence of obesity is expected to continue in the future with a higher incidence of cardiovascular diseases (89). Thus, monitoring and control of obesity remain a major public health problem worldwide that needs to be prioritized (1).

Body composition including body fatness and leanness are known risk factors for cardiovascular diseases in general. More specifically, body fatness is an important risk factor for both BP measured at rest and during exercise (86–88). High body fatness has been revealed positively associated with exercise BP in adults (70). A growing body of evidence also suggested that lifestyle interventions such as exercise training would lead to an attenuated exercise BP through a reduction in weight or body fat (70, 76). The Previous study also showed that reduced fatness through exercise training would lead to reduced exercise BP (75). Whilst the previous study was done in older adults with established cardiovascular diseases, the association between body composition (body fatness and leanness) and exercise BP has been seldom explored in a healthy adolescent population. By addressing these questions in the following sections, the influence of body composition on exercise BP and related cardiovascular risk can be better understood. Understanding these associations would enable the implementation of more appropriate treatment and management strategies which help to lower the incidence of cardiovascular morbidity and mortality caused by high fatness/obesity among these populations.



Exercise BP in adolescence

Given that high exercise BP appears to be associated with incident hypertension and cardiovascular disease in adults, it is crucial to detect underlying high BP using exercise BP and to identify the factors that modify exercise BP and its related cardiovascular risk. This could be especially important in early life such as childhood or adolescence since there is increasing evidence showing that high BP is established at an early time point in life as indicated in a meta-analysis where BP tracking from childhood to adulthood was strong (68).

While the association between exercise BP and the well-established cardiovascular risk factors has been confirmed in adult populations, (51) studies on these associations in early life in adolescence are scarce. For instance, decreased adiposity or body fatness through exercise training has been reported as related to a reduction in exercise BP in adults (75). Obese hypertensive adolescents have higher BP than lean hypertensives during exercise (90). Whilst lower submaximal exercise BP has been shown associated with higher cardiorespiratory fitness in the older adult population, (75) a reverse J shape association between exercise BP and fitness has also been reported in a cohort of young men (77). However, the mechanism or reason behind the J shape relationship between fitness and exercise BP in youth remains to be elucidated. Thus, more studies are needed to explore the association between exercise BP and fitness in adolescents.

Although it has been revealed that exercise BP is associated with altered cardiovascular structure and function in adults, (48) exercise BP in adolescence has also been shown associated with cardiovascular structure in adolescence (91). Moreover, less is known about whether exercise BP in adolescence is associated with an adapted cardiovascular structure or future cardiovascular risk. Currently, few large population-based studies have examined the long-term association between exercise BP and cardiovascular structure and future cardiovascular risk in healthy adolescents.

Our previous studies focused on the clinical importance of exercise BP in detecting high BP and the factors that contribute to exercise BP (fitness and fatness) and the influence of exercise BP on cardiovascular risk (high BP and altered cardiovascular structure) in adolescents (92–94). One of our previous studies first demonstrated that exercise BP might be a useful tool to rule out underlying high BP or “masked hypertension” in adolescence (Specificity: 86.9%, NPV: 95.5%) (92). Adolescents with exercise BP above the thresholds are more likely to have a worse left ventricular mass index and aortic PWV (92). Moreover, the influence of fitness on the association between post-exercise BP and LV mass index was ‘U shaped’, suggesting that both those with low and high cardiorespiratory fitness shared a similar association which highlights the importance of considering fitness as a factor that contributes to both exercise BP and its relationship with the cardiac structure in adolescence (93). In addition to cardiorespiratory fitness, fatness was also associated with post-exercise systolic BP and might have a relatively more important role in exercise BP in adolescence (94). Furthermore, three distinctive trajectories of fatness and leanness from childhood to early adulthood were identified (unpublished work). Those in trajectory with the consistently highest level of fatness or lowest level of leanness had higher post-exercise systolic SBP. However, these associations were largely attenuated after adjustment for adult measures of fatness or leanness, which suggested that modelling trajectories of fatness and leanness from childhood to adulthood does not provide additional information about exercise BP than a single concurrent measurement in adulthood. Taken together, this review has discussed the potential importance of fitness and to a greater extent, fatness in contributing to exercise BP in adolescence. Higher exercise BP appears to be associated with high BP and altered cardiovascular structure, (49) highlighting the potential clinical implications of assessing exercise BP in adolescents for the identification of current and future cardiovascular disease risks.

Although this review provided some new insights into the understanding of the role of exercise BP and its association with fitness and fatness in adolescents, there are important issues to be addressed in future research. Our previous study showed that specific thresholds derived from exercise BP from a submaximal exercise step-test has a high specificity and negative predictive value in predicting masked hypertension in adolescence (92). This result suggested that exercise BP may serve as a useful screening tool in complementary to clinic BP for ruling out masked hypertension and potential cardiovascular risk. For example, BP measurements can be incorporated as a customary examination in educational institutions during children’s physical education classes. This may involve conducting pre-and post-exercise tests at sub-maximal intensity levels. The measurement of BP prior to and following exercise can provide valuable insights into the presence of underlying hypertension, warranting further investigation through specialized examinations to confirm the diagnosis. Furthermore, it is worth noting that the sensitivity and positive predictive value exhibit relatively low values. Consequently, a persisting challenge lies in the identification of readily available BP measures that can effectively detect masked hypertension.

Apart from this, exercise systolic BP above these thresholds was associated with greater cardiovascular risk in adolescence. To extend the clinical value of these findings, these thresholds should be tested in further large-scale population-based studies to validate the prognostic efficiency for predicting future cardiovascular risk/events. Also, future studies should focus on specifying prognostic/diagnostic thresholds of exercise BP in children and adolescents (different gender/age at a (fix) external workload) to predict future clinical outcomes or cardiovascular events. Notwithstanding the constraints of the preceding investigations, the aforementioned findings emphasize the pragmatic efficacy of exercise BP as a complementary tool for identifying and promptly detecting latent hypertension and its correlated cardiovascular hazards among children/adolescents.




Summary/conclusion

In summary, high exercise BP seems to be associated with underlying high BP and altered cardiovascular structure and increased cardiovascular risk, emphasizing the potential clinical utility of exercise BP in the assessment or identification of existing and future cardiovascular disease risk in adolescence.

High BP and related cardiovascular diseases add a huge social and economic burden to society as many individuals with asymptomatic high BP remained undiagnosed and uncontrolled. Thus, there is an urgent and practical need to find other alternatives to detect underlying high BP and cardiovascular risk. Despite previous evidence showing that exercise BP is useful in revealing underlying cardiovascular risk, underlying high BP or masked hypertension which was often overlooked by the conventional resting BP method prompts the high cardiovascular risk in adults (7). However, thresholds of exercise BP that could reveal high BP or underlying cardiovascular risk in childhood and adolescence remains unclear. In addition to revealing underlying high BP and cardiovascular risk, many factors such as cardiorespiratory fitness and body composition (fatness) have been demonstrated associated with exercise BP and could modify its association with the cardiovascular structure in adulthood. However, it is unknown whether this is the case in childhood and adolescence. By reviewing the current knowledge/literature, this review aims to achieve a better understanding of the factors that contribute to exercise BP (including fitness and fatness), and the association between exercise BP in childhood and adolescence and potential future cardiovascular risk (high BP and altered cardiovascular structure).

Although we have performed a series of studies to explore these associations in adolescence, (92–94) the existing literature on exercise BP in pediatric and adolescent populations is still scarce, lacking precise and valuable reference data for evaluating BP following various exercise protocols, as well as identifying potential clinical conditions that may contribute to an exaggerated BP response. Therefore, a deeper understanding the implications of such exaggerated BP responses is crucial in clinical practice.

Fitness and fatness and other factors is crucial in contributing to exercise BP and its association with the cardiovascular risk in childhood and adolescence. Deeper exploration into early-life exercise BP and its clinical utility in detecting future cardiovascular risk should be encouraged.
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Objective: It is well-established that overweight/obesity is a major risk factor for left ventricular hypertrophy (LVH) in childhood. However, it is still unclear if reversing from overweight/obesity to normal weight is associated with decreased LVH in children. This study aimed to examine the association between weight status change during four years and LVH among Chinese children based on a prospective cohort study.



Methods: Data were obtained from the Huantai Childhood Cardiovascular Health Cohort Study in China. A total of 1,178 children without LVH at baseline (mean age: 8.3 years) were included in this study. According to weight status [normal weight or overweight (including obesity)] at baseline (2017) and follow-up (2021), children were divided, based on sex- and age-adjusted body mass index (BMI), into four groups: persistent normal weight (normal weight at both baseline and follow-up), incident overweight (normal weight at baseline but overweight at follow-up), reversal to normal weight (overweight at baseline but normal weight at follow-up), persistent overweight (overweight at both baseline and follow-up).



Results: After adjustment for potential confounding factors, children with incident overweight (n = 114, 30.63 ± 4.74 g/m2.7) and those with persistent overweight (n = 363, 31.56 ± 6.24 g/m2.7) had higher left ventricular mass index (LVMI) at the end of the follow-up period than those with persistent normal weight (n = 632, 28.46 ± 7.64 g/m2.7), while those who reversed from overweight to normal weight had a non-significantly lower LVMI (n = 69, 28.51 ± 4.28 g/m2.7). Compared to children with persistent normal weight, those with persistent overweight [odds ratio (OR) = 5.14, 95% confidence interval (CI) = 3.33–7.95] and those with incident overweight (OR = 3.34, 95% CI = 1.77–6.30) had an increased risk of LVH. The risk of LVH tended to decrease, although not significantly, in those who reversed from overweight to normal weight (OR = 0.76, 95% CI = 0.22–2.55).



Conclusion: Our findings demonstrate a positive association between overweight and left ventricular mass in children and suggest that LVH in childhood could be attenuated by weight loss.
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Introduction

Childhood overweight/obesity is a severe public health issue globally. The prevalence of overweight (including obesity) among children aged 6–17 years increased from 6.7% in 1991 to 24.4% in 2015 in China (1), and it was estimated that the total number of children with overweight would reach 50 million in China by 2030 (2). It is well-established that overweight is associated with a range of chronic diseases, such as cardiovascular diseases (CVD), several cancers, hypertension, type 2 diabetes, and several other diseases (3, 4), and overweight is also considered as a main driver of a decline in life quality and expectancy (5).

Left ventricular mass index (LVMI) and left ventricular hypertrophy (LVH) are important risk factors of cardiovascular events (6). Recent studies showed that most children with obesity are suffering from early impairment of the cardiac structure, including increased LVMI and LVH (7, 8), but evidence is mainly based on cross-sectional studies (9–11). Recently, using a longitudinal study, we described that, compared with children who had normal waist circumstance (WC) at both baseline and follow-up, those with a WC gain or with persistently elevated WC had an increased risk of LVH in childhood. However, children who reversed from abdominal obesity to normal WC did not have an increased risk of LVH (12). To our knowledge, no study has examined the effect of weight status change based on body mass index (BMI) during childhood on LVMI and the risk of LVH among Chinese children. It is still unclear whether reversal from overweight to normal weight during childhood could lower the incidence of childhood LVH. Although several studies have found that WC had better predictive effect on cardiovascular outcomes than BMI due to its ability to distinguish between fat mass and fat-free mass (13, 14), others have shown no significant difference (15). BMI is more widely used globally and has a more standardized calculation formula and classification, which may benefit more the development of child health policies. Therefore, based on a prospective cohort study of Chinese children conducted in 2017 and 2021, we examined the association between weight status change over four years and LVH among Chinese children aged 8.3 years on average at baseline.



Methods


Study populations

Data were from the Huantai Childhood Cardiovascular Health Cohort Study, which was conducted in one primary school from Huantai County, Zibo City, Shandong Province, China (16). The cohort is a prospective study using a convenient cluster sampling method to select eligible participants. A total of 1,516 children aged 6–11 years were recruited to participate in the baseline survey (November 2017 to January 2018), and 1,353 children of them were followed up (October to December 2021). Among them, 225 children were excluded due to loss of follow-up or missing information on anthropometric indices, ultrasound measurements, or questionnaires. We also excluded the children who had LVH at baseline (n = 113). Finally, 1,178 children in total were included in this study to examine the association between weight status change from 2017 to 2021 and LVMI and incident LVH. This study was approved by the Ethics Committee of School of Public Health, Shandong University (No. 20160308), and informed consent was signed by each participant and their parents/guardians.



Physical examination

Height (cm) and weight (kg) were measured with children wearing light clothing without shoes and with 0.1 cm and 0.1 kg precision, respectively. BMI (kg/m2) was calculated as the ratio of weight (kg) and the square of height (m2).



Cardiac ultrasound measurements

According to the Pediatric Cardiometry Guidelines of the American Society of Echocardiography (17), the structure of the left ventricle was measured by an experienced sonographer using a color Doppler ultrasound machine (S4-2, CX30; Royal Philips, Amsterdam, The Netherlands). Measurements were available on the left ventricular end-diastolic internal dimension (LVID), interventricular septal wall thickness (IVST), and left ventricular posterior wall thickness (LVPWT), and left ventricular mass (LVM) and LVMI were calculated using the following formulas: LVM (g) = 0.8 × [1.04 × (IVST + LVID + LVPWT)3 – (LVID)3] + 0.6 (18), LVMI (g/m2.7) = LVM (g)/height2.7 (m) (19).



Definitions of weight status change and LVH

Childhood overweight (including obesity) was defined according to the sex- and age-specific BMI percentile reference for Chinese children (20). According to the weight status (normal weight vs. overweight) at baseline and follow-up, all participants were divided into four groups: persistent normal weight (normal weight at both baseline and follow-up), reversal to normal weight (overweight at baseline but normal weight at follow-up), incident overweight (normal weight at baseline but overweight at follow-up), and persistent overweight (overweight at both baseline and follow-up). In this study, LVH was defined as the LVMI ≥ the sex- and age- specific 90th percentile values based on this population (12).



Covariates

A self-reported structured questionnaire was used to collect demographic and lifestyle information of the participants, including age, sex, parental education, dietary habits (intake of fruits/vegetables and intake of carbonated drinks), sleep duration, and physical activity. Wake-up time and bedtime were obtained by self-report, and sleep duration was calculated by subtracting bedtime from wake-up time. Physical activity (<1 vs. ≥1 h per day) and dietary intake of fruits/vegetables (<5 vs. ≥5 servings per day) were categorized according to the recommendations of World Health Organization (21, 22). We defined intake of carbonated drinks as <1 times/week vs. ≥1 times/week (23). Parental education was classified as junior high school and below vs. high school vs. college and above.



Statistical analysis

Data on the characteristics of the participants are presented as means ± standard deviations for continuous variables and frequencies (proportions) for categorical variables. Differences in characteristics according to the four weight status groups (persistent normal weight, reversal to normal weight, incident overweight, and persistent overweight) were tested using variance analysis for continuous variables and chi-square test for categorical variables. Covariance analysis was used to assess the association between weight status change and LVMI measured at follow-up. Association between weight status change and LVH was examined using multivariate logistic regression models, and odds ratios (ORs) with their 95% confidence intervals (95% CIs) were calculated. Three models were performed to assess the confounding effects of the included covariates. Model 1 was adjusted for sex and age at baseline, and model 2 was additionally adjusted for parental education, intake of fruits/vegetables, intake of carbonated drinks, physical activity, and sleep duration at baseline. Model 3 was then additionally adjusted for intake of fruits/vegetables, intake of carbonated drinks, physical activity, and sleep duration at follow-up. All statistical analyses were conducted using SAS version 9.4 and a two-sided P-value <0.05 was considered to be statistically significant.




Results


Basic characteristics of the participants

1,178 children (males: 52.9%) were included in this study (children with LVH at baseline were not included in this study). Among them, 53.7% (632/1,178) had persistent normal weight; 5.8% (69/1,178) had overweight at baseline but normal weight at follow-up (reversal to normal weight); 9.7% (114/1,178) had normal weight at baseline but overweight at follow-up (incident overweight), and 30.8% (363/1,178) had persistent overweight at both baseline and follow-up (persistent overweight). There were significant differences in sex, age, BMI, and LVMI at baseline across the four groups. Children in the persistent overweight group tended to have a higher LVMI than those in the persistent normal weight group. Similar differences in age, BMI and LVMI across the four groups at follow-up were also observed (Table 1).


TABLE 1 Characteristics of the participants across four groups of weight status change from baseline to follow-up.
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Weight status change and the levels of childhood LVMI

After adjustment for all potential confounding factors, LVMI (at follow-up) of children in the incident overweight group (n = 114, 30.63 ± 4.74 g/m2.7) and persistent overweight group (n = 363, 31.56 ± 6.24 g/m2.7) were significantly higher than those in persistent normal weight group (n = 632, 28.46 ± 7.64 g/m2.7), whereas LVMI of children who reversed from overweight to normal weight (n = 69, 28.51 ± 4.28 g/m2.7) was not statistically different from the persistent normal weight group, recognizing that the sample size in this group is very small (Table 2).


TABLE 2 Association between the change in weight status and LVMI (g/m2.7) among Chinese children.
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Weight status change and childhood LVH

The incidence rates of LVH over the 4-year follow-up period were higher in the persistent overweight group (22.0%) and the incident overweight group (14.9%) than those in the persistent normal weight group (5.2%) and reversal to normal weight group (4.4%) (Figure 1). Compared with children who had persistent normal weight, those who had persistent overweight (OR = 5.14, 95% CI = 3.33–7.95) and incident overweight (OR = 3.34, 95% CI = 1.77–6.30) had higher odds of LVH. In contrast, the few children (n = 69) who reversed from overweight to normal weight had lower but statistically non-significant odds of LVH (OR = 0.76, 95% CI = 0.22–2.55) (Table 3).


[image: Figure 1]
FIGURE 1
Incident rates of LVH across four groups of weight change status.



TABLE 3 Association between the change in weight status and LVH among Chinese children.
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Discussion

To our knowledge, this is the first study that assessed the association between weight status change during childhood and childhood LVH. Our study showed that children who developed overweight during a four-year period or maintained overweight had an increased risk of LVH compared with those who had persistent normal weight. In addition, children who reversed from overweight to normal weight status had a slightly smaller, although not significant, risk of LVH.

Previous studies had assessed the association between weight change from childhood to adulthood and left ventricular structure in adulthood (24, 25). For instance, the data from the Beijing Blood Pressure Cohort Study showed that the cumulative burden of overweight from childhood to adulthood was independently associated with the risk of LVH and abnormal left ventricular geometric patterns (including concentric remodeling, eccentric hypertrophy, and concentric hypertrophy) (25). Another multiethnic longitudinal cohort study with a mean follow-up of 28 years showed that increasing BMI from childhood to adulthood was associated with the LVMI and risk of LVH in middle-aged adulthood (24). More importantly, some studies showed that reversing weight status from overweight to normal from childhood to adulthood can reduce the risk of LVH in adulthood (5, 12), which is consistent with our findings. One longitudinal study with a 22.9-year follow-up in China showed that compared with participants who had persistent normal weight from childhood to adulthood, those who had persistent overweight (OR = 9.58, 95% CI = 5.92–15.49) and those who had incident overweight (OR = 5.96, 95% CI = 4.01–8.86) had a higher risk of LVH in adulthood. However, the few individuals (n = 22) who were overweight in childhood but had a normal weight in adulthood did not seem to have a markedly increased risk of LVH (OR = 2.43, 95% CI = 0.85–6.95) (26). Those findings above underscore the importance of maintaining a normal weight throughout the life course and suggest that individuals who were overweight in childhood but reversed to a normal weight later can decrease their risk of LVH, although likely not to levels as low as those who maintained a normal weight at all times.

LVH is usually regarded as a robust predictor of CVD events (27). Previous studies suggested that the relationship between weight status change and CVD events showed similar features as discussed above, which further support our findings. For example, a pooled analysis of four cohort studies reported that compared with individuals who had a normal weight from childhood to adulthood, those who were overweight in adulthood irrespective of their weight status in childhood had a higher risk of CVD in adulthood, whereas those who were overweight in childhood but non-overweight in adulthood did not have a higher risk of CVD (4). As for other risk factors of CVD in adulthood used for outcomes, a meta-analysis showed that those who had a normal weight in childhood but were overweight in adulthood or those with persistent overweight from childhood to adulthood had an increased risk of high carotid intima-median thickness, type 2 diabetes, dyslipidemia, and hypertension in adulthood (5). However, those who were overweight in childhood but not in adulthood had largely decreased risk. Those data suggest a large potential to reduce CVD risk when controlling reversing from overweight to normal weight.

All these studies above, including ours, indicated the adverse influence of overweight/obesity on childhood cardiovascular health and highlighted the importance of losing weight for individuals who were currently overweight/obese. Yet, only very few children (n = 69, 5.8%) managed to lose weight in our study, which is consistent with the well-known challenge for individuals to lose weight without intensive behavioral therapy or treatment (28). In contrast, a relatively great number (n = 114, 9.7%) of individuals changed from normal weight to overweight/obesity, which poses a great challenge to the prevention of cardiovascular outcomes. Therefore, the government and families are encouraged to strengthen the management of children's body weight to decrease the potential cardiovascular burden.

Usually, children with overweight/obesity tend to choose the healthy way of changing their lifestyle habits when they are asked to lose weight. Previous studies found that adopting healthy lifestyles (e.g., eating healthy diets and doing more exercise) among individuals with overweight/obesity can significantly improve their heart structure and function (29–31). This may explain the reasons why children who reverse from overweight/obesity to normal weight have a lower risk of LVH. A meta-analysis that included 1,022 obese adults who underwent bariatric surgery showed that this therapeutic approach can contribute to the regression of LVH and improvement of diastolic function (32). Another study of 38 morbidly obese adolescents aged 13–19 years showed that weight loss was significantly correlated with a decrease in LVMI after bariatric surgery (33). Despite there are a variety of approaches to losing weight, ultimately all the results suggest that weight loss has a beneficial effect on cardiovascular health in childhood. Those results remind children who are overweight or obese to lose weight and try to reverse to a normal weight as soon as possible for the prevention of cardiovascular damage.

Although this study is among the first to convincingly report the association between weight status change and LVH among children, several limitations of this study should be mentioned. First, all children were selected from one primary school, so the generalizability of our findings should be cautious. Second, all the participants were followed up for only four years, further studies with longer duration are needed to confirm our findings. Third, the sample size of this study is not large, particularly in the group of children who were overweight/obesity at baseline and lost weight later, and the low statistical power impeded us from performing further subgroup analysis by participants’ characteristics (e.g., sex, age, etc.). Fourth, we combined the overweight and obesity due to the relatively small sample sizes in the subgroups, which may interfere with the consolidated conclusion. Therefore, a longitudinal cohort design with a larger sample size to assess the specific effect of overweight and obesity is needed to further validate our conclusions.



