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A novel nomogram for
predicting respiratory adverse
events during transport after
interventional cardiac
catheterization in children

Chaoyang Tong', Peiwen Liu', Kan Zhang', Ting Liu
and Jijian Zheng*

Department of Anesthesiology, Shanghai Children’s Medical Center, School of Medicine and National
Children’s Medical Center, Shanghai Jiao Tong University, Shanghai, China

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 (Cl), 0.268-0.958, P =0.036), preoperative
upper respiratory tract infections (URI, aOR =2.335, 95% ClI, 1.223-4.460,
P=0.01), type of surgery (vs. VSD, for ASD, aOR = 2.856, 95% ClI, 1.272-
6.411, P=0.011; for PDA, aOR=5.518, 95% Cl, 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% Cl, 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% Cl, 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
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meaningful implications for RAEs risk prediction, clinical intervention and healthcare

quality control.

KEYWORDS

respiratory adverse events, children, cardiac catheterization, nomogram, predictors

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.

Frontiers in Pediatrics

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).

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
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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).
Patients excluded (n=302)
1. Refusal to sign informed consent (n=25);
2. No medical history (n=15);
| 3. Lower respiratory tract infections (n=45);
4. Hypersensitivity to specific anesthetic agents (n=2);
5. History of liver or kidney disease (n=12);
6. Complex cyanotic heart disease (n=203).
290 pediatric patients presenting for ventricular septal
defects, atrial septal defects, and/or patent ductus arteriosus
were enrolled in the final analysis.
FIGURE 1
Patient flowchart.

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 URIL 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.

Frontiers in Pediatrics

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.
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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 vyears, 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
=5518, 95% CI, 2425-12.553, 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).

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
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TABLE 1 Perioperative characteristics stratified by RAEs during
transport.

Variables® RAEs No-RAEs p
(n=67) (n=223) value

Age, years 32+23 3.8+23 0.091
Age >3 years 26 (38.8) 121 (54.3) 0.027*
Sex 0.464

Male 24 (35.8) 91 (40.8)

Female 43 (64.2) 132 (59.2)
ASA grade 0.907

il 57 (85.1) 191 (85.7)

111 10 (14.9) 32 (14.3)
Height, cm 94.6+17.6 101.2+17.7 0.026*
Weight, kg 14.8 +6.1 16.5+7.4 0.080
BMI, kg/m2 16.0+1.8 158 +2.0 0.596
History of allergy 14 (20.9) 30 (13.5) 0.136
History of asthma 1 (1.5) 3(1.3) >0.999
History of hay fever 5(7.5) 22 (9.9) 0.553
Bronchial hyperreactivity 2 (3.0) 4 (1.8) 0.625
Osas 24 (35.8) 70 (31.4) 0.497
Passive smoking 23 (34.3) 65 (29.1) 0.419
Type of surgery 0.006*

VSD 16 (23.9) 93 (41.7)

ASD 22 (32.8) 74 (33.2)

PDA 29 (43.3) 56 (25.1)
Preoperative URI 41 (61.2) 92 (41.3) 0.004*
Propofol, mg 56.3+26.5 61.1+25.8 0.194
Morphine equivalent, mg 0.18 +£0.04 0.17 £0.04 0.189
Morphine equivalent 53 (79.1) 147 (65.0) 0.041*
>0.153 mg/kg
Muscle relaxant 1 (1.5) 5(2.2) >0.999
Atropine usage 28 (41.8) 139 (62.3) 0.003*
Dexmedetomidine 49 (73.1) 139 (62.3) 0.104
Operative time, min 36.9+18.2 36.8 +20.3 0.969
Anesthesia time, min 41.5+18.4 41.8£20.0 0.921
Extubation time, min 35+27 35+29 0.891
Deep extubation 61 (91.0) 196 (87.9) 0.476
Emergence agitation 5(7.5) 25 (11.2) 0.377
Vomiting 3 (4.5) 16 (7.2) 0.579
Fever 1(1.5) 5(22) >0.999
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).

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

frontiersin.org


https://doi.org/10.3389/fped.2022.1044791
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Tong et al. 10.3389/fped.2022.1044791
Variables OR 95% CI p Value
Age >3 years - 0.507(0.268~0.958) P=0.036
Preoperative URI N — 2.335(1.223~4.460) P=0.010
Approach of ASD vs VSD - 2.856(1.272~6.411) P=0.011
Approach of PDA vs VSD = 5.518(2.425~12.553) P<0.001
Atropine usage L S— 0.463(0.244~0.879) P=0.019
Morphine >0.153mg/kg ] 2.904(1.371~6.150) P=0.005
RAEs during extubation - 5.004(2.633~9.511) P<0.001
to transport 010 10 40 16.0

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.

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).

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).

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

FIGURE 3

0 10 20 30 40 50 60 70 80 90 100
Points L L L . . ) ) ) 1 ) )
< 3yrs
Age r !
> 3yrs
Yes
Preoperative URI r !
No
ASD
Approach r 7 X
VSD PDA
> 0.153mg/kg
Morphine r )
<0.153mg/kg
No
Atropine usage r !
Yes
Yes
RAEs during extubation to transport r '
No
Total Points r T T T T T T T 1
0 50 100 150 200 250 300 350 400
Probability of RAEs during transport T T T T T T T 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

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.
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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.

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

risk range of 0%-74%.

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

The prediction model for RAEs during transport
All

None

0.15
|

Net Benefit

0.05
|

0.00
|

-0.05

0.0 0.2

FIGURE 5

respiratory adverse events.

04 0.6 0.8

High Risk Threshold

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,
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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 URIL, 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
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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 with

discrimination  after Bias-corrected

during  transport good

internal  validation.
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.
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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/mz, p = 0.04), birth weight (2.90 vs. 3.34kg, 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 0.575mm 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
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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
The primary hypothesis was that children exposed to

exposure to intrauterine preeclampsia.
preeclampsia have signs of early arterial injury including
increased aIMT and PWYV, 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).
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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, a = 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
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wall of a non-branched, 1cm 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
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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
PWYV 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.

The characteristics of participants are shown in Table I.
Children exposed to preeclampsia had a lower BMI at time of
assessment (15.5 kg/m? vs. 16.2 kg/m?), birth weight (2.90 kg
vs. 3.34kg), 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.

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%),

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1071304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Varley et al.

10.3389/fpubh.2022.1071304

Offspring from the P4 (Postpartum physiology,
psychology and paediatric follow up) study
Preeclampsia N=90
Normotensive control N=302

69 children consented to sub-study

5 children were unable to

64 Children vascular measurements obtained

v \4
alMT PWV
Excessive Did not meet quality
movement on control of
ultrasound scans for SphygmoCor XCEL
alMT to be
calculated
N=18 excluded N=7 excluded
v \4

complete the vascular
assessments

\4

60 included for statistical analysis with either
alMT OR PWV

Preeclampsia exposure vs normotensive
controls:
alMT n=19 vs n=23
PWV n=24 vs n=29

FIGURE 1
Participant recruitment and analysis flow diagram.

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%).
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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).
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TABLE 1 Offspring characteristics stratified by exposure to
preeclampsia vs. normotensive pregnancy.

Preeclampsia Control P
n=26 n =34 value
Male 15 (58) 19 (56) 0.89
Age at assessment 43(3.2,5.1) 5.0(2.2,5.3) 0.92
(years)
Height (cm) 107 (97.3,112) 107 (89.4,111) 0.46
Height Z-score 0.46 (—0.54, 0.87) —0.18 (—0.71, 0.15
0.43)
Weight (kg) 17.2(15.2,19.4) 18.2(13.4,19.9) 0.99
Weight Z-score* 0.21 £ 1.00 0.30 £ 0.79 0.69
BMI (kg/mz) 155+ 1.2 162+1.2 0.04
BMI Z-score 0.05£0.83 0.47 £0.80 0.05
Birth weight (kg) 2.90 + 0.66 3.34 +0.46 0.004
Birth weight —0.33 £ 0.83 —0.07 £ 0.99 0.28
Z-score*
Birth length (cm) 485 +3.7 50.0 £2.4 0.06
Birth length —0.20 + 1.01 —0.13 £ 1.12 0.81
Z-score*
Gestational age 375%£23 394+14 <0.001
(weeks)
Preterm birth 7(27) 2(6) 0.02
Months breastfed 11.1+83 127+ 6.8 0.41

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).

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).
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Two other studies (18, 19) have investigated the association
between intrauterine preeclampsia exposure and aIMT in
childhood. Both reported a greater difference in alMT 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 alMT (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
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TABLE 2 All vascular outcomes stratified by exposure to preeclampsia vs. normotensive pregnancy.

10.3389/fpubh.2022.1071304

Preeclampsia Control Adjusted p value*  Adjusted 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 0.49
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 aIMT (mm/kg) 0.033 (0.030, 0.041) 0.037 (0.029, 0.044) 0.71 0.97 0.25
Mean aIMT/aortic lumen diameter 0.071 £ 0.01 0.075 £ 0.01 0.32 0.47 0.20
Weight adjusted max aIMT (mm/kg) 0.036 (0.033, 0.044) 0.041 (0.032, 0.049) 0.71 0.89 0.23
Max alMT/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
PWYV (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 £5.4 914+7.1 0.17 0.18 0.04
Central diastolic blood pressure (mmHg) 67.0 4.4 66.3 £ 6.9 0.67 0.60 0.15
Central pulse pressure (mmHg) 26.5(24.3,29.3) 25.2(22.1,27.6) 0.05 0.06 0.09
Data presented as mean & SD or median (IQR).
2Adjusted for age and gender.
b Adjusted for BMI and birth weight.
aIMT, aortic intima-media thickness; PWV, carotid-femoral pulse wave velocity.
The bold values indicate the statistical significance (p < 0.05).
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FIGURE 2
Individual patient data for vascular measures. (A) Mean alMT, (B) Maximum alMT, and (C) Pulse wave velocity. Plots presented as mean + SD. PE,
Preeclampsia.

