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Editorial on the Research Topic 


Childhood obesity: prevention, management and new insight in pathophysiology


Childhood obesity (CO) has become a major health problem worldwide and its incidence is steadily increasing (1, 2). Obesity is associated with a wide spectrum of both cardio-metabolic and psychological-behavioural complications that can occur as early as childhood and adolescence and can lead to a deterioration in the quality and perspective of adult life (3).

This Research Topic includes thirteen studies evaluating different aspects of CO. Specifically, six studies, both experimental and review studies, evaluate epidemiological aspects and risk factors related to childhood obesity; four studies analyze possible biochemical markers related to the pathogenesis of obesity-related complications; three studies evaluate psychological-behavioural aspects in children and adolescents with CO.

In recent decades, lifestyle changes, mainly characterized by an increase in sedentariness and unhealthy eating habits, are among the main culprits for the growing incidence of CO. In this context, the COVID-19 pandemic has undoubtedly amplified these aspects worldwide, further accelerating the spread of CO. Yang et al. evaluated the real-world national trends of obesity prevalence of Chinese children between the years 2017-2021 to assess the impact of COVID-19 pandemic on pediatric obesity. Through the collection of hospital and parent-reported data, the authors assessed the prevalence of obesity/overweight in the pre-pandemic and pandemic periods and changes in the BMI z-score during the COVID-19 lockdown in a large number of subjects. Authors demonstrated a relatively stable trend in the prevalence of CO in the pre-pandemic period and a significant increase in the prevalence during the COVID-19 pandemic; in particular, a high increase in the BMI z-score among primary and secondary school children, especially in specific regions, was documented. The authors concluded that these data support a targeted intervention, including through mobile growth assessment based on parent-reported, to prevent the spread of obesity especially during pandemic periods in China.

The spread of CO over the years has been accompanied by a lowering of its onset age. The diagnosis of simple obesity is often made as early as the first 3-5 years of life. However, in this context, attention should always be kept on those possible cases of obesity secondary to other causes, such as genetic obesities. This is the goal of the multicenter research project by Mierzwa et al. who aimed to create a Polish database of severely obese children and adolescents and to assess the prevalence of monogenic forms of obesity in this cohort, with a focus on abnormalities in the leptin-propylanocortin pathway. Another aspect related to causes of secondary obesity is assessed by the research of Hetman et al., who evaluate the application of standard or specific growth charts for early identification of growth disorders, including obesity, in children with Down syndrome.

CO, especially severe and early-onset obesity, is known to be related to an increased risk of developing cardio-metabolic complications, such as altered glucose and lipid profile, non-alcoholic fatty liver disease (NAFLD), hypertension. Abdominal obesity is one of the factors primarily related to these complications. Liu et al. assessed the change over time in the prevalence of abdominal obesity in a U.S. population, documenting that, although there was no significant increase in the prevalence of abdominal obesity in the entire population, some ethnic groups did show a significant increase, which therefore warrant further attention.

Due to the increasing incidence of CO, NAFLD has become the most common hepatopathy in pediatric age. The diagnostic gold-standard is liver biopsy, which, however, is burdened by several limitations, including invasiveness and costs. Therefore, ultrasonography, sometimes combined with elastography, is the most widely used noninvasive method to identify hepatic steatosis, although this method also has limitations (4). Marcinkiewicz et al. in their study, using liver ultrasound, identified NAFLD in approximately 23% of subjects in a pediatric population, with a higher prevalence among subjects with glucose intolerance. Therefore, liver ultrasonography can play a role, at least a preliminary one, in diagnosis and follow-up of NALFD in CO.

In addition to the diagnosis and subsequent tailored therapeutic approach to CO, the task of the scientific community and health professionals is to identify the causes promoting the onset of CO in order to implement preventive actions to curb this growing health problem. Factors influencing the onset of CO include both environmental factors (including nutritional aspects) and, in general, the individual’s lifestyle. However, the possible influence of pre-natal factors should also be considered. Several evidence showed that the origins of CO can be as early as maternal pregnancy. In a systematic review and meta-analysis, Yan et al. suggested that gestational hypertension and preeclampsia might be associated with obesity in the offspring. However, both possible prenatal (e.g., maternal factors) and postnatal confounding factors able to influence the onset of obesity and aspects related to hormonal adaptations of the fetus exposed to stressors, should always be considered.

A significant part of the scientific research concerning CO, is directed toward the investigation of new markers as predictors of obesity and its complications.

Cystatin C, a non-glycosylated protein filtered by the glomerulus, has been linked to obesity-related complications (e.g., NAFLD, vascular alterations) mainly in adult populations. In a Chinese cross-sectional study, Huo et al. analyzed the association between cystatin C and overweight or obesity in adolescence. In this study, authors suggested a potential role of serum cystatin C levels as an indicator of early obesity risk in adolescents, although further studies will be needed to confirm the preliminary results of this study.

To assess the risk of cardiovascular disease in obese children, Tumor Necrosis Factor Weak Inducer of Apoptosis (TWEAK), also known as Tumor Necrosis Factor (TNF) ligand superfamily member 12, probably involved in insulin resistance, may be used. Cluster of Differentiation 163 (CD163) is a macrophage-specific protein that has been identified as a scavenger receptor of TWEAK, promoting its degradation. CD163 is described as a strong predictor of type 2 diabetes in adults. In cardiovascular diseases, a high CD163/TWEAK ratio was found. The study by Escartin et al. is the first one to observe the evolution of these parameters in prepubertal children, supporting the hypotheses that these cytokines probably play a role in childhood obesity.

Endoplasmic reticulum (ER) stress proteins could play a role as early markers of metabolic alterations in childhood and adolescence. The results of a multicenter study from Italy (Antoniotti et al.) suggested the existence of an important link between ER stress and metabolic changes behind obesity complications even in pediatric age. These preliminary data suggest that Calreticulin (CALR) and PDIA3, two key molecules of ER stress, could be related to insulin resistance and altered lipid profile in pediatric obesity. These authors suggested that CALR and PDIA3 could be early markers of insulin resistance and dyslipidemia ER stress-related, useful to stratify patients at higher risk of further complications.

He et al. evaluated sex differences in insulin resistance-induced changes in metabolic and inflammatory markers in school-age children with overweight and obesity. These authors demonstrated an elevated white blood cell count and absolute neutrophil count in children with overweight and obesity, especially in girls, and a strong association of these parameters with HOMA-IR. Therefore, they suggested that these findings can be markers of insulin resistance.

Psychological-behavioral complications related to CO were also evaluated in this Research topic. Wojcik et al., in the original research project studied the prevalence of depressive symptoms and anxiety in adolescents with obesity and their caregivers. The results of the study showed that in childhood obesity, anxiety disorders are much more important than depressive disorders, both for patients and their parents. These authors concluded that childhood obesity, like any chronic disease, could have a significant impact on the emotional state of children and adolescents as well as the possibility of realizing interests and spending free time.

Second paper of this group is “A Brief Literature Review of the Role of Social Media in Body Image Shaping and Eating Patterns among Children and Adolescents” by Modrzejewska et al. The careful search of the literature had revealed only 8 articles for the analysis of this topic. The data analysis showed that social media may have a strong influence on the development of eating patterns and body image in children and adolescents, which in turn could be one of the risk factors for the development of obesity. Due to their great influence on youth, social media should be used as a resource for the prevention and treatment of obesity.