Conclusions

In summary, we found that children who had persistent overweight or incident overweight over a four-year period had an increased risk of LVH in childhood. Conversely, the risk of acquiring LVH was lower among the few children who reversed from overweight to normal weight. These findings highlight the importance of maintaining a normal weight over the life course but also suggest a reduced risk of LVH for those who are overweight or obese but succeed in normalizing their weight.
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Demographic Case participant Control

Age (years) 14 14
Race Caucasian Caucasian
Sex Male Male
BMI percentile 87th 49th
Significant family history risk factors | Paternal early-age CAD None
Vitals

Resting heart rate (beats/min) 67 e
Resting blood pressure (mmHg) 115/63 125/80
Blood measures

Hs-CRP (mg/L) (5%-95% interval in 53 01
children: 0.1-2.8 mg/L) (5)

Glucose (mg/dl) 89 92
Total cholesterol (mg/d]) 109 133
HDL (mg/dl) 45 56
LDL (mg/dl) 52 76
Triglycerides (mg/dl) 74 41

BMI, body mass index; CAD, coronary artery disease; HDL, high density lipoprotein:
LDL. low density lipoprotein. To convert total cholesterol, HDL cholesterol, and
LDL cholesterol values to mmol/L, multiply by 0.0259; to convert triglyceride
valies 't rrnalll, sl b D.011S.
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Control (healthy Chaudhry et al. () Van De Sande et al. ()

CPET slopes % change| Case participant

(slope 2 vs. slope 1) (adolescent) adolescent) (healthy adult cohort) (healthy adult cohort)
AHR/AWR 286% —5% —6% ~24%
AO, pulse/AWR —105% | 32% | NA [ 4%

The case participant has a significant acceleration of HR response and decrease in O pulse response in late exercise (AHR/AWR and AO, pulse/AWR slopes) compared 1o
healthy individuals. CPET, cardiopulmonary exercise testing; AHR/AWR, change in heart rate relative to the change in work rate slope in the 2 min prior to exercise test
termination compared to baseline; AQ, pulse/AWR, change in oxygen pulse relative to the change in work rate slope in the 2 min prior to exercise test termination

compared to baseline: NA, not available.
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Incomplete Complete KD

Age [mean (SD) in months] 348 (323) 45.0 (353) 0004
Sex (male N, %) 81 (61%) 128 (58%) 0787
Clinical symptoms

Rash 88/128 212218 0005
ADP 35/121 135/214 <0.001
Extremities 48/127 1817215 <0.001
Mucosa 78127 2101219 <0.001
Conjunctivitis 721122 204219 <0.001
Duration of fever [mean (SD) in days] 9.1 (40), n=105 72 (3.3), n=167 <0.001
Laboratory

CRP level, g/L. (mean/SD) 117.8 (77.0) 115.2 (87.5) 0389
HBG level, g/L (mean/SD) 97.3 (183) 10438 (163) <0001
‘Thrombocytes G/L (mean/SD) 407.9 (220.75) 344.0 (148.8) <0.001
WBC 207 (227) 17.3 (11.3) <0.001
Albumin 300 (6.2) 322 (94) 0030

KD, Kawasaki disease; ADP, adenopathy; CRP, C-reactive protein; HBG, hemoglobin; WBC, white blood cell count
Continuots vafiablas ars exprassad in mean (SD). Cataaoiical variables are expressed in N (%)
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Treatment at baseline

Incomplete KD

Complete KD

p-value

Dose of IVIG in g/kg 2 2
IVIG (initial treatment), N (%) 131 (992) 216 (98.6) 095
2 dose of IVIG, nb of patients (%) 29/125 (23.2) 43/207 (20.7) 0.60
29132 (22) 431219 (19.6) 0.64
Corticosteroids, nb of patients (%) 23/132 (17.4) 28/219 (12.8) 0.01
Aspirin treatment at diagnosis, N (%) 131 (992) 216 (98.6) 0.95
Dose of Aspirin at diagnosis in mg/kg (Median/IQR) 80 (50-80) 80
- VKA (n/%) 7(53) 1(04)
- Clopidogrel (n/%) 2(15) 2(09)
- Other (n/%) 00 104y
Treatment at FU
- Aspirin (1/%) 20 (15) 16 (73)
- VKA (n/%) 4(0) 2(09)
- Clopidogrel (/%) 0 1(05)
- Betablocker (n/%) 0 1(0.5)
VIG, IQR, range; VKA, Vitamin K antagonist; FU, follow up.

*Enalapril.
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At diagnosis Incomplete KD | Complete KD | p-value

(n=132)
No CA involvement 86 (65.1%)

(n=219)
169 (77.2%)

CA dilation only 20 (15.1%)

19 (8.7%)

At least one aneurysm 26 (19.7%) 31 (14.2%) 0.208
RCA dilation 17 (12.9%) 23 (10.5%) 0514
RCA aneurysm 12 (9.1%) 8 (3.7%) 0.038

LCA dilation 37 (28.0%)

43 (19.6%)

LCA aneurysm 12 (9.1%)

At follow-up Incomplete KD
(h=111)
No CA involvement 99 (89.2%)

9 (4.1%)

Complete KD
(n=183)
174 (95.1%)

p-value

CA dilation only 2 (18%)

3 (1.6%)

At least one aneurysm 10 (9.0%) 6(33%) 0.039
RCA dilation 2 (1.8%) 0 (0%)

RCA aneurysm 6 (5.4%) 4 (2.2%)

LCA dilation 2 (45%) 4(22%)

LCA aneurysm 8 (7.2%) 3 (1.6%)

KD. Kawasaki disease; CA, coronary artery; RCA, right coronary artery; LCA, lef
coronary artery.
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IL6 L8 Lo

B (SE) p B (SE) B (SE)

(Intercept) 371 (182) |0.054 | 33(708.1) | 0996 119 (3656) | 0974 159 (182) 558.5 (1,522.7) 3198 (313.0)
Age 13013) |0334| -01(524) 0999 0007.1) [0999| —04(127) -23.9 (112.7) -3 (32
Time ~235(205) | 0262 | 1,137 (21465) | 0.599 | 4826 | 0.678| -8297 ~5,159 (4,630) ~1,5165
(1,155.3) (5241) (7982)
Time’ ~189(182) 0306 |  ~1118 | 0.944 | 885(857.7) |0.918 | 3386 (409.3) 1,604.6 (3,428.6) ~2889 (587.6)
(1,589.2)
Time® —148(113) 0202  -1202 [ 0907 | 4119 (548.2) | 0.456 |  -3354 -22708 ~769.5 (386.4)
(1,025.3) (2509) (2,2107)
Female sex -231(13.5) | 0103 | -10(5399) |0.998 | -16 (278.8) | 0.995 —55(133) 69 (1,161) ~56.7 (238.6)
Duration of surgery -16(24) (0531 00(989) [1.000] 0.1(5L1) 0998 -07(241) 55 (212.8) 18 (43.7)
Age *time -0.9(13) 0476 | 144 (152) 0925 -359(82) |0.663 | 158 (37.1) 3113 (327.9) 18 (56.2)
Age * time® 08(12) | 0489 | —1029 (1152) | 0.377 | 334 (62.2) | 0.594 | —6.6 (28.4) -2165 (248.5) -23.6 (42.5)
Age * time® ~08(06) 0221 —652(70.2) 0358 63(37.8) | 0.868 4.1 (17.1) 136.2 (151.4) -25 (26.1)
Female sex * time 180 (142) 0212  -3185 0841 -8651 | 0314| -2434 3,240.2 (3,406.3) 18622 (584.7)
(1,578.9) (851.6) (385.5)
Female sex * time” 26(13) | 0844 -2546(1,203) |0.833 | 138.1 (648.6) | 0.832 | 1339 (299.9) ~1,380.4 —137.7 (445.9)
(2,595.3)
Female sex * time® 143 (7.7) | 0071 | 7446 (7845) | 0.348 | 3926 (422) | 0.356 | 762 (191.7) 14511 (1,692.2) —431.1 (291.8)
Duration of surgery * 12(29) | 0679 —1034 (313.4) | 0.743 | 442 (168.3) | 0.794 | 496 (76.4) ~274.1 (676) 110 (117.1)
time
Duration of surgery * 3021 0173 | 3227 (2293) |0.167 | 67.7 (123.7) | 0.587 | -23 (56.6) 4403 (494.7) 2744 (84.8)
time?
Duration of surgery * 0.7(16) | 0685 921(167.2) | 0584 | —746(88.2) |0.401 | 153 (40.5) ~92.7 (360.2) 187.6 (64.7)
time*

Ang-2 ™

B (SE) B (SE)
(Intercept) 1687 (1055) 1957 (330.1) 74.6 (103.6) 103 (196) X 332 1)
Age ~162 (7.8) X —204 (24.4) 2 36 (8.1) X ~0.3 (15) ~03 (02)
Time 686.5 (297.7) ~364.4 (775.7) ~1175 (82) -343 (526) 08 (52)
Time’ -528 (219.7) 1527 (597.4) —632 (69.3) | 0. —453 (40.5) 1.2 (40)
Time* 2728 (143.2) X —365.6 (376.5) —58.2 (48.1) 28 (25.4) -35 (25)
Female sex 868 (80.4) —67 (251.7) 915 (80.3) 33 (150) -21 (1.6)
Duration of surgery 86 (14.7) 478 (46.1) —40 (14.4) X 0127) 0(03)
Age *time 63 (21.3) 1125 (57.4) 23 (6.1) 7.1 (39) 0.3 (0.4)
Age * time’ 179 (16) 117 (44.0) 03(7.2) X 17 (30) X 0.2 (03)
Age * time® 36(99) —454 (26.6) X 26 (34) 58 (18) X -02 (02)
Female sex * time —448.5 (223.4) ~296.4 (591.5) -209 (638) | 0 —57 (40.1) 05 (4.0)
Female sex * time” —182.5 (168) —279.5 (458.1) 223 (60.7) -8.1(310) 0.2 (3.1)
Female sex * time® —1588 (110.5) —498.5 (300.4) 3 -10.8 (345) -364 (202) —49 (20)
Duration of surgery * time —68.7 (43.7) 463 (108.4) 92 (127) 10.1 (7.4) ~0.1 (0.7)
Duration of surgery * time’ | -223 (31.7) 1455 (85.2) 165 (9.4) 184 (58) 0.2 (06)
Duration of surgery * time® | —36.7 (23.8) 2317 (60.7) 3.8 (7.6) 38 (4.1) 1.1 (04)
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Female

Number of patients: 19 10 (53%) 9 (47%)
Mechanical ventilation (h) 97 (55-270) | 7.6 (4.9-339)
Length of PICU stay (h) 308 (7.2-463) | 8.75 (7.2-890)

VIS mean (median; range)
124h 0.68 (0.01-13. 030 (0-7.2)
5-48h 0(0-67) 0(0-457)
49720 0(0-5.1) 0(0-1.97)
1-72h 0.33 (0-7.6) 0.19 (0-4.61)

VIS max (median; range)

33 (02-2602) | 3.46 (0-12.89)
0(0-118) 0(0-629)
0(0-164) 0 (0-291)

333 (0.2-26.02) | 3.46 (0-12.89)

Complications (number)
Infection 1 3
Arthythmia 2 0
Acute kidney injury 3 (30%) 2 (22%)
Postoperative S/T-ratio >12.6% up to 72 h 1(14.1) 2(137-16.8)
(range in %)

Fluid overload > 10% (range)
2h 6 (2-16) 4(-1-16)
48h 0(-9-4) 0(=7-3)
72h 0(=7-0) 0(=6-3)
Cardiac arrest 0 [

PICU, Pediatric intensive care unit; VIS, Vasoactive-inotropic Score; Max,
maximum: S/T-ratio. Subcutaneous-thoracic ratio.
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Number of patients: 19

10 (53%)

Female
9 (47%)

D ic data

Medianage (years), (range)

2(0-15)

3(0-18)

0-12 months

4 (40%)

3 (33%)

13-24 months

1 (10%)

25 months - 12 years

3 (30%)

5 (56%)

>12 years

2 (20%)

1 (11%)

Diagnoses (number)

AS (1) AL(1)
ASD (1) ASD (1)
AVSD (2) «cTGA, MA, PA (1)

Ebstein’s anomaly (1)

DORY, TGA, PS, VSD (1)

CoA, AS, VSD (1) HLHS (1)
PA, VSD (1) PAPVD (1)
TA (1) TOF (1)
VSD (2) TA (1)
VSD, ASD (1)
Procedures (number)
Complex surgery (2) | Complex surgery (1)

ASD closure (1)

Aortic valve replacement (1)

Modified Fontan

ASD closure (1)

replacement (2)
Ross operation (1)

operation (1)
AVSD correction (1) | Modified Fontan operation (1)
Pulmonary Glenn Shunt (2)

| PAPVD correction (1)

VSD closure (2)

TOF repair (1)

VSD closure (1)
Characteristics of operation and CPB (median; range)
RACHS-1 2(1-6) 2(1-4)
Operation time (min) | 343 (135-777) 331 (177-754)
CPB-time (min) 180 (60-450) 180 (60-480)
Aortic cross-clamp time | 45 (0-259) 67 (0-266)
(min)
Perfusion time (min) | 133 (60-467) 162 (36-480)
Re-perfusion time (min) | 22 (0-184) 13 (0-178)

AS, Aortic stenosis; Al,

Hypoplastic left heart syndrome; MA, Mitral atresia; PA Pulmonary atresi

Aortic insufficiency; ASD, Atrial septal defect; AVSD,
Atrioventricular septal defect; CoA, Coarctation; (ccJTGA,(congenital corrected)
transposition of the great arteries; DORV, Double outlet right ventricle; HLHS

PAPVD,

Partial anomalous pulmonary venous connection; PS, Pulmonary stenosis; TA
Tricuspid atresia; TOF, Tetralogy of Fallot; VSD, Ventricukiar septal defect; RACHS-
1. Risk Adiustrnent for Congenital Heart Sirosry 1: CPB. cardionulmonary bybass
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Overall Age group

(n = 3,910)
0-12 13-20 21-30 years 31-40 years
years years (n = 1,036) (n = 2,468)
(n' = 156) (n'= 250)
Sex, n (%) 0.0016
Female 1,601 (40.95) 72 (46.15) 114 (45.60) 462 (44.59) 953 (38.61)
Male 2,309 (59.05) 84 (53.85) 136 (54.40) 574 (55.41) 1515 (61.39)
CKD, n (%) <0.0001
CAKUT 89 (2.28) 5 (321) 14 (5.60) 2 (251) 44 (1.78)
Non-CAKUT 2,339 (59.82) 2 (14.10) 122 (48.80) 638 (61.58) 1557 (63.09)
Glomerular disease 1,678 (42.92) 2 (14.10) 104 (41.60) 474 (45.75) 1078 (43.68)
Non-CKD 1,482 (37.90) 129 (82.69) 114 (45.60) 372 (35.91) 867 (35.13)
AKI diagnosis, n (%) 516 (13.20) 17 (10.90) 47 (18.80) 145 (14.00) 307 (12.44) 0.0246
Baseline CVD, n (%) 294 (7.52) 13 (8:33) 29 (11.60) 65 (627) 187 (758) 0.0375
Atherosclerotic 93 (2.38) 2 (1.28) 9 (3.60) 18 (1.74) 64 (259) 0.1920
cvD
Non-atherosclerotic 176 (4.50) 10 (6.41) 15 (6.00) 38 (3.67) 113 (4.58) 02273
cvD
Cardiovascular/circulatory 10 (0:26) 0 (0.00) 2 (0.80) 2 (0.19) 6 (0.24) 03236
disease
Heart failure 95 (2.43) 1 (0.64) 4 (1.60) 24 (232) 66 (2:67) 03195
Atrial 31 (0.79) 1 (0.64) 4 (1.60) 7 (0.68) 19 0.77) 05099
fibrillation/flutter
Cerebrovascular/artery 65 (1.66) 8 (5.13) 6 (2.40) 11 (1.06) 40 (1.62) 0.0022
disease
Other CVD 111 (2.84) 1 (0.64) 17 (6.80) 28 (2.70) 65 (2.63) 0.0006
Hypertension, n (%) 1,443 (36.91) 10 (6.41) 69 (27.60) 367 (35.42) 997 (40.40) <.0001
Hyperlipidemia, n (%) 545 (13.94) 5 (321) 17 (6.80). 135 (13.03) 388 (15.72) <.0001
In-hospital 1,081 (27.65) 85 (54.49) 80 (32) 242 (23.36) 674 (2731) <.0001
mortality event, n
(%)

Data are presented as counts and count (percentages). Atherosclerotic CVD: coronary artery disease (CAD) and infarction; non-atherosclerotic CVD: cardiovascular/circulatory, (congestive)
heart failure, atrial fibrillation, cerebrovascular disease, artery disease; other CVD: other heart disease, valve disease.

*P-values are based on the chi-square test for categorical variables among age groups.

CKD, chronic kidney disease; CAKUT, congenital anomalies of the kidney and urinary tract; CVD, cardiovascular disease.
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Outcome event Overall Age group
(n = 3,616)

13-20 21-30 31-40
years years years
(n=221) (n=971) (n =2,281)

Within the first 6 months follow-up

Any CVD, n (%) 668 (18.47) 43 (30.07) 52 (23.53) 183 (18.85) 390 a7.1) 0.0002
Atherosclerotic CVD 146 (4.04) 6 “2) 8 (362) 39 (4.02) 9 (4.08) 09895
Non-atherosclerotic CVD 487 (13.47) 33 (23.08) 39 (17.65) 128 (13.18) 287 (12.58) 0.001
Cardiovascular/ 27 (0.75) 2 (1.4) 0 H (0.82) 17 (0.75) 0.4644
circulatory disease

Heart failure 255 (7.05) 10 (6.99) 15 (679) 72 (7.42) 158 (6.93) 09648
Atrial fibrillation/ flutter 99 (2.74) 8 (5.59) 6 271 27 (2.78) 58 (2.54) 0.1939
Cerebrovascular/ artery 158 (4.37) 17 (11.89) 24 (10.86) 33 (3.4) 84 (3.68) <.0001
disease

Other CVD 206 (5.70) 15 (10.49) 20 (9.05) 62 (639) 109 (4.78) 00017

From the first 6 months to end-of-follow up

Any CVD, n (%) 483 (13.36) 12 (8.39) 24 (10.86) 126 (12.98) 321 (14.07) 0.1467
Atherosclerotic CVD 286 (7.91) 3 (2.10) 8 (3.62) 73 (7.52) 202 (8.86) 0.0016
Non-atherosclerotic CVD 339 (9.38) 12 (8.39) 16 (7.24) 90 9.27) 221 (9.69) 0.6536
Cardiovascular/ 40 (L.11) 3 (2.10) 2 (0.90) 7 (0.72) 28 (1.23) 0.3929
circulatory disease

Heart failure 188 (5.20) 5 (3.50) 15 (6.79) 51 (5.25) 17 (5.13) 0.5724
Atrial fibrillation/flutter 92 (2.54) 1 (0.70) 5 (2.26) 23 (2.37) 63 (2.76) 0.4592
Cerebrovascular/artery 138 (3.82) 6 (4.20) 5 (2.26) 35 (3.60) 92 (4.03) 0.5890
disease

Other CVD 166 (4.59) 4 (2.80) 22 (9.95) 37 (3.81) 103 (4.52) 0.0007

Over the follow-up period

Any CVD, n (%) 1,151 (31.83) 55 (38.46) 76 (34.39) 309 (31.82) 711 (31.17) 02591

Patients who were diagnosed with CVD before or on the date of dialysis were excluded from the incidence of composite CVD events (n = 294).

Data are presented as counts and count (percentages). Atherosclerotic CVD: coronary artery disease (CAD) and infarction; non-atherosclerotic CVD: cardiovascular/circulatory disease,
(congestive) heart failure, atrial fibrillation, cerebrovascular disease, artery disease; other CVD: other heart disease and valve disease. *P-values are based on the chi-square test for categorical
variables among age groups.
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Statistics Basic model Full model

AIC 1,432,398 ‘ 1,217.030
BIC 1,455.580 ‘ 1,246.897
LR test ) 13670

LR test (P value) 0.001

NRI (P value) 0043

IDI (P value) 0000

Harrell's C 0.589 0.651

VVS, vasovagal syncope; MAP, average arterial pressure; USG, urine specific gravity.
AIC, Akaike information criterion; BIC, Bayesian information criteria; LR test,
ikelihood ratio test; NRI, net reclassification improvement; IDI, integrated
discrimination improvement. Basic model included age, sex, body mass index
medical history, number of syncope, and family history, and full model
sciditionally inchided MAP-supine and USG
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No Recurrence (n =220) Recurrence

(n=132)

Demographic information

Age (years) 12,00 (929, 1334) 12.00 (990, 13.64) 0068
Girls, n (%) 120 (545) 84(636) 0118
Body mass index (kg/m?) 18.00 (15.76, 20.05) 18.00 (15,67, 19.89) 0786
Medical history (months) 3.50 (0.75, 12.00) 6.00 (1.00, 24.00) 0.068
Number of syncope (1) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0553
Family history of syncope (%) 22 (100) 18 13.6) 0303

L
Hemoglobin (g/L) 130.00 (124.00, 138.00) 130 (126.00, 137.25) 0.621
MCV (1) 84.00 (81.85, 86.70) 84.00 (8190, 87.32) 0637
MCH (pg) 29,00 (27.80, 29.70) 2900 (27.70, 29.80) 0516
MCHC (g/L) 340,00 (332.50, 346.00) 340.00 (332.75, 346.00) 0912
Creatine Kinase (U/L) 74.00 (60.00, 98.00) 7000 (5450, 91.50) 0119
Creatine Kinase MB (ng/ml) 054 (021, 0.90) 0.45 (020, 0.80) 0135
Urine output (ml/24 h) 1300.00 (894.00, 1,755.00) 1300.00 (950.00, 1,748.00) 0.888
Total-Na (mmol/24 h) 12000 (93.06, 170.13) 120,00 (7857, 171.70) 0728
Total K (mmol/24 h) 31.00 (24.86, 39.90) 3000 (2236, 37.59) 0309
Urine specific gravity 102 (101, 102) 102 (101, 1.03) 0016
LVEF (%) 70.00 (67.00, 73.50) 70.00 (66.00, 73.00) 0.674
LVFS (%) 39.00 (36,00, 42.00) 39.00 (36.00, 42.00) 062

24-Hour Holter
Average HR (bpm) 81.00 (75.00, 86.00) 8000 (75.00, 87.00) 0733
SDNN (ms) 150.00 (127.00, 175.00) 150.00 (132.00, 172.00) 0.878
SDANN (ms) 13000 (11000, 151.00) 120,00 (11100, 148.00) 0819
SDNN index (ms) 73,00 (60.00, 87.25) 72,00 (61.00, 88.00) 0961
pnn50 (%) 24.00 (15.00, 33.00) 22.00 (16.00, 32.00) 0.493
bC 710 (627, 801) 720 (646, 7.95) 0687
™ 4200.00 (3,049.80, 5,895.57) 3900.00 (2,99478, 5,596.25) 0172
LEHF 150 (117, 2.06) 160 (124, 2.00) 0367

Head-up Tilt Test
MAP supine (mm Hg) 8100 (75.58, 86.00) 79.00 (75.33, 84.00) 0.188
MAP-ilt (mm Hg) 80.00 (74.67, 85.00) 7800 (73,00, 83.00) 0.154
Change-SBP (mm Hg) 0(~6.00, 400) 0398
Change DBP (mm Hg) -3 (=800, 100) -5 (-9.00, 1.00) 006
Change-HR (bpm) 17.00 (11.00, 24.00) 16.00 (10.00, 24.25) 0.995
Positive reaction time (min) 35.00 (20,00, 35.00) 33,00 (1800, 35.00) 0332
Nitroglycerin (%) 140 (63.6) 78 (59.5) 0515