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
PWYV (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
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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

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1071304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Varley et al.

TABLE 3 Maternal characteristics stratified by preeclampsia vs.
normotensive pregnancy.

Preeclampsia Control P
n=26 n=34 value
Age at birth (years) 325+4.8 326+3.9 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)
Illicit drug use ever 7 (27) 16 (47) 0.11
at 6 months
Antihypertensive 15 (60) 0(0) <0.001
medication during
pregnancy
Parity 0.36
1 19 (73) 21 (62)
2 7(27) 13 (38)
Ethnicity: 14 (54) 18 (53) 0.94
Oceanian
Pre-pregnancy 24.0(22.6, 27.0) 22.4(20.9, 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 21(81) -
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; DBP, diastolic blood pressure; GDM, gestational diabetes mellitus;
SBP, systolic blood pressure.

*Based on self-reported weight.

2Defined as Systolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg.

bDefined as Systolic blood pressure >160 mmHg and/or diastolic blood pressure
>110 mmHg.

The bold values indicate the statistical significance (p < 0.05).

to childhood risk factors. Longitudinal studies should seek to
establish whether vascular health changes seen in newborn
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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

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1071304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Varley et al.

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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Secular trends of
cardiorespiratory fitness in
children and adolescents over a
35-year period: Chronicle of a
predicted foretold
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Emilia Kalinova*, Alain Steve Comtois®*, Hung Tien Bui?,
Luc Léger®, Pierre Frémont® and Maxime Allisse’

!Department of Health Sciences, Université du Québec a Chicoutimi, Chicoutimi, QC, Canada,
2Department of Medicine and Health Sciences, Université de Sherbrooke, Sherbrooke, QC, Canada,
*Department of Physical Activity Sciences, Université du Québec a Trois-Rivieres, Trois-Rivieres, QC,
Canada, *Department of Physical Activity Sciences, Université du Québec a Montréal, Montreal, QC,
Canada, *School of Kinesiology, Université de Montréal, Montréal, QC, Canada, *Department of
Kinesiology, Laval University, Quebec, QC, Canada, ’Department of Kinanthropology, Université de
Sherbrooke, Sherbrooke, QC, Canada

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 VO,max 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 VO,max decreased with age in both sexes (p < 0.05).
By the age of 10, more than 20% of boys showed VO,max values below the
recommended value (42 ml-kgfl-minfl). 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 VO,max at age 17 has
declined by 18% for boys and 12% for girls. The situation is worse in terms of
functional capacity (humber 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, VO,max, functional capacity, secular trends, youth,
cardiorespiratory fitness
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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

CREF 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,
VO;max 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 (nCAFT), 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 VO, max values will
be different.

Thus, the first objective of this study was to provide an
update of the reference values for VO,max 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.
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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-Rivieres, 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
The Institutional Ethical Committee Board
(University of Québec in Chicoutimi) approved the project
(no: 602-225-01).

authorities).

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 (Ministére de I'Education et de I’'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-f =
0.95 for « = 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.
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TABLE 1 Anthropometric and cardiorespiratory profiles of boys and girls aged 6—17 years old.

Body mass Height BMI VO, max N ETe[H
(%)) (cm) (kg-m~2) (mlkg=L-min—1) (number)
Mean4SD Cl (95%) Mean4SD Cl (95%) Mean4-SD Cl (95%) Mean4SD Cl (95%) Mean+SD Cl (95%)

Boys

6.0-6.9 yrs 240+5.1 22.7-252 1213449 120.1-122.5 161432 15.3-16.8 486425 47.7-48.9 21410 1.9-2.4
7.0-7.9 yrs 252444 24.4-26.0 1255455 124.5-126.4 159422 15.5-16.3 479426 47.5-48.4 26+13 24-2.8
8.0-8.9 yrs 289+5.6 28.1-29.8 1321467 131.1-133.1 1654+ 2.9 16.1-16.9 475439 46.9-48.1 32417 3.0-35
9.0-9.9 yrs 314£57 30.6-32.2 136.8 +6.9 135.7-137.8 16.8 +2.9 16.4-17.3 46.7 £ 4.5 46.0-47.3 36£19 33-38
10.0-10.9 yrs 353476 343-36.4 1421+ 6.6 141.2-143.1 174432 16.9-17.8 459+47 452-46.6 39420 3.6-4.2
11.0-11.9 yrs 40.1+8.0 38.8-41.3 148.1+7.2 146.9-149.2 18.3+3.4 17.7-18.8 439+45 432-44.6 38+18 35-4.1
12.0-12.9 yrs 4754122 45.8-49.1 153.6 + 8.5 152.5-154.8 200 + 4.4 19.4-20.6 448452 44.1-455 50420 47-52
13.0-13.9 yrs 544+ 12.7 52.7-56.0 161.0 + 8.8 159.9-162.2 209 +4.1 20.3-21.4 438449 43.1-44.4 53419 5.0-5.5
14.0-14.9 yrs 57.9 + 10.4 56.3-59.5 166.4 4+ 7.8 165.2-167.6 21.1+4.1 20.5-21.7 446 +£6.7 43.6-45.6 6.1£25 5.8-6.5
15.0-15.9 yrs 635+ 12.2 61.9-65.2 170.5 4+ 7.0 169.6-171.5 219442 21.3-22.5 430469 42.1-439 6.1£25 5.8-6.5
16.0-16.9 yrs 66.6+11.8 64.7-68.4 1728+ 7.6 171.6-174.0 225450 21.7-23.3 428+73 41.7-44.0 6.6+2.5 6.2-7.0
17.0-17.9 yrs 71.0 + 14.9 68.0-74.5 1735 47.9 171.8-175.1 23.6+ 4.8 22.6-24.6 403+7.0 39.4-41.8 65+24 6.0-7.0
Girls

6.0-6.9 yrs 225437 21.6-23.5 1201 4 5.1 118.8-121.4 156+ 1.9 15.1-16.0 475420 47.5-48.0 17408 1.5-1.9
7.0-7.9 yrs 250 £4.7 24.1-25.8 1254455 124.4-126.3 158 +22 15.4-16.2 471425 46.6-47.5 23+1.0 2.1-25
8.0-8.9 yrs 289+7.7 27.6-30.2 130.8 + 6.4 129.7-131.8 168 +3.8 16.2-17.4 4634 3.1 45.8-46.8 26£13 26-2.8
9.0-9.9 yrs 310+ 6.1 30.1-31.9 1362+ 6.6 135.2-137.1 16.7 +2.6 16.3-17.0 445+26 44.1-44.9 26+ 1.1 25-2.8
10.0-10.9 yrs 37.74+89 36.3-39.1 144.1 + 8.3 142.8-145.4 18.1+3.4 17.5-18.6 438+37 433-44.4 31415 29-33
11.0-11.9 yrs 423493 40.8-43.9 149.5 4 7.7 148.3-150.8 188436 18.2-19.4 425433 42.0-43.1 33413 3.1-35
12.0-12.9 yrs 4944118 47.8-50.9 1547 + 6.7 153.8-155.5 205+ 4.4 20.0-21.1 41.6+4.4 41.1-422 37417 3.5-4.0
13.0-13.9 yrs 521+ 11.2 50.6-53.6 157.2 469 156.3-158.2 211444 20.5-21.7 395+ 4.6 38.9-40.1 37418 34-39
14.0-14.9 yrs 57.6 £ 13.2 55.5-59.8 157.9 + 6.4 156.9-159.0 231451 22.2-239 373443 36.6-38.0 35+ 16 32-37
15.0-15.9 yrs 574492 55.7-59.1 161.4+7.6 160.0-162.8 220436 21.3-22.6 384456 37.4-39.4 46420 42-49
16.0-16.9 yrs 59.7 +10.8 57.9-61.6 162.3 + 9.0 160.8-163.9 227 + 44 22.0-23.5 352+5.1 34.3-36.1 42419 3.9-45
17.0-17.9 yrs 60.9 + 13.0 57.8-64.0 162.6 + 8.8 160.4-164.7 227442 21.7-23.7 339455 32.6-35.2 40418 3.6-4.5

SD, Standard deviation; CI, Confidence interval; BMI, Body mass index.
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Anthropometric measures

Anthropometric variables were collected using procedures
proposed by Lohman et al. (25). Body mass (BM) was noted
to the nearest 0.1kg 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 VO, max
-1

value (ml-kg -min~h).

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:

BC = (VARY — —1)-L " 'whenL # 0
BC = Log(VAR)whenL = 0
Where,

L, lambda
The Box-Cox power exponential method, which smoothed

BC, Box-Cox transformation; VAR, variable;

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:

[(Q75 — Q25)-g] — Q25 for the lowest value
[(Q75 — Q25)-g] + Q75 for the highest value

Where Q75 = 3" quartile; Q25 = 4t quartile; g = 2.2
Percentiles values were computed using the LMS method,
(30) which read as follows:

P = M-[1 + LsZ]Y/L
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Where, P = percentile; M = median; L = Lambda; S =
coeflicient 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 VO, max) 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.