Finally, in a mini review Shi et al. evaluated mechanisms underlying the link between central precocious puberty and obesity, both from metabolic and cognitive-behavioral perspectives.

The studies in this Research Topic provide valuable evidence on several aspects regarding CO, providing input for further research on the topic. In conclusion, numerous factors (genetic, environmental, sociodemographic, behavioral, and perinatal) may contribute to the onset of obesity and its complications, although to date their exact role, interaction, and mechanisms involved in this process are not completely understood. Early intervention is an important strategy to prevent the onset of obesity, because there are crucial times during children’s growth and development when preventive efforts or therapeutic interventions can be most effective.
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Background

The association between serum cystatin C levels and obesity has not been fully explored in adolescents. This study aimed to explore the association between serum cystatin C levels and obesity in adolescents of different sexes.



Methods

We conducted a cross-sectional study including 481 adolescents aged 14−17 years. Cystatin C level was measured by immunoassay. Health examinations data, biochemical parameters, and questionnaire information were collected. The restricted cubic spline model analyzed the association between cystatin C levels and obesity in boys and girls.



Results

Boys exhibited significantly higher cystatin C levels than girls, with a mean level of 0.97 ± 0.10 mg/L in boys and 0.86 ± 0.09 mg/L in girls (P < 0.001). The restricted cubic spline model suggested that low or high cystatin C levels were associated with an increased risk of obesity in boys, whereas only higher cystatin C levels were associated with an increased risk of obesity in girls.



Conclusions

A U-shaped correlation was observed between serum cystatin C levels and the risk of obesity in boys. However, in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels. Longitudinal studies should be conducted to further investigate the diagnostic potential of cystatin C in the progression of early obesity in adolescents of different sexes.





Keywords: cystatin C, obesity, adolescent, boys, girls



Introduction

Overweight and obesity pose a great threat to population health in various countries. Obesity is one of the significant risk factors for many noncommunicable diseases, including hypertension, dyslipidemia, and some types of cancer (1). However, a large proportion of obesity in adults stems from obesity in childhood. Weight gain during childhood and adolescence is likely to contribute to overweight and obesity for life (2). Meanwhile, overweight or obesity in childhood and adolescence can significantly increase the incidence of adult obesity, as well as obesity-related disease morbidity and early mortality (3). The morbidity rate of obesity in children increased from 4% in 1975 to more than 18% in 2016 (4). A total of 50 million girls and 74 million boys developed obesity worldwide in 2016 (5). More than 50% of adults and nearly 20% of children and adolescents developed overweight or obesity in 2019, according to the latest national data from China (6). Obesity in children also leads to many health problems, including hypertension, high total cholesterol, and impaired glucose tolerance (7). Obesity in children has become a serious public health issue in various countries around the world (8). Therefore, early detection and prompt treatment of children and adolescents with obesity are very important to avoid or delay the occurrence of obesity and chronic diseases in adults.

Cystatin C is an essential protein that is non-glycosylated and filtered by the glomerulus (9). It is considered as an indicator for evaluating renal function (10). Data suggest a potential genetic link between nonalcoholic fatty liver disease and chronic kidney disease in children (11). Studies on adults have reported a positive correlation between cystatin C level and body mass index (BMI) or waist circumference (WC) (12). Further, some data suggested that increased cystatin C levels could be regarded as an early prognostic indicator of vascular risk in children with obesity (13). Many studies have been conducted on cystatin C levels in adults, but few on the association between cystatin C level and overweight or obesity in adolescents. Currently, no normal reference value range exists for cystatin C levels in adolescents. Thus, the primary goal of this cross-sectional study was to investigate the association between cystatin C and overweight or obesity in adolescence. It used the serum cystatin C level as an indicator of early obesity in adolescents to promote early preventive intervention for overweight or obesity so as to reduce the incidence of obesity and obesity-related diseases in adults.



Materials and Methods


Study Population

In this study, all participants were selected by random cluster sampling from a high school in Huanggu District, Shenyang City, Liaoning Province. A cross-sectional survey was conducted on health examinations, biological sample collection, and questionnaire administered to these adolescents. Thus, 481 adolescents whose ages ranged from 14 to 17 years were included.

The inclusion criteria were adolescents with complete anthropometric and biospecimen data. We excluded adolescents with kidney disease, endocrine disease, autoimmune disease, and infectious disease as well as those taking any medication by asking the medical history. Furthermore, we identified and excluded one isolated extreme value of cystatin C level (0.39 mg/L).



Health Examinations

Trained investigators performed measurements under standard conditions and uniform specifications. Anthropometric measurements were recorded using a fully automated electronic scale (equipment and methods were referenced to GB/T26343), and the instruments used were uniform and calibrated.

Height and weight were measured with the adolescents without shoes and wearing light clothes. Height was measured with the adolescents standing on the bottom plate of the human body altimeter. Weight was measured with the adolescents standing on at the center of the weighing scale. The readings were recorded in “cm” and “kg” and recorded to one decimal place. The BMI was equal to weight divided by height squared (kg/m2), retained to one decimal place. The WC was measured with the adolescents standing naturally and with a nonelastic tape around the central level of the umbilicus from the end of exhalation. It was recorded in “cm” and read to one decimal place. The waist-to-height ratio (WHtR) was equal to WC (cm) divided by height (cm), without unit.

The blood pressure was measured using a Riva-Rocci sphygmomanometer. An L-type (32−42 cm) or XL type (42−50 cm) cuff model was used according to the upper arm circumference of children. The study participants should not engage in any strenuous exercise within 1 h before the measurement. The bladder was emptied and the participants sat still for more than 10 min before measuring blood pressure. The blood pressure was measured three consecutive times for each adolescent, with no less than 30-s intervals between each measurement. The values were averaged after removing outliers and recorded as mmHg.



Biological Sample Collection

The blood samples were collected from all adolescents on an early morning fast. The biochemical measurement analyses were performed by the Department of Laboratory Medicine of the Shengjing Hospital Affiliated to China Medical University. The cystatin C level was analyzed with an automated particle-enhanced turbidity immunoassay using the Architect I16200 automated analyzer (Architect, Shandong, China). In addition, fasting plasma glucose (FPG), triglycerides (TG), uric acid (UA), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and total cholesterol (TC) were measured with a Hitachi 7600 clinical analyzer (Hitachi, Tokyo, Japan). Calculate estimated glomerular filtration rate (eGFR) using the eGFR = k * patient’s length (cm)/serum creatinine (mg/dL) formula (14).



Questionnaire Administered

The surveys were conducted during face-to-face interviews at the school by trained interviewers. Structured questionnaire was administered to collect data on demographic information (name, age, sex, ethnicity, address, and number of family members), daily dietary intake (eating attitudes, dietary control, eating behaviors, and food preferences), and physical activity information (daily activities and sports activities within 7 days).

Approval was obtained from the ethics committee of Dalian Medical University. Informed consent was obtained from all adolescent and their parents.



Definitions of Obesity

The BMI of participants was defined as normal, overweight, or obesity according to the Chinese reference norms for overweight and obesity in children and adolescents (15).

Children and adolescents with abdominal obesity were identified using the WC ≥90th percentile value for age and sex according to the standard definition of overweight and obesity in children worldwide by the International Obesity Working Group (16).

The value of WHtR ≥0.5 was suggested to determine central obesity for children (17).

Hypertension was defined as a mean systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) at ≥95th percentile for age, sex, and height on ≥3 times (18).