Type (%)

Typel 86 (39.1) 53 (40.2) 0262
Type2 46 (209) 36 (27.3)
Type3 88 (40.0) 43 (32.6)

Sinus arrest (%) 9 (4.1) 9 (68) 0319

Therapy
Autonomic nerve function exercises (%) | 144 (65.5) [ 76 (57.6) | 0142
ORS (months) | 1.00 (025, 2.00) [ 100 (000, 3.50) | 0029

Drug therapy (%)
Without 158 (71.8) 88 (66.7) 0578
Metoprolol 46 (209) 32.(242)
Sertraline hydrochloride 16 (7.3) 12 (9.1)

Drug therapy duration (months) 0 (0.00, 1.00) 0000, 1.00) 0292

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, average arterial pressure; HR. heart rate; MCV, mean corpuscular volume; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; LVEF, left ventricular ejection fraction; LVFS, left ventricular fraction shortening; SDNN, standarc
deviation of RR intervals in milliseconds; SDANN, Standard deviation of the average RR intervals milliseconds; SDNN index, Mean score of the standard deviations of al
RR intervals in 5-min segments in milliseconds; pnn50, Proportion of pairs of successive RR intervals differing by more than 50 ms divided by the total number of Rk
intervals (percentage); DC, deceleration capacity: TP, total power, the frequency components in heart rate variability; LF/HF, ratio between the low- and higt
frequency Typel type: Type2, type: Type3, mixed type; ORS, oral rehydration salts. Sinus arrest means the children hac
VriCoRe With siiius: arrest diiiing an inshecton n thie Rosaital, “Autonomic here function exarclies doesn't Invoive the use:of MENA.
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Factors at baseline

Univariate model

95% Cl
0999 to 1.011

95% Cl
NA

Multivariable model

NA

0738 0517 to 1052 0093 NA NA NA
0993 0.943 to 1.047 0801 NA NA NA

Medical history 1064 0.986 to 1.149 0111 NA NA NA
Number of syncope 1013 0.926 to 1109 0778 NA NA NA
Family history of syncope 1120 0.68 1o 1.844 0,656 NA NA NA
Hemoglobin 1.001 0.987 to 1.016 0.899 1.004 0.988 to 1.021 0.601
1000 0.997 to 1002 0750 1000 0,996 to 1.003 0769

1002 0953 to 114 0365 1026 0937 to 1.123 0580

MCHC 0991 0.976 to 1.006 0226 0991 0,976 to 1.007 0285
Creatine Kinase 0995 0.989 to 1.000 0067 099 0.99 to 1002 0250
Creatine Kinase-MB 0908 0710 1178 0.469 0951 0.756 to 1.195 0665
LVEF 0.999 0.958 to 1.042 0.969 1.008 0.966 to 1.052 0.705
LVFS 0.997 0.948 to 1.049 0912 1.007 0.957 to 1.06 0778
Urine output of 24h 1000 101010 0889 10 101010 0901
Total Na 1000 0.998 to 1.002 0857 1000 0.998 to 1.002 0990
Total K 1000 10 to 1001 0298 1000 10 to 1001 0258
Urine specific gravity (+0.05) 3455 1232 10 9.691 0018 3000 103 10 8741 0044
Average heart rate 0.999 0.982 to 1.018 0952 1.001 0.979 to 1.024 0912
SDNN 0.999 0.996 to 1.003 0.638 1.000 0.996 to 1.003 0.957
SDANN 1000 0.994 to 1.005 0943 1000 0,994 to 1.006 0919
SDNN index 0998 0,992 to 1.003 0421 0999 0.993 to 1.005 0710
pnns0 0997 0.983 to 1011 0.684 1000 0.987 to 1014 0988
DC 0998 0977 to 102 0863 0994 0882 to 1121 0925
T 1.000 1.0 to 1.0 0343 1.000 1.0 to 1.0 0.154
LF/HF 1.093 0.874 to 1.367 0435 1.123 0.885 to 1.424 0.339
MAP-supine (+10 mmHg) 0775 0.633 10 0.948 0013 0700 0,567 t0 0.869 0001
MAP-tilt (+10 mmHg) 0879 0.734 to 1053 0.161 079 0.654 10 0.969 0035
Change-SBP (+10 mmHg) 1.050 0.879 to 1.254 0.589 1.096 0911 to 1.319 0332
Change DBP (+10 mmHg) 0876 0.714 to 1076 0207 0.863 071 to 1.048 0138
Change HR (+10 bpm) 0863 071 to 1048 0138 0876 0714 to 1076 0207
Positive reaction time (min) 0991 0,976 to 1.007 0272 0993 0,977 to 1.009 0407

i 0816 0592 to 1125 0214 0800 0,578 to 1.109 0181
Type 0820 0.671 to 1004 0054 0820 0,663 to 1015 0.068
Sinus arrest 1354 0.688 to 2.666 0.380 0778 0.296 to 2.046 0611

HR, hazard ratio; 95% Cl, 95% confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, average arterial pressure; MCV, mean corpuscular

volume; MCH, mean

HC, mean

LVEF, left ventricular ejection fraction; LVFS, left ventricula

fraction shortening; SDNN, standard deviation of RR intervals in milliseconds; SDANN, Standard deviation of the average RR intervals milliseconds; SDNN index, Mear
score of the standard deviations of all RR intervals in 5-min segments in milliseconds; pnnS0, Proportion of pairs of successive RR intervals differing by more thar
50 ms divided by the total number of RR intervals (percentage); DC, deceleration capacity; TP, total power, the frequency components in heart rate variability; LF/HF
ratio between the low- and high frequency component; ORS, oral rehydration salts, NA, not available. Sinus arrest means that children had syncope with sinus arrest
during an inspection in the hospital. In multivariable model, adjusted factors included age, sex, body mass index, medical history, number of syncope, family history of

syncope, and therapeutic regimens.
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References ELEH Cut-off values Sensitivity (%) Specificity (%)

(19), Zhang et al. AHR 30 bpm 810 80.0
(20), Song et al. LVEF 70.5% (2 months after treatment) 80 100
70.5% (6 months after treatment) 813 889

LVES 38.5% (2 months after treatment) 900 90.0

37.5% (6 months after treatment) 938 66.7

(21), Tao et al. BRS 10 ms/mmHg 710 830
ABRS 4 ms/mmHg 813 88.9

(22), Kong et al. 24-h urinary NE 3484 ug/24 h 70.0 100
(23, 24), Yuan et al. LIT of Poincaré plot 27 882 828

AHR, the change of heart rate from supine to positive response occurrence during HUTT; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening
fraction; HUTT, head-up tilt test; BRS, baroreflex sensitivity; ABRS, the change of baroreflex sensitivity from supine to positive response occurrence during HUTT; NE,
norepinephrine.
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Initial (N=110)

2 weeks (N=64)

4-8 weeks (N=110)

1 year (N=51)

Coronary artery Z-score

081 (0.02, 1.64)

—0.11 (~080, 0.43)

—0.03 (<051, 0.51)

—0.10 (-0.76, 0.33)

—0.20 (-0.74, 0.32)

—0.30 (~1.00, 0.16)

LCA 040 (-1.23, 1.14) -0.18 (~0.77, 031)

LAD 071 (~0.18, 1.40) ~0.53 (-121,031) ~029 (~1.01-0.43) —0.54 (130, 0.31)
Maximal Coronary artery Z-score 247 428 200 1.90
Absolute number of coronary (mm)

1.80 (1.53, 1.94)

1.83 (1,57, 2.07)

RCA 200 (170, 2.21) 171 (1.41, 2.00)

LCA 230 (2.10, 2.60) 2.20 (180, 2.46) 2.10 (190-2.40) 2.20 (200, 2.40)

LAD 1.80 (1.60, 2.00) 1.70 (1.31, 1.90) 1.7 (1.50, 1.80) 1.60 (1,50, 1.90)
Presence of coronary ectasia 26 (23.6%) 5 (7.8%) 1(09%) 0
Presence of coronary aneurysm 0 4(62%) 0 0
MACE report 0 0 0 0
Functional class T 64 (100%) 110 (100%) 90 (100%)

Data is shown as n (%), median (interquartile range.
*Number of patients who had clinical follow-up at 1 year, N = 90
LCA: 18t main coronary ariery: LAD. left anberior: descanding arteny: RCA. fight coranany arteny: MACE. msior acverss cardiac sverits.
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Maximal coronary Number of Maximal coronary

artery Z-score patients artery Z-score
at 8-week
echocardiography
<2
<2 84 84 (100%) 0 0
2249 26 25(962%) | 1 0
(3.8%)
2-week 64
echocardiography
<2 55 55 (100%) 0 0
2249 5 5 (100%) 0 0
25-5 4 4 (100%) 0 0
1year 51
51 50 (98%) | 102%) | 0

Data is shown as n (% in the row).
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Maximal coronary Number of Maximal coronary

artery Z-score patients artery Z-score
at 8-week

echocardiography

2249 18 17 1 0

(944%) | (5.6%)

2 week 31

echocardiography

<2 26 26 (100%) | 0 0

2249 2 2(100% | 0 0

25-5 3 3(100%) | 0 0

1-year echocardiography 24

<2 2 24 (100%) | 0 0

Data is shown as n (% in the row).
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Maximal coronary Number of | Maximal coronary artery
artery Z-score patients Z-score
at 8-week
echocardiography
<2
42 (100%)
2-249 8 (100%)

2-week echocardiography
<2 29 (100%)
3 (100%)

1(100%)

27 27 (100%) 0 0

Data is shown as n (% in the row).
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Variables Total (n=110)

Age at diagnosis (months) 23(2,39)
Weight at diagnosis (kg) 1223 %501
BMI 1610 =224
Male sex 66 (60%)
Incomplete KD 50 (45.5%)
Lack of IVIG treatment 4(3.6%)
Timing of IVIG treatment
<10 days of fever 99 (90%)
>10 days of fever 7 (63%)
Onset of fever received IVIG (day) 660 =210
Retreatment with second IVIG 4(3.6%)
Receiving adjunctive anti-inflammatory medication 4(3.6%)
Het (%) 3099372
WBC (/mm’) 17,064 = 5,249
Platelet (/mm’) 44,0411 + 14,9018
ESR (mm/hr) 72,60 + 2928
CRP (mg/l) 111292
ALT 76107
Albumin 350051
Presence of sterile pyuria 12 (10.9%)
Initial Z-score of coronary artery
RCA 081 (0.02, 1.64)
LCA 040 (~0.12, 1.14)
LAD 071 (~0.38, 1.40)
Presence of initial coronary ectasia (Z-score 2-2.49) 26 (23.6%)

Data presented as n (%), mean + SD, and median (interquartile range).
KD, Kawasaki disease: IVIG, intravenous immunoglobulin; LCA, left main coronary
artery; LAD, left anterior descending artery; RCA, right coronary artery; WBC, white
blood cell; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ALT,
alanine aminotransferase
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Total pediatric patients with diagnosis of KD
in July 2017- December 2020 at Siriraj Hospital, Phrapokklao Chanthaburi
Hospital, Nakhon Pathom Hospital and Chao Phraya Yommarat Hospital,
Thailand.
(n=200)

Patients who had KD without CAA on mitial
echocardiography
(n=144)

Excluded:
Incomplete data (n = 32)
Underlying CHD (n= 2

in the study

Eligible patients who had KD withoutinitial CAA
(n=110)

! e I}
No coronary involvement
(Maximum coronary artery Z-score < 2
on nitial echocardiography)
(n=284)

Coronary ectasia
(Maximum coronary artery Z-score 2 —2.49
on initial echocardiography
=
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Age (years) at first TGFf

(mean £ SD)

55+38

Age group (n, %)

0-24 months

4(36.4)

2-11 years

6 (545)

12-14 years

100

15-18 years

0(00)

Sex (n, %)

Female

3(273)

Male

8 (72.7)

FBNI positive (n, %)

11 (100.0)

Ghent criteria positive (1, %)

11 (100.0)
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Patient group

Age (years) at TGFp measurement (mean = SD)

MFS

6156

Control
(n=125)
94+57

Age group (n, %)

0-24 months

11 (355)

22(176)

2-11 years

14 (452)

43 (34.4)

12-14 years

1(32)

30 (24.0)

15-18 years

5(16.1)

30 (24.0)

Sex (n, %)

Female

15 (48.4)

53 (42.4)

Male

16 (51.6)

72 (57.6)

FBNI positive (n, %)

31 (1000)

0 (0.0)

Ghent criteria positive (1, %)

20 (64.5)

0 (0.0)
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ariable perce
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SBP percentile -

DBP percentile 0.38° -

BMI percentile 035 0.13 -

WHIR percentile 036¢ 0.11° 0.76° -

800 mR percentile —0.22° —008 —0.26¢ —0.29¢ -

SLJ percentile —0.08 —0.20¢ —o.15b —0.19¢ 0.27¢ -

1 mSU percentile —0.15% —0.14> —0.16" —0.25¢ 0.44° 0.36° -

S&R percentile 0.10 —0.02 —011° —0.09 0.06 031° 0.12°

Data are summarized as r-value (p-value). The significant level is indicated as follows: *p-Value > 0.01-< 0.03, ®p-Value > 0.001- < 0.01, p-Value < 0.001.
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Variables Normotensive Elevated blood Hypertensive p-value®

subgroup pressure subgroup subgroup
Patients =77 n=37 n = 146

Demographic measures

Gitls (n) 180 (50.0) 89 (50.3) 17 (45.9) 74 (50.7) 0.956

Age (years) 10.0 (0.8) 10.1(0.8) 10.0 (0.9) 10.0 (0.9) 0.586

Anthropometric measures

BMI (kg/m?*) 18.8 (3.9) 17.4 (3.1)° 182 (3.0)¢ 20.5 (4.4)>¢ < 0.001
BMI percentile (%) 603 (31.8) 495 (30.5)° 60.4 (322 733 (282)¢ <0.001
WHR 0.46 (0.06) 0.4 (0.05)° 045 (0.05)° 049 (0.07)>¢ <0.001
WHIR percentile (%) 47.0(32.3) 37.4(296)° 44.6 (30.0)° 593 (32.1)"¢ <0.001

Physical fitness parameters

800 mR (s) 306.9 (70.3) 2982 (61.5)° 2914 (51.2)° 3218 (81.5)¢ 0.004
800 mR percentile (%) 51.0 (27.6) 53.9 (26.2)° 57.4 (23.8) 459 (29.4)° 0.012
SLJ (em) 137.1(25.9) 141.1 (25.8)° 137.6 (26.7) 132.1(25.2)° 0.008
SLJ percentile (%) 57.5(30.5) 61.2(29.8)° 55.8 (33.8) 51.8 (29.6)° 0.006
1 mSU (times) 27.8(89) 288 (9.0)° 293 (9.1) 262 (8.7)° 0018
1 mSU percentile (%) 58.9 (27.6) 62.5 (27.0)° 627 (25.6) 537 (28.1)° 0011
S&R (cm) 27.8(8.5) 255 (8.1) 258 (11.0) 25.8(8.5) 0.944
S&R percentile (%) 45.7 (272) 453 (26.6) 479 (32.7) 456 (26.6) 0.866

Blood pressure measures

SBP (mmHg) 111.7 (14.5) 101.3 (7.7)° 110.4 (9.0)>¢ 124.5 (11.4)°¢ < 0.001
SBP percentile (%) 68.3 (28.9) 53.8 (24.6)° 81.2 24.1)°¢ 94.5 (12.2)"¢ <0.001
DBP (mmHg) 63.1(122) 569 (8.4)° 63.3 (9.7)b¢ 70.5 (12.6)¢ <0.001
DBP percentile (%) 53.3(29.3) 39.1 (24.8)° 58.0 (27.4)b¢ 71.5 (27.0)b¢ <0.001

Data summarized as mean (standard deviation) or 7 (%) as appropriate.

*Data were compared using one-way analysis of variance with post hoc Tukey’s honestly significant difference tests or Mantel-Haenszel test for trend as appropriate.

bp-Value < 0.05 when the variable in the normotensive subgroup was compared with the elevated blood pressure or hypertensive subgroup.

©p-Value < 0.05 when the variable in the elevated blood pressure subgroup was compared with the hypertensive subgroup.

BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SR, sit and reach; SL, standing long jump; WHER, waist/height ratio; 1 mSU, 1-min sit and ups; 800 mR,
800-m run.
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Overall,

N=1377"

Infection
disease
N=1,190°

AGE(years- | 100 (1.00, 200) | 100 (100, 2.00) | 1.00 (100, 2.00) |  0.003
ld)
844 (61%) 723 (61%) 121 (65%) 0303
95(68,136) | 89 (66,125 | 150(108,182) | <0.001
117 (110, 123) | 18 (112,125) | 110 (103, 116) | <0001
35.60 3580 3360 <0001
(3370,3750) | (3400,37.80) | (3170, 35.55)
80(78,83) | 80 (78,83) 8178, 84) 0035
27.00 27.00 (2522, 27.00 0787
(25.60, 27.60) 27.58) (2575, 27.65)
MCHC 328 (321,336) | 329 (321,336) | 327 (319,334) | 0028
PLT(x10°]) | 296 (228,377) | 281 (222,363) | 366 (306, 435) | <0.001
MPV 960 960 (903, | 970 (920,1020) | 0205
(9.10, 10.20) 10.10)
PDW 990 9.90 990 (9.10, 11.10) | 0434
(9.00, 11.00) (9.00, 11.00)
MO 0.6 (0.45, 094) | 065 (0.45, 093) | 0.69 (0.49,0.98) | 0,052
ESR(mm/h) | 22(12,43) | 20 (11, 33) 69 (48, 86) <0001
ALT(U/) 17 (14, 24) 17 (13, 22) 34 (17, 86) <0.001
ALB(gl) | 423 (393, 448) | 428 (404, 453) | 365 (330,392) | <0001
AST(UI) 10(62,49) | 41349 34 (26,52) <0001
NLR 125 (0,67, 2.56) | 112 (062, 2.18) | 2.58 (153, 465) | <0.001
PLR | s e0120) | s2058,122) | 107 (9,158 | <0001
CLR 4,12 319 18 (10, 39) <0001
CPR 5302167 | 45(10,153) | 123(42,392) | <0001

KD, Kawasaki disease; WBC, white blood cell count; HGB, hemoglobin; HCT,

Hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular
r MCHC, mean : PLT, platelet
count; MPV, Mean platelet volume; PDW, Platelet distribution width; MO,
Monocyte; ESR, erythrocyte sedimentation rate; ALT, alanine aminotransferase;
ALB, albumin; AST, aspartate NLR, yte
atio; PLR, platelet-to-lymphocyte ratio; CLR, C-reactive protein to lymphocytc
ratio; CPR, C-reactive protein to procalcitonin ratio.

*Median (IQR) for quantitative data, n (%) for qualitative data.

"Mann-Whitney U rank sum test analysis of quantitative data; Pearson's Chi-
scasrad Sesr analveis of cuislitative dits.
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logit(p) = —12.438 — 0.189 x BMI + 0.389 x hematocrit
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Wald

OR

95% Cl

p-value
Body mass index | ~0.189 | 0.094 = 4046 | 0827 | 0.688-0995 0.044
(kg/m’)
Hematocrit (%) | 0.389 | 0104 | 13933 | 1475 | 1203-1809 | <0.001
Constant, 12438 | 3987 | 9734 | — — 0.002

Cl confidence interval: SE standard errc

R odds ratio.
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Red blood cell count (10'%/L)

Tolerance

0.155 6.465
Hematocrit (%) 0.108 9266
Hemoglobin (g/L) 0139 7173
Age (years) 0561 1783
Body mass index (kg/m’) 0795 1257
Gender 0.727 1.376

VIF. variance inflation factor.
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Ineffective, | Effective,

N=47 N=46

Age (years)® 10.00 (800~ | 1200 (825~
1250) 13.00)

Gender”
Male 14 (30%) 21 (46%)
Female 33 (70%) 25 (54%)
Pretherapy symptom score 1.00 (1.00-100) | 100 (100~ | 0285
(points)” 1.25)
Symptom score at the end of 1.00 (1.00-1.00) 0.00 (0.00- <0.001
follow-up (points)* 0.00)
Duration of therapy (months)® | 3.00 (200-3.00) | 300 (200~ | 0847

3.00)

Body mass index (kg/m?)" 1744 1569~ | 1641 (1550~ | 0341
19.38) 19.15)

Pretherapy heart rate (bpm)* 76 (71-87) 75(71-85) | 0.744

Pretherapy systolic blood pressure | 105 (98-112) | 104 (97-115) | 0.881
(mmHg)*

Pretherapy diastolic blood pressure 62(8)
(mmHg)*
Pretherapy red blood cell count 4.66 (0.35) 4.90 (0.36) 0.002
(10"71)°

Pretherapy hemoglobin (/L)° 135 (9) 142(10) | 0001
Pretherapy hematocrit (%)° 3940 266) | 4156 (249) | <0.001
Pretherapy mean corpuscular 84.8 (82.4-86.7) 84.2 (82.2- 0.620
volume ()" 883)
28.86 (1.19) 28.97 (1.26)

62 (8)

Pretherapy mean corpuscular
hemoglobin (pg)°

Pretherapy mean corpuscular
hemoglobin concentration (g/L)*
Pretherapy red blood cell 1259 (058) | 1281 (0.67) | 0099
distribution width (%)°

342 (336-348) | 342 (334-347)

*Median (interquartite range): U test.
°N (%) 2° test
“Mean (SD): t-test.
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Factor ® Notsig. ® Protecive ® Risk

P Value  OR (95% C1) Odds|Ratio
MO <0001 0.19(0.09-0.34)

ALB <0.001 0.78(0.72-0.84) ]

CPR  <0.001 11-1)

ALT <0001 1.01(1.01-1.02) ]
CLR <0001 1.04(1.02-1.05) 3
ESR  <0.001 104(103-1.06) I
WBC  <0.001 1.24(117-131) e

oo o5 10
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Full model Parsimonious model

Variables 95% Cl p-Value? 95% Cl p—Valueb
SBP percentile
BMI percentile 0.167 0.037-0.296 0.012 2363 0.162 0.033-0.291 0014 2347
WHIR percentile 0.161 0.032-0.291 0015 2445 0.171 0.044-0.299 0.009 2385
800 mR percentile —0.098 ~0.209-0.013 0.083 1319 —0.120 —0.222-0.019 0.020 1.098
SLJ percentile —0.021 ~0.120-0.078 0675 1285 Not significant
1 mSU percentile —0.043 —0.156-0.071 0461 1.367 Not significant
S&R percentile 0.146 0.043-0.250 0.006 1113 0.136 0.037-0.231 0.007 1.013
R =0.173 R*=0.171
DBP percentile
BMI percentile 0.115 —0.033-0.263 0.127 2363 Not significant
WHIR percentile —0.025 —0.173-0.123 0742 2444 Not significant
800 mR percentile 0.031 —0.096-0.159 0.628 1.322 Not significant
SLJ percentile —0.177 ~0.261-0.063 0.002 1282 —0.197 —0.298—0.097 < 0.001 1.000
1 mSU percentile —0.093 —0.223-0.036 0.158 1.364 Not significant
S&R percentile 0.058 —0.060-0.177 0335 1.110 Not significant
R>=0.058 R =0.040

*All anthropometric and physical fitness variables were included for multivariable linear regression models.
b All anthropometric and physical fitness variables were included for multivariable linear regression models with manual selections.
CI, confidence interval; VIE variance inflation factor.
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Country No of documents as first h-index
or last institution
Liverpool John Moores University
Macao Polytechnic Institute
Hong Kong Baptist University

University of Zaragoza

University of Lleida
Hebei Normal University
China Institute of Sport Science

Liaoning Normal University

Beijing Sport University

University of Macau

Mo ianber of bublications: N& riimber of citations: N, swsrace Rmier of Gtations per plbbeation.
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Location

People’s Republic of China 457 24 19,04 12
England 416 20 20,80 12
USA 406 20 20,30 8
Spain 245 15 16,33 7
Italy 107 8 13,38 5
Australia 58 7 829 4
Germany 86 7 12,29 5
France 70 5 14,00 4
Austria 47 4 11,75 3
Canada 134 4 33,50 3

Np, number of publications; Nc, number of citations; Na,

.

average number
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Author First Last Co-
index | author | author | author

Nie, JL.
George, K.
Reverter-Masia, |.
Legaz Arrese, A.
Tong, TK.