Percentile curves of VOymax 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 VO,max
declines by about 14% for boys and 27% for girls. Also,
this trend appears to be strongly affected by the percentile
(VOymax) 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.

Tables 2, 3 provide the standardized values for VO;max
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.

The impact of BMI on VOjymax was also examined
(Figures 2A, B). As in Table 4, the
overweight/obese zone have VOpmax values markedly

shown boys in
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
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FIGURE 1
Age-specific smoothed percentile curves for VO,max and the number of stages completed estimated using the 20-m shuttle run test for boys
(A, C) and girls respectively (B, D).

when comparing individuals from the two BMI categories observed for all age groups for the number of stages completed
(Figures 2C, D). for boys and girls.

Secular trend for VO,max (Figures 3A, B) and the number Given that the difference in body mass between 1982
of stages completed in the 20-m shuttle run test (Figures 3C, D) and 2017 could influence the VO;max observed between
over a 35-year interval are illustrated by comparing data from the two periods, BM normalization was carried out. The
the present study with data collected in 1982 using the same discrepancies observed between the 2 periods are not
methodology (23). Over 35 years, median VO, max decreased by attenuated by BM standardization as shown in Table 6.
7.6% for boys and 8.3% for girls at the age of 6 and this difference Similarly, BM normalization did not affect the secular trends
increases to nearly 18% in boys and 12.2% in girls by the age observed between 1982 and 2017 regarding the number of
of 17 (Table 5). Compared to 1982, a significant decrease is also stages completed.

Frontiersin Public Health frontiersin.org

30


https://doi.org/10.3389/fpubh.2022.1056484
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lp1eaH 211gnd Ul s1anuo.y

BJo uisianuoy

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

0 0 90 9

Boys

6.0-6.9 yrs 66 —1.55 48.3 0.052 44.1 453 46.7 48.3 50.1 51.8 53.7
7.0-7.9 yrs 123 —0.45 48.0 0.057 432 44.7 46.2 48.0 49.9 51.7 53.6
8.0-8.9 yrs 168 —1.70 47.5 0.083 414 43.1 45.0 47.5 50.4 53.4 56.9
9.0-9.9 yrs 178 —1.83 47.0 0.097 40.2 42.1 443 47.0 50.5 54.3 58.8
10.0-10.9 yrs 192 0.01 46.2 0.104 38.0 40.4 43.1 46.2 49.6 52.8 56.2
11.0-11.9 yrs 158 —0.70 43.9 0.104 36.5 38.6 41.0 43.9 47.2 50.5 54.2
12.0-12.9 yrs 213 0.43 44.6 0.115 35.5 383 412 44.6 48.1 51.4 54.8
13.0-13.9 yrs 232 1.06 43.8 0.110 34.7 37.6 39.8 43.8 47.0 50.0 52.8
14.0-14.9 yrs 180 0.54 448 0.150 32.0 36.6 40.4 448 494 53.8 58.3
15.0-15.9 yrs 216 1.09 43.1 0.160 30.0 342 38.4 43.1 47.7 51.8 55.9
16.0-16.9 yrs 162 0.90 42.8 0.171 29.3 335 37.9 42.8 47.8 52.3 56.8
17.0-17.9 yrs 95 0.90 41.6 0.181 27.8 32.1 36.6 41.6 46.7 51.3 55.9
Girls

6.0-6.9 yrs 62 —1.00 47.5 0.042 44.0 45.1 46.2 47.5 48.9 50.2 51.6
7.0-7.9 yrs 119 —2.00 46.9 0.051 43.0 44.1 454 46.9 48.6 50.3 522
8.0-8.9 yrs 139 —1.90 464 0.067 41.5 429 44.4 46.4 48.6 51.0 53.6
9.0-9.9 yrs 180 —2.64 44.5 0.059 40.4 41.5 42.9 44.5 46.4 484 50.8
10.0-10.9 yrs 164 —1.05 43.7 0.089 37.7 394 41.3 43.7 46.4 49.0 52.0
11.0-11.9 yrs 143 —1.08 423 0.084 36.9 385 40.2 423 44.7 47.0 49.6
12.0-12.9 yrs 240 —0.96 41.9 0.105 35.0 36.9 39.1 41.9 45.1 48.4 52.2
13.0-13.9 yrs 218 —1.60 39.3 0.119 32.5 343 36.5 39.3 428 46.8 51.8
14.0-14.9 yrs 146 —0.70 37.1 0.115 30.3 322 344 37.1 40.2 434 47.0
15.0-15.9 yrs 123 0.30 379 0.145 28.4 31.2 343 37.9 41.8 45.5 49.4
16.0-16.9 yrs 135 —0.40 36.6 0.167 27.2 29.8 32.8 36.6 41.1 45.8 51.3
17.0-17.9 yrs 73 —0.70 344 0.162 26.1 28.4 31.0 34.4 38.1 43.0 48.4

N, Number of participants; L, lambda; M, median; S, coefficient of variation (SD-mean™!).
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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).

0 0 90 9

Boys

6.0-6.9 yrs 66 0.25 2.22 0.519 0.75 1.00 1.50 2.25 3.00 4.00 5.25
7.0-7.9 yrs 124 0.34 2.71 0.487 1.00 1.25 2.00 2.75 3.75 4.75 6.00
8.0-8.9 yrs 168 0.23 3.35 0.514 1.00 1.50 2.25 3.25 4.75 6.25 8.00
9.0-9.9 yrs 178 0.34 3.85 0.531 1.25 1.75 2.75 3.75 5.50 7.00 9.00
10.0-10.9 yrs 192 0.63 4.19 0.501 1.00 1.75 2.75 425 5.75 7.25 8.50
11.0-11.9 yrs 158 0.63 3.67 0.480 1.00 1.75 2.50 3.75 5.00 6.25 7.50
12.0-12.9 yrs 213 0.69 5.13 0.405 1.75 2.75 3.75 5.00 6.50 8.00 9.50
13.0-13.9 yrs 232 1.00 5.50 0.351 1.75 3.00 4.25 5.50 6.75 8.00 9.25
14.0-14.9 yrs 180 0.66 6.18 0.397 225 3.25 4.50 6.25 8.00 9.50 11.25
15.0-15.9 yrs 217 1.00 6.00 0.400 1.50 3.00 4.50 6.00 7.50 9.00 10.50
16.0-16.9 yrs 162 0.86 6.57 0.378 2.25 3.50 5.00 6.50 8.25 9.75 11.50
17.0-17.9 yrs 95 0.81 6.59 0.372 2.25 3.50 5.00 6.50 8.25 9.75 11.50
Girls

6.0-6.9 yrs 62 —0.60 1.73 0.432 0.75 1.00 1.25 1.75 2.50 3.50 5.25
7.0-7.9 yrs 120 0.01 225 0.462 1.00 1.25 1.50 225 3.00 4.00 5.25
8.0-8.9 yrs 139 0.12 2.84 0.492 1.00 1.50 2.00 2.75 4.00 5.25 6.75
9.0-9.9 yrs 180 0.26 2.67 0.440 1.00 1.50 2.00 2.75 3.50 4.50 5.75
10.0-10.9 yrs 165 0.34 3.20 0.498 1.00 1.50 2.25 3.25 4.50 5.75 7.25
11.0-11.9 yrs 143 0.38 3.16 0.389 1.25 1.75 2.25 3.25 4.00 5.00 6.00
12.0-12.9 yrs 240 0.48 3.74 0.449 1.25 2.00 2.75 3.75 5.00 6.25 7.50
13.0-13.9 yrs 218 0.31 3.81 0.484 1.25 2.00 2.75 3.75 5.25 6.75 8.50
14.0-14.9 yrs 146 0.62 3.15 0.465 1.00 1.50 225 3.25 4.25 5.25 6.50
15.0-15.9 yrs 123 0.63 4.16 0.429 1.25 2.00 3.00 425 5.50 6.75 8.00
16.0-16.9 yrs 133 0.37 4.30 0.472 1.50 2.25 3.00 4.25 5.75 7.50 9.25
17.0-17.9 yrs 73 0.61 4.18 0.460 1.25 2.00 3.00 425 5.50 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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FIGURE 2
Modeling of VO,max 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.

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).
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CRF reference values

According to different studies and regardless of age, it is
estimated that a minimum VOj;max value of approximately
42 ml'kg~!-min~! in boys and 37 mlkg~!-min~! 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
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TABLE 4 Comparison of VO,max and the number of stages completed in children and adolescents with typical or overweight/obese BMI profile.