Statistical Analysis

Mean and standard deviations were used to represent normal distributions for continuous variables. Medians and interquartile ranges were used to define skewed distributions. In contrast, categorical variables were described as counts and percentages. Adolescents were analyzed stratified by sex. The means of cystatin C levels in groups with obesity and groups without obesity defined by the three criteria (BMI, WC, and WHtR) were analyzed using the t-test. The factors independently associated with obesity were identified by univariate logistic regression. Trend tests for cystatin C quartile levels with obesity risk were also conducted, resulting in odds ratio (OR) and 95% confidence interval (CI). ORs at other levels were calculated with binary logistic regression using the lowest quartile of cystatin C as a reference. We used restricted cubic spline (RCS) models fitted for linear regression models and logistic regression models. Knots were present at 10th, 50th, and 90th percentiles, the reference cystatin C level of the logistic regression model was the median. The RCS based on the linear regression model was used to model the association of cystatin C level and BMI-for-age Z-score (19).

Differences were considered statistically significant when the P value was less than 0.05. Statistical analysis was performed on R studio version 3.6.1 software (Copyright 2007 Free Software Foundation).




Results


General Information

A total of 481 participants, 199 boys (41.4%) and 282 girls (58.6%), were included, aged between 14 and 17 years. The cystatin C level obeyed a normal distribution with the mean levels in all adolescents being 0.90 ± 0.11 mg/L (Table 1). Boys exhibited significantly higher levels of cystatin C level than girls, with a mean level of 0.97 ± 0.10 mg/L in boys and 0.86 ± 0.09 mg/L in girls (P<0.001). The data showed that age was not significantly different (P = 0.330).


Table 1 | Distribution of cystatin C levels in different sex and age.



As shown in Table 2, we defined obesity using three criteria (BMI, WC, and WHtR). We analyzed the differences in cystatin C levels between adolescents with obesity and adolescents without obesity of different sexes. The prevalence was 30.6% for overweight/obesity defined by BMI, 21.7% for abdominal obesity defined by the WC value, and 31.6% for obesity defined by the WHtR ≥0.5. In obesity defined by the BMI, higher cystatin C levels were observed in adolescents with obesity (P = 0.005). Girls with obesity had higher cystatin C levels compared with girls with normal BMI (P = 0.003). In contrast, the difference was not significant in boys (P = 0.703). However, in both abdominal obesity defined by the WC and obesity defined by the WHtR ≥0.5, no statistically significant differences in cystatin C levels were found between boys with obesity and boys without obesity or between girls with obesity and girls without obesity.


Table 2 | Association between cystatin C levels and obesity as defined by three criteria: BMI, WC, and WHtR.





Univariate Analysis of Traditional Blood Biochemical Parameters Related to BMI-Defined Obesity

Table 3 shows the blood biochemical parameters of traditional risk factors for obesity in adolescents stratified by sex. In boys, TG, HDL, LDL, UA, TC, and SBP were found to be associated with the obesity risk in adolescents. However, in girls, age, TG, HDL, UA, and SBP were associated with the obesity risk (P < 0.05).


Table 3 | Univariate analysis of obesity risk factors in boys with obesity and girls with obesity defined by BMI criteria.





Tendency Test of Cystatin C Quartile Levels With Obesity Defined by BMI

Table 4 presents the associations between cystatin C quartiles and the risk of obesity in adolescents, stratified by sex. Model 1 adjusted for age in different sexes. Model 2 adjusted for age, TG, TC, HDL, LDL, UA, and SBP in boys, but it adjusted for age, TG, HDL, UA, and SBP in girls.


Table 4 | Analysis of the strength of association between each level of cystatin C quartile by sex and obesity defined by BMI as a criterion in adolescents.



The boys, had a trend of increasing obesity risk with increasing cystatin C levels. In model 2, taking the cystatin C first quartile level as the reference group, the risk of obesity was reduced by 10% at the second quartile level (OR = 0.90, 95% CI: 0.34–2.39, P = 0.826), while it was increased by 25% at the third quartile level (OR = 1.25, 95% CI: 0.49–3.19, P = 0.646) and 38% at the fourth quartile level (OR = 1.38, 95% CI: 0.50–3.82, P = 0.539) cystatin C levels. However, this growth trend was not statistically significant (P > 0.05).

In contrast, in girls, obesity risk showed a decreasing trend with increasing cystatin C levels. In model 2, taking the cystatin C first quartile level as the reference, the risks of obesity were elevated by four-, three-, and two-fold in the second quartile (OR = 3.85, 95% CI: 1.46–8.13, P = 0.006), third quartile (OR = 2.90, 95% CI: 1.06–7.97, P = 0.038), and fourth quartile (OR = 2.45, 95% CI: 0.90–6.65, P = 0.078) cystatin C levels, respectively.



Dose-Response Association of the Cystatin C Level With Obesity Defined by BMI Based on RCS Models

We used RCS to explore the dose-response association between cystatin C level and obesity. The association between BMI-of-age Z-score and cystatin C levels on a continuous scale was U-shaped in boys (Figure 1A). We estimated the BMI-of-age Z-score to reach a nadir at cystatin C of 0.95mg/L, with inverse associations below and positive associations above (P nonlinear =0.037). However, in girls, a positive association was found between BMI-of-age Z-score and cystatin C level (Figure 1B). That is, BMI-of-age Z-score gradually increased with increasing cystatin C levels (P nonlinear = 0.806).




Figure 1 | Association between serum cystatin C and BMI-for-age Z-score using a restricted cubic spline regression model in boys (A) and girls (B).



Regarding the strong U-shaped relationship between the risk of obesity and cystatin C levels in boys, the plot showed a decreasing risk trend in the lower range of predicted cystatin C levels, reaching a minimum risk around 0.97 mg/L and then increasing (P nonlinear = 0.478). Below 0.97 mg/L, the OR per standard deviation higher predicted cystatin C levels was 1.45 (0.71–1.84). Above 0.97 mg/L, the OR per standard deviation higher predicted cystatin C levels 1.12 (0.70–1.78) (Figure 2A). The risk of obesity showed an increasing trend with elevated cystatin C levels before the cystatin C level reached 0.91 mg/L in girls, with the highest risk of obesity (OR = 1.07, 95% CI: 0.88–1.31) at the cystatin C levels of 0.91 mg/L (Figure 2B). After that, the risk of obesity tended to decline (P nonlinear = 0.471).




Figure 2 | Association between serum cystatin C and risk of obesity using a restricted cubic spline regression model in boys (A) and girls (B).






Discussion

The present study proposed that the cystatin C level in adolescents was associated with obesity, particularly obesity defined by BMI. These data suggested that the cystatin C level could be considered as an early biomarker of obesity in adolescents. There was a U-shaped association between cystatin C levels and obesity in boys, and the risk of obesity showed a trend of first decrease and then increase as cystatin C levels increased, and either low or high cystatin levels were associated with an increased risk of obesity. Whereas in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels.