Shi, Q.D.
Lopez-Laval, L.
Zhang, HE.
Cirer Sastre, R.

Tian, Y.
Fu, F.

Np, number of publications: Nc, number of citations.
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Compound Mean concentration ~Mean concentration  Cliff's Delta® value of p qg-value®

[SD] Control group [SDI] Burn injury (univariate)
group
Glutamine: glutamate ratio 2190 (2762) 5.565 (3595 056 0.0003%+% 0004
Glutamine 0503 [0.090] 0,638 (0.100) 053 530x107% 5.88x1074%
Alanine 0278 [0.058] 0,348 [0.095) 0.8 00017+ 0013
Glyea: 4386x10° 4518x 10° 045 0,037+ 0.104
Creatine 0046 [0017] 0.054[0.009) 037 0017+ 0097
Phenylalanine 0034 [0.043] 0,039 [0.020) 035 0.022¢ 0,098
Glucose 4607 [0962] 4.966 [1.179) 034 0.027% 0.106
Glycbs 0.986x10" 0.110x10°] 1087 % 10° [0.174 % 10°] 031 278x10-4% 0.016¢
3-D- Hydrosybutyric acid 0086 [0278] 0.061[0.299) ~030 0047+ 0150
Glutamate 0213 [0.108] 0.101(0.077) -055 380x1074+ 5.88x1074%

‘Ranked in order of the magnitude of the CIffs Delta statsti
Walue of p corrected for multiple testing (FDR, BH), *p <0.05, **p<0.01, **#p<0.001.
GlycA (a-1-acid glycoprotein signal A) and GlycB (a-1-acid glycoprotein signal B) are imputed integrals of spectral peaks.
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Pediatric patients Ichida F | Wald R | Koh C et al. | Brescia ST | Wang Cetal. ( ) van Waning JI Sabatino
8 J

etal. etal. () etal () o 2 etal. ()
@) 3 Infanitile | Juvenile etal. ()

type type
Number of patients 27 10 242 108 97 52 23
Male patients, 7 (%) 15 (56%) 7 (70%) 145 (60%) | 59 (55%) | 51 (53%) - 20 (69%) | 12 (52%)
Age range, years 1-15 0.019-12 03-139 0-1 1-15 0-15 0.08-1.3 0-18
Length of follow-up (median) | 17 years | 16 years 8 years 4 years 35 years | 5.9 years 4. years 68 years | 5.4 years
Age at diagnosis (median) - 3.9 years — 72469 years | 27 months | 7.3 years — 0-1 years —
Family history of 12 (44%) | 18% - 33(14%) | 37 (34%) | 36 (37%) 8 (15%) 9(31%) | 3(13%)
cardiomyopathy
Death in follow-up 2 (7%) 14% 3 (30%) 31013%) | 14(13%) | 9 (10%) 8 (15%) 14 (48%)

Clinical characteristic (at the time of diagnosis)

Asymptomatic - - 1.(10%) 89 (37%) | 21(19%) | 52 (54%) 9 (17%) =
Heart failure 6 (22%) 8 (80%) 60 (25%) | 65(60%) | 22 (23%) 13 (27%) 24 (83%)
Arthythmia 6 (22%) 3 (30%) 80 (33%) 9(8%) | 11(11%) 9 (17%) —
Thromboembolism 2 (7%) 0(0%) = 5(5%) 5(5%) 2(4%) =
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Treatment methods, indications and contraindica

patients complicated with thromboembolism

‘Thromboembolism

Indications

Anticoagulation therapy
3

Cardiac systolic function decreased
Left ventricular ejection fractions40%
thromboembolism
History of atrial fibrillation

Treatment methods

1.Thrombolytic therapy
2.Anticoagulation therapy

Contraindications

and thrombolytic therapy
13

Uncontrollable hypertension
Intracranial tumor
Recent active visceral bleeding.
Recent surgical history
Suspected aortic dissection

ns of LVNC
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Treatment methods, indications and contraindications of LVNC

patients complicated with arrhythmia

Arthythmia

(==

\w \‘“

WY

| | i
’W\M

Indications

Implantable Card'nverter defibrillator

Left ventricular ejection fractions35%
Perslslem ventricular tachycardia
of cardiac arrest

story
i ohier Sagea o iy gumetio diseisss

Radiofrequency ‘ll:a(heler ablation

il flutter or atraltachycardia
ff-Parkinson-White syndrome

Frequent venlncular premature contractions, poorly

controlled by drugs

Treatment methods

1.Antiarrhythmic drug
. gl(a is: dlgoxm

S

I blo
+ Breceptor blocker: Eroprannlol

3 Radiofrequency cathe(er ablation

Contraindications

Digitalis: digoxin

Wolff-Parkinson-White syndrome
structive cardiomyopathy
Atrioventricular block

B-receptor blocker
Hypotension
Cardiogenic shock
Bronchial asthma
Radiofrequency catheter ablation
Infection at puncture site

Mural thrombus of ventrium
Severe bleeding tendency
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Treatment methods, indications and contraindications of LVNC

patients complicated with heart failure

Heart failure Treatment methods

1.Medication treatment
« B-receptor blocker
+ Sacubitril/Valsartan
Diaed glncose 2
Varkicle 2left ventricular assist dev
3.Cardiac lesym:hvonizalinn lhelapy
4.Heart transplant

Normal text

Indications Contraindications.

Left ventricular assist device

jenic shock Left ventricular assist device
left heart failure

Unconalabl fatst ariykimia Severe obstructve pulmonary disesse
Maintenance before heart transplantation Infective endocarditis
ticemia
Cardiac resynchronization therapy Disorder of coagulation mechanism

Complicated with malignant tumor
Ischemic or non-ischemic cardiomyopathy

Anti-heart failure drugs are ineffective Heart transplant
Left ventricular sjection fractions35%
Time limit of QRS complex 2120 ms Uncontrollable hypertension
Complicated with severe viscera injury
Heart transplant Severe vascular dis
Pulmonary | hynenenslon

The end-stage heart failure, medical treatment is ineffective Malignant tumour
Serious complcations. (Serious aythmia) , and other treatments are Pathological obesity
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Metabolic syndrome and at No metabolic OR (95%Cl) P-value

risk of metabolic syndrome, n syndrome, n (%)

(%)
Presence of acanthosis nigricans 26 (68.4) 461 (52.0) 222(1.09, 4.52) 0.028
Absence of acanthosis nigricans 12 (31.6) 425 (48.0) 1

Adjusted for gender, ethnicity, and strata.
OR, odds ratio; CI, confidence interval.
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Weight status change Incident rate Model 1 Model 2 Model 3
f LVH (%)
° 4 OR (95% CI) OR (95% CI) OR (95% Cl)

Reference

Persistent normal weight ( = 632) Reference Reference

Reversal to normal weight (n = 69) ¥ 0.82 (0.25, 2.76) 0.78 (0.23, 262) 0.76 (022, 2.55)
Incident overweight ( = 114) 322 (172, 6.04) 331 (176, 6.23) 334 (177, 6.30)
63) 5.18 (3.37, 7.99) 5.21 (3.38, 8.04) 5.14 (3.33, 7.95)

Persistent overweight (i

Cl, confidence interval; OR, odds ratio.
Model 1: Adjusted for sex, age at baseline.

Model 2: Model 1 +additionally adjusted for sleep duration, physical activity, intake of fruit/vegetables, intake of carbonated drinks and parental education levels at baseline.
Modd % Modd 2+ sdditionslly sdiused fir sleep duration; physical scifvity. Intake of Friitiveantables, and totaks of cirtbonsted deinks s Elow-ap.





OPS/images/fpubh-11-1097675/fpubh-11-1097675-t005.jpg
Metabolic syndrome BMI z-score

components

p-value
Systolic blood pressure —0.0002 0.995 0.029 0.377 0.017 0.604
(mmHg)
Diastolic blood pressure 0.003 0.921 0.002 0.952 0.032 0.334
(mmHg)
Fasting plasma glucose 0.068 0.040 0.0648 0.049 0.036 0.278
(mmol/L)
Triglycerides (mmol/L) 0.197 <0.001 0.252 <0.001 0211 <0.001
HDL-C (mmol/L) —0.177 <0.001 —0.174 <0.001 —0.155 <0.001
HOMA-IR index 0424 <0.001 0472 <0.001 0414 <0.001
TG:HDL-C ratio 0.240 <0.001 0.283 <0.001 0.241 <0.001

Spearman’s correlation.
BMI, body mass index; WC, waist circumference; PBE, percentage of body fat; HDL-C, high-density lipoprotein cholesterol.
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Model 2 Model 3

Weight status change Model 1
M + SD [iad M +SD M+ SD il

2841+7.02 2846+7.64 Reference
Reversal to normal weight (1 = 69) 28412375 28445414 2851+4.28 0912
3047+3.75 3057 459 3063+4.74 <0.001
3149583 3156+6.24 <0.001
<0.001

Persistent normal weight (n = 632) 2833+3.74

Incident overweight ( = 114)
Persistent overweight (= 363) 3143375
> <0001 <0.001

Model 1: Adjusted for sex, age at baseline.
Model 2: Model 1+ additionally adjusted for sleep duration, physical activity, intake of fruit/vegetables, intake of carbonated drinks and parental education levels at baseline.

Model 3: Model 2 + additionally adjusted for sleep duration, physical activity, intake of fruit/vegetables, and intake of carbonated drinks at follow-up.
“Pvalue for difference in LVMI levels across four groups of weight status change.
b vl S dVareaion B KT Lovals: batwaeei the pocsistit cctial wilkht grovs iind S spacle: o
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Obe OR (95%
a g pla a ota olestero g eride D) 0 o
glucose 6 o o)
o
Overweight 1 1 1 1
Obese 1.20 (0.41,3.51) 1.01 (0.61, 1.67) 2.90 (148, 5.69)° 1.91 (1.38, 2.62)°
Severely obese 3.27 (1.12,9.55)* 0.70 (0.35, 1.42) 3.50 (1.61,7.64)° 2.65(1.77,3.98)°
Obesity status OR (95%CI)
LDL-C (>3.36 mmol/L) Presence of acanthosis nigricans Insulin resistance according to At risk of metabolic syndrome and
pubertal stages metabolic syndrome
Overweight 1 1 1 1
Obese 1.26 (091, 1.74) 353 (2.57, 4.85)° 337 (237, 481)° 6.03 (176, 20.60)>
Severely obese 1.46 (0.96, 2.22) 13.49 (8.26, 22.04)° 14.35 (8.84, 23.30)° 14.03 (3.97, 49.54)°

Multivariate logistic regression (adjusted for gender, ethnicity, and strata).
*Significant at p < 0.05; *Significant at p < 0.01; “Significant at p < 0.001.
OR, 0dds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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aracteristics (%)/(M + SD) Change of weight status

Persistent Reversal to Incident Persistent

normal weight normal weight overweight overweight
Baseline (2017)
Age (years) 32 1. 8416 89+13 78115 82:16
Sleep duration (h/day) 3= 9305 93405 94+05 9305
BMI (kg/m’) 7 %1, 157+13 197 +1.7% 168+ 1.1% 209+24*
LVMI (g/m™’) 43 267+33 27.1%37 27.4%3.0 289+38"
£ I N — S
Male 623 (52.9) 311 (492) 35 (50.7) 65 (57.0) 22(84) |
Female 555 (47.1) 321 (508) 34 (49.3) 49 (43.0) 151 (416) |
Physical activity
<1 h/day | 974 (82.7) 522 (82.6) 50 (72.5) 99 (86.8) 303 (83.5)
1 hiday | 204 (17.3) 110 (17.4) 19 (27.5) 15 (132) 60 (165)
Intake of fruits/vegetables
<5 times/day 354 (30.1 189 (29.9) 30 (43.5) 29 (254) 106 (292)
25 times/day 824 (699) 443 (70.1) 39 (56.5) 85 (746) 257 (708)
Intake of
<1 time/week | 1,109 (94.1) 597 (945) 63 (91.3) 109 (95.6) 340 (937)
>1 times/week 69 (59) 35 (5.5) 6(8.7) 5 (44) 23 (63)
Father's education
Junior high and below 259 (22.0) 132 (20.9) 15 (21.8) 27 (237) 85 (234)
High school 385 (32.7) 221 (350) 19 (27.5) 36 (316) 109 (30.0)
College and above 534 (45.3) 279 (44.1) 35 (50.7) 51 (44.7) 169 (46.6)
Mother's education
Junior high and below 328 (27.8) 172 (27.2) 21 (30.4) 34 (29.8) 101 (27.8)
High school 353 (300) 203 (32.1) 17 (247) 25 (219) 108 (29.8)
College and above 497 (422) 257 (40.7) 31 (449) 55 (483) 154 (42.4)
Follow-up (2021)
Age (years) 122515 123515 128513 117%14% 121£15
Sleep duration (h/day) 5+ 8510 8110 8709 8510
BMI (kg/m?) 8+2. 180+1.9 202212 22216 253229
LVMI (g/m*’) .5+ 3. 283435 286+33 304+32° 315+45"
Physical activity
<1 h/day 362 (307) 212 (335) 17 (246) 38 (333) 95 (262)
>1 hiday 816 (69.3) 420 (665) 52 (754) 76 (66.7) 268 (738)
Intake of
<5 times/day 268 (22.8) 144 (228) 24 (348) 19 (167) 81.(223)
25 times/day 910 (77.2) 488 (77.2) 45 (65.2) 95 (833) 282 (77.7)
Intake of
<1 time/week | 91 (84.1) | 543 (85.9) [ 59 (85.5) | s [ 2563 [ 0253
21 times/week | 187 (159) [ 8 (14.1) [ 10 (145) [ s | easn |

*P < 0.05 vs. persistent normal weight.
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Features Overweight (n Obese (n = 403), n (%)

‘Waist circumference 126 (35.5) 343 (85.1) 166 (100.0) <0.001
(cm) 290™ percentile

Percentage body fat, 32.2(4.8) 39.8 (4.4) 45.5 (42) <0.001°
mean (sd)

Hypertension (>130/85 0 2(0.5) 3(1.8) 0.032
mmHg)

Fasting plasma glucose 6(1.7) $(2.0) 9(5.4) 0.027
(5.6 mmol/L)

Total cholesterol (5.2 32(9.0) 37(9.2) 12(72) NS
mmol/L)

Triglycerides (>1.7 12 (3.4) 36 (8.9) 17 (10.2) 0.002
mmol/L)

HDL-C (<1.03 mmol/L) 87 (24.5) 149 (37.0) 71(42.8) <0.001
LDL-C (>3.36 mmol/L) 89 (25.1) 118 (29.3) 52(31.3) NS
Presence of acanthosis 111 (31.3) 237 (58.8) 139 (83.7) <0.001
nigricans

Insulin resistance by 63 (19.6) 158 (43.2) 107 (72.8) <0.001
pubertal stage

TG:HDL-C ratio, mean 0.78 (0.45) 0.98 (0.56) 1.02 (0.50) <0.001*
(sd)

Metabolic syndrome 1(0.3) 11(2.7) 8(4.8) <0.001
At risk of metabolic 2(0.6) $(2.0) 8(4.8)

syndrome

Chi-squared test.

*One-way analysis of variance (ANOVA).
NS, not significant; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
Insulin resistance is calculated using the homeostatic model assessment for IR (HOMA-IR).
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eatures

Overweig|

((n=525)

Severely
(n = 166)

Anthropometric measures

BMI (kg/m?), median
(p25,p75)

204 (195, 21.3)

24.0(22.9,25.7)

29.1(273,31.3)

<0.001

23.2(208,25.9)

BMI z score median
(p25, p75)

153 (1.29, 1.78)

244 (221,2.74)

3.49 (3.24,4.01)

<0.001

2.23 (169, 2.83)

‘Waist circumference
(em), median (p25, p75)

66.6 (634, 71.0)

77.0(72.9,81.2)

87.2 (814, 94.4)

<0.001

743 (68.0,81.2)

Percentage of body fat
(%), median (p25, p75)

32.6 (288, 35.7)

39.8 (367, 42.6)

45.7 (43.2,48.3)

<0.001

37.8 (333, 42.8)

Clinical measures

Blood pressure

Systolic (mmHg),
median (p25, p75)

100.0 (91.0, 105.0)

100.0 (92.0, 104.0)

1009 (91.0, 105.0)

NS

100.0 (92.0, 104.0)

Diastolic (mmHg),
median (p25, p75)

60.0 (57.0, 69.0)

61.0 (5.0, 69.0)

60.0 (57.8,69.0)

NS

60.0 (57.0, 69.0)

Biochemical profile

Fasting plasma glucose
(mmol/L), median (p25,
»75)

47 (4.5,49)

47 (45,49)

47(45,5.0)

NS

47 (45,49)

Total cholesterol
(mmol/L), median (p25,
p75)

4.1(3.7,4.6)

4.1(3.7,4.6)

4.0(3.6,4.5)

NS

4.1 (37, 4.6)

Triglycerides (mmol/L),
median (p25, p75)

0.7 (0.5, 1.0)

09(07,1.2)

09(07,1.2)

<0.001

0.8(0.6, 1.1)

HDL-C (mmol/L),
median (p25, p75)

11(10,13)

11(09,12)

1.0(09,1.2)

<0.001

1.1(09,12)

LDL-C (mmol/L),
median (p25, p75)

2.8(24,3.3)

2.8 (2.4,34)

29 (2.4,5.4)

NS

28 (24,

.4)

NS, not significant; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.






OPS/images/fped-12-1371286/crossmark.jpg
(®) Check for updates.





OPS/images/fpubh-11-1097675/fpubh-11-1097675-t001.jpg
eatures Overweight (n Severely obese (n Total (N = 924)
Total (%) 38.4 43.6 18.0 - 100.0
Sociodemographic
Age
Overall, mean = SD 9909 9.9+08 9709 0.009 9.9+08
<10 years old, 9.0(8.6,9.6) 9.3(8.8,9.7) 8.9(8.6,9.4) 0.024 9.1(8.7,9.6)
median (p25, p75)
>10 years old, 10.6 (103,10.9) 10.5 (102, 10.8) 10.5(10.2,10.7) NS 10.5 (103, 10.8)
median (p25, p75)

Gender, n (%)

Boys 159 (44.8) 212 (52.6) 114 (68.7) <0.001 485 (52.5)
Gitls 196 (55.2) 191 (47.4) 52 (31.3) 439 (47.5)
Pubertal status, n (%)

Boys

Pre-pubertal 137 (85.6) 191 (90.5) 98 (86.0) NS 426 (87.8)
Pubertal 23 (14.4) 20(9.5) 16 (14.0) 59(122)
Girls

Pre-pubertal 137 (85.6) 191 (90.5) 98 (86.0) NS 426 (87.8)
Pubertal 23 (14.4) 20(9.5) 16 (14.0) 59(12.2)
Ethnicity, n (%)

Malay 263 (74.1) 301 (74.7) 133 (80.1) NS 697 (75.4)
Chinese 46 (13.0) 53(13.2) 16 (9.6) 115 (124)
Indian 41 (11.5) 42(10.4) 13 (7.8) 96 (10.4)
Others 5(1.4) 7(17) 4(24) 16 (1.7)

School location, n (%)

Urban 186 (52.4) 242 (60) 96 (57.8) NS 524 (56.7)
Rural 169 (47.6) 161 (40) 70 (42.2) 400 (43.3)

NS, not significant; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Full model Parsimonious model

Variables Exp(B) 95% ClI p-value? Exp(B) 95% ClI p-value®
Hypertension
BMI percentile 1.019 1.007-1.030 0.001 2363 1.024 1.016-1.032 <0.001 1.024
WHIR percentile 1.006 0.995-1.017 0271 2445 Not significant
800 mR percentile 0.999 0.990-1.009 0.909 1319 Not significant
SLJ percentile 0.993 0.984-1.001 0.090 1.285 0.992 0.985-0.999 0.042 1.024
1 mSU percentile 0.995 0.985-1.004 0.266 1367 Not significant
S&R percentile 1.006 0.997-1.015 0.168 1113 Not significant

R =0.187 R =0.170
Systolic hypertension
BMI percentile 1.018 1.006-1.031 0.003 2363 1.023 1.015-1.032 <0.001 1.072
WHIR percentile 1.007 0.996-1.018 0229 2445 Not significant
800 mR percentile 0.993 0.984-1.003 0.174 1319 0.990 0.982-0.999 0.031 1.072
SLJ percentile 0.997 0.988-1.005 0.462 1.285 Not significant
1 mSU percentile 0.996 0.986-1.006 0.456 1367 Not significant
S&R percentile 1.010 1.001-1.019 0.038 1113 Not significant

R =0.192 R =0.169
Diastolic hypertension
BMI percentile 1.015 0.998-1.031 0.077 2363 1.012 1.001-1.023 0.029 1.023
'WHIR percentile 0.996 0.981-1.011 0.626 2.445 Not significant
800 mR percentile 1.003 0.990-1.016 0.658 1319 Not significant
SLJ percentile 0.984 0.972-0.995 0.006 1.285 0.982 0.972-0.992 0.001 1.023
1 mSU percentile 0.995 0.982-1.007 0.396 1.367 Not significant
S&R percentile 0.997 0.985-1.009 0.626 1113 Not significant

R2=0.104 R =0.098

“All anthropometric and physical fitness variables were included for multivariable binary logistic regression models.
b All anthropometric and physical fitness variables were included for multivariable binary logistic regression models with manual selections.
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Preeclampsia Control sted p value

alMT N=19 N=23

Mean aortic intima-media thickness (mm) 0.575 £ 0.06 0.563 + 0.05 0.51 0.48 049
Max aortic intima-media thickness (mm) 0.644 £ 0.07 0.628 + 0.06 0.42 0.45 0.62
Aortic lumen diameter (mm) 8.04 (7.62, 8.60) 7.55(7.01,8.25) 0.06 0.11 0.05
Weight adjusted mean alMT (mm/kg) 0.033 (0.030, 0.041) 0.037 (0.029, 0.044) 0.71 0.97 0.25
Mean alMT/aortic lumen diameter 0.071 £ 0.01 0.075 £ 0.01 0.32 0.47 0.20
Weight adjusted max alMT (mmy/kg) 0.036 (0.033,0.044) | 0.041(0.032,0.049) | 0.71 0.89 023
Max aIMT/aortic lumen diameter 0.077 (0.071, 0.090) 0.079 (0.075, 0.088) 0.33 0.43 0.14
Arterial stiffness N=24 N=29

PWV (m/s) 4.09 £ 0.51 4.18 £ 0.53 0.54 0.51 0.34
Central blood pressure N=26 N=32

Central systolic blood pressure (mmHg) 93.7 £54 914%7.1 0.17 0.18 0.04
Central diastolic blood pressure (mmHg) 67.0+ 4.4 663 %69 0.67 0.60 0.15
Central pulse pressure (mmHg) 265 (24.3,29.3) 25.2(22.1,27.6) 0.05 0.06 0.09

Data presented as mean # SD or median (IQR).
* Adjusted for age and gender.
b Adjusted for BMI and birth weight.

aMT, aortic intima-media thickness; PWV, carotid-femoral pulse wave velocity.