34

Typical BMI Overweight/Obese Cohen’s d
Boys Girls Boys Girls Boys Girls Boys Girls

6.0-6.9 yrs

VO,max 483 +2.6 473+19 48.5£2.6 483 +24 —0.4 -2.0 0.856 0.193 0.08 0.51
Stages 22412 1.7+£08 20+ 1.0 1.5+0.6 9.1 11.8 0.668 0.542 0.17 0.26
7.0-7.9 yrs

VO,max 4814238 473425 471419 457+ 1.8 2.1 34 0.159 0.007 0.37 0.67
Stages 27413 23+11 21£10 1L6£0.6 222 304 0.104 0.000 0.47 0.68
8.0-8.9yrs

VO,max 47.9 +£3.9 46.7 £3.4 449 £33 44.6 3.1 6.3 4.5 0.000 0.001 0.78 0.63
Stages 34417 29414 22+12 1.8£0.9 24.1 37.9 0.000 0.000 0.73 0.84
9.0-9.9 yrs

VO, max 471445 447 +2.6 443440 434427 23 2.9 0.003 0.013 0.63 0.50
Stages 38419 27411 25+ 16 22410 342 18.5 0.001 0.014 0.70 0.46
10.0-10.9 yrs

VO, max 46.6 + 4.6 442+38 41.9+34 42.7+33 10.1 34 0.000 0.031 1.06 0.41
Stages 42420 33+ 16 24413 25+13 429 24.2 0.000 0.007 0.94 0.52
11.0-11.9 yrs

VO,max 44.6 +4.5 431431 40.8 +3.6 40.1+3.2 8.5 7.0 0.000 0.000 0.87 0.96
Stages 41419 354+13 26413 24410 36.6 314 0.000 0.000 0.83 0.88
12.0-12.9 yrs

VO, max 458 +£5.0 41.6 £ 4.1 22447 41.8 £ 5.1 7.9 —-0.5 0.000 0.714 0.73 0.05
Stages 53419 42417 40+19 28+13 24.5 333 0.000 0.000 0.68 0.88
13.0-13.9 yrs

VO, max 44.7 + 4.6 40.6 + 4.5 414+47 36.6+ 4.1 8.1 9.9 0.000 0.000 0.71 0.91
Stages 56+17 40+ 18 44+18 27415 214 325 0.000 0.000 0.69 0.75
14.0-14.9 yrs

VO, max 46.0 £ 6.2 38.5+ 4.2 39.8 + 6.6 353434 13.5 8.3 0.000 0.000 0.99 0.81
Stages 67+23 39416 44424 27413 34.2 30.8 0.000 0.000 0.99 0.80
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large effect (>0.80).

0.20 marginal; 0.50 moderate; 0.80 large; Cohen d in bold =

percentage of difference; Cohen’s d =

Yrs, years; P-values in bold = significant at <0.05; A%

35

10.3389/fpubh.2022.1056484

flag by showing that, by the age of 17 in boys and 15 in gitls,
the median VO;max 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 VOymax. This finding is certainly as worrying as the decrease
in VO, max.

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 VO;max value below the minimal
CREF level associated with favorable health outcomes. In boys
with the overweight/obese profile, it is noted that the critical
median cutoff value of VOmax 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 VO,max 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
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Modeling of the secular trend curves for median VO,max and for the number of stages completed between 1982 and 2017 for 6 to 17 yrs boys
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(A, C) and girls (B, D). The thick horizontal line represents the critical cutoff health zone.

B
mlkg min? | mligmind
52,0r 1] 520
o VO:max Q e
50,0 : &'
49,0 I 49,0
48,0 T e 0
A0 — Leégeretal. (23) =
16,0 < —=~ Current study T -
450 450
140 o
430 43,0
420 AS 20
410 41,0
10,0 D, 100
39,0 390
38,0 o
ard 0
36,0 550
35,0 35,0
up 340
33,0 33,0
32,0 320
310 310
Rl 1 12 1 " 15 16 17
Age (vears)
D
Number Number
I NENENEDN
STAGES Q

9,00 9,00

8,00 8,00

7,00 7,00

— Leégeretal. 23)
—~ Current study

1,00

10 n 12 13 14 15 16 17
Age (years)

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 VO;max) and functional capacity (number
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of stages completed) in the study population. This difference
tends to accentuate with age, with a VO, max 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 VO,max 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.
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TABLE 5 Comparison of VO;max and the number of stages completed in children and adolescents between 1982 and 2017.
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Léger et al. Current study
Boys Girls Boys Girls Boys Girls

6.0-6.9 yrs

VO, max 524+28 51.8+£23 484425 47.5+2.0 ~7.6 -83 0.000 0.000 1.43 1.96
Stages 3.6+ 14 34411 21411 1.7£0.7 —41.7 —50.0 0.000 0.000 1.15 1.74
7.0-7.9yrs

VO, max 512433 50.3 + 2.6 48.0 2.7 47.0 £2.4 —6.3 —6.6 0.000 0.000 1.02 1.3
Stages 39416 35+12 26+13 22410 —-333 —-37.1 0.000 0.000 0.86 1.13
8.0-8.9yrs

VO, max 51.7£3.9 49.8 +34 47.5+3.9 463 +3.1 —8.1 -7.0 0.000 0.000 1.11 1.06
Stages 49418 41+15 32417 27411 —34.7 —36.6 0.000 0.000 0.96 1.04
9.0-9.9 yrs

VO, max 51.5 4+ 4.4 492+32 46.7 £ 4.5 44.5+2.6 -93 —-9.6 0.000 0.000 1.10 1.57
Stages 55419 45+ 14 3.6+1.9 27411 —41.8 —40.0 0.000 0.000 1.26 1.38
10.0-10.9 yrs

VO, max 51.6+£4.2 46.8 £2.8 459+ 4.8 43.8+£3.7 —11.2 —6.2 0.000 0.000 1.33 0.92
Stages 62+18 49+ 14 3.94£20 31£16 —37.1 -36.7 0.000 0.000 1.23 1.26
11.0-11.9yrs

VO, max 511445 47.5+4.0 439+ 4.6 42.6+33 —14.1 -10.1 0.000 0.000 1.60 1.24
Stages 67+18 52416 38+ 18 33+13 —433 —36.5 0.000 0.000 1.61 1.25
12.0-12.9yrs

VO, max 51.9+52 467 £42 448+52 41.6 £4.4 —13.7 -10.9 0.000 0.000 1.37 1.19
Stages 72420 55+ 1.6 50£20 37+£17 —-30.6 -327 0.000 0.000 1.10 1.09
13.0-13.9 yrs

VO,max 50.1 452 444+48 437+ 438 39.5+ 4.7 —12.6 —11.0 0.000 0.000 1.23 1.04
Stages 74420 53418 52418 37+ 1.8 —29.7 302 0.000 0.000 115 0.89
14.0-14.9 yrs

VO, max 50.1+5.2 417 +£47 44.6 6.7 373+43 —11.0 -10.6 0.000 0.000 0.94 0.97
Stages 8.0+£1.9 48+ 18 6.2+25 35+16 —23.8 —-27.1 0.000 0.000 0.88 0.75
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large effect (>0.80).

0.20 marginal; 0.50 moderate; 0.80 large; Cohen d in bold =

percentage of difference (the negative sign indicates the decrease in percentage since 1982; Cohen’s d

Yrs, years; P-values in bold = significant at <0.05; A%
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While some authors deny the fact that CRF has decreased
over the last decades (18, 19) our results clearly show

Lmin~!) and

an alarming decline, both in relative (ml-kg™
functional values (number of stages). It has been suggested that
the decrease in VOymax 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 VOymax 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 VO, max 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 VO, max, 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.
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TABLE 6 Comparison of VO2max and the number of stages completed between Current study and Léger et al. (23) with adjustment for BM.

Current study Léger et al. Statistics
Body VO, max Stages Body P Stages
mass mass
6 56 220428 483426 22411 89 234430 0.006 121 524428 0 36+ 14 0
7 108 24.0 £3.2 4814238 27413 221 252443 0.011 297 512433 0 39416 0
8 144 270437 479439 34416 211 28.0 + 4.5 0.028 303 517439 0 49418 0
9 148 29.6 + 4.4 471445 38419 200 31.8+57 0 322 515+ 4.4 0 55419 0
10 163 328+5.1 46.6 + 4.6 42419 253 346459 0.002 404 516+ 4.2 0 62418 0
11 129 369455 446+ 4.5 41418 247 388478 0.014 386 511445 0 67+18 0
12 153 416+ 7.4 4584 5.0 53419 206 427479 0.181 341 519452 0 72420 0
13 158 480483 447445 56+ 1.7 233 4784 8.6 0.819 325 50.145.2 0 74420 0
14 131 53.4+7.0 460+ 6.2 6.7+22 237 534498 1 289 50.145.2 0 8.0+ 1.9 0
15 156 580+ 7.7 441467 65424 254 583497 0.743 333 50.2 + 6.1 0 85422 0
16 117 60.6 + 8.0 445468 72423 245 62.6+£9.2 0.045 336 50.0 + 5.8 0 89420 0
17 67 63.5+6.6 429463 72421 161 64.5+ 8.9 0.408 212 497459 0 93420 0
Girls
6 51 218427 473419 17408 81 228429 0.05 112 51.8+2.3 0 34411 0
7 97 233430 473425 23410 227 244436 0.009 299 50.3+2.6 0 35412 0
8 111 262436 46.7 3.1 29412 231 280452 0.001 308 49.8 4 3.4 0 41415 0
9 152 289439 447426 27411 196 314456 0 322 492432 0 45+ 14 0
10 128 342460 442438 33415 214 34,6+ 7.0 0.59 335 468428 0 49415 0
11 118 395472 431431 35412 258 392485 0.74 382 475+ 4.0 0 52416 0
12 165 434463 416+ 4.1 42416 204 451490 0.041 292 467 + 4.2 0 55416 0
13 161 472477 40.6 + 4.5 40417 224 492490 0.023 298 4444438 0 53418 0
14 93 49.7 4+ 5.7 38,5+ 4.2 39416 211 50.4+7.3 0412 260 417447 0 48418 0
15 89 53.5+6.8 39.6+5.3 50418 189 53.6+ 7.1 0912 260 412451 0.012 52418 0.366
16 102 56.0 4 7.3 36.6 + 5.9 45420 236 542478 0.048 332 39.5+5.0 0 52417 0.001
17 54 56.0 & 8.4 34.8 + 4.8 44416 133 544474 0.199 155 38.6 5.2 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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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 VOpmax 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. VOymax 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.