The study found that boys had higher cystatin C levels than girls, which was consistent with other findings that boys had higher cystatin C levels than girls after 1 year of age (20). The possible reason for the result might be that adolescent boys had a higher increase in muscle mass than girls (20). In addition, renal factors, hormonal factors, or other factors interfering with the determination of the cystatin C level in individual girls might also explain sex-related differences (21). Several findings suggested that individuals began to produce more cystatin C when they were around 10–13 years of age. After the age of 13 years, the individual’s cystatin C production reached a peak. It then remained stable until around the age of 50 years (22). Considering the particularity of children’s growth and development, and that the distribution of cystatin C did differ between boys and girls, we analyzed sex as a stratification factor in the next analysis. About 80% of adolescents with obesity still obese in adulthood, and hence early preventive interventions for obesity are warranted, however, childhood BMI is less sensitive to predict adult obesity (23), so we need to find other more sensitive indicators for detecting obesity in adolescents. Cystatin C is an effective cathepsin-proteolytic enzyme inhibitor (24). It can be used to calculate the eGFR (25). Studies have also shown a significant association between GFR and duration of obesity (26). However, in our study, no relationship between eGFR and obesity was found. The present study showed that the elevated circulating cystatin C levels in study participants with obesity may be to counteract obesity-related inflammation (27). Elevated cystatin C levels in adolescence were also associated with lipid metabolic dysregulation and cardiometabolic risk (28). The production of cystatin C in adipose tissue can lead to an increase in the concentration of cystatin C in the blood of children with obesity (29). The studies demonstrated that cystatin C level was associated with WC, BMI, and visceral fat (30–32). However, our study only found a relationship between BMI-defined obesity and cystatin C levels. It also provided a rationale for using cystatin C as a biomarker to predict overweight and obesity in adolescents.

Our study found a U-shaped association between cystatin C levels and obesity in boys, with a decreasing risk of obesity before cystatin C values reached 0.97 mg/L and then increasing; however, in girls, the risk of obesity increased before the cystatin C value reached 0.91 mg/L and then tended to decrease. The different associations we observed between the cystatin C levels and obesity risk of different sexes were interesting. Since the age distribution of our study population was in adolescence (14 – 17 years), this difference may have resulted from different levels of pubertal development in boys and girls. To our knowledge, no study had found this U-shaped association of cystatin C levels with the risk of obesity in boys. Therefore, we hope that prospective studies with larger sample sizes will be followed to confirm the differences of different cystatin C levels with obesity risk among boys and girls. The typical reference range in adults for Cystatin cystatin C was 0.40–1.10 mg/L (33). However, no explicit reference value range exists for children and adolescents. Whether normal cystatin C values ranges for boys and girls separately need to be developed in the future for early diagnosis of obesity remains to be explored.

This analysis had several limitations. First, the adolescent population we studied was obtained by cluster sampling and is not nationally representative. Second, critical adverse factors, such as pubertal development and family history, as well as insulin resistance levels, were not considered in our analysis due to limited data. Population-based prospective studies should be carried out to overcome these limitations and comprehensively understand the cystatin C levels in adolescents with obesity and adolescents without obesity.

In conclusion, this study suggested a U-shaped association between serum cystatin C levels and obesity in boys, with low or high cystatin C levels both associated with an increased risk of obesity. However, in girls, the risk of obesity showed a trend of initially increase and then decrease with increasing cystatin C levels. Prospective studies with larger sample sizes should be conducted to evaluate the value of cystatin C levels in predicting the progression of early obesity in adolescents of different sexes.
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Introduction

Lifestyle changes including COVID-19 lockdown cause weight gain and may change obesity trends; however, timely changes are largely unknown and monitoring measures are usually lack. This first large-scale study aimed to analyze the real-world national trends of obesity prevalence of Chinese children in the past five years, and the impact of COVID-19 pandemic on pediatric obesity development through both mobile- and hospital-based data.



Methods

This study included children aged 3 to 19 years old all over China from January 2017 to April 2021. Hospital-measured and parent-reported cases from XIGAO database were analyzed. Body mass index (BMI) z-score calculation and obesity status evaluation were made according to Chinese standards. We evaluated obesity/overweight prevalence over the past five years and the changes of BMI z-score during COVID-19 lockdown.



Results

A total of 656396 children from 31 provinces were involved, including 447481 hospital-measured cases and 208915 parent-reported cases. The obesity and overweight prevalence were 8.05% (95%CI 7.76%–8.39%) and 10.06% (95%CI 10.79%–11.55%), comparable to those of China National Nutrition Surveys during 2015–2019. Northern China had the highest obesity prevalence. Parent-reported data had higher obesity/overweight prevalence than hospital-measured data (18.3% [95%CI 17.7%–18.9%] vs. 21.7% [95%CI 20.7%–23.0%]). The trend of obesity prevalence remained stable with slight decrease, but COVID-19 lockdown caused a significant increase of 1.86% in 2020. Both mobile- and hospital-based data showed weight gain in the first half of 2020. High BMI z-score increase were found among primary and junior middle school children, and children in northeast area during lockdown.



Conclusion

Weight gain during COVID-19 among Chinese children had regional differences and mainly affect primary and junior middle school children, thus warrants targeted interventions. The mobile growth assessment based on parent-reported data was a feasible, efficient and timely way for obesity monitoring among Chinese children, especially during epidemic.





Keywords: pediatric obesity, body mass index, children, adolescent, China



Introduction

Obesity in children and adolescents is a challenging public health issue, affecting more than 120 million children and adolescents aged 5–19 years in 2016 (1). In the past 30 years, the national obesity prevalence of children aged 6–17 in China increased from 1.8%–2.4% in the 1990s to 7.9%–12.7% in 2015–2019 (2). Excessive calorie intake and inactivity and/or sedentary behavior increase the body mass index (BMI) and obesity prevalence of children, which not only lead to the risk of cardiovascular and metabolic diseases, but also cause psychological and social complications. The shutdown caused by COVID-19 pandemic restricted children and adolescents’ outdoor physical activities and changed their living habits including diet and sleep, resulting in weight gains (3). Both studies from China regional data (4) or other countries found significant weight gain during lockdown among school-aged children and adolescents (5).

Regular growth assessment is an important way to monitor weight gain of children. Monitoring data can not only help schools and governments to introduce corresponding countermeasures, but also remind parents in time to help their children develop a healthy lifestyle. With the popularization of mobile phones and the Internet, parents can use mobiles to upload data and assess the growth and development of their children anytime and anywhere. This contactless way has become a good method of monitoring during the epidemic without going to hospitals or schools.

Population-based study about weight changes of children across China before and after the COVID-19 pandemic was limited. This study aimed to evaluate the prevalence of obesity of children and adolescents of all age groups in various regions of China in the past five years; and the impact of the COVID-19 pandemic on obesity development among children of different regions and ages in the real-world. Furthermore, we aimed to evaluate the feasibility of mobile parental-evaluation in the growth and development monitoring of Chinese children.



Methods


Study Population

In order to evaluate the changes of growth of Chinese children and adolescents continuously in the real world, this study analyzed data from January 2017 to April 2021 from the XIGAO database, which was developed to monitor the characteristics and trend of Chinese children’s growth and development. XIGAO database was developed by Shijiazhuang Xigao Technology Co., Ltd, which consisted of two parts of data, part based on hospitals and the other based on mobiles. The hospital part of the database was built in 2016, and the data began to be collected from mobiles in 2017. Therefore, this study only included data after 2017. More than 1500 hospitals in 29 provinces, autonomous regions or municipalities were involved in the database. Data of outpatient who came to monitor the growth and development were automatically extracted and uploaded from the hospital information system to the database. Furthermore, parents from 31 provinces, autonomous regions or municipalities all over China could upload data to XIGAO database on their mobiles through the QR code displayed in websites, hospitals or during the health education of schools and kindergartens.