The bold values indicate the statistical significance (p < 0.05).
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Preeclampsia Control

n=26 n=34
Age at birth (years) 32.5+48 326+39 0.91
Smoking ever at 6 9(35) 9(27) 0.49
months
Alcoholic 1(0,2) 0(0,2) 0.44
drinks/week at 6
months (drinks)
Moderate 2(1,3) 1(0,2.25) 0.05
exercise/week at 6
months (days)
llicit drug use ever 7(27) 16 (47) 0.11
at 6 months
Antihypertensive 15 (60) 0(0) <0.001
medication during
pregnancy
Parity 036
1 19 (73) 21(62)
2 727 13 (38)
Ethnicity: 14 (54) 18 (53) 0.94
Oceanian
Pre-pregnancy 24.0(22.6,27.0) 224 (209, 0.02
BMI (kg/m?)* 24.0)
Dating scan weight 64 (58.8,69.0) 58.5(54.5, 0.06
(kg) 66.3)
Cesarean section 15 (58) 5(15) <0.001
Education 0.07
Tertiary 8(31) 4(12)
University 18 (69) 30 (88)
GDM/GDM in 4(15) 2(6) 0.22
previous
pregnancy
Preeclampsia onset
Early 5(19) = -
Late 2181 =
Preeclampsia blood
pressure severity
Hypertension® 11 (42) . -
Severe 15(58) -
hypertension®

Data presented as n (%), mean = SD or median (IQR).
Categorical data calculates with Chi square or Fisher's exact.

BMI, body mass index; DBR, diastolic blood pressure; GDM, gestational diabetes mellitus;
SBR, systolic blood pressure.

*Based on self-reported weight.

*Defined as Systolic blood pressure 140 mmHg and/or diastolic blood pressure
>90 mmHg.

PDefined as Systolic blood pressure >160 mmHg and/or diastolic blood pressure
>110 mmHg.

The bold values indicate the statistical significance (p < 0.05).
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Preeclampsia Control
n=26 n=34
Male 15 (58) 19 (56) 0.89
Age at assessment 43(32,5.1) 5.0(22,53) 0.92
(years)
Height (cm) 107 (97.3, 112) 107 (89.4, 111) 046
Height Z-score 0.46 (~0.54,0.87) —0.18 (<071, 0.15
0.43)
Weight (kg) 17.2(15.2,19.4) 18.2 (134, 19.9) 0.99
Weight Z-score* 0.21 % 1.00 030 £0.79 0.69
BMI (kg/m?) 155+12 162+12 0.04
BMI Z-score 0.05 £ 0.83 0.47 £ 0.80 0.05
Birth weight (kg) 2.90 % 0.66 3344046 0.004
Birth weight —0.33£0.83 —0.07 £ 0.99 0.28
Z-score*
Birth length (cm) 48.5+37 50.0+2.4 0.06
Birth length 020+ 1.01 —0.13 £ 1.12 0381
Z-score*
Gestational age 375£23 39414 <0.001
(weeks)
Preterm birth 77) 2(6) 0.02
Months breastfed 11.1£83 127£68 041

Data presented as n (%), mean = SD or median (IQR).
*Corrected for gestational age.

BMI, Body mass index.

The bold values indicate the statistical significance (p < 0.05).
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Risk factors
Traditional CVD-risk factors

Impact of puberty

Sex differences

Obesity

Increases with puberty.

Both sexes, but stronger effect in
girls

Causes early and shorter puberty.

Stronger effect in girls

Early puberty is associated with increased obesity risk.
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Variable Frequency Percentage of the Percentage of high

SBP (mean + SD) DBP (mean +SD)
study population blood pressure
Elevated 205 138 515 12310+3.62 68.45+683
Stage 1 HTN 139 93 349 13216+3.27 80.98+6.46
Stage 2 HIN 54 36 136 14061 = 8.81 93.98+4.52
High BP 398 267 100 12864%7.78 76292819
AAP. American academy of pediatri

BE sustolic blood pressune: DB diastolic Bood pressore: LTH- hypetission: S0, standare devistion: ). corfidancs stervel
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Patients younger than 16yrs, ASA grade 2 or 3,
who underwent elective interventional cardiac
catheterization under general anesthesia
between February 2019 and December 2020
were recruited (n=592).

Pauenls excluded (n=302)

Refusal to sign informed consent (n=25);

No medical history (n=15);

Lower respiratory tract infections (n=45);
Hypersensitivity to specific anesthetic agents (n=2);
History of liver or kidney disease (n=12);

Complex cyanotic heart disease (n=203).

TR T e e

290 pediatric patients presenting for ventricular septal
defects, atrial septal defects, and/or patent ductus arteriosus

were enrolled in the final analysis.
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Variables

OR 95% CI

Age >3 years
Preoperative URI
Approach of ASD vs VSD
Approach of PDA vs VSD
Afropine usage .
Morphine >0.153mg/kg

RAESs during extubation

to transport 010

0.507(0.268~0.958)
2.335(1.223~4.460)
2.856(1.272~6.411)
5.518(2.425~12.553)
0.463(0.244~0.879)
2.904(1.371~6.150)
5.004(2.633~9.511)

P<0.001
P=0.019
.005
P<0.001
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Variables™ RAEs No-RAEs P
(n=67) (n=223) value

Age, years 32223 38+23 0.091
Age >3 years 26 (38.8) 121 (543) 0027
Sex 0.464

Male 24 (358) 91 (408)

Female 43 (64.2) 132 (59.2)
ASA grade 0.907

e 57 (85.1) 191 (85.7)

m 10 (149) 32 (143)
Height, cm 946176 10122177 0.026*
Weight, kg 148261 165+74 0.080
BMI, kg/m* 160=18 158+20 0.59
History of allergy 14 (20.9) 30 (135) 0.136
History of asthma 1(15) 3013) 50999
History of hay fever 5(75) 22(99) 0.553
Bronchial hyperreactivity 2(0) 4018) 0.625
Osas 24 (358) 70 (314) 0.497
Passive smoking 23 (343) 65 (29.1) 0419
Type of surgery 0006

VSD 16 (23.9) 93 (417)

ASD 2 (328) 74 (332)

PDA 29 (43.3) 56 (25.1)
Preoperative URI 41(61.2) 92 (413) 0.004
Propofol, mg 563265 611258 0.194
Morphine equivalent, mg 018004 0172004 0.189
Morphine equivalent 53 (79.1) 147 (65.0) 0.041"
>0.153 mg/kg
Muscle relaxant 1(15) 5(22) 50999
Atropine usage 28 (41.8) 139 (62.3) 0.003*
Dexmedetomidine 49 (73.1) 139 (62.3) 0.104
Operative time, min 369182 368203 0.969
Anesthesia time, min 415+184 4182200 0921
Extubation time, min 35227 35429 0.891
Deep extubation 61 (91.0) 196 (87.9) 0476
Emergence agitation 5(75) 25 (112) 0377
Vomiting 3 (45) 16 (7.2) 0579
Fever 1(15) 5(22) 50999
RAEs during extubation to 41(61.2) 58 (26.0) <0.001*
transport

RAES, respiratory adverse events; ASA, American society of anesthesiology:
BMI, body mass index; VSD, ventricular septal defects; ASD, atrial septal
defects; PDA, patent ductus arteriosus; URI, upper respiratory tract infection,
*Continuous data are shown as mean + standard deviation and categoric data
as number (%).

*Statistically significant (P < 0.05).





OPS/images/fped-10-1044791/crossmark.jpg
(®) Check for updates.





OPS/images/fped-11-1184320/fped-11-1184320-t002.jpg
Variable Frequency Percentage of the Percentage of high SBP (mean + SD) DBP (mean +SD)

study population blood pressure
Prehypertension 92 61 426 12795434 72825774
Stage 1 HTN 71 48 329 13321322 81032748
Stage 2 HTN 53 36 245 14058 + 8.89 94.00 +4.65
High BP 216 145 100 13278 £7.45 81.99+7.08

SBP, systolic blood pressure: DBP, diastolic blood pressure: HTN, hypertension: SD, standard deviation: Cl, confidence interval.





OPS/images/fped-11-1184320/fped-11-1184320-t001.jpg
Variable

Age (years)

Frequency
(n=1,490)

Percentage

10-13

14-16

17-19

Mean age + SD

Sex

Male

Female

Socioeconomic status

Upper class (Iand ID)

Middle class (I11)

Lower class (IV and V)

Body mass index (BMI Z score)

Underweight (<—2SD)

Healthy weight (2-2SD-<+1SD)
Overweight (>+1 SD-<+2 SD)

Obese (>+2 SD)

BMI, body mass index, SD, standard deviation.
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Lipoprotein Mean concentration ~Mean concentration  Cliff's Delta® p-value q-value®

subfraction® [SD] control [SD] Burn injury

L6CH 11.86 (3.39] 17.61 [4.24] 0.65 L0a0-Rees: 1.50x107**
L6PL 7.46 [1.69] 1016 2.21] 0.63 4.60x107 %5+ 150107
L6PN 174.52 [46.07) 248.11 (60.73] 0.62 250ui0riess 1.50x107%%
L6AB 9.60 [2.53] 13.65(3.34] 0.62 5501075+ 150107
L6FC 3.80 [0.94] 5.14[1.09] 057 2.00x107 %% 4.33x107 %%
L6TG 250 (0.58] 3.15[092] 048 1.80x107 % 3.31x1072#%
L5CH 7.66 [2.34] 10.41 [2.58] 04 8.80x1073%% 0.11
L5AB 5.37 [1.56] 7.06 [1.69] 036 0.018% 0.17
L5PN 97.70 (28.44] 128.34 [30.78] 036 0.018% 0.17
L5PL 4.72(1.16] 5.92(1.29] 035 0.021% 0.17
LDPN 790.10 [181.46] 935.38 [167.27) 032 0.036% 022
LDAB 43.45 [9.98] 51.45(9.20] 032 0.036% 022
H2A2 2.89(0.63] 3.15[0.87) 032 0.038% 022
L5FC 3.01 [0.63] 3.60 [0.65] 031 0.043% 024
HATG 3.02 (0.60] 2.75[0.78] -032 0.036% 022
LITG 3.83 [1.34] 3.20(1.28] —0.34 0.026% 0.19
V5PL 1.26 (0.34] 1.07 [0.50] —0.36 0.021% 0.17
V5CH 0.84[034] 0.63 (048] —0.38 0.014% 0.15
LATG 1.33[042] 1.07 [0.57) —0.4 9.00x107 %% 0.11
V5FC 0.64[0.23] 0.41[0.26] —0.42 5.90x107 5% 0.09

L6CH, Low-Density Lipoprotein- 6 Subclass Cholesterols; LGPL, Low-Density Lipoprotein- 6 Subclass Phospholipids; L6PN, Low-Density Lipoprotein- 6 Subclass Particle Number; LGAB,
Low-Density Lipoprotein- 6 Subclass Apolipoprotein-B100; LGEC, Low-Density Lipoprotein- 6 Subclass Free Cholesterol; L6TG, Low-Density Lipoprotein- 6 Subclass Triglycerides; LSCH,
Low-Density Lipoprotein- 5 Subclass Cholesterols; LSAB, Low-Density Lipoprotein- 5 Subclass Apolipoprotein-B100; LSPN, Low-Density Lipoprotein- 5 Subclass Particle Number; LSPL,
Low-Density Lipoprotein- 5 Subclass Phospholipids; LDPN, Low-Density Lipoprotein- Particle Number; LDAB, Low-Density Lipoprotein- Apolipoprotein-B100; H2A2, High-Density
ipoprotein- 2 Subclass Apolipoprotein-A2; LSFC, Low-Density Lipoprotein- 5 Subclass Free Cholesterol; HATG, High-Density Lipoprotein- 4 Subclass Triglycerides; LITG, Low-Density
Lipoprotein- 1 Subclass Triglycerides; VSPL, Very Low-Density Lipoprotein- 5 Subelass Phospholipids; VSCH, Very Low-Density Lipoprotein- 5 Subclass Cholesterols; LATG, Low-Density
Lipoprotein- 4 Subclass Triglycerides; VSFC, Very Low-Density Lipoprotein- 5 Subclass Free Cholesterols.

‘pevalue corrected for multple testing (FDR, BH), *p<0.05, **p<0.01, **p<0.001

‘Ranked in order of the magnitude of the Clff’s Delta statistic.
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Data to be collected
Blood biomarkers

Analysis/methodology
Lipid profiles (total cholesterol, non-high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides,
and apolipoprotein A + B including ratio, lipoprotein(a)), markers of glucose metabolism, ferritin, liver transaminases, TSH,
. tissue plasminogen activator antigen, cellular adhesion molecules, proinflammatory markers (e.g, CRP, TNFa,
interleukins, interferons), hemostatic markers (e, fibrinogen, tissue factor, D-dimer), and differential white blood cell count

Peripheral blood mononuclear cells (PBMC)
transcriptomics

PBMC will be isolated, and gene expression analysis will be performed. We will investigate both the global gene expression
profile and targeted gene expression analysis, particularly investigating genes involved in lipid metabolism and inflammatory

pathways

Blood pressure

Systolic and diastolic blood pressure as recorded ambulatory with appropriate devices

Dietary intake and health score

Dietary intake will be assessed with a validated food frequency questionnaire (31). Health score will be determined with the
Cardiovascular Health Score of the American Heart Association (32).

Anthropometry
Body composition

Weight, height, waist circumference, and hip circumference using scales and non-stretch tapes
Fat percentage of body weight and skeletal muscle mass.

Intima-media thickness (IMT) and liver fat
content

An ultrasound investigation of the IMT of the carotid artery offers a possibility to early identify the risk of atherosclerotic
lesions. An ultrasound of the liver will reveal fat deposition (which is associated with several non-communicable diseases)
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Condition

Residual myocardium (%) Fibrosis Lipomatosis Inflammation
Pt3 Native heart 37% + - +
P4 Diagnostic EMB 38% + + -
P17 Diagnostic EMB - + - -
Pty Native heart 5%-10% + + +
P10 Native heart <40% + + +

EMB, andomvocaal bioosy.
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Patient Task force criteria 2010 The Padua criteria

Structural | Tissue | Repolarization | Depolarization | Arrhythmias | Family history and Genetics | Diagnosis | ECG | Arrhythmia | Imaging | CMR | Biopsy | Genetics | Diagnosis

PLL M (CMR) - ~ m m ~ Definitive RV | — m M M ~ - Definitive RV
PL2 - - - m m, m M Definitive RV | - m - - - M Borderline RV
PL3 M (Echo) - - - m M Definitive RV | - m M - - M Definitive RV
PL4 - M m m m - Definitive RV | m m - - M - Definitive RV
PL5 M (CMR) - - m m, m M Definitive RV | - m M M - M Definitive RV
PL6 - - - - - M Possible RV | — m m M - M Definitive LV
PLT 5 - 5 = m M Possible RV | — m M M = M Definitive LV
PL8 = = = m B M Possible RV | m m m = E M Definitive LV
PLY M M M m m - Definitive RV | m m M M M B Definitive BV
PL1O M M - - m M Definitive RV | m M - M M Definitive BV
PL11 M - - m m M Definitive RV | - m M M - M Definitive BV
PL12 m - - m m, m M Definite RV | - m m - - M Definitive RV
PL13 - - - m - M Possible RV |~ m M - - M Definitive LV

BV Biventricular: echo, echocandiograniiv: [V, lefi ventiicie: M. mstor crftediar m, miner-critefia; CME. maanetic resonancs imsdgines BV, right veniricts:
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Gender m m m m m m m f f f £ £ m
Phenotype RV RV RV RV RV 1 v v BV BV BY BV Lv
Genotype RYR2 | PKP2/PKP2LP/LP | PKP2 | SYNEI | DSG2 | DSP/DSP | FLNC | JUP | MYH7/FKTN/ANK2P| | PKPYPKP21P/| PKP2/PKP2LP/P | DSP | SCNSA/ANK2
LP LP vus P PP vus | vus VUS/VUS vus PIVUS
Outcome - 1cD €D - 1cD 1cD 1cp 1CD HT 1CD HT 1cD -
HT
Age at diagnosis (years) 12 17 15 16 13 5 17 17 16 13 8 12 16
Age at first symptoms 11 15 14 12 13 4 14 17 12 12 4 12 16
Family histoty
SDD - | Maternal grandfather | Father . - 5 Father = > : = =
Phenotype of parents nfa na nia nia - n/a na nia nja
Genotype of parents n/a | Mother PKP2 Father | n/a nia nia nja nia na nia Mother PKP2 | Mother PKP2 Father |  n/a nia
PKP2 PKP2
First
Syncope + - + - - - + + - - = i -
Palpitations - + - - - - - - + + + - +
Chest pain - - - + + - - + + + - - -
“Hot phase” = = = + + = = A - - = = =
Functional class of heart failure (at the I - I I I I I I I I I
first admission)
ECG anomalies
Negantive T wave in V1-V3 - - - - - - - - + - - - -
Epsilon wave - - - - - - - - - - - - -
Late potentials + + - + + - - + + - + + +
500 PVCs/24 h + + + + + + + + + + + + +
VT + + + - + + - + + + + +
VT polymorphic + - + - - + - - - + + - +
Echocardiographic findings
RV dilatation + + + - + - - - + + + + -
LV dilatation - - - + - + + + + + + - +
Aneurysm of RV and LV - - - - - - - - + + = - =
CMR features
RV dysfunction + - nfa - + - - - + nla + na n/a
Aneurysm Aneurysm
LV dysfuction - - na - - + + - + n/a - nia n/a
Fibrosis (LGE) + - nfa - + + + - + nia + nia n/a

BV, biventricular; f, female; HT, heart

Ico,

YT vetiriculal techvcadins ifa. not swslsbla or not periomned: P: satlicoshic: LP: Tkebi Sathooenic: VUS: variant of urkrown Sorfficancs:

: LV, left ventricle; CMR, magnetic resonance imaging; PVCs, premature ventricular complexes; RV, right ventricle; SDD, sudden cardiac death;
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Cut-offs Number of CV risk factors CR EH CH

OR (95% Cl) | n (%) OR (95% Cl) OR (95% Cl)
Recommended® 0 (n=787) 42 (5.34) Reference 28 (3.56) Reference 3(0.38) Reference
1(n=413) 33(7.99) | 171(106-276) | 31(7.51) 242 (142-411) | 21 (5.08) 14.92 (441-5047)
2 (n=156) 17.(1090) | 283 (154-518) | 18 (11.54) | 4.23 (224-7.96) 11 (7.05) 2315 (632-84.83)
23 (n=50) 5(10.00) | 382 (137-1062) | 14(2800) = 1686 (7.70-36.92) | 7(1400) | 7119 (17.09-296.56)
P90 0 (n=853) 46 (5.39) Reference 35 (4.10) Reference 7 (0.82) Reference
1(n=367) 31845 | 179 (1.11-289) | 25(681) 1.85 (1.09-3.16) 18 (4.90) 663 (2.74-16.05)
2(n=129) 13 (1008) | 255(132-492) | 14(1085) 352 (181-684) | 13 (10.08) | 1546 (597-40.02)
23 (n=57) 7(1228) | 433 (179-1048) | 17 (29.82) | 1312 (652-2641) | 4 (7.02) 14.49 (3.99-52.65)
P85 0 (n=684) 34 (497) Reference 26 (3.80) Reference 6 (0.88) Reference
1(n=398) 31(7.79) | 170 (103-283) | 23(5.78) 1.72 (0.97-3.07) 12 (3.02) 377 (140-10.15)
2 (n=209) 199.09) | 223(123-403) | 20(9.57) 2.95 (160-5.45) 11 (5.26) 662 (2.40-18.28)
23 (n=115) 13(1130) | 371 (1.86-7.41) | 22(19.13) | 823(439-1545) | 13(1130) | 2024 (741-5530)
P80 0 (1=529) 27 (5.10) Reference 14 (2.65) Reference 4(0.76) Reference
1(n=413) 26(630) | 130 (074-227) | 27 (654) 2.85 (147-5.53) 8 (1.94) 281 (084-9.44)
2(n=282) 27(957) | 219(125-384) | 20(7.09) 3.06 (151-6.19) 7 (248) 3.48 (1.00-12.06)
23 (1=182) 17(934) | 270 (142-515) | 30 (1648) | 975 (497-19.10) | 23 (12.64) | 2482 (8.39-73.46)

Multi-class logistic regression models were performed with adjustment for sex, age, sleep duration, screen time, physical activity, and intake of vegetables and fruits. P90,
P85 and P8O represented the corresponding sex- and age-specific percentile values of waist circumference, systolic/diastolic blood pressure, fasting blood glucose and
triglycerides based on the present population, and P10, P15 and P20 for high-density lipoprotein cholesterol. CH, concentric hypertrophy; CI, confidence interval; CR,
concentric remodeling; CV, cardiovascular; EH, eccentric hypertrophy; LVG, left ventricular geometric; OR, odds ratio.

spacorfinended auideling from the Society of Padistics, Chinese Madical Association:
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Clinical Manifestation

Frequency n (

62 (100)

%)

)

52 (83.9)

Bilateral non-purulent

47 (75.8)

Bilateral puralent

5 (80)

Palmar Erythema

28 (45.2)

Oral changes

44 (71.0)

rash

57 (91.9)

Cervical lymphadenopathy

54 (87.1)

Total GI involvement

27 (43.5)

Vomiting

14 (22.6)

Diarrhea

13 (20.1)

Jaundice

2(32)

Gall bladder hydrops

2(32)

Hepatitis/Hepatomegaly

5(8.1)

Joint involvement

1(16)

Aseptic meningitis

1(1.6)

BCG scar flaring

24 (38.7)

Cardiovascular involvement

10 (16.1)

Pericardial effusion

3(48)

Valvular regurgitation (tricuspid,
mitral, pulmonary and aortic)

2(32)

Coronary artery aneurysm

6(9.7)
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Variable® Complete Incomplete
KD

Age in months (median * 12.00 +24 15.50+23
1QR)

GIT involvement*, N (%) 20 (47.6) 7 (35.0)

BCGitis, N (%) 17 (415) 7 (35.0)

Sterile pyuria, N (%) 5(13.9) 4 (30.8)

Hb level (median + IQR) 10.75+1 1080+ 1.9

Platelet count (median * 386.50 £ 179 329.00 =83
IQR)