KEYWORDS

CHD (congenital heart disease), neurodevelopement, quality of sleep, parenting stress,
behavior, anxiety, early assessment, psychosocial care

frontiersin.org
42


http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2022.1055526&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2022.1055526
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2022.1055526/full
https://www.frontiersin.org/articles/10.3389/fped.2022.1055526/full
https://www.frontiersin.org/articles/10.3389/fped.2022.1055526/full
https://www.frontiersin.org/articles/10.3389/fped.2022.1055526/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2022.1055526
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Lepage et al.

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
the

normative population. They also found that school-age

significant psychosocial impairments, compared to
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
of children with CHD

considerable stress due to their child’s life-threatening medical

period, parents experience

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
the the
psychoaffective problems they tend to identify in their child,
and the higher the chances that their child will develop a
similar anxious profile (3).

more anxious parent, more behavioral and

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
” “initial problematic,”
“subclinical.”

Children of all ages whose parents had higher levels of

of 1,5-10 years old): “persistent normal,

“worsening,”  “persistent  problematic,” and

parenting stress were more likely to be categorized into the
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“initial problematic,” “subclinical,” and “persistent problematic”
suggesting  that

functioning is influenced by early factors including parenting

patterns, behavioral and psychoaffective
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 (n=281)
neurodevelopmental follow-up clinic and whose parents had

and older seen at our cardiac
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
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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 Echelle 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 (PCDIL 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
The the
propensity to answer defensively (Defensive Responding

normal. questionnaire also evaluates parent’s

Index), whether because the parent who filled out the
her
(deliberately or not) or due to an abnormally low level of

questionnaire underestimated his or stress  level
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 a superior to .80; see
reference (26)] and its validity and reliability have been

confirmed in various populations (27, 28).

2.2.2. Anxiety

The
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.,

behavioral, psychosocial and  psychoaffective

“Attention Problems”, “Somatic Complaints”, “Internalizing
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etc.). The score calculated from each

subscale’s items (“0=not true; 1=somewhat or sometimes

Problems”, raw
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
has
corroborated using diverse populations (31, 32). Many authors

psychoaffective development of preschoolers been
have confirmed the very good psychometric properties of the
questionnaire (Cronbach’s a 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
the child to a specialist, if needed (37). The
questionnaire includes five subscales: “Irregular schedule and

refer

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
computed prior to the regression models. The correlation

score) Dbivariate Pearson correlations were

coefficients yielded the maximum degree of linear relationship
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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
These results

clinic who were excluded (n=205). are

presented in Table 1.
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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.
the of the
responding bias on parent-reported stress (43), we separated

Considering potential influence defensive
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% (R* = .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%
(8=.358; p=.004) of the variance in parent-reported anxiety
24 months,
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

symptoms  at independently of controlled

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.
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TABLE 1 Descriptive statistics of included and excluded patients.

Socio- Included patients Excluded patients
demographic

grap M SD Range M SD  Range
or medical
characteristics
Gestational age 38.68 122 36.26-41.26 38.58 1.82 32.57-41.57
(weeks)
Age at first 387 552 0-21.86 114  168.25 0-29.89
corrective surgery
(months)
Duration of 19.55 19.19 4-127 3147 43.09 4-305
hospitalization at
first surgery (days)®

n 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
heart disease.

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
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TABLE 2 Pearson bivariate correlation matrix between PSI scores at
4 months and CBCL anxiety scale and hibou scores at 24 months.

4- and 24-months scores 24-months scores

CBCL HIBOU
Anxiety

PSI-4-SF Total Stress r 0242  p=.050 0.039  p=.758
PSI-4-SF PD r 0.160 p=.199 0.002  p=.990
PSI-4-SF PCDI r —0420 p=.741 —0.125 p=.316
PSI-4-SF DC r 0.354 p=.004 0.161 p=.196
Def Resp r 0.188 p=.130 -0.006 p=.962
HIBOU r 0274 p=.026

HIBOU, Echelle de dépistage des troubles du sommeil pédiatriques, Pediatric
Sleep Disorders Screening Scale; CBCL, Child Behavior Checklist 1.5-5 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 values represent significant results at p <.05.

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
tended to
questionnaire, which was particularly high in our sample (33%).

of parents who respond defensively to the
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).
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TABLE 3 Results of multiple linear regression analyses between 4- and
24-months scores.

Regression 24-months  Regression 24-
models (PSI-4- CBCL  models (PSI-4- months
SF at 4 months) Anxiety SF at 4 months) HIBOU
score score

1. Sex B —0.050 5. Sex B —0.124
Socioeconomic s —0.083 Socioeconomic B —0.025
status status
Duration of B 0.183 Duration of B 0,168
hospitalization hospitalization
PSI-4-SF Total Stress 3 0.248 PSI-4-SF Total Stress f3 0.038
Defensive B 0.041 Defensive B —0.073
Responding Responding

R? 0.096 R* 0048
2. Sex B —0.050 6. Sex B —0.124
Socioeconomic B —0.083 Socioeconomic B —0.025
status status
Duration of B 0.183 Duration of B 0,168
hospitalization hospitalization
PSI-4-SF PD B 0.155 PSI-4-SF PD B —0.027
Defensive B 0.156 Defensive B —0.001
Responding Responding

R? 0.074 R 0045
3. Sex B —0.050 7. Sex B —0.124
Socioeconomic B —0.083 Socioeconomic B —0.025
status status
Duration of B 0.183 Duration of B 0,168
hospitalization hospitalization
PSI-4-SF PCDI B —0.034 PSI-4-SF PCDI B —0.121
Defensive B 0.179 Defensive B —0.018
Responding Responding

R? 0.074 R 0059
4. Sex B ~0.050 8. Sex B —0.124
Socioeconomic yij —0.083 Socioeconomic B —0.025
status status
Duration of B 0.183 Duration of B 0,168
hospitalization hospitalization
PSI-4-SF DC B 0.358** PSI-4-SF DC B 0.165
Defensive B 0.038 Defensive B —0.103
Responding Responding

R 0.166* R* 0079

CBCL, Child Behavior Checklist 1.5-5 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, Parental
Distress; PCDI, Parent-Child Dysfunctional Interaction; DC, Difficult Child.
Bold values represent significant results at two different thresholds (indicated at
the bottom of the table).

*p <0.05.

**p < 0.005.

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
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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
data
preferable when objectively assessing sleep quality (49),

objective obtained through polysomnography is
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

children. Though we use the HIBOU to assess sleep at our

sleep when measuring anxiety symptoms in

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
The PSI
identification of parents and children potentially at risk of more

defensively). scores could be wused for early
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

frontiersin.org


https://doi.org/10.3389/fped.2022.1055526
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Lepage et al.

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
Objective
standardized data on the child’s sleep could then be compared

sequence for recordings of one night. and
to the results of parent-reported questionnaires. Monitoring

the parents’ sleep would also be relevant in further research,
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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’
could
identification of distressed families. However, the defensive

parents’ stress levels therefore allow for early
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

psychoeducation follow-up sessions, should be considered in

or

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).
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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.

KEYWORDS

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
14).
Parental behaviors, therefore, may be greatly associated with
the CVH status in children and adolescents.

In the Framingham Heart Study, parental CVH including

according to gene and environmental factors (13,

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
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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
with the CVH
adolescents. We hypothesize that parental unhealthy behaviors

status, status in Chinese children and
might increase the likelihoods of offspring’s nonideal CVH
status, and the odds may continue to increase when parents
To fill these

knowledge gaps and improve the grim situation about CVDs

with more unhealthy behaviors increase.

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).

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.

frontiersin.org


https://doi.org/10.3389/fped.2022.1052063
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ma et al.

10.3389/fped.2022.1052063

All the participants
n=65347 (pairs)

A 4

7-18 years-old offspring
n=15735 (pairs)

A4
Offspring were available to
define the CVH status
n=13517 (pairs)

A4
Parents were available to
define unhealthy behaviors
n=11226 (pairs)

A4
Offspring and parents were
finally included
n=10043 (pairs)

FIGURE 1
Selection process of the participants. CVH, cardiovascular health

* Offspring were not at 7-18 years old (n=5694)
* Offspring without blood sample (n=43919)

Lo Offspring without complete anthropometric information (n=522)
. Offspring had no information of dietary behaviors (n=1695)

* Without parental questionnaire (n=2192)
* Parents had no information of dietary behaviors( n=99)

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
information about

childhood questionnaire was wused to collect

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 >4,000g at
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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 100g) (21). We
the (days  of
consumption x servings in those days)/7. In addition, the

calculated daily dietary intake as
frequency (times) over the past 7 days was investigated for
fried foods. As fried food

consumption referred to fried chicken, deep-fried dough

set in questionnaires,

sticks, and other common fried foods.
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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
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

principles

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
the of the two
measurements was used for final analyses. BMI was
calculated as the weight (kg) divided by the square of the
height (m?).

was measured twice, and average

Blood sample collection and detection

After overnight fasting for 8-12h, 5ml venous blood
samples were collected for each child or adolescent into
Ethylene Diamine Tetraacetic Acid (EDTA) vacuum tubes.
Children were asked to rest for at least 10 min before blood
sample collection. Blood specimens were transported in a
chilled 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

insulated container

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
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AHA (3), we defined the ideal CVH factors as follows
(Supplementary Table §3). Children and
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

adolescents

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/mz, and obesity was defined as BMI>
28 kg/m> 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 > 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
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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,
birth weight,
breastfeeding, and parental highest educational attainment.
Odds ratio (ORs) and 95% confidence interval (95% CI)

were calculated and represented.

sex, residence area, single-child status,

The number of each missing variable was approximately
30-884, than 9% of the total
(Supplementary Table S4). We used linear interpolation

less participants
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 <0.05 was
statistically significant.

two-sided  P-value considered

Result
Baseline characteristics

Table 1
parent-offspring pairs included in the present study.

shows the basic characteristics of 10,043

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%),
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.

while nonsmoking status accounted for
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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).