In this study, data including sex, date of birth, date of measurement, province, height and weight were collected and analyzed. Cases who were younger than 3 years old or older than 19 years old, lack important information such as sex, height, weight and age, whose height significantly deviated from the growth curve (height SDS without ± 2SD), or who had biologically implausible BMI (BMI z-score without ± 5SD) were removed (6).

This study was approved by the ethic committee of Shijiazhuang Kid Grow Science and Technology Co. Ltd (2021[8]). The information related to patient identification in this study was hidden and was not handed over to the researchers.



Measurements and Obesity Definition

Height was accurate to 0.1 cm, and weight was accurate to 0.1 kg. BMI was calculated as weight (kg) divided by height squared (m2). We calculated the z-score of BMI, height and weight according to Chinese data (7, 8).

For children ≥7 years old, the diagnosis of obesity or overweight was made according to the Chinese standard (9). For children between 3–5 years old, BMI z-score ≥2 was defined as overweight and BMI z-score ≥3 was defined as obesity; while for children between 5–7 years old, BMI z-score ≥1 was defined as overweight and BMI z-score ≥2 was defined as obesity. Underweight children and adolescents were assigned to the normal category when analyzing.



Statistical Analysis

Age-, sex- and region-standardized prevalence of obesity and overweight were calculated based on 2010 China census population data (10). The trends of prevalence of obesity and overweight and BMI z-score were also calculated separately by sex, age (3–6 years old, 7–11 years old, 12–14 years old and 15–19 years old; children <7 years old were defined as preschool children, children ≥7 years old were defined as school-aged) and region (Central, East, North, Northeast, Northwest, South and Southwest). Since the COVID-19 epidemic in China was brought under control after April 2020 and schools in various regions gradually resumed classes after May 2020 (11); therefore, in order to understand the short-term impact of the epidemic on weight gain in children and adolescents, we compared the data in 2019, the first half of 2020, and the second half of 2020 to evaluate the impact of pandemic. Student’s t test and χ2 test were used to compare continuous and categorical variables. Bland-Altman analysis was used to evaluate the consistency of hospital- and mobile-based data. A two-sided p value < 0.05 was considered statistically significant. Statistical analyses were conducted using the R software program (version 4.3).




Results


Basic Characteristics

During the study period, a total of 562840 cases from hospital and 325743 participants from mobiles were enrolled in this study. Finally, a total of 656396 cases were analyzed, including 447481 hospital-measured cases and 208915 parent-reported cases (Figure 1), with the mean age of 7.22 ± 3.18 years. Table 1 showed the general characteristics of the study population.




Figure 1 | Flow chart of sampling procedure. aTo remove the cases that might had growth disorder, we only included the cases whose height age- and sex- specific SDS was between ±2. Then cases with BMI z-score higher than 5 or lower than -5 were excluded in order to excluded incorrect entries and weight abnormalities that might be secondary to other diseases. bEach child had a unique ID. Cases that repeatedly registered data in both the hospital database and the mobile database were regarded as repeated cases, and data from mobiles were excluded.




Table 1 | General characteristics of the study population.



The mean BMI z-score of the study population was 0.18 ± 1.31. Girls had higher BMI z-score than that of boys (0.20 ± 1.30 vs. 0.15 ± 1.33, p < 0.0001). However, the distribution of BMI z-score was different among different age groups between boys and girls (Figure 2E). In age group 3-5 years, boys displayed higher BMI z-score than girls (p < 0.0001), while BMI z-score of girls was higher than that of boys in age group 6–8 years, 9–11 years, and 12–14 years. Among adolescents aged 15–19, there was no significant statistical difference of BMI z-score between boys and girls.




Figure 2 | Characteristics of the standardized prevalence of obesity and overweight and BMI z-score. (A) The standardized prevalence of obesity by province. (B) The standardized prevalence of obesity and overweight by province. The prevalence was standardized by sex and age in different provinces. This study didn’t included children in Taiwan, Hong Kong and Macao. Cases in Tibet Autonomous Region and Qinghai province were limited thus were not included in the map. (C) Trajectories of the prevalence of obesity and overweight by age. (D) Trends of the prevalence of obesity and overweight. The prevalence was standardized by sex and age. The band indicated 95% CI. (E) BMI z-score of different sexes and ages. Black points indicated the mean of BMI z-score of different groups.





Prevalence of Obesity and Overweight

According to Chinese standard, 50534 (7.7%) and 65750 (10.0%) children and adolescents in the study population were obese and overweight, respectively. After adjusting age, sex and region, the standardized prevalence of obesity and obesity/overweight in the study population was 8.05% (95%CI 7.76%–8.39%) and 19.19% (95%CI 18.73%–19.70%).

Boys had higher standardized prevalence of obesity than girls (9.03% [95%CI 8.65%–9.46%] vs. 6.91% [95%CI 6.46%–7.47%]). Children in the north area of China presented the highest standardized prevalence of obesity (10.85% [95%CI 9.37%–12.73%]), and followed by the northeast area of China (9.48% [95%CI 8.98%–10.04%]); while the south (6.16% [95% 5.75%–6.61%]) and southwest (6.68% [95%CI 6.41%–7.31%]) region had the lowest obesity prevalence (Supplementary Table S1 and Figures 2A, B).

The obesity prevalence changed with ages. It first increased significantly after the age of four, reached the peak at the age of eight, then slowly declined between 9–14 years old, and finally raised again at the age of 15 (Figure 2C). The overall change trend of the prevalence of obesity/overweight was similar to the prevalence of obesity, but it always showed a high level after the age of eight.



Trends of Obesity Prevalence and BMI z-Score

Despite the significant increase in 2020 due to COVID-19 lockdown, the prevalence of obesity and obesity/overweight among Chinese children and adolescents showed a steadily decrease trend (Figure 2D). Compared with 2017–2018, the prevalence of obesity and obesity/overweight in 2019 was decreased by 0.26% and 0.87% respectively. Although increased to 9.53% in 2020, with the increase of 1.86%, the prevalence of obesity returned to 7.76% in the first four months of 2021, which was close to that in 2019.

However, BMI z-score of children and adolescents increased in the past five years (Supplementary Figure 1). Compared with the lowest level in 2019, with 0.09 ± 1.35, the mean BMI z-score increased to 0.23 ± 1.34 in 2020 and continued to reach 0.27 ± 1.23 in the first four months of 2021. But the changes of BMI z-score had sex, age and region characteristics, and were related with COVID-19 pandemic shutdown.

For preschool children, a significant increase of the mean of BMI z-score was found in the first four months of 2021; while BMI z-score increased significantly among school-aged children and adolescents in the year of 2020, and a slight decrease was found in 2021 (Supplementary Table S2).

Further analyzing the influence of COVID-19 lockdown on the changes of BMI z-score, we found that children aged 7–11 years old were most effected by the lockdown with the increase of 0.26 in the mean of BMI z-score in the first half of 2020 compared with 2019, followed by adolescent aged 12–14 years, with the increase of 0.20 (Table 2). Preschool children only had relatively slight increase in BMI z-score in the first half of 2020 and returned to the previous level in the second half of 2020. Furthermore, children in the northeast gained the most weight in the first half of 2020, and children in the central, north and southwest regions also experienced an increase of BMI z-score more than 0.20 (Figure 3). Notably, the BMI z-score of both preschool and school-aged children in the north area of China increased constantly, even after the year of 2020 (Supplementary Table S3).


Table 2 | BMI z-score changes during COVID-19 shutdown by different ages and regions.






Figure 3 | BMI z-score changes during COVID-19 lockdown by province. The changes of the mean BMI z-score in the first half of 2020 and that in 2019.