CRP (median * IQR) 10.31+8.18 1151 +12.40

Sodium level (median + 133506 135.00+3

IVIG resistance, N (%) 1(24) 5 (25.0)

CAA,N (%) 3(94) 3(167)

“GIT, gastrointestinal tract; BCG, Bacillus Calmette-Guerin; Hb, hemoglobin:
CRP, C-reactive protein; IVIG, intravenous immunoglobulin; CAA, coronary
artery aneurysm,

“includes vomiting, diarrhoea, jaundice, gall bladder hydrops, hepatomegaly
il Fnitie X ket Bt i e nesehas B E A RS GRS
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Variable® Coronary artery Normal
aneurysm* coronary artery
(n=6) (%) (n=56) (%)

3.10.7) 25 (89.3)

Female 3 (13.6) 19 (86.4)

Age in months 1250 +7.89 21522022
(median + IQR)

Timing of
diagnosis

Early diagnosis 4687 42 (913)
(<10 days)

Late diagnosis 2(50.0) 2(500)
(>10 days)

Sterile pyuria 6 (66.7) 3(333)

IVIG resistance 0 (00) 6 (100.0) 1.000

*IVIG, Intravenous immunoglobulin.
T
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66500 pediatric patients in
HCTM, Malaysia from
2004-2021

103 KD patients |

41 excluded:

- 24 (misdiagnosis)
- 10 (missing record)
- 7 (duplicate)
62 patients enrolled in
the study
68.0% (n=42) 32.0% (n=20)
Complete KD Incomplete KD
90.5% (n=38) 100.0% (n=20)
received IVIG treatment received IVIG treatment
97.4% (n=37) 2.6% (n=1) 75.0% (n=15) 25.0% (n=5)

IVIG responder IVIG-resistant IVIG responder IVIG-resistant
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Cut-offs Number of CV risk factors (A%;] High RWT

OR (95% Cl) OR (95% Cl)

Recommended" 0 (n=787) 31 (394) Reference 45 (5.72) Reference
1(n=413) 52 (12.59) 349 (2.19-5.56) 54 (13.08) 247 (1.63-3.74)
2 (n=156) 29 (18.59) 553 (3.20-9.55) 28 (17.95) 376 (2.25-6.27)
23 (n=50) 21 (42.00) 19.19 (9.67-38.08) 12 (24.00) 547 (2.65-1128)

P90 0 (n=853) 42 (492) Reference 53 (621) Reference
1 (n=367) 43 (11.72) 254 (1.62-3.96) 49 (13.35) 234 (1.56-3.54)
2 (n=129) 27 (20.93) 5.11 (3.00-8.69) 26 (20.16) 389 (232-652)
23 (n=57) 21 (36.84) 11.19 (5.96-2098) 11 (19.30) 373 (1.82-7.65)

P85 0 (n=684) 32 (468) Reference 40 (5.85) Reference
1 (n=398) 35 (879) 203 (1.23-334) 43 (10.80) 195 (1.25-3.07)
2 (n=209) 31 (1483) 343 (203-579) 30 (14.35) 2,69 (1.62-4.45)
23 (n=115) 35 (30.43) 923 (5.38-15.83) 26 (22.61) 4387 (283-8.39)

P80 0 (n=529) 18 (3.40) Reference 31 (5.86) Reference
1 (n=413) 35 (847) 278 (1.55-5.01) 34 (823) 142 (0.86-2.36)
2 (n=282) 27 (957) 2.96 (1.59-5.49) 34 (12.06) 220 (1.32-3.68)
23 (n=182) 53 (29.12) 12,08 (6.81-21.44) 40 (21.98) 450 (2.71-7.47)

Binary logistic regression models were performed with adjustment for sex, age, sleep duration, screen time, physical activity, and intake of vegetables and fruits. P90, P85
and P8O represented the corresponding sex- and age-specific percentile values of waist circumference, systolic/diastolic blood pressure, fasting blood glucose and
triglycerides based on the present population, and P10, P15 and P20 for high-density lipoprotein cholesterol. CI, confidence interval; CV, cardiovascular; LVH, left
ventricular hypertrophy: O, odds ratio; RWT, relative wall thickness.

"Racarmmanded suideline from the Society of Paciistrics, Chinese Madical Association:
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CV risk factors

Abdominal obesity

(A%;]
OR (95% CI)

P value

High RWT
OR (95% CI)

P value

Recommended" (1 = 440) 96 (21.82) 685 (4.58-10.24) <0.001 79 (17.95) 342 (238-491) <0.001
P90 (n = 146) 53 (36.30) 852 (5.62-12.93) <0.001 37 (25.34) 410 (2.66-633) <0.001
P85 (n=216) 68 (31.48) 810 (5.49-11.95) <0.001 53 (24.54) 4.40 (299-647) <0.001
P80 (1 =286) 84 (29.37) 9.08 (6.16-13.39) <0.001 65 (22.73) 426 (2.95-6.15) <0.001

Elevated BP

Recommended® (n = 215) 28 (13.02) 148 (0.95-232) 0.087 26 (12.09) 1.31 (0.83-2.07) 0.240
P90 (n =234) 34 (14.53) 1.77 (1.16-2.69) 0.008 37 (1581) 2.00 (1.33-3.00) 0.001
P85 (n=341) 44 (12.90) 157 (1.07-231) 0022 48 (14.08) 1.75 (1.20-2.55) 0.003
P80 (n = 446) 53 (11.88) 146 (1.01-2.11) 0044 56 (12.56) 1.50 (1.05-2.16) 0.026

High FBG

Recommended® (n = 88) 15 (17.05) 221 (1.21-4.06) 0.010 15 (17.05) 1.94 (1.06-3.53) 0.031
P90 ( 190284 | 152(090-256) 0118 20 (13.51) 1.48 (0.89-2.46) .

P85 (n=217) 25 (11.52) 1.34 (0.84-2.14) 0219 30 (13.82) 1.56 (1.01-2.42) 0.044
P80 (n = 288) 34 (11.81) 1.43 (0.94-2.18) 0.091 41 (14.24) 1.71 (1.15-2.53) 0.008

High TG

Recommended" (1 = 64) 19 (29.69) 515 (283-9.38) <0.001 12 (1875) 2.18 (1.12-426) 0022
P90 (n=150) 32 (21.33) 310 (199-4.84) <0.001 25 (16.67) 1.98 (1.23-3.17) 0.005
P85 (n=220) 42 (19.09) 2.88 (193-431) <0.001 33 (15.00) 1.80 (1.18-2.74) 0.007
P80 (n=291) 54 (18.56) 3.02 (2.07-440) <0.001 41 (14.09) 171 (1.15-2.52) 0.008

Low HDL-C

Recommended” (1= 76) 16 (21.05) 290 (1.61-525) <0.001 16 (21.05) 271 (151-4.86) 0.001
P10 (n=132) 27 (2045) 2.89 (1.80-4.63) <0.001 19 (14.39) 1.67 (0.99-2.82) 0055
P15 (n=200) 31 (15.50) 203 (131-3.15) 0002 25 (12.50) 1.41 (0.89-2.25) 0143
P20 (n=277) 40 (14.44) 1.90 (1.28-2.83) 0002 37 (13.36) 1,57 (1.05-2.35) 0028

Binary logistc regression models were performed separately for each cardiovascular risk factor adjusting for sex. age, sleep duration, screen time, physical activiy. and
percentile values of waist circumference, systolic/diastolic BP,
FBG and TG based on the present population, and P10, P15 and P20 for HDL-C. BP, blood pressure; Cl, confidence interval; CV, cardiovascular; FBG, fasting blood

intake of vegetables and fruits. P90, P85 and P80

glucose; HDL-C, high-density lipoprotein cholesterol; LVH, left ventricular hypertrophy; OR, odds ratio; RWT, relative wall thickness; TG, triglycerides
“Recommended guideline from the Society of Pediatrics, Chinese Medical Association.

the

sex- and age

“Percentages are calculated as: (the number of subjects with LVH or high RWT)/(the number of those with specific CV risk factors)x100%.
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Characteristics

Age, years

893 £ 1.50

Presence
(n=133)

LVH status
Absence
(n=1273)

893150

Height, cm

13640  10.67

13573+ 1272

136.46 % 10.44

Body mass index, kg/m’

1821 +3.46

2254441

17.76 = 3.01

Waist m

63.0329.78

7305+ 1294

61.98+875

Systolic BP, mmHg

10643 =920

108.68 = 9.75

10619 =9.11

Diastolic BP, mmHg

63.60<6.66

65.31£7.47

63.42%655

FBG, mmol/L

473056

481059

4722055

TG, mmol/L

076+035

097 +047

074+032

HDL-C, mmol/L

158+ 038

144 %036

1.60 = 0.38

Abdominal obesity,
(%)

440 (3129)

96 (72.18)

344 (27.02)

Elevated BP, # (%)

215 (15.29)

28 (21.05)

187 (14.69)

High FBG, n (%)

88 (6.26)

15 (11.28)

73 (5.73)

High TG, n (%)

64 (4.55)

19 (14.29)

45 (3.53)

Low HDL-C, n (%)

76 (541)

16 (12.03)

60 (4.71)

Short sleep duration,
n (%)

229 (16.29)

11(827)

218 (17.12)

Long screen time, n (%)

62 (441)

9 (6.77)

53 (4.16)

Insufficient physical
activity, n (%)

796 (56.61)

78 (58.65)

718 (56.40)

Insufficient intake of
fruits and/or vegetables,

n (%)

1,142 (81.22)

115 (86.47)

1,027 (80.68)

Continuous variables are presented as means + standard deviations. BP, blood
pressure; FBG, fasting blood glucose; HDL-C, high-density
cholesterol; LVH, left ventricular hypertrophy; TG, triglycerides.

*Group differences between the LVH status.

lipoprotein
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1990 2019 EAPC of ASIR

aracteristics DALYs ASDR/100,000 DALYs ASDR/100,000 (95%Cl) from
(95%UI) (95%UI) (95%UI) (953%U1) 1990 t0 2019

China

Both 12,8224 (71,231~267,370) 39.71 (22.06~82.8) 37,522(29,321~48,891) 16.69 (13.04~21.75) —2.32(=2.59 to —2.05)
Male 67,200 (38,789~173,243) 39.89 (23.03~102.84) 22,490 (16,058~32,629) 18.52 (13.22~26.86) -1.99(-2.29to -1.69)
Female 61,024 (28,609~147,143) 39.51 (18.52~95.26) 15,033 (11,048~19,608) 14.55 (10.69~18.98) =277 (-3.01 to -2.54)
Age groups

<1 85,413 (45,262~190,660) 363.89(192.83~812.28) 21,660 (16,660~29,212) 143.75 (110.57~193.87) —2.88 (=3.36 to —2.40)
1~4 8,297 (5,235~15,134) 28.28 (14.73~59.11) 4,660 (3,585~6,073) 10.65 (8.12~14.42) —3.35 (=3.74 to —2.96)
5~9 8,524 (5,214~16,291) 8.14 (4.98~15.55) 4,128 (3,084~5,448) 5.68 (4.25~7.50) —1.34 (~1.81 to —0.87)
10~14 25,991 (13,538~54,332) 8.07 (5.09~14.73) 7,075 (5,396~9,580) 6.60 (5.07~8.59) —0.58 (—1.01 to -0.14)
Global

Both 955,140 (693,517~1,441,833) 54.46 (39.54~82.20) 620,609 (479,373~804,032) 31.69 (24.46~41.03) —1.55 (~1.69 to —1.42)
Male 496,340 (311,203~869,370) 55.11 (34.55~96.52) 337,397 (250,069~466,822) 33.35(24.72~46.14) ~1.39(-1.53 to -1.25)
Female 458,800 (333,448~734,021) 53.77 (39.08~86.02) 283,212 (212,319~358,544) 29.87 (22.40~37.82) ~1.74 (-1.87 to - 1.61)
Age groups

<1 593,190 (433,813~895,811) 450.82(329.69~680.81) 347,514 (264,669~457,588) 263.3 0 (200.53~346.70) —1.67 (-1.83 to -1.51)
1~4 216,833 (140,711~371,612) 43.32(28.11~74.24) 139,589 (101,670~200,047) 26.30 (19.15~37.68) -1.43 (-1.53 t0 -1.32)
5~9 74,226 (55,324~116,152) 12.68 (9.45~19.85) 66,818 (53,355~83,864) 1021 (8.15~12.81) —0.72 (=0.81 to —0.64)
10~14 70,891 (57,825~98,817) 13.71 (10.95~16.81) 66,689 (55,011~79,796) 10.38 (8.57~12.43) —0.84 (=0.92 to —0.76)

DALY, disability-adjusted life year; ASDR, age-specific DALY rate; UI, uncertainty interval; EAPC, estimated annual percentage change; CI, confidential interval.
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Deaths
(95%U1)
China
Both 1,474 (819~3,078)
Male 773 (446~1,991)
Female 701 (329~1,687)
Age groups
< 965 (511~2,155)
1~4 106 (66~196)
529 102 (62+198)
10-14 300 (156~630)
Global
Both 10,986 (7979~16,654)
Male 5,707 (3,586~10,025)
Female 5,279 (3,828~8,453)
Age groups
<1 6,699 (4,897~10,120)
1~4 2,500 (1,617~4,297)
5~9 884 (653~1,395)
10-14 902 (727~1,262)

1990

ASMR/100,000
(95%U1)

0.46(0.25~0.95)
0.46(0.26~1.18)

0.45(021~1.09)

4.11(218~9.18)

010 (0.06~0.19)

010 (0.06~0.19)

0.63 (046~0.95)
063 (040~1.11)

062 (0.45~099)

050 (032-0.86)

0.15(0.11~0.24)
017 (0.14~0.24)

2019

Deaths
(95%U1)

433 (337~565)
260 (185~377)

173 (127~226)

245 (188~330)
59 (45~78)
49 (36~65)

81(61~110)

7,163 (5,511~9,300)
3,896 (2,874~5,342)
3,268 (2,455~4,137)

3,923 (2,986~5,166)
1,600 (1,159~2,305)
792 (635~1,001)
848 (690~1,022)

ASMR/100,000
(95%U1)

0.21(0.15~0.31)
0.17(0.12~0.22)

0.19(0.15~0.25)

1.62(1.25~2.19)
0.12(0.09~0.17)
0.07 (0.05~0.09)

0.08(0.06~0.11)

0.37(0.28~0.47)
0.39(0.28~0.53)

0.34(0.26~0.44)

2,97 (2.26~3.91)
0.30(0.22~0.43)
0.13(0.11~0.16)

0.13(0.11~0.16)

specific mortality rate; UL uncertainty interval; EAPC, estimated annual percentage change; CI, confidential interval.

EAPC of ASMR (95%CI)

from 1990 to 2019

~2.32(-259 10 ~2.05)
—1.98(~2.28 to ~1.68)

~2.78(~3.02t0 ~2.54)

~2.88 (<336 t0 ~2.40)
~3.39 (<379 10 ~2.99)
~1.39 (<187 t0 ~0.91)

~0.60 (~1.05 to ~0.16)

~155 (<168 to ~1.41)
~138 (<1520 ~1.24)

~1.74(~187 to ~1.61)

~167 (~1.83 to ~1.51)
~ 144 (~155 0 ~1.33)
~0.74 (<082 t0 ~0.65)

~0.85 (<092 t0 ~0.77)
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1990 2019

EAPC of ASPR (95%Cl)

Characteristics Prevalence ASPR/100,000 Prevalence ASPR/100,000 from 1990 to 2019
(95%U1) (95%U1) (95%U1) (95%U1)

China

Both 5,369 (3,221~8,164) 1.66 (1.00~2.53) 4,493 (2,687~6,838) 2.00 (1.2~3.04) 0.82(0.71~0.93)

Male 3,167 (1,889~4,818) 1.88 (1.12~2.86) 2,711 (1,613~4,109) 2.23(1.33~3.38) 0.74 (0.64~0.83)

Female 2,201 (1,331~3,344) 1.43 (0.86~2.16) 1,782 (1,080~2,732) 1.72(1.04~2.64) 0.90 (0.78~1.02)

Age groups

<1 178 (97~301) 0.76 (0.41~1.28) 134 (73~227) 0.89 (0.49~1.51) 0.73 (0.62~0.84)

1~4 1,910 (955~3,140) 1.86 (0.93~3.05) 1,535 (772~520) 217 (1.09~3.57) 0.92(0.8~1.04)

5~9 1,659 (857~2,747) 1.58 (0.82~1.62) 1,401 (717~2,295) 1.93 (0.99~3.16) 0.93 (0.81~1.05)

10~14 1,621 (931~585) 1.76 (1.01~2.81) 1,424 (820~2,256) 2.14(1.23~3.4) 0.69 (0.59~0.79)

Global

Both 62,240 (38,833~92,899) 3.55(2.21~5.30) 20,606 (10,825~33,441) 3.21(1.69~5.21) —0.23 (~0.26 to —0.20)

Male 35,346 (22,187~52,469) 3.92(2.46~5.83) 11,880 (6,170~19,101) 3.59 (1.86~5.76) =023 (=0.25 to —0.20)

Female 26,895 (16,569~40,421) 3.15(1.94~4.74) 8,726 (4,583~14,302) 2.81 (1.47~4.60) -0.23 (—0.27 to —0.19)

Age groups

<1 1,818 (1,003~3,042) 1.38 (0.76~2.31) 2,064 (1,123~3,497) 1.56 (0.85~2.65) 0.42 (0.40~0.45)

1~4 18,812 (10,853~29,856) 3.76 (2.17~5.97) 20,863 (11,788~33,511) 3.93(2.22~6.31) 0.15 (0.13~0.16)

5~9 20,823 (11,438~34,459) 3.56 (1.95~5.89) 22,043 (11,987~36,886) 3.37(1.83~5.63) —0.24 (-0.28 to —0.2)

10~14 20,787 (11,061~33,358) 3.87 (2.06~6.22) 20,606 (10,825~33,441) 3.21(1.69~5.21) —0.65 (—0.71 to =0.59)

ASPR, age-specific prevalence rate; U, uncertainty interval; EAPC, estimated annual percentage change; CI, confidential interval.
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Control group (n 6) Research group (n = 66)

Comparison of general data between the research group and the control group

Age (years) 10.38 % 1.80 10.29 % 1.90 0.05(~0.29,0.39) 0.778
Sex 0.09 (—0.25,0.43) 0.596
Male 29 (43.94%) 26 (39.39%)
Female 37 (56.06%) 40 (60.61%)
Parents’ age (years) 3927 +3.72 3865+ 1.99 021 (=0.13,0.55) 0.234
Parents’ sex 0.12 (=022, 0.47) 0.475
Male 12 (18.18%) 9 (13.64%)
Female 54 (81.82%) 57 (86.36%)
Parents’ education level 0.22(—0.12,0.56) 0453
Middle school and below 36 (54.55%) 29 (43.94%)
Senior middle school 20 (30.30%) 26 (39.39%)
Undergraduate and above 10 (15.15%) 11 (16.67%)

Comparison of satisfaction with health education between the research group and the control group

The nurse explained to me how 0.54(0.19, 0.89) 0.008
syncope happens

Dissatisfaction 8 (12.12%) 0(0.00%)

General 17 (25.76%) 16 (24.24%)

Satisfaction 41 (62.12%) 50 (75.76%)
The nurse introduced me to 0.74(0.39, 1.09) <0.001
pre-syncope symptoms

Dissatisfaction 6 (9.09%) 0(0.00%)

General 25 (37.88%) 11 (16.67%)

Satisfaction 35 (53.03%) 55 (83.33%)
The nurse explained to me what to 0.90 (0.54, 1.26) <0.001
do if I have fainting

Dissatisfaction 8 (12.12%) 0(0.00%)

General 20 (30.30%) 5(7.58%)

Satisfaction 38 (57.58%) 61 (92.42%)
The nurse taught me how to take 0.45 (0.11, 0.80) 0.037
oral rehydration salts

Dissatisfaction 4(6.06%) 0(0.00%)

General 15 (22.73%) 9 (13.64%)

Satisfaction 47 (71.21%) 57 (86.36%)
The nurse instructed me on how to 0.53(0.18, 0.88) 0.009
exercise the autonomic nervous
function

Dissatisfaction 8 (12.12%) 0(0.00%)

General 12 (18.18%) 12 (18.18%)

Satisfaction 46 (69.70%) 54 (81.82%)
The nurse guided me on my life 0.50 (0.15,0.84) 0.016
and hygiene habits

Dissatisfaction 7 (10.61%) 0(0.00%)

General 11 (16.67%) 10 (15.15%)

Satisfaction 48 (72.73%) 56 (84.85%)
The nurse guided my diet 0.57 (0.23, 0.92) 0.004

Dissatisfaction 8(12.12%) 0(0.00%)

General 6(9.09%) 12 (18.18%)

Satisfaction 52 (78.79%) 54 (81.82%)
The nurse eased my anxiety about 0.56 (0.21,0.91) 0.007
the disease

Dissatisfaction 5(7.58%) 0(0.00%)

General 21 (31.82%) 12 (18.18%)

Satisfaction 40 (60.61%) 54 (81.82%)

Comparison of the health education knowledge mastery between the research group and the control group

What are the predisposing factors 0.5 (0.20, 0.89) 0.002
for syncope?
Don’t know 11 (16.67%) 1(1.52%)
Know 55 (83.33%) 65 (98.48%)
What to do if fainting occurs? 0.77 (0.41, 1.12) <0.001
Don’t know 15 (22.73%) 0(0.00%)
Know 51 (77.27%) 66 (100.00%)
What are the precautions for oral 0.63 (0.28, 0.98) <0.001
rehydration salts?
Don’t know 11 (16.67%) 0(0.00%)
Know 55 (83.33%) 66 (100.00%)
How is the autonomic nervous 0.92(0.57, 1.28) <0.001

system exercise performed?

Don’t know 22 (33.33%) 1(152%)

Know 44 (66.67%) 65 (98.48%)

Comparison of compliance with health education between the research group and the control group

Are you taking oral rehydration 087 (0.51,1.22) <0.001
salts as prescribed by your doctor?

No 18 (27.27%) 0(0.00%)

Yes 48 (72.73%) 66 (100.00%)
Do you do autonomic nervous 0.74 (0.39, 1.09) <0.001
system exercise every day?

No 24 (36.36%) 5(7.58%)

Yes 42 (63.64%) 61 (92.42%)
Are you guaranteed three meals a 0.67 (0.32,1.02) <0.001
day and enough sleep?

No 12 (18.18%) 0(0.00%)

Yes 54 (81.82%) 66 (100.00%)
Do you use compression stockings 0.52(0.18,0.87) 0.004
or tights pants?