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.
MVPA,
unhealthy dietary behaviors were associated with higher odds

Parental  overweight/obesity, insufficient and
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).

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).

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
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TABLE 1 Descriptive characteristics of the study population stratified by sex.

Variable Total Boys Girls P-value

Provinces, No. (%)

Hunan 757 (7.54) 397 (8.04) 360 (7.05) 0.086
Ningxia 827 (8.23) 380 (7.70) 447 (8.76)

Tianjin 2,050 (20.41) 1,005 (20.35) 1,045 (20.47)

Chonggqing 1,215 (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 1,825 (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 4,479 (44.60) 2,215 (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) 0.011

Yes 6,449 (64.21) 3,110 (62.98) 3,339 (65.41)

Family monthly income (RMB), No. (%)

<12,000 6,085 (60.59) 2,956 (59.86) 3,129 (61.29) 0.199
>12,000 900 (8.96) 437 (8.85) 463 (9.07)
Do not know/missing data 3,058 (30.45) 1,545 (31.29) 1,513 (29.64)

Offspring characteristics

Age, mean + SD 1122 +3.11 11.12+3.08 11.32+£3.14 0.002

Breastfeeding, No. (%)

Yes 8,646 (86.09) 4,229 (85.64) 4,417 (86.52) 0.202

No 1,397 (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)
>4,000 1,791 (17.83) 1,009 (20.43) 782 (15.32)

Single children, No. (%)

Yes 6,851 (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 18.54 +3.68 <0.001

Number of healthy dietary factors, No. (%)

0-3 9,133 (90.94) 4,510 (91.33) 4,623 (90.56) 0.177

4-5 910 (9.06) 428 (8.67) 482 (9.44)

Smoking status, No. (%)

Smoking in past 30 days 109 (1.09) 73 (1.48) 36 (0.71) <0.001
(continued)
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Variable

Nonsmoking in past 30 days 9,934 (98.91) 4,865 (98.52) 5,069 (99.29)

MVPA (min/day), No. (%)
<60 6,880 (68.51) 3,141 (63.61) 3,739 (73.24) <0.001
>60 3,163 (31.49) 1,797 (36.39) 1,366 (26.76)

TC (mmol/L), No. (%)
>5.17 557 (5.55) 249 (5.04) 308 (6.03) 0.030
<5.17 9,486 (94.45) 4,689 (94.96) 4,797 (93.97)

FPG (mmol/L), No. (%)
>5.60 213 (2.12) 152 (3.08) 61 (1.19) <0.001
<5.60 9,830 (97.88) 4,786 (96.92) 5,044 (98.81)

BP, No. (%)
High 2,466 (24.55) 1,378 (27.91) 1,088 (21.31) <0.001
Normal 7,577 (75.45) 3,560 (72.09) 4,017 (78.69)

Weight status, No. (%)
Overweight/obesity 2,555 (25.44) 1,537 (31.13) 1,018 (19.94) <0.001
Normal 7,488 (74.56) 3,401 (68.87) 4,087 (80.06)

Number of ideal CVH factors, No. (%)
1-3 775 (7.72) 471 (9.54) 304 (5.95) <0.001
4 2,525 (25.14) 1,321 (26.75) 1,204 (23.58)
5 4,630 (46.10) 2,102 (42.57) 2,528 (49.52)
6-7 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 (46.80) 2,355 (46.13) 0.502
Senior high school or above 5,377 (53.54) 2,627 (53.20) 2,750 (53.87)

Unhealthy behaviors, No. (%)
0 347 (3.46) 167 (3.38) 180 (3.53) 0.466
1 3,881 (38.64) 1,947 (39.43) 1,934 (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.

P-value was calculated by T-test for continuous variables and by Pearson’s chi-squared test for categorical variables.

(2.16-4.53), 2.20 (1.59-3.05), and 1.65

respectively, for owning four ideal CVH factors.

(1.19-2.29),

Notably, the associations between parental combined
unhealthy behaviors and offspring’s nonideal CVH status
did not change stratified by sociodemographic factors

(Supplementary Table S7).
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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
excluded Tables S8-S10); (2)

were (Supplementary

frontiersin.org


https://doi.org/10.3389/fped.2022.1052063
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ma et al. 10.3389/fped.2022.1052063

A Parental BMI B MVPA C Number of healthy dietary factors
100 % 100 % 100 %
75 % 75 % 75 %
5
§ jusanes
[y 0 [y Ideal actors
§ Rk 0% 0% [ 5ideal CVH factors
> I 6-7 ideal CVH factors
25 % 25 % 25 %
)
0%=""%24 24279 228  °% 3150 1~150 0%
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.

TABLE 2 Association between single unhealthy behavior of parents and offspring’s different groups of nonideal CVH status.

Parental unhealthy  1-3 ideal CVH factors, 4 ideal CVH factors, 5 ideal CVH factors, 6-7 ideal CVH factors,
behaviors OR (95% Cl) OR (95% CI) OR (95% Cl) OR (95% Cl)
Parental overweight/obesity (vs. 1.61(1.32-1.96) 1.41 (1.22-1.62) 1.11 (0.97-1.26) 1 (Reference)
normal weight)

Insufficient MVPA (vs. 1.31 (1.10-1.56) 1.33 (1.18-1.50) 1.29 (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; Cl, confidence interval.

The bold values indicated the ORs were statistically significant.

participants with parental BMI < 18.5 kg/m* were excluded increased. Our study emphasized the importance of family-

(Supplementary Tables S11-S13). focused community-based prevention programs, proposing
that parental behaviors should receive more attention in
childhood obesity prevention policies.

Discussion In the present study, considering parental behaviors as part
of factors of CVH, both single and combined unhealthy

To our knowledge, parental unhealthy behaviors play a behaviors of parents were associated with nonideal CVH
crucial role in the offspring’s CVH status in China. Parental status in offspring. One previous study indicated that worse
overweight/obesity, insufficient MVPA, and unhealthy dietary maternal CVH status (included five factors excepted dietary
behaviors were independently strongly associated with behaviors and MVPA) at gestation was significantly associated
nonideal CVH status of offspring, with dose-response with offspring’s worse CVH status in early adolescence (16),
associations presented in all behaviors. We also found that the and a strong correlation between CVH factors of parents and
odds of nonideal CVH status of offspring continued to their offspring was also found when they were at similar ages
increase as the number of parental unhealthy behaviors (15). In the present study, we extended the contents of
Frontiers in Pediatrics frontiersin.org
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Subgroups OR (95%Cl) P-trend
Parental BMI (Kg/m2) <0.001
<24 1 (Reference) +
24~27.9 1.25(1.1-1.43) -
228 1.15 (0.89 — 1.47) -
MVPA <0.001
2150mins/week 1 (Reference) L
1~149.9mins/week 1.24 (1.09 - 1.41) -
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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; Cl,
confidence interval.
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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% CIl. 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.
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offspring’s CVH status, and only three kinds of behaviors
(overweight/obesity, MVPA,
parental CVH status were selected. Thus, the present study

and dietary behaviors) for
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
we did not detect
associations

offspring’s future CVDs. However,

significant  differences in 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
(41). The
cardiovascular indicators could pass down to offspring

diseases potential abnormal metabolic and
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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
benefit their

offspring’s CVH status in the context of the dose-response

improvements of parental behaviors will
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
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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
of
offspring, and the whole family should be encouraged to be

facilitate the attainment of improving CVH status

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.

KEYWORDS

systemic vasculitis, incomplete kawasaki disease, sterile pyuria, coronary artery
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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
children.  Other
cardiovascular sequelae include myocardial dysfunction,
valvular abnormalities, and KD shock syndrome (1, 3, 4). To
date, the etiology of KD remains unclear. Various studies

untreated possible  non-coronary

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
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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
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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] Dbilateral
polymorphous rash; [iv] changes of extremities such as erythema,

non-exudative conjunctival injection; [iii]
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 X* 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
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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.

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
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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).

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 =

10.3389/fped.2022.1090928

10) of KD patients during presentation with 6 of them
having CAA wupon 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.

2004-2021

66500 pediatric patients in
HCTM, Malaysia

from

103 KD

patients

41 excluded:

- 24 (misdiagnosis)

- 10 (missing record)
- 7 (duplicate)

the study

62 patients enrolled in

/

Complete KD

68.0% (n=42)

90.5% (n=38)

received IVIG treatment

97.4% (n=37) 2.6% (n=1)

IVIG-resistant

\

32.0% (n=20)

Incomplete KD

100.0% (n=20)

received IVIG treatment

75.0% (n=15)

IVIG responder

25.0% (n=5)

IVIG-resistant

IVIG responder

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.

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.