The Accuracy of Parent-Reported Data

To analyze the accuracy of parent-reported data, we compared the duplicate cases between hospitals and mobiles within 30 days. Finally, 4309 cases uploaded data both from hospitals and mobiles within 30 days. When reviewing these data, 3980 (92.3%) cases reported the same BMI through hospitals and mobile terminals, and the differences of BMI of 4096 cases were within 0.20 (95.1%). Furthermore, we found 27 cases (0.6%) whose parent-reported weight value was nearly two times higher than hospital-measured weight value, indicating parents might mistake the unit when uploading the data. There was no significant difference between the BMI z-score of hospital- and mobile-based data according to Bland-Altman analysis (p = 0.62) (Supplementary Figure 2). Since the proportion of possible errors and bias was low, the parent-reported data from the mobiles was reliable.



The Characteristics of Parent-reported Measurements in BMI Monitoring

31.8% cases of this study were parent-reported data obtained from the mobiles; therefore, we could evaluate the characteristics of parent-reported data (Supplementary Table S4). Parents of preschool children were more inclined to participate in the BMI monitoring study, accounting for 73.9% of the total mobile-based data. Compared with the hospital measurement data, parent-reported data had higher standardized obesity and obesity/overweight prevalence (6.9% [95% CI 6.7%–7.3%] vs. 11.8% [95% CI 10.9%–13.0%]; 18.3% [95% CI 17.7%–18.9%] vs. 21.7% [95% CI 20.7%–23.0%]). Furthermore, parent-reported data had higher BMI z-score among both preschool and school-aged children (0.07 ± 1.42 vs. 0.05 ± 1.21, p = 0.0020; 0.43 ± 1.57 vs. 0.30 ± 1.25, p < 0.0001). However, both mobile-based data and hospital-based data could timely reflect the changes of BMI during pandemic (Supplementary Table S5).




Discussion

This first large-scale study evaluated the changing trend of obesity prevalence and BMI of children and adolescents in different regions of China in the past five years using mobile- and hospital-based data. From 2017 to 2021, the obesity and overweight prevalence of Chinese children and adolescents remained at a stable level and had a slight downward trend; though the lockdown in 2020 led to a significant increase. The COVID-19 epidemic in 2020 had an impact on obesity and weight gain, but there were regional and age differences.

In the past decade, the prevalence of obesity and overweight in children and adolescents in China increased from 15.4% in 2010, to 20.4% in 2014 and 24.7%–25.8% in 2017–2019 (12–14). In our study, the prevalence of obesity and overweight was 19.19%, which was slightly lower compared with that Zhang et al. (12) and 2014 Chinese National Survey on Students’ Constitution and Health (15) found. Since our study included more provinces in the south and southwest area of China and preschool children aged 3–6 years old, their relatively low prevalence of obesity and overweight resulted in a lower overall prevalence than previous studies.

The prevalence of obesity had region-, age- and sex-specific characteristics. Consist with previous studies, Chinese boys and children in northern region of China had higher prevalence of obesity, while children in south and southwest regions of China had lower prevalence (12, 16, 17). Furthermore, even in the same province, there are differences in obesity in different cities, calling for more targeted policies for the controlling of pediatric obesity in China (18). As for the difference between different ages, we found that the obesity prevalence increased significantly after the age of four, while it was relatively low between the ages of 12–15, but then increased again. The increase of obesity prevalence in adolescents older than 16 years old was consistent with the findings among Chinese adults that young adult men had relatively high obesity prevalence (19).

Remarkably, our study found that the prevalence of obesity among Chinese children had entered a stage of stable or even with a slight decline, comparing to the annual growth rate of 0.58% and 0.63% in obesity and overweight respectively in 2010–2014 (17). A decrease of 0.26% in obesity prevalence was found in 2019 compared with 2017–2018. Although experienced a significant increase in 2020, the prevalence of obesity in the first four months of 2021 was 7.79%, which was decreased significantly comparing with the prevalence in 2020, with a decrease of 1.77%. Due to the limited research period and the special impact of the COVID-19 epidemic, we cannot conclude that the obesity problem of Chinese children has been controlled. The study of Yuan et al. (20) among Chinese children and the study of adult population in China both found a slowdown in the rise of obesity prevalence (19), suggesting an optimistic trend of obesity problem among all age groups in China. However, the overall prevalence is still at high point and long-term trend needs to be observed. Furthermore, the huge population of obese and overweight children and adolescents still needs more attention.

Although some studies have focused on the weight gain of children in China during the COVID-19 epidemic (4, 21, 22), there is still a lack of comprehensive national analysis of multiple age groups. To reduce the impact of going out restrictions on the assessment of children’s growth and development, we innovatively use mobiles as a data-source for this nationwide survey. Consist with previous regional studies (4, 5), COVID-19 lockdown led to weight gains among Chinese children, but also had age and region differences.

The age difference in weight gain might be related to the growth characteristics and lifestyles of children of different ages. We found that children and adolescents aged 7–14 years old, mainly children in primary schools and junior middle schools, had the most BMI z-score gain. For school-aged children, the lower the grade, the more time spent in school activities, including physical education classes and extracurricular activities; therefore, the exercise time of primary and junior middle school students was greatly affected by the lockdown. High school students had less activity time at school than younger children in China, so they might be less affected; while preschool children had a lot of non-school activity time, so they were almost unaffected. Findings of other regional studies in China and the United States were consistent with our results (4, 22, 23).

Regional differences in weight gain during COVID-19 lockdown might be affected by various factors such as the severity of the epidemic and differences in local lifestyles. Children in northeast, central, north and southwest area showed a significant increase in BMI z-score in the first half of 2020 and a decline in the second half of the year, which was consistent with the development trend of the epidemic in China. However, the weight of children in the northwest and north increased continuously even after the epidemic, and the mean BMI z-score reached 0.5 in northern China. This suggested that the north and northwest regions are the focus of attention of obesity monitoring in the future.

Conducting family self-assessment was a good way for monitoring weight changes and providing timely interventions based on changes, especially during the epidemic, when the assessment carried out in schools and clinics was restricted. Our study has confirmed the feasibility of using mobiles and the Internet to conduct growth and development assessments for children and adolescents across China. By entering the basic information and anthropometry data, parents can obtain the results of their children’s developmental assessment within a few seconds, avoiding complicated calculations and table lookups that need to be completed by pediatricians. In the future, the online assessment method can be widely promoted as an effective assessment method for children’s growth and development, especially during epidemics and in remote areas. The main concern about the online assessment was the inaccuracy of parent- and self-reported data, which might have bias due to reporting behaviors and systematic measurement differences. Zhou et al. (24) raised concerns about the accuracy of self-reported weight and height of Chinese adolescents, and He et al. (25) found that parent-reported BMI tended to overestimate the prevalence of obesity in children and adolescents. A study of the accuracy of parental measurements of height and weight during COVID-19 found lower BMI at home than in clinics (26). Although the accuracy analysis of this study suggested that the parent-reported data was reliable, we found that the BMI z-score of mobile-based data was higher than those of hospital-based data in this study, especially among school-aged children. Although there was statistical difference among preschool children, the difference was only 0.02. In addition to the possible errors caused by clothing and food intake during the home measurement process, parents of obese children were more inclined to participate in related assessments might be the reason for this difference. Even with bias, a slight overestimation of BMI in obesity assessment helped parents of children at risk of overweight to pay more attention on their diets and lifestyles, and seek help from pediatricians in time. Therefore, parent-reported growth assessment through mobile was a feasible, efficient and timely way with synchronous response, thus it is worthy of being widely promoted. In the future, better health education and measurement teaching will help parents measure their children’s height and weight more accurately.