No 16 (24.24%) 4(6.06%)

Yes 50 (75.76%) 62 (93.94%)

Comparison of satisfaction scores, knowledge mastery scores, and compliance scores between the research group and the control

group
Satisfaction scores 12.44 + 3.08 14.68 £ 1.60 0.91 (0.56, 1.27) <0.001
Knowledge mastery scores 3.09 £ 1.09 3.97+0.17 1.12 (0.76, 1.49) <0.001
Compliance scores 291+ 1.17 3.86 4 0.46 1.07 (0.71, 1.44) <0.001

Comparison of subjective and objective efficacy between the research group and the control group

Subjective efficacy 059 (025, 0.94) 0.001
Improved 48 (72.73%) 62 (93.94%)
No improved 18 (27.27%) 4(6.06%)

Objective efficacy 0.61 (026, 0.96) <0.001
Improved 36 (54.55%) 54 (81.829%)
No improved 30 (45.45%) 12 (18.18%)

Comparison of hemodynamic type of VVS between the research group and the control group

VVS hemodynamic types 0.17 (-0.17,0.52) 0.639
Vasoinhibitory type 52 (78.79%) 49 (74.24%)
Cardioinhibitory type 2(3.03%) 1(1.52%)

Mixed type 12 (18.18%) 16 (24.24%)
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Statistics Subjective efficacy Objective efficacy

OR (95%Cl) P-value OR (95%Cl) P-value
Group
Control group 66 (50.00%) 10 1.0
Research group 66 (50.00%) 0.17 (0.05, 0.54) 0.003 0.27 (0.12, 0.59) 0.001
Age (years) 10.33 %+ 1.84 139 (1.08, 1.79) 0012 126 (1.02, 1.55) 0.029
Sex
Male 55 (41.67%) 1.0 1.0
Female 77 (58.33%) 1.04(0.41,2.63) 0937 167 (0.78, 3.59) 0.187
Parents’ age (years) 38.96 + 2.99 1.20 (1.03, 1.40) 0.022 1.12 (0.98, 1.27) 0.088

Parents’ sex

Male 21 (15.91%) 10 1.0

Female 111 (84.09%) 0.42(0.14, 1.25) 0.118 0.56 (022, 1.47) 0.240

Parents’ education level

Middle school and below 65 (49.24%) 1.0 1.0

Senior middle school 46 (34.85%) 0.88(0.31,2.48) 0.810 0.47(0.20, 1.12) 0.090
Undergraduate and above 21(15.91%) 1.16 (0.33, 4.10) 0.824 1.05 (0.38,2.90) 0.923
Hemodynamic type of VVS

Vasoinhibitory type 101 (76.52%) 1.0 1.0

Cardioinhibitory type 3(2.27%) 2.87 (024, 33.63) 0.402 1.18 (0.10, 13.55) 0.892
Mixed type 28 (21.21%) 1.56 (0.54, 4.50) 0.407 1.53 (0.64, 3.66) 0337
Satisfaction scores 13.56 £2.69 0.71 (0.60, 0.85) 0.000 0.67 (0.56, 0.79) 0.000
Knowledge mastery scores 3.53+089 0.21(0.12, 0.40) 0.000 0.12 (0.05, 0.27) 0.000
Compliance scores 339+ 1.01 0.04 (0.01, 0.15) 0.000 0.10 (0.05, 0.23) 0.000

Data in table: OR, odds ratio; CI, confidence interval.

Result variable: subjective efficacy, objective efficacy.

Exposure variable: group, sex, parents’ sex, hemodynamic type of VVS, parents’ education level, age, parents’ age, satisfaction scores, knowledge mastery scores, compliance scores.
Adjusted variable: none.
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Exposure Model 2

OR (95% Cl) P-value OR (95% Cl) P-value

Subjective efficacy

Satisfaction scores 0.66 (0.54, 0.82) 0.000 0.52 (0.36, 0.74) 0.000
Knowledge mastery scores 0.18 (0.09, 0.36) 0.000 0.09 (0.03,0.27) 0.000
Compliance scores 0.02 (0.00, 0.15) 0.000 0.01 (0.00, 0.13) 0.000
Objective efficacy

Satisfaction scores 0.65(0.54,0.79) 0.000 0.56 (0.43,0.73) 0.000
Knowledge mastery scores 0.12(0.05,0.29) 0.000 0.08 (0.03,0.23) 0.000
Compliance scores 0.09(0.03,0.21) 0.000 0.07 (0.03, 0.19) 0.000

Data in table: OR, odds ratio; CI, confidence interval.

Result variable: subjective efficacy, objective efficacy.

Exposure variable: satisfaction scores, knowledge mastery scores, compliance scores.

Model 1 adjusted for: sex, age.

Model 2 adjusted for: sex, age, parents’ sex, parents’ age, hemodynamic type of VVS, parents’ education level.
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<Syears old

AAPC 95%Cl

(%)

China

Incidence —181(~1.95, -1.66)
Mortality ~6.82(=7.11,-6.53)
Prevalence ~0.04(0.37,0.29)
YLLs ~6.82(=7.11,~6.52)
YLDs ~0.16(~0.31,0.02)
DALYs ~6.69(~6.97,~6.42)

Western Pacific Region

Incidence —145(-1.58, ~1.31)
Mortality ~5.74(~5.90, ~5.58)
Prevalence 0.28 (0.01,0.56)
YLLs ~5.75(=5.91,~5.58)
YLDs 0.02(~0.9,0.12)
DALYs ~5.64(~5.78, ~5.49)
Global

Incidence 0.20(0.15,0.24)
Mortality ~3.40(=3.49,-3.31)
Prevalence 0.9 (090, 1.05)
YLLs ~3.40(=3.49,-3.31)
YLDs 0.48 (0.44,0.51)
DALYs ~333(=342,-3.24)

DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLS, years of lfe lost; Ul, uncertainty
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Benefits
Decrease in uncertainty regarding HCM
status

Increased anxiety about the child's future

Anticipating future care enhances.
patient management through informed
decision-making

Alteration of one’s self-image and stigma
associated with cardiovascular disease

Early detection and management with
possible improved prognosis

Lack of confidence around exercise/
physical activity can negatively impact
quality of life

Overall reduced healthcare costs by
reducing the need for advanced, lifelong
therapies for complications

Increased insurance costs and
accessibility limitations
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Characteristics

Age range for use
Predictor variables used
(Differences bolded)

HCM-risk kids

>1 years and <16 years
Unexplained syncope.
Maximal left-ventricular wall thickness.
Left atrial diameter.
Left ventricular outflow tract gradient.
Non-sustained ventricular tachycardia

PRIMaCY

<18 years
Age at diagnosis.
Interventricular septal thickness.
Left ventricular posterior wall thickness.
Left atrial diameter.
Lefi-ventricular outflow tract gradient.
Non-sustained ventricular tachycardia
Unexplained syncope

Internal validation c-statistic

069 (95% CI =0.66-0.72

0.75 (CI not provided)

External validation ¢ statistic

0714 (95% 0.58-0.85)

0.71 (CI not provided)

Model website

hitps://hemriskkids.org/

hitps://primacycalculator.com/

Future directions

Incorporate CMR-based assessments of cardiac structure and function
Incorporate measures of myocardial fibrosis
Evaluate if incorporating EKG findings improve SCD prediction by these models

Update models according to future data on adverse outcome risk based on genetic basis of HCM
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Devise
appropriate
exercise protocols
considering
patient genotype

Elucidate the best
method to
quantify
myocardial
fibrosis

Incorporate
myocardial
fibrosis
assessment into
HCM Risk-Kids
and PRIMaCY

Future

Directions

Establish role of
CMR in HCM
assessment based
on patient
genotype

Identify utility of
medications like
ARBs/ACEi in
early-phase HCM

Study genotype-
phenotype
association to
individualize
screening &
diagnostic
protocols
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Léger et al. Current study Cohen'sd

Boys Girls Boys Girls Boys Girls
6.0-6.9 yrs
VO, max 524+28 518423 48425 475420 -76 -83 0.000 0.000 143 1.96
Stages 36+14 34%11 21411 17407 —417 —50.0 0.000 0.000 115 174
7.0-7.9yrs
VO, max 512£33 50.3+2.6 48.0£27 47.0£24 —6.3 —66 0.000 0.000 1.02 13
Stages 39+16 35+12 26£13 22£10 333 -37.1 0.000 0.000 0.86 113
8.0-8.9yrs
VO, max 517£39 19.8+34 47.5+39 463 %311 -8.1 -7.0 0.000 0.000 L11 1.06
Stages 49418 41£15 32417 27411 —347 -366 0.000 0.000 0.96 1.04
9.0-9.9yrs
VO, max 515444 492432 467 £ 45 445426 93 —9.6 0.000 0.000 1.10 157
Stages 55+19 45+ 14 36+19 27411 —418 —40.0 0.000 0.000 1.26 138
10.0-10.9 yrs
VO, max 51.6+£42 468428 459+48 438437 —112 —6.2 0.000 0.000 133 0.92
Stages 62+18 49+14 39420 31£16 —37.1 -367 0.000 0.000 123 126
11.0-11.9 yrs
VO, max 511+45 47.5+4.0 43.9+46 426%33 —14.1 -10.1 0.000 0.000 1.60 124
Stages 67+18 52+ 16 38+18 33+13 —433 -365 0.000 0.000 161 125
12.0-12.9 yrs
VO, max 519£52 467+42 44852 41644 -137 -109 0.000 0.000 137 119
Stages 72420 55+ 16 50£20 37£17 -306 -327 0.000 0.000 1.10 1.09
13.0-13.9 yrs
VO, max 50.1 £52 444448 437+48 395447 —126 —11.0 0.000 0.000 123 1.04
Stages 74420 53+18 52+18 37418 —297 -302 0.000 0.000 115 0.89
14.0-14.9 yrs
VO,max 50.1 £52 417+47 44667 373443 —110 -106 0.000 0.000 0.94 0.97
Stages 8.0£19 48£18 62£25 35+16 238 -27.1 0.000 0.000 0.88 0.75
15.0-15.9 yrs
VO, max 50.2%6.1 41251 43169 384£56 —143 —68 0.000 0.000 112 0.55
Stages 8.5+22 52+18 6.1£25 46£20 —282 —115 0.000 0.000 1.03 0.32
16.0-16.9 yrs
VO, max 500+ 58 395450 428+73 359460 —152 -9.1 0.000 0.000 112 0.68
Stages 89420 52%17 66425 43420 -292 -173 0.000 0.000 1.06 0.67
17.0yrs +
VO, max 497 £5.9 38652 409+74 339455 -177 —122 0.000 0.000 1.38 0.89
Stages 93£2.0 55+18 65+24 41£19 —30.1 255 0.000 0.000 127 0.76

Yrs, years; P-values in bold = significant at <0.05; A% = percentage of difference (the negative sign indicates the decrease in percentage since 1982; Cohen’s d = 0.20 marginal; 0.50 moderate; 0.80 large; Cohen d in bold = large effect (=0.80).
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Current study Léger et al. Statistics

Body VO, max NECLS Body P VO, max Stages
mass mass
6 56 20+28 483426 22411 89 234£30 0.006 121 524+28 0 36+ 14 0
7 108 240+32 481428 27£13 221 252443 0011 297 512433 0 39+16 0
8 144 270437 479439 34+16 211 280445 0.028 303 517439 0 49+18 0
9 148 296+ 44 47.1£45 38£19 200 318457 0 322 515444 0 55419 0
10 163 328451 166£46 4219 253 34659 0.002 404 51.6£42 0 6218 0
11 129 369455 446+45 41£18 247 388+7.8 0014 386 5L1£45 0 67+18 0
12 153 11674 458+50 53£19 206 27+£79 0.181 341 519452 0 72420 0
13 158 480+83 44745 56+17 233 478486 0819 325 501452 0 74£20 0
14 131 534%7.0 460£62 67+22 237 534498 1 289 501452 0 80+1.9 0
15 156 58077 441467 65+24 254 583497 0743 333 50.246.1 0 85422 0
16 17 60.6+8.0 1445£68 72423 245 62.6+92 0.045 336 500458 0 89420 0
17 67 63566 429463 72421 161 645489 0.408 212 49.7£5.9 0 93£20 0
Girls
6 51 218427 47319 17408 81 228429 0.05 112 518423 0 34%11 0
7 97 233430 473%25 23£10 227 244%36 0.009 299 503426 0 35+12 0
8 111 262436 467 £3.1 29+12 231 280452 0.001 308 498+ 3.4 0 41£15 0
9 152 289439 447%26 2711 196 314%56 0 322 492432 0 45+14 0
10 128 34260 442438 3315 214 346+7.0 059 335 468428 0 4915 0
11 118 395472 43.1+31 35+12 258 392485 074 382 47.5+4.0 0 52+ 16 0
12 165 434£63 41641 42£16 204 451490 0.041 292 467 +42 0 55+ 1.6 0
13 161 472477 40.6+45 40£17 224 492490 0.023 298 444448 0 53+ 18 0
14 93 497457 38542 39+ 16 211 504%7.3 0412 260 417 £47 0 48+18 0
15 89 535468 396453 50£18 189 53.6+7.1 0912 260 412451 0.012 5218 0.366
16 102 56073 366459 45£20 236 5424738 0.048 332 39.5450 0 52417 0.001
17 54 560+ 8.4 34848 44+£16 133 54474 0.199 155 386452 0 55+ 1.8 0

N, number of participants; Body mass = kg; VO, max = ml-kg~!-min~!; Stages = number completed; P-values in bold = significant at < 0.05.
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Body mass Heig BMI VO, max NEH

(%) (cm) (kg:m~2) (mlkg~!-min—1) (number)
Mean+SD Cl (95%) Mean+SD Cl (95%) Mean+SD Cl (95%) Mean+SD ClI (95%) Mean+SD Cl (95%)

Boys

6.0-6.9yrs 24.0£5.1 227-252 121349 120.1-122.5 161432 15.3-168 486+25 47.7-489 21% 10 1.9-24
7.0-7.9yrs 252+ 44 24.4-26.0 1255455 124.5-126.4 159+22 15.5-16.3 479426 475-48.4 26413 24-28
8.0-8.9yrs 289£56 28.1-29.8 1321£67 1311-133.1 165+2.9 16.1-16.9 475+39 46.9-48.1 32417 3.0-35
9.0-9.9yrs 314£57 30.6-32.2 1368+ 69 135.7-137.8 168+2.9 164-17.3 46745 146.0-47.3 36+19 33-38
10.0-109 yrs 353£76 343-36.4 142.1£66 141.2-143.1 17432 169-17.8 459+47 452-466 39£20 3.6-42
11.0-11.9yrs 40.1£8.0 38.8-41.3 148.1£7.2 146.9-149.2 183+3.4 17.7-18.8 439445 432-446 38418 3.5-4.1
12.0-129yrs 4754122 45.8-49.1 153.6£85 152.5-154.8 200+ 44 19.4-20.6 448+52 44.1-455 50£20 47-52
13.0-13.9 yrs 5444127 52.7-56.0 161.0£88 159.9-162.2 209+4.1 203-214 438+49 43.1-444 53+19 5.0-55
14.0-149 yrs 5794104 56.3-59.5 166.4£7.8 165.2-167.6 21 +41 205-21.7 446+6.7 43.6-45.6 61£25 5.8-65
15.0-15.9 yrs 635+ 122 61.9-65.2 1705£7.0 169.6-171.5 219442 213-225 43069 42.1-43.9 61+25 5.8-65
16.0-169 yrs 666+ 118 64.7-68.4 1728+7.6 171.6-174.0 25450 217-233 428+73 41.7-440 66425 62-7.0
17.0-17.9 yrs 710+ 149 68.0-74.5 17357.9 171.8-175.1 23.6+438 22.6-24.6 403£7.0 39.4-41.8 6524 6.0-7.0
Girls

6.0-6.9yrs 25+37 216-23.5 1201 £5.1 118.8-1214 156+ 1.9 15.1-16.0 475420 475-48.0 17408 15-19
7.0-7.9yrs 25.0+47 24.1-25.8 1254455 124.4-1263 158+22 15.4-16.2 47.1£25 46.6-47.5 23£10 21-25
8.0-8.9yrs 289+77 27.6-30.2 130.8+ 6.4 120.7-1318 16838 162-17.4 46331 45.8-46.8 26+13 26-28
9.0-9.9yrs 310£6.1 30.1-31.9 1362£66 135.2-137.1 16.7+26 163-17.0 445+26 44.1-449 2611 25-28
10.0-109 yrs 37.7+£89 363-39.1 1441£83 142.8-1454 18.1+34 17.5-18.6 438437 433-444 31£15 29-33
11.0-119yrs 42393 40.8-43.9 1495+7.7 148.3-150.8 188+ 3.6 18.2-19.4 425+33 42.0-43.1 3313 31-35
12.0-129yrs 494+ 118 47.8-50.9 1547467 153.8-155.5 205+ 44 200-21.1 416+ 4.4 41.1-42.2 37417 3.5-40
13.0-13.9 yrs 521112 50.6-53.6 1572469 156.3-158.2 20144 205-21.7 395+ 46 38.9-40.1 37£18 3.4-39
14.0-149 yrs 576+ 132 55.5-59.8 1579464 156.9-159.0 23.1+5.1 222-239 373+43 36.6-38.0 35+16 32-37
15.0-159 yrs 574+92 55.7-59.1 1614£7.6 160.0-162.8 20+36 213-226 384+56 37.4-39.4 46£20 42-49
16.0-169 yrs 5974108 57.9-61.6 1623 +9.0 160.8-163.9 27 +44 220-23.5 352451 343-36.1 42+19 39-45
17.0-17.9 yrs 609+ 13.0 57.8-64.0 1626 £88 160.4-164.7 27442 21.7-237 339455 326-35.2 40£18 3.6-4.5

SD, Standard deviation; CI, Confidence interval; BMI, Body mass index.
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Percentiles

10th 25th 50th 75th 90th

Boys

6.0-6.9 yrs 66 —1.55 483 0.052 44.1 453 467 483 50.1 518 537
7.0-7.9 yrs 123 —0.45 48.0 0.057 432 447 46.2 48.0 49.9 517 53.6
8.0-8.9 yrs 168 —1.70 47.5 0.083 414 43.1 45.0 47.5 504 534 56.9
9.0-9.9 yrs 178 —1.83 47.0 0.097 40.2 421 443 47.0 50.5 543 58.8
10.0-10.9 yrs 192 0.01 46.2 0.104 38.0 404 431 462 49.6 528 562
110-11.9yrs 158 —0.70 439 0.104 36.5 38.6 41.0 439 472 50.5 542
12.0-129yrs 213 0.43 446 0.115 355 383 412 446 48.1 514 548
13.0-13.9 yrs 232 1.06 438 0.110 34.7 37.6 398 438 47.0 50.0 528
14.0-14.9 yrs 180 0.54 44.8 0.150 32.0 36.6 40.4 44.8 49.4 53.8 58.3
15.0-159yrs 216 1.09 43.1 0.160 30.0 342 384 43.1 47.7 518 559
16.0-16.9 yrs 162 0.90 128 0.171 293 335 37.9 128 47.8 523 56.8
17.0-17.9 yrs 95 0.90 416 0.181 27.8 321 36.6 41.6 46.7 513 55.9
Girls

6.0-6.9yrs 62 ~1.00 47.5 0.042 44.0 45.1 46.2 475 489 50.2 516
7.0-7.9 yrs 119 —2.00 46.9 0.051 43.0 44.1 454 46.9 48.6 503 522
8.0-8.9yrs 139 —1.90 46.4 0.067 41.5 42.9 44.4 46.4 48.6 51.0 53.6
9.0-9.9yrs 180 —2.64 445 0.059 40.4 415 129 445 46.4 484 50.8
10.0-10.9 yrs 164 —1.05 437 0.089 377 394 413 437 464 490 52.0
110-11.9yrs 143 —1.08 423 0.084 36.9 385 402 123 447 47.0 19.6
12.0-12.9 yrs 240 —0.96 419 0.105 35.0 369 39.1 41.9 45.1 484 522
13.0-139 yrs 218 —1.60 39.3 0.119 32.5 343 36.5 393 428 46.8 518
14.0-14.9 yrs 146 —0.70 37.1 0.115 30.3 322 344 37.1 402 43.4 47.0
15.0-15.9 yrs 123 030 379 0.145 284 312 343 37.9 418 455 194
16.0-169 yrs 135 —0.40 36.6 0.167 27.2 298 328 36.6 411 458 513
17.0-17.9 yrs 73 —0.70 344 0.162 26.1 284 31.0 344 38.1 430 484

N, Number of participants; L, lambda; M, median; S, coefficient of variation (SD-mean—!).
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Percentiles

10th 25th 50th 75th 90th

Boys

6.0-6.9 yrs 66 0.25 222 0.519 075 1.00 1.50 225 3.00 4.00 525
7.0-7.9 yrs 124 0.34 271 0.487 1.00 125 2.00 275 375 475 6.00
8.0-8.9yrs 168 023 335 0.514 1.00 1.50 225 325 475 625 8.00
9.0-9.9 yrs 178 034 385 0.531 1.25 175 275 375 550 7.00 9.00
10.0-10.9 yrs 192 0.63 4.19 0.501 1.00 175 275 425 575 725 8.50
110-11.9yrs 158 0.63 3.67 0.480 1.00 175 250 375 5.00 625 7.50
12.0-12.9 yrs 213 0.69 513 0.405 175 275 375 5.00 650 8.00 9.50
13.0-13.9 yrs 232 1.00 5.50 0.351 175 3.00 425 5.50 675 8.00 9.25
14.0-14.9 yrs 180 0.66 6.18 0.397 2.25 325 4.50 6.25 8.00 9.50 11.25
15.0-159yrs 217 1.00 6.00 0.400 1.50 3.00 450 6.00 750 9.00 1050
16.0-16.9 yrs 162 0.86 657 0378 225 350 5.00 6.50 825 9.75 11.50
17.0-17.9 yrs 95 0.81 659 0372 225 350 5.00 6.50 825 9.75 11.50
Girls

6.0-6.9yrs 62 —0.60 173 0.432 075 1.00 125 1.75 250 350 525
7.0-7.9yrs 120 0.01 225 0.462 1.00 125 1.50 225 3.00 4.00 525
8.0-8.9yrs 139 0.12 284 0.492 1.00 1.50 2.00 275 4.00 525 675
9.0-9.9yrs 180 0.26 2.67 0.440 1.00 1.50 2.00 275 350 4.50 575
10.0-10.9 yrs 165 034 320 0.498 1.00 1.50 225 325 450 575 7.25
110-11.9 yrs 143 0.38 3.16 0.389 1.25 175 225 325 4.00 5.00 6.00
12.0-12.9 yrs 240 0.48 374 0.449 1.25 2.00 275 375 5.00 625 7.50
13.0-13.9yrs 218 031 381 0.484 1.25 2.00 275 375 525 675 8.50
14.0-14.9 yrs 146 0.62 3.15 0.465 1.00 1.50 225 3.25 425 525 6.50
15.0-15.9 yrs 123 0.63 4.16 0.429 1.25 2.00 3.00 4.25 5.50 6.75 8.00
16.0-169 yrs 133 037 430 0472 1.50 225 3.00 425 575 7.50 925
17.0-17.9 yrs 73 0.61 4.18 0.460 1.25 2.00 3.00 425 550 7.00 8.50

N, Number of participants; L, lambda; M, median; S, coefficient of variation (SD-mean="); The number of stages has been rounded to the nearest quarter. The speed at the first stage starts at 8.5 km-h~! and than increase by 0.5 km-h~! every minute.
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Typical BMI Overweight/Obese Cohen's d

Boys Girls Boys Girls Boys Girls
6.0-6.9 yrs
VO, max 483%26 473£19 485426 48324 —04 -20 0.856 0.193 0.08 051
Stages 22412 17£08 20£10 15£06 9.1 118 0.668 0542 0.17 0.26
7.0-7.9yrs
VO max 48.1+2.8 47.3£25 47.1£19 457+ 18 2.1 34 0.159 0.007 037 0.67
Stages 27413 2311 21£10 16406 222 304 0.104 0.000 047 0.68
8.0-8.9yrs
VO, max 479439 467 £34 449+33 446%3.1 63 45 0.000 0.001 078 0.63
Stages 34%£17 29+14 22£12 1.8£09 24.1 37.9 0.000 0.000 073 0.84
9.0-9.9yrs
VO max 47.1£4.5 447 £26 44.3£40 43.4£27 23 29 0.003 0.013 0.63 0.50
Stages 3819 2711 25£16 22£10 342 18.5 0.001 0.014 0.70 0.46
10.0-10.9 yrs
VO, max 466+ 4.6 442438 419434 427433 10.1 34 0.000 0.031 1.06 041
Stages 42420 33£16 24£13 25413 429 242 0.000 0.007 094 0.52
11.0-11.9yrs
VO, max 44.6 £ 4.5 43.1£3.1 40.8+3.6 40.1£32 8.5 7.0 0.000 0.000 0.87 0.96
Stages 41£19 35+13 26+13 24£1.0 36.6 314 0.000 0.000 0.83 0.88
12.0-12.9yrs
VO max 458 £5.0 416 £4.1 422+£47 418 £5.1 79 —0.5 0.000 0714 073 0.05
Stages 53+19 42£17 4.0£19 28+13 245 333 0.000 0.000 0.68 0.88
13.0-13.9yrs
VO, max 447 +46 40.6+45 414447 36.6+4.1 8.1 9.9 0.000 0.000 071 0.91
Stages 56+ 1.7 40+18 44+18 27£15 214 325 0.000 0.000 0.69 0.75
14.0-14.9 yrs
VO max 46.0+6.2 385+42 39.8+6.6 353£34 135 83 0.000 0.000 0.99 0.81
Stages 67%23 39+ 16 44£24 27£13 342 308 0.000 0.000 0.99 0.80
15.0-15.9yrs
VO, max 44167 39.6+53 39.6+£68 342£47 102 136 0.000 0.000 0.67 1.05
Stages 65+£24 50+ 1.9 49£24 31£16 246 38.0 0.000 0.000 0.67 1.04
16.0-16.9 yrs
VO, max 44568 364%6.1 380459 343£56 146 58 0.000 0.109 0.99 035
Stages 72424 45%2.1 50£20 36+17 314 20.0 0.000 0.040 0.96 045
17.0yrs +
VO, max 429463 3484458 354466 305£63 175 124 0.000 0.004 118 0.83
Stages 72£2.1 43£17 47£21 3.0£20 347 30.2 0.000 0.010 119 0.73

Yrs, years; P-values in bold = significant at <0.05; A% = percentage of difference; Cohen’s d = 0.20 marginal; 0.50 moderate; 0.80 large; Cohen d in bold = large effect (>0.80).
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Children without maternal | Children without maternal SLE | Children with SMD (before SMD® (after

SLE (before matching) (after matching) (N=93,320) maternal SLE matching) matching)
(N =3,355,285) (N=23,330)
Birth year 008 <0.001
2007-2010 816,412 (264) 24,776 (29.1) 6,194 (29.1)
2011-2014 1,369,433 (44.3) 37,972 (44.5) 9,493 (44.5)
2015-2017 906,788 (29.3) 22,504 (26.4) 5,626 (26.4)
Sex <001 <001
Boys 1,719,456 (51.2) 47,993 (51.4) 12,019 (51.5)
Girls 1,635,829 (48.8) 45,327 (48.6) 11,311 (48.5)
SES® 007 <0.001
Q1 (lowest) 356,999 (10.6) 9,551 (10.2) 2,387 (102)
@ 755,787 (22.5) 19,340 (207) 4,825 (20.7)
Q3 1,349,712 (40.2) 36,857 (39.5) 9,225 (39.5)
Q4 (highest) 892,787 (26.6) 27,572 (29.5) 6,893 (29.5)
Residence® 014 <0001
City 1,498,983 (44.7) 48,260 (51.7) 12,065 (51.7)
Rural 1,856,302 (55.3) 45,060 (48.3) 11,265 (48.3)
Preterm birth 101472 (3.0) 5544 (5.9) 1,386 (5.9) 0.14 <0.001
Maternal CHD 218812 (6.5 12,496 (13.4) 3,124 (134) 023 0.02

Data are expressed as numbers (weighted %)
SLE, systematic lupus erythematosus; SMD, standardized mean difference; SES, socioeconomic status; Q, quartile; CHD, congenital heart disease.
*Based on the amount of health insurance premiums. Income status was categorized into quartiles.

*City area was defined as Seoul and six major metropolitan cities (Busan, Incheon, Gwangju, Daegu, Dacjeon, and Ulsan).

cPropensity score matcking with birth vesr: sex: SES. residence. ivaterm birth; and matersal CHD.





OPS/images/fped-11-1294823/fped-11-1294823-g002.jpg
Disorders Children without Children with

maternal SLE maternal SLE

Number Weighted % Number Weighted % OR  95%Cl
All CHD (Q2) 4289 46 1289 55 i 121 1.14 1.29
VSD (Q21.0) 786 0.8 205 0.9 - 1.04 089 1.22
ASD (Q21.1) 2565 2l 752 32 E L 1.18 1.09 1.28
PDA (Q25.0) 1288 0.4 371 1.6 i 115 1.03 1.3
Cardiac arrest (146) 73 0.1 30 0.1 K 164 1.07 252
Heart block (144, 145) 50 0.1 28 0.1 | —— 224 141 3.56
CAVB (144.2) 5 <041 9 <01 i 2 24 2149
Tachyarrythmia (147) 106 0.1 40 0.2 —e—i 151 1.05 217
Atrial flutter (148) 53 0.1 i 0.1 i — 128 074 222
Other arrhythmia (149) 454 0.5 159 0.7 E o 1.4 1.17 1.68
Pacemaker insertion 30 <041 1 < 0.1 e 147 074 2.93
CMP (142) 39 <01 14 0.1 e 1.4 1.17 1.68
MCLS (M303) 1579 1.7 500 2 | 1o 127 115 143
Neonatal lupus (M32) 36 <041 109 0.5 \ —e— 1216 8.34 17.73
Death 292 0.3 96 0.4 e 1.32 1.04 1.66

10 30 10.0 300





OPS/images/fped-11-1294823/fped-11-1294823-g001.jpg
[ Newborns born between 2007 — 2017 (n = 3,505,737) }
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Models MAP-Z
Adjusted B (95%Cl) P-value

Model |

One line slope ~0.05 (=0.10, ~0.01)
Model Il

‘Turning point 8

<10 slope 1 ~043 (<0.64, ~0.22)

>10 slope 2 0.03 (0,06, 0.01)

LRT test <0.001

Model I, linear analysis; Model ll, non-linear analysis. LRT test, Logarithmic
ikelihood ratio test. (p-value <0.05 means Model Il is significantly different from
Model I, which indicates a non-linear relationship); Adjustment variables: age,
sex, height, weight, IGF-1, TG and TC. MAP-Z, mean arterial pressure z scores;
IGF-1, insulin like growth factor-1; TG, triglyceride; TC, total cholesterol. P<0.05
it considered 1 be statistically siarsficant.
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Models SBP-Z DBP-Z

Adjusted B | P-value | Adjusted B | P-value
(95% CI) (95% Cl)

Model |
One line slope ‘ —007 ~005

(-0.13, —0.01) (=0.10, -0.01)

Model II

‘Turning point 10 8

<10 slope 1 ~0.10 X ~0.61
(-0.17, ~0.03) (083, ~039)
10 slope 2 034 002
(0.04, 0.64) (004, 001)
LRT test 0.006 <0.001

Model , linear analysis; Model I}, non-linear analysis. LRT test, Logarithmic likelinood
ratio test. (p-value <0.05 means Model Il is significantly different from Model |
which indicates a non-linear relationship): Adjustment variables: age, sex, height
weight, IGF-1, TG and TC. SBP-Z_ systolic blood pressure z scores; DBP-Z
diastolic blood pressure z scores; IGF-1, insulin like growth factor-1; TG
trigliciride: TC. totsl cholesterct. P< 0,05 is considersd to be statisgcall sigrificant
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Parental unhealtl

behaviors

Parental overweight/obesity (vs.
normal weight)

1-3 ideal CVH factors,

OR (95% CI)

1.61(1.32-1.96)

4 ideal CVH factors,
OR (95% CI)

1.41 (1.22-1.62)

5 ideal CVH factors,
OR (95% Cl)

111 (0.97-1.26)

6-7 ideal CVH factors,
OR (95% Cl)

1 (Reference)

Insufficient MVPA (vs.

1.31 (1.10-1.56)

1.33 (1.18-1.50)

129 (1.16-1.44)

1 (Reference)

sufficient)

Unhealthy dietary behaviors (vs.

2.05 (1.43-2.94)

1,57 (1.27-1.95)

1.42 (1.18-1.70)

1 (Reference)

healthy)

A multilevel logistic regression model was used, with pairwise regression, respectively. Data adjusted for provinces, family history of chronic diseases, family monthly
income, offspring’s sex, age, resident area, birth weight, single-child status, breast feeding status, and parental highest education attainment.

CVH, cardiovascular health; MVPA, moderate to vigorous physical activity: OR, odds ratio; CI, confidence interval.
The bkl walies mkenind fhe (5 vesns stattiealle sianizant
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Variables SBP-Z DBP-Z

(95% Cl) P-value (95% ClI)
Age (years) X (<0.03, —0.01) X (=0.04, —0.01)
Height SDS . (0.05,0.21) X . (0.09,0.22)
Body weight (kg) X (0.01, 0.01) X X (001, 0.01)
BMI SDS X (=001, 0.09) I (=001, 007)
Sleep duration (hours) X (=013, -0.01) L (<008, —0.01)

IGE-1 SDS . (0.07, 0.16) Y (0.02, 0.10)
FPG (mmol/L) g (-004, 0.02) y (<003, 0.02)
TG (mmol/L) . (005, 034) ! (<011, 0.12)
TC (mmol/L) ! (001, 0.18) ! (-004, 0.09)
HDL-C (mmol/L) . (-002, 0.01) . ! (-001, 0.01)
LDL-C (mmol/L) . (006, 0.26) ! ! (-005, 0.11)
Sex

Male Reference Reference

Female |- | -oa8(-04,-013 | <oom | —o17 | (-027,-006) | 0002
Pubertal stage

In prepuberty (%) [ Reference | Reference

In puberty (%) | oo | —~0.08 (=020, 0.05) I 0224 | s [ oas 00y | 0009

Height SDS, height standard deviation scores; BMI SDS, body mass index standard deviation scores; IGF-15DS, insulin like growth factor-1 standard deviation scores; SBP-
Z, systolic blood pressure z scores; DBP-Z, diastolic blood pressure z scores; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high density
EpoRohen-chalastel LDL-C: low dafiity ipopiomsi cholesisrol. P2 0,05 i considersd 16 ba statistically sionficant.
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Variables
Number

1,085

Sex (male %)

763 (70.32%)

Age (years)

102+35

Height (cm)

125.43 = 17.94

Height SDS

—270+0.63

Body weight (kg)

27.72+11.49

BMI (kg/m?)

1801 =347

BMI SDS

0.12 (<0.69-1.03)

Sleep duration (hours)

IGF-1 (ng/ml)

9.20%0.96
168.00 (98.25-252.75)

IGF-1 SDS

—0.96 (~1.74-0.11)

SBP (mmHg)

10571 = 11.98

SBP-Z

073 (0.08-1.45)

DBP (mmHg)

6222+872

035 (~0.07-0.84)

7671 = 8.60
050 (0.07-0.95)

FPG (mmol/L)

4.86%2.11

TG (mmol/L)

065 (0.51-0.86)

TC (mmol/L)

3.86+0.73

HDL-C (mmol/L)

1.45 030

LDL-C (mmol/L)

211059

Pubertal stage

In prepuberty (%)

737 (67.93%)

In puberty (%)

348 (32.07%)

Height SDS, height standard deviation scores; BMI SDS, body mass index standard
deviation scores; IGF-1 SDS, insulin like growth factor-1 standard deviation scores;
SBP-Z, systolic blood pressure z scores; DBP-Z, diastolic blood pressure z scores;
MAP-Z, mean arterial pressure z scores; FPG, fasting plasma glucose; TG,
triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein-cholesterot
LDL-C, low density lipoprotein cholesterol. Continuous variables are presented
as the mean + standard deviation or median (interquartile range). Categorica

T T —
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Percentage

100 %

75 %)

50 %|

25 %)

Parental BMI

47.06

21.93

<24

4426

17.97

37.67

19.18

24~27.9

>28

100 %,

75 %,

50 %;

25 %,

44.88

23.26

> 150

C
100 %

75 %|

Number of healthy dietary factors

1 1-3 ideal CVH factors
fa

50 % [44.18
47.98 6-7 ideal CVH factors
46.97 46.23 4806
25 %
19.87 1779 2048 156
0
1~150 0 4~5 2~3 0~1





OPS/images/fped-11-1294823/fped-11-1294823-t002.jpg
Children with SMD (before | SMD*® (after

Children without Children without
maternal SLE matching) matching)

maternal SLE (before maternal SLE (after

matching) (N =3,355,285) | matching) (N=93,320) (N=23,330)

N Weighted % | N | Weighted % | N | Weighted %

Maternal characteristics
Cesarean section 1,220,053 . 34,125
IUGR 107,949 . 3,362
PIH 49,271 I 1,802
Gestational diabetes mellitus 1,377,325 37,792
Chronic kidney disorders 12,793 . 1,802

Data are expressed as numbers (weighted %)
SLE, systematic lupus erythematosus; SMD, standardized mean difference; IUGR, intrauterine growth retardation; PIH, pregnancy induced hypertension.

"Propersity scars matching with birth vess sex. SES. residence. preterm birth: and matamal CHD.
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Subgroups
Parental BMI (Kg/m2)
<24
24~27.9
228

MVPA
2150mins/week
1~149.9mins/week

Omins/week

Healthy dietary factors
4~5
2~3
0~1

OR (957%CI)

1 (Reference)
1.25(1.1-1.43)
1.15 (0.89 — 1.47)

1 (Reference)
1.24 (1.09 - 1.41)
1.39 (1.23 - 1.56)

1 (Reference)
1.52(1.28-1.8)
1.65 (1.03 — 2.65)

Odds ratio

P-trend
<0.001

<0.001

<0.001
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Parental unhealthy lifestyle factors
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Variable

P-value

Provinces, No. (%)

Hunan 757 (7.54) 397 (8.04) 360 (7.05) 0086
Ningxia 827 (8.23) 380 (7.70) 447 (8.76)
Tianjin 2,050 (20.41) 1,005 (2035) 1,045 (2047)
Chongqing 1215 (12.10) 592 (11.99) 623 (12.20)
Liaoning 1,600 (15.93) 777 (15.74) 823 (16.12)
Shanghai 1,769 (17.61) 908 (18.39) 861 (16.87)
Guangzhou 1825 (18.17) 879 (17.80) 946 (18.53)
Residence area, No. (%)
Urban | 5,564 (55.40) 2,273 (55.14) 2,841 (55.65) 0.609
Rural | 4479 (44.60) 2215 (44.86) 2,264 (44.35)
Family history of chronic diseases, No. (%)
No 3,594 (35.79) 1,828 (37.02) 1,766 (34.59) 0011
Yes | 6,449 (64.21) 3,110 (6298) 3,339 (6541)
Family monthly income (RMB), No. (%)
<12,000 6,085 (60.59) 2,956 (59.86) 3,129 (6129) 0199
212,000 900 (8.96) 437 (885) 463 (9.07)
Do not know/missing data 3,058 (3045) 1545 (31.29) 1513 (29.64)
Offspring characteristics
Age, mean £ SD | 1122£311 1112 £3.08 1132314 0002
No. (%)
Yes | 8,646 (86.09) 4,229 (85.64) 4417 (86552) 0202
No | 1397 (13.91) 709 (14.36) 688 (13.48)
Birth weight (g), No. (%)
<2,500 169 (1.68) 78 (1.58) 91 (1.78) <0.001
2,500-4,000 8,083 (80.48) 3,851 (77.99) 4,232 (82.90)
24,000 1791 (17.83) 1,009 (2043) 782 (15.32)
Single children, No. (%)
Yes 6851 (68.22) 3,553 (71.95) 3,298 (64.60) <0.001
No 3,192 (31.78) 1,385 (28.05) 1,807 (35.40)
BMI, mean = SD 18.84+3.93 19.16 = 4.15 1854 £3.68 <0.001
Number of healthy dietary factors, No. (%)
0-3 9,133 (90.94) 4510 (91.33) 4,623 (9056) 0177
45 | 910 (9.06) 428 (867) 482 (9.44)
Smoking status, No. (%)
Smoking in past 30 days | 109 (1.09) 73 (148) 36 (0.71) <0.001
Nonsmoking in past 30 days | 9,934 (98.91) 4,865 (9852) 5,069 (99.29)
MVPA (min/day), No. (%)
<60 | 6,880 (68.51) 3,141 (6361) 3739 (73.24) <0.001
260 3,163 (31.49) 1,797 (36.39) 1,366 (26.76)
TC (mmol/L), No. (%)
2517 | 557 (5.55) 249 (5.04) 308 (6.03) 0030
<517 | 9,486 (94.45) 4,689 (94.96) 4797 (9397)
FPG (mmol/L), No. (%)
5.60 | 213 212) 152 (3.08) 61 (1.19) <0.001
<560 I 9,830 (97.88) 4,786 (9692) 5044 (9881)
BP, No. (%)
High | 2,466 (2455) 1,378 (27.91) 1,088 (21.31) <0.001
Normal | 7,577 (7545) 3,560 (72.09) 4017 (7869)
Weight status, No. (%)
Overweight/obesity | 2 1,537 (3113) 1018 (19.94) <0.001
Normal | 3401 (68.87) 4,087 (80.06)
Number of ideal CVH factors, No. (%)
1-3 775 (7.72) 471 954) 304 (5.95) <0.001
4 2,525 (25.14) 1,321 (26.75) 1204 (23.58)
5 4,630 (46.10) 2,102 (4257) 2,528 (49.52)
67 2,113 (21.04) 1,044 (21.14) 1,069 (20.94)
Parental characteristics
Parental highest educational attainment, No. (%)
Junior high school or below 4,666 (46.46) 2,311 (4680) 2,355 (46.13) 0502
Senior high school or above | 5377 (53.54) 2,627 (5320) 2,750 (53.87)
Unhealthy behaviors, No. (%)
0 347 (3.46) 167 (3.38) 180 (3.53) 0466
1 3,881 (38.64) 1947 (39.43) 1934 (37.88)
2 4,780 (47.60) 2,321 (47.00) 2,321 (47.00)
3 1,035 (10.31) 503 (10.19) 503 (10.19)

SD, standard deviation; BMI, body mass index; MVPA, moderate to vigorous physical activity: TC, total cholesterol; FPG, fasting plasma glucose; BP, blood pressure:

CVH, cardiovascular health.

Byl e s calculitng e ootk for monitinusis nidies and iy Bearsons cis-seuiared tesh for categeicalvanables:
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4- and 24-months scores

24-months scores

CBCL HIBOU
Anxiety

PSI-4-SF Total Stress ro0242 p=050 0039 p= 758
PSI-4-SF PD roo0160  p=.199 0002  p=.99
PSI-4-SF PCDI r =0420 =.741 =0.125 p=.316
PSI-4-SF DC r 0354  p=.004 0.161 Pp=.19
Def Resp roo0188  p=.130  —0006 p=.962
HIBOU r0274  p=.026

HIBOU, Echelle de dépistage des troubles du sommeil pédiatriques, Pediatric
Sleep Disorders Screening Scale; CBCL, Child Behavior Checklist 15-5 years
old; PSI-4-SF, Parenting Stress Index, 4th Ed., Short Form: PD, Parental
Distress; PCDI, Parent-Child Dysfunctional Interaction; DC, Difficult Child;

Def Resp, Defensive Responding

Bold velues represent siarificant: results of o< 6.
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14 >gressi 24-
models (PSI-4- CBCL  models (PSI-4- months
SF at 4 months) Anxiety  SF at 4 months) HIBOU
score score

L. Sex B -0050 5.Sex p 012
Socioeconomic p 0083 Socioeconomic 0025
status status
Duration of p 0183 Duraionof 0168
hospitalization hospitalization
PSI-4-SFTotal Stress f# 0248 PSI-4-SF TotalStress f 0038
Defensive B 004 Defensive B 0073
Responding Responding

R 00% R 0048
2. Sex B -0050 6. Sex po 0124
Socioeconomic B 0083 Socioeconomic 0025
status status
Duration of B 0183 Duraionof 0168
hospitalization hospitalization
PSI-4-SF PD p 0155 PSI4SEPD  f -0.027
Defensive B 0156 Defensive B —0001
Responding Responding

R 0074 R 0045
3. Sex p o —0050 7. Sex B —0a2
Socioeconomic B 0083 Socioeconomic 0025
status status
Duration of p 0183 Durationof  f 0,168
hospitalization hospitalization
PSI-4-SF PCDI p -0034 PSI4SFPCDI 0121
Defensive s 0am Defensive p 0018
Responding Responding

R 0074 R 0059
4. Sex B —0050 8. Sex B -012
Socioeconomic p 0083 Socioeconomic 0025
status status
Duration of B 0183 Duraionof 0168
hospitalization hospitalization
PSI-4-SF DC 0358 PSI4SEDC  f 0165
Defensive s 0038 Defensive p 0103
Responding Responding

0.166" R 0079

CBCL, Child Behavior Checklist 15-5 years old; HIBOU, Echelle de dépistage
des troubles du sommeil pédiatriques, Pediatric Sleep Disorders Screening
Scale; PSI-4-SF, Parenting Stress Index, 4th Ed. Short Form; PD, Parenta
Distress; PCDI, Parent-Child Dysfunctional Interaction; DC, Difficult Child,

Bold val t significant results at two i thresholds (indicated at
the bottom of the table).
*p<0.05.
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All the participants
n=65347 (pairs)

Offspring were not at 7-18 years old (n=5694)
Offspring without blood sample (n=43919)

7-18 years-old offspring
n=15735 (pairs)

!« Offspring without complete anthropometric information (n=522,
1+ Offspring had no information of dietary behaviors (n=1695) |

Offspring were available to
define the CVH status
n=13517 (pairs)

Without parental questionnaire (n=2192)

1+ Parents had no information of dietary behaviors( n=99)

Parents were available to
define unhealthy behaviors
n=11226 (pairs)

|---i+ Offspring were not live with parents (n=1183) :

Offspring and parents were
finally included
n=10043 (pairs)
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Socio- Included patients  Excluded patients

demographic
or medical M SD Range M SD  Range
characteristics
Gestational age 3868 122 36264126 3858 182 3257415
(weeks)
Age at first 387 552 0-2186 114 16825  0-29.89
corrective surgery
(months)
Duration of 1955 1909 4-127 3147 4309 4-305
hospitalization at
first surgery (days)*
n "
Sex, males (%) 42 (64) 119
Born premature (%) 53 (14) 26 (13)
Cyanotic CHD (%)" 9 (80) 139 (68)

*Significant difference found between the groups at p < 005. CHD, congenital
A