Liver abnormalities were also documented in our patients.
Out of 56 KD patients
investigations, 51.8% (n=29) of the patients had increased

who underwent liver profile
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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
(GGT).
42 children who developed hyponatremia, those younger than

elevated gamma-glutamyl transferase Among
2 years old were predominantly affected (69%, n=29).

Hypokalemia was only found in 9.7% (1 = 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% (1 =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
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TABLE 1 Frequency of clinical manifestations in KD patients.

Clinical Manifestation Frequency n (%)

Fever 62 (100)
Conjunctival Injection 52 (83.9)
Bilateral non-purulent 47 (75.8)
Bilateral purulent 5 (8.0)
Palmar Erythema 28 (45.2)
Oral changes 44 (71.0)
Polymorphous 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 (3.2)
Gall bladder hydrops 2(32)
Hepatitis/Hepatomegaly 5(8.1)
Joint involvement 1(1.6)
Aseptic meningitis 1(1.6)
BCG scar flaring 24 (38.7)
Cardiovascular involvement 10 (16.1)
Pericardial effusion 3 (4.8)
Valvular regurgitation (tricuspid, 2 (3.2)
mitral, pulmonary and aortic)
Coronary artery aneurysm 6 (9.7)

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
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TABLE 2 Laboratory parameters in complete KD and incomplete KD
patients.

Variable? Complete Incomplete
KD KD

Age in months (median + 12.00 + 24 15.50 +23 0.488
IQR)

GIT involvement*, N (%) 20 (47.6) 7 (35.0) 0.349
BCGitis, N (%) 17 (41.5) 7 (35.0) 0.628
Sterile pyuria, N (%) 5(13.9) 4 (30.8) 0.220
Hb level (median + IQR) 10.75+1 10.80 + 1.9 0.377
Platelet count (median + 386.50 + 179 329.00 + 83 0.031
IQR)

CRP (median + IQR) 10.31 +8.18 11.51+12.40 0.542
Sodium level (median + 13350+ 6 135.00 +3 0.224
IQR)

IVIG resistance, N (%) 1(24) 5 (25.0) 0.011
CAA, N (%) 3 (9.4) 3 (16.7) 1.000

2GIT, 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
and hepatitis % is calculated based on the respective KD presentation group.

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.

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
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TABLE 3 Univariate analysis of risk factors for coronary artery
aneurysm.
Variable® Coronary artery Normal
aneurysm¥ coronary artery
(n=6) (%) (n =56) (%)
Gender 1.000
Male 3 (10.7) 25 (89.3)
Female 3 (13.6) 19 (86.4)
Age in months 12.50 +7.89 21.52 £20.22 0.054
(median + IQR)
Timing of 0.066
diagnosis
Early diagnosis 4 (8.7) 42 (91.3)
(<10 days)
Late diagnosis 2 (50.0) 2 (50.0)
(>10 days)
Sterile pyuria 6 (66.7) 3 (33.3) 0.030
IVIG resistance 0 (0.0) 6 (100.0) 1.000

#IVIG, Intravenous immunoglobulin.
*KD patients with unknown echocardiography results were excluded.

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  Hisl67Arg  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
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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
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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
IVIG (66, 67).
Similarly, we reported a significant association between

significantly associated ~with resistance
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
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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
tests such as and  routine

laboratory urinalysis

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
including pericardial effusion and valvular regurgitation

non-coronary cardiac manifestations
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).
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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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Medicine and Health Sciences Affiliated Zhoupu Hospital, Shanghai, China, *Department of Public Health,
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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 20years.
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 20years 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 (Ul) were
reported.

Results: Globally, in 2019, there were 2.37 (95% Ul: 1.82 to 3.05) million incidence
of CVD, 16.85 (95% Ul: 12.56 to 22.03) million prevalence of CVD, and 74386.73
(95% Ul: 64543.82 to 86310.24) deaths due to CVD among people under 20years
of age. The trends for DALYs decreased among children and adolescents in China,
Western Pacific Region, and the world (AAPC=-4.29, 95% Cl. —4.38% to —4.20%;
AAPC=-3.37, 95% Cl: —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 20years, 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.
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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 20years, stratified by
gender and subtypes, as well as CVD-related DALY associated with
potentially modifiable behavioral, environmental, and metabolic risk
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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 20years 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 disease,
non-rheumatic valvular heart disease, rheumatic heart disease, stroke,

heart disease, ischemic heart
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 5years, 5-9years, 10-14years, and
15-19years. 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 DALY to quantify
the burden of CVD stratified by sex, age, and subtypes of people under
20years. 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,
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TABLE 1 Absolute number and rate of incidence, prevalence, deaths, YLLs, YLDs, and DALYs due to CVD among people younger than 20years and APCC for 1990-2019 in China, the Western Pacific Region, and the

world.
Metrics Western Pacific Region
1990 2019
Incidence Absolute 409300.76 203195.69 475659.93 2811242 182774625 2373195.97
(95%U1) number
(327352.27,504066.70) (160256.44,255326.61) (381650.78,581603.92) (223730.33,350821.12) (1450692.42,2294789.46) (1829940.75,3051990.37)
Rate, per 91 67.75 79.52 63.36 80.39 92.01
100,000 people (72.78,112.07) (53.43,85.13) (63.80,97.23) (50.42,79.07) (63.81,100.93) (70.95,118.33)
% (AAPC, —0.87(~1.03, —0.71)* —0.65(—0.80, —0.51)* 0.63 (0.5, 0.71)*
95%Cl)
Prevalence Absolute 2178911.814 1263148.913 2551936.98 1740261.8 11727242.46 16858400.17
(95%UT) number
(1617433.26,2905474.49) (932371.44,1675385.97) (1906707.59,3355515.46) (1304688.62,2272508.71) (8854546.46,15263375.59) (12565499.27,22032406.43)
Rate, per 484.43 421.17 426.63 39221 515.81 653.61
100,000 people (359.60,645.96) (310.88,558.62) (318.76,560.98) (294.05,512.17) (389.46,671.34) (487.17,854.21)
%, (AAPC, 0.21(—0.10,0.53) 0.30 (0.03,0.57) 1.07 (0.99,1.16)*
95%Cl)
Deaths (95%UTI) Absolute 30135.18 4835.28 34787.46 8,250 139668.54 74386.73
number (26396.41,33960.60) (4210.49,5513.12) (30822.47,38943.28) (7409.09,9156.37) (121153.25,155316.95) (64543.82,86310.24)
Rate, per 6.7 1.61 5.82 1.86 6.14 2.88
100,000 people (5.87,7.55) (1.40,1.84) (5.15,6.51) (1.67,2.06) (5.33,6.83) (2.50,3.35)
%, (AAPC, —4.79(—4.89, —4.69)* —3.73(~3.83, —3.62)* —2.46 (—2.53, —2.38)*
95%CI)
YLLs (95%UI) Absolute 2472750.926 3792563768 2847258.14 647555.03 11423222.51 5889324.54
number (2158901.23,2797897.97) (330625.85,433093.92) (2516179.36,3198558.80) (581496.01,718859.32) (9817748.43,12759023.73) (5082198.99,6853521.31)
Rate, per 54975 126.45 476.01 145.94 502.44 228.33
100,000 people (479.98,622.04) (110.24,144.41) (420.66,534.74) (131.06,162.01) (431.82,561.19) (197.04,265.72)
% (AAPC, —4.95(—5.06, —4.85)* —3.89(—4.00, —3.78)* —2.55(—2.63, —2.47)
95%CI)
YLDs (95%UTI) Absolute 204348.9393 123301.8668 251189.77 176682.5 968145.51 1287283.25
number (139843.14,287175.38) (84632.77,173058.83) (173158.12,349811.63) (121704.92,244895.39) (655710.36,1348218.25) (856137.21,1805917.41)
Rate, per 4543 41.11 41.99 39.82 4258 49.91
100,000 people (31.09,63.85) (28.22,57.70) (28.95,58.48) (27.43,55.19) (28.84,59.30) (33.19,70.02)
% (AAPC, 0.06(0.13,0.25) 0.15(=0.01,0.31) 0.72 (0.66,0.78)
95%CI)
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#p<0.001, DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life lost; U, uncertainty interval; CI, confidence interval.
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rate of incidence, and prevalence of CVD and also deaths due to CVD
among people under 20years 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
20vyears 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
20years in China, the Western Pacific Region, and the world decreased
by 4.79% (95% CIL: —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 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 5years, 5-9years, 10-14years, and
15-19years, 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 DALY in children under 20 years of age in China decreased
the fastest (p <0.001).

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%).

Figure 3 displays the long-term trend of DALYs among people
under 20years 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
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DALYs of people aged <20 yrs with Cardiovascular diseases

European Region
Values

Max 95%UI:554404.82(511913.57,605076.74)in 1990
Min 95%UI:235168.47(210171.11,262414.50)in 2019
Rates.