One of the limitations of this study was that all cases from mobiles were voluntarily participated. Therefore, younger children accounted for a large proportion of the study population. However, when calculating the trend of BMI, children were divided into different age groups, and when calculating the obesity prevalence, we standardized the prevalence according to age, sex and region, so it would not affect the results. In addition, we found that the obesity prevalence of mobile-based data was higher than that of the hospital-based data and other researches (2, 12, 13). The reason for this phenomenon might be that parents of overweight children paid more attention to the assessment of their children’s growth and development and were more inclined to participate in such surveys. Furthermore, this large-scale epidemiological survey didn’t collect information about lifestyles, such as dietary or physical activities, which were important factors affecting BMI. In the future, we will expand the information collected in the database to better investigate possible factors affecting BMI changes.



Conclusions

In conclusion, the prevalence of obesity and overweight of Chinese children and adolescents showed a slight downward trend though increased in 2020 due to the COVID-19 lockdown. The high obesity prevalence in northern China and the continuous increase of BMI z-score in north and northwest regions called for more region-specific ways for pediatric obesity management. The assessment through mobiles based on parent-reported anthropometry data was a good way for obesity monitoring, especially during epidemics. High BMI z-score increase among primary and junior middle school children suggested more indoor sports education for these children especially during the pandemic.
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Objective: Previous studies that have reported trends on abdominal obesity among US children were usually based on anthropometric assessments. However, little is known about the recent trends in central adiposity measures by DXA and abdominal obesity since 2011–2012.

Study Design: A serial cross-sectional analysis of US population-weighted data among children from NHANES 2011 to 2018 was conducted.

Results: Between 2011–2012 and 2017–2018, there was a relatively stable trend among children aged 8–19 years in trunk fat and trunk fat percentage. During the same time periods, there were no significant changes in prevalence of abdominal obesity by waist circumference (18.6 vs. 21.1%) among those aged 2–19 years, and abdominal obesity by WHtR (34.1 vs. 36.2%) among those aged 6–19 years. However, a significant increase trend among boys aged 2–19 years was found in prevalence of abdominal obesity by waist circumference (16.1–22.7%; P = 0.004). For Mexican American youth and non-Hispanic Asian boys, there is a significant increase in mean trunk fat percentage and waist circumference.

Conclusion: Between 2011–2012 and 2017–2018, there have been no significant changes in central adiposity measured by DXA and prevalence of abdominal obesity among US children. Our study further supports that there is an urgent need to improve their lifestyle to reduce abdominal obesity for US children, especially for Mexican American youth and non-Hispanic Asian boys.

Keywords: trunk fat, trunk fat percentage, central adiposity measures, dual-energy x-ray absorptiometry, abdominal obesity, children


INTRODUCTION

Abdominal obesity is strongly associated with several risk factors for metabolic syndrome, diabetes, and cardiovascular disease than overall obesity (1). Among children and adolescents, many analyses about abdominal obesity based on waist circumference or waist-to-height ratio (WHtR) have been published (2). Dual-energy X-ray absorptiometry (DXA) is the most widely accepted method of objectively measuring body composition and suitable for assessing body composition in children and adolescents with good feasibility and reasonable accuracy. However, little is known about the recent trends in central adiposity measures by DXA and abdominal obesity among children and adolescents since 2011–2012. From 2011–12 to 2017–18, the NHANES DXA examination provides nationally representative data on body composition measured using whole body DXA scans (3). Moreover, some studies showed that Asian individuals were shown to have a different body fat percentage and fat-free mass than other racial or ethnic groups (4, 5). Since the 2011–2012 NHANES cycle, non-Hispanic Asian individuals were differentiated in the released data and can be analyzed as a separate racial or ethnic category in the present study.

In addition, the intra-abdominal adipose tissue depot is considered mainly responsible for the adverse metabolic effects of a central fat pattern (6). Although DXA cannot discriminate between intra-abdominal and subcutaneous fat, studies in children (7) indicated strong associations between trunk fat mass measured by DXA and intra-abdominal fat measured by computed tomography or magnetic resonance imaging.

Therefore, this study aimed to examine the most recent national estimates and trends in measures of central body fat by DXA and abdominal obesity using data from NHANES 2011–2018, including waist circumference, WHtR, trunk fat, and trunk fat percentage by race or ethnicity among US children and adolescents.



METHODS


Study Design

NHANES uses a stratified multistage probability sampling design to obtain a representative sample of the US non-institutionalized civilian population and is a cross-sectional survey designed to monitor the health and nutritional status (8). Participants were interviewed at home to collect sociodemographic, family, and medical information. They also received a detailed medical examination in the mobile examination center. From 2011, the NHANES restarted to provide nationally representative data on body composition by performing whole body DXA scans. NHANES procedures were approved by a human subject review board, and written informed consent, assent, or both was obtained from all participants. The overall examination response rate has gradually decreased from 69.5% in 2011–12 to 48.8% in 2017–2018. We included children and adolescents aged 2–19 years who attended an examination during any NHANES cycle from 2011–2012 to 2017–2018. All available data were analyzed in all available NHANES cycles from 2011 to 2018. If relevant variables were missing, individuals from particular analyses were excluded. We included all available NHANES cycles for waist circumference, WHtR, trunk fat, and trunk fat percentage from 2011–2012 to 2017–2018. Figure 1 indicates a flowchart of participants.


[image: Figure 1]
FIGURE 1. Flow chart of participants selected from NHANES 2011–2012 to 2017–2018.




Anthropometric Measurements

To ensure comparability of anthropometric measures of survey participants, body measurements were obtained using the standardized methods and equipment of the Centers for Disease Control and Prevention throughout the NHANES surveys. Waist circumference was measured above the iliac crest using a steel tape. WHtR was defined as the ratio of waist (cm) and height (cm).



DXA Measurements

Trunk fat and trunk fat percentage were determined for participants aged 8–59 years by whole body DXA. Whole body scans were performed on the Hologic Discovery model A densitometers with low radiation exposure (<20 μSv). All scan data were analyzed using Hologic APEX version 4.0 software with the NHANES BCA option.



Other Variables

Information about age, gender, and race/ethnicity was obtained using standardized questionnaires during in-person interviews. Participants self- or parent-reported their race and ethnicity from provided categories and coded as Mexican, other Hispanic, non-Hispanic white, non-Hispanic black, non-Hispanic Asian, or other races since 2011. In this study, other Hispanic and other races were combined to create other racial/ethnic groups. Race or ethnicity was categorized as Mexican American, non-Hispanic white, non-Hispanic black, non-Hispanic Asian, and other race/ethnic groups.



Statistical Analysis

According to the NHANES analytic guidelines, all analyses used the NHANES examination sample weights to account for differential probabilities of oversampling, non-response, and non-coverage (9). This study estimated mean trunk fat and trunk fat percentage among children and adolescents aged 8–19 years. Also, we evaluated age-adjusted mean waist circumference and WHtR, and age-adjusted prevalence of abdominal obesity, overall and stratified by gender and race or ethnicity, among those aged 2–19 years. Data for children and adolescents were age-standardized to the 2000 US census using age groups 2–5, 6–11, and 12–19 years (10).

Furthermore, DXA was conducted among participants aged 8–59 years. Data for age groups of 8 years were not available from the census 2,000 population data (10), and we could not obtain age-adjusted data among age groups of 8 years. Therefore, the estimates in measures of central body fat by DXA, such as trunk fat and trunk fat percentage, were unadjusted and analyzed in the following two age groups: 8–11 and 12–19 years.

The 90th percentiles of waist circumference by age and gender in NHANES III were used to estimate prevalence of abdominal obesity (11). The WHtR value of 0.5 was also used as a cutoff point of abdominal obesity for youth aged 6–19 years (12, 13). In children aged 2–5 years, a WHtR value of 0.5 may overestimate the prevalence of abdominal obesity; thus, this cutoff value was not suitable to children aged 2–5 years in the present study. Linear regression models were performed to investigate linear trends over time with survey periods as a continuous independent variable in models, with adjustment for age, gender, and race or ethnicity, when applicable.

All statistical analyses were performed using survey modules of SAS software version 9.4 (SAS Institute, Cary, NC). A two-sided p-value of.05 was used to estimate statistical significance.




RESULTS

The present study included 13,306 children and adolescents aged 2–19 years from NHANES 2011–2018 (Appendix Table 1). Among those, 7,367 children and adolescents aged 8–19 years had valid measurement of body composition by DXA. There are different sample sizes for different measurement methods: 7,239 for trunk fat and trunk fat percentage, 12,478 for waist circumference, and 12,448 for WHtR (Figure 1). In the sample of valid measurement of body composition by DXA (Appendix Table 2), the weighted mean age was 13.43 years (standard error, 0.06); 3,574 participants were girls (weighted proportion, 48.09%); 1,526 were of Mexican American ancestry (15.42%), 1,963 were of non-Hispanic white ancestry (53.21%), 1,869 were of non-Hispanic black ancestry (13.95%), and 746 were of non-Hispanic Asian ancestry (4.50%) (Appendix Table 2). Population characteristics and sample sizes are slightly different across survey cycles (Appendix Tables 1, 2).


Trunk Fat

Among children aged 8–19 years, the unadjusted mean trunk fat remained unchanged across surveys between 2011 and 2018 (P = 0.50) and by age, gender, and racial or ethnic group, except for the Mexican American group, whose mean trunk fat significantly increased (P = 0.03) (Table 1). Moreover, all girls aged 8–19 years had significantly higher mean trunk fat than all boys aged 8–19 years.


Table 1. Trends in mean trunk fat (95% CI) by race or ethnicity among US children aged 8–19 y, NHANES 2011–2012 to 2017–2018.
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Trunk Fat Percentage

Among US youth aged 8–19 years, the unadjusted mean trunk fat percentage remained stable across surveys from 2011 to 2018 (P = 0.18) and by age and gender (Table 2 and Figure 2). However, all girls aged 8–19 years had significantly higher mean trunk fat percentage than all boys aged 8–19 years.


Table 2. Trends in mean trunk fat percentage (95% CI) by race or ethnicity among US children aged 8–19 y, NHANES 2011–2012 to 2017–2018.
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FIGURE 2. Trends in mean trunk fat percentage by race or ethnicity among US children aged 8–19 y, NHANES 2011–2012 to 2017–2018.


In the subgroup analyses by race/ethnicity, a linear increase trend in mean trunk fat percentage for youth aged 8–19 years was observed in the Mexican American group (P = 0.04) and non-Hispanic Asian boys (P = 0.04) from 2011 to 2018, but not in all other race/ethnicity groups.



Waist Circumference

Among children aged 2–19 years, age-adjusted mean waist circumference held steady across surveys from 2011 to 2018 (P = 0.61) and by age, gender, and racial or ethnic group, except for the Mexican American group (P = 0.03) and non-Hispanic Asian boys (P = 0.02), whose age-adjusted mean waist circumference significantly increased (Appendix Table 3).



Waist-to-Height Ratio

Between 2011–2012 and 2017–2018, age-adjusted mean WHtR remained stable across surveys among children aged 2–19 years (P = 0.46) and by age, gender, and racial or ethnic group, except for the Mexican American group (P = 0.02), whose age-adjusted mean WHtR significantly increased (Appendix Table 4).



Pearson Correlation Analysis

There was a high correlation between waist circumference and trunk fat in both sexes in 2011–2012 and 2017–2018 (all r ≥ 0.8). The correlation between WHtR and trunk fat in boys and girls also was statistically significant in 2011–2012 and 2017–2018 (P < 0.01) (Appendix Table 5).



Abdominal Obesity (by Waist Circumference)

For children aged 2–19 years, the overall age-adjusted prevalence of abdominal obesity showed no significant changes from 18.6% (95% CI, 15.5–21.6%) in 2011–2012 to 21.1% (95% CI, 18.9–23.3%) in 2017–2018 (P = 0.25) (Table 3 and Figure 3). However, there was an increasing linear trend in prevalence of abdominal obesity among all boys aged 2–19 years (P = 0.004), but not among girls during 2011–2018.


Table 3. Trends in age-adjusted prevalence of abdominal obesity by waist circumference among US children aged 2–19 y, NHANES 2011–2012 to 2017–2018.
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FIGURE 3. Trends in age-adjusted prevalence of abdominal obesity by waist circumference among US children aged 2–19 y, NHANES 2011–2012 to 2017–2018.


In the subgroup analyses by race/ethnicity, prevalence of abdominal obesity for those aged 2–19 years marginally increased in Mexican American boys (P = 0.06), non-Hispanic white boys (P = 0.06), and non-Hispanic Asian boys (P = 0.06), but not in all other race/ethnicity groups from 2011 to 2018 (Table 3; Figure 3).



Abdominal Obesity (by WHtR)

For youths aged 6–19 years, age-adjusted prevalence of abdominal obesity did not significantly change from 2011 to 2018 (P = 0.25) and by age, gender, and racial or ethnic group, except for non-Hispanic Asian boys, whose WHtR marginally increased (P = 0.06) (Appendix Table 6).




DISCUSSION

From 2011–2012 to 2017–2018, there were no significant changes among children aged 8–19 years in mean trunk fat and trunk fat percentage, or among those aged 2–19 years in mean waist circumference and WHtR. During the same time periods, prevalence of abdominal obesity by waist circumference among children aged 2–19 years, and abdominal obesity by WHtR among those aged 6–19 years remained stable. Among the Mexican American group, there was a significant increasing trend in mean trunk fat and trunk fat percentage among children aged 8–19 years, and mean waist circumference and WHtR among children aged 2–19 years from 2011 to 2018. For non-Hispanic Asian boys, there is a significant increasing trend among children aged 8–19 years in mean trunk fat percentage and among those aged 2–19 years in mean waist circumference during 2011–2018.

This study provided the recent national estimates and trends of central body fat measured by DXA (trunk fat and trunk fat percentage) and anthropometry (waist circumference and WHtR). Some studies found that there are strong correlations between trunk fat mass evaluated by DXA and intra-abdominal fat evaluated by computed tomography or magnetic resonance imaging (7). Although body mass index is the most frequently used method to evaluate obesity, it does not always reflect true body fatness. The health complications related to obesity are associated with increased body fat deposition rather than with body weight per se. In the present study, for Mexican American youth and non-Hispanic Asian boys, there is an increasing trend in mean trunk fat percentage among those aged 8–19 years and in mean waist circumference among children aged 2–19 years during 2011–18. This