Max 95%UI:211.10(194.92,230.39)in 1990

Min 95%UI:107.86(96.39,120.35)in 2019

Rates

AAPC 95%CI-2.30(-2.50,-2.11)%,<0.001

Eastern Mediterranean Region
Values

Max 95%UI:3036805.49(2376130.20,3542111.26)in 1990
Min 95%UI:1688987.56(1360484.86,2071674.19)in 2019

Max 95%UI:1484.97(1161.90,1732.05)in 1990
Min 95%UI:539.08(434.23,661.23)in 2019

AAPC 95%Cl:-3.15(-3.30,-2.99)%,<0.001

K/
T Xy

'&i'

China
Values

Max 95%UI:2677099.87(2360248.96,3024204.21) in 1990
Min 95%UI1:502558.24(439544.21,574888.74) in 2019

Rates
Max 95%UI:595.19(524.74,672.36) in 1990
Min 95%UI:167.57(146.56,191.68) in 2019

AAPC 95%ClI: -4.29(-4.38,-4.2)%,<0.001

African Region

Values

Max 95%UI:2321276.06(1900903.39,2858112.37)in 2016
Min 95%U1:2028957.61(1660222.48,2400092 67)in 1990
Rates

Max 95%UI1:711.78(582.42,841.98)in 1990

Min 95%UI:391.18(317.53,491.71)in 2019

South-East Asia Region

/alues
Max 95%UI:2637201.81(2116242.33,3097104.81)in 1990
Min 95%UI:1542454.42(1347630.56,1750799.04)in 2019
Rates
Max 95%UI:413.11(324.71,485.00)in 1990
Min 95%UI:207.78(181.80,236.74)in 2017

AAPC 95%Cl:-2.00(-2.05,-1.96)%,<0.001 |AAPC 85%Cl:-2.20(.2.46,-2.12)%,<0.001

yyestern Pacific Region

Max 95%UI:3098447.91(2745675.08,3461643.39) in 1990
Min 95%UI:824237.53(733779.14,920751.44) in 2019

Max 95%U1:518.00(459.02,578.72) in 1990
Min 95%UI:185.76(165.38,207.52) in 2012

AAPC 95%Cl:-3.37(-3.48,-3.26)%,<0.001

with a >2.50% decrease per year

ﬁegion of the Americas

Max 95%UI:1040185 44(972028 31,1111477.41)in 1990
Min 95%UI:618326.28(534848.43,702267.14)in 2019
Rates

Max 95%U1:364.90(340.99,389.91)in 1990

Min 95%U1:204.71(177.07,232.50)in 2019

AAPC 95%C:-1.74(-1.83,-1.66)%,<0.001

FIGURE 1

Number, rate, and average annual percentage change (AAPC) of DALYs among people with CVD 20 years.

(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.

Figure 4 illustrates the long-term trend of CVD-related DALYs
attributable to risk factors from 1990 to 2019 among people under
20years 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% CIL: —5.41% to —5.14%).

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
20years 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
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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.
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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.

<5years old 5-9years old 10-14years 15-19years old
old
AAPC 95%Cl AAPC 95%Cl P AAPC 95%Cl P AAPC 95%Cl
(%) (%) (%) (%)

China

Incidence ~1.81(-1.95, —1.66) <0.001 —0.82(~1.03, —0.62) <0.001 —0.41(~0.68, —0.15) 0.003 —0.57(~0.75, —0.38) <0.001
Mortality —6.82(=7.11, -6.53) <0.001 —4.42(~4.89, —3.94) <0.001 —3.45(-3.93, —2.97) <0.001 —2.85(~2.95, —2.74) <0.001
Prevalence —0.04(—0.37,0.29) 0.811 0.27(—0.00,0.54) 0.052 0.41 (0.10,0.72) 0.012 0.00(—0.38,0.39) 0.983
YLLs —6.82(=7.11, -6.52) <0.001 —4.41(-4.89, —3.94) <0.001 —3.46(—3.94, —2.98) <0.001 —2.85(~2.95, —2.75) <0.001
YLDs —0.16(~0.31, —0.02) 0.028 0.10(~0.09,0.28) 0.288 0.18(—0.04,0.39) 0.108 —0.09(—0.34,0.17) 0.486
DALYs —6.69(—6.97, —6.42) <0.001 —3.47(-3.81,-3.12) <0.001 —2.22(-2.50, —1.94) <0.001 —2.35(-2.48, —2.23) <0.001
Western Pacific Region

Incidence —1.45(~1.58, —1.31) <0.001 —0.62(—0.80, —0.44) <0.001 ~0.27(~0.47, —0.07) 0.009 —0.39(~0.55, —0.24) <0.001
Mortality —5.74(=5.90, =5.58) <0.001 ~3.32(~3.64, —3.00) <0.001 ~2.06(~2.38, —1.74) <0.001 ~1.96(~2.10, —1.82) <0.001
Prevalence 0.28 (0.01,0.56) 0.040 0.31 (0.08,0.53) 0.009 0.39 (0.16, 0.63) 0.002 0.17(—0.14, 0.48) 0.279
YLLs ~5.75(~5.91, =5.58) <0.001 ~3.33(~3.65, —3.01) <0.001 ~2.06(~2.38, —1.74) <0.001 ~1.97(-2.11,-1.83) <0.001
YLDs 0.02(—0.09, 0.12) 0.767 0.16 (0.02,0.31) 0.025 0.20 (0.05, 0.36) 0.014 0.05(—0.15, 0.26) 0.590
DALYs —5.64(—5.78, —5.49) <0.001 ~2.61(~2.84, —2.38) <0.001 ~1.35(-1.55, -1.16) <0.001 ~1.61(~1.77, —1.45) <0.001
Global

Incidence 0.20 (0.15, 0.24) <0.001 0.69 (0.57, 0.81) <0.001 0.89 (0.73, 1.05) <0.001 0.52 (0.45, 0.60) <0.001
Mortality ~3.40(—3.49, —3.31) <0.001 —2.49(=2.58, —2.39) <0.001 —1.47(~1.58, —1.36) <0.001 —1.44(=1.51,-1.37) <0.001
Prevalence 0.98 (0.90, 1.05) <0.001 0.97 (0.86, 1.08) <0.001 0.98 (0.83, 1.12) <0.001 0.92 (0.80, 1.05) <0.001
YLLs ~3.40(~3.49, =3.31) <0.001 ~2.49(~2.58, —2.39) <0.001 ~1.47(~1.58, —1.36) <0.001 —1.44(-1.51,-1.37) <0.001
YLDs 0.48 (0.44, 0.51) <0.001 0.62 (0.55, 0.70) <0.001 0.64 (0.54, 0.75) <0.001 0.61(0.51,0.71) <0.001
DALYs ~3.33(-3.42, -3.24) <0.001 ~1.87(-1.93, —1.80) <0.001 ~0.90(~0.98, —0.83) <0.001 ~1.09(~1.14, —1.04) <0.001

DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life lost; UI, uncertainty interval; CI, confidence interval.

Male

Female
Male<20yrs Female <20yrs
Group AAPC 95%CI(%) P Group AAPC 95%CI(%) P
China China
Incidence -0.96(-1.11-081)  <0.001 - Incidence 0.76(-094,-058)  <0.001 -
Mortality -4.38(-4.49,-4.27) <0.001 - Mortality -5.46(-5.60,-5.31) <0.001 -
Prevalence 0.28(-0.03,0.59) 0.072 f—=— Prevalence 0.15(-0.17,0.47) 0343 B
YiLs -455(4.66,4.44) <0001 = YiLs 561(-5.76-545)  <0.001 =
YLDs 0.10(-0.11,0.31) 0.333 — YLDs 0.07(-0.11,0.25) 0435 1
DALYs -4.07(-4.17,-3.97) <0.001 - DALYs -4.63(-4.75,-4.50) <0.001 -
Western Pacific Region Western Pacific Region
Incidence -0.75(-0.89,-0.62) <0.001 - Incidence -0.54(-0.70,-0.38) <0.001 -
Mortality -3.46(-3.58,:3.33)  <0.001 - Mortality -4.18(4.29,-4.07)  <0.001 -
Prevalence 0.34(0.08,0.59) 0.013 —.— Prevalence 0.27(-0.01,0.55) 0.056
Yils -361(-3.73,:349)  <0.001 - YiLs -4.35(4.48,/422)  <0.001 -
YLDs 0.18(0.01,0.35)  <0.001 . YLDs 0.16(0.00,0.31)  <0.001
DALYs -323(-3.36,3.11)  <0.001 DALYs -359(-3.72,:346)  <0.001 -
Global Global
Incidence 0.58(0.50,0.66) <0.001 - Incidence 0.69(0.60,0.77) <0.001
Mortality 226(-2.35,2.17)  <0.001 - Mortality 268(-273,262)  <0.001 -
Prevalence 1.05(0.97,1.13) <0.001 - Prevalence 1.09(1.01,1.18) <0.001
Yils -237(-2.46,227)  <0.001 - YiLs -2.76(-2.83,270)  <0.001 -
YLDs 0.74(0.67,0.80) <0.001 - YLDs 0.71(0.64,0.77) <0.001
DALYs -2.04(-2.13,-1.96) <0.001 - DALYs -2.30(-2.37,-2.23) <0.001 -
i 4 s B oa o 2 PN S .
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.
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DALYs of people before 20 yrs with cardiovascular disease in China (/100,000)

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
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Long-term trends and AAPC values of CVD-related DALYs attributable to risk factors among people under 20years from 1990 to 2019 in China, the Western

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 DALY 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

Frontiers in Cardiovascular Medicine

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
30years 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
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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 20years, stratified by gender and subtypes, as well as
CVD-related DALY 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 20years, 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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Application of mind map can
promote the health education
effect of children with vasovagal
syncope
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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.

KEYWORDS

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,
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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

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

A prospective controlled study was
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returned to the hospital for follow-up visits 1 month
after discharge.

The sample size was calculated by using the formula nl
= n2 = [(Za + ZB)*> x 202]/8>. 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, & was 0.05, the sample size
ratio of the two groups was 1:1, and the test efficacy was 1 —
B = 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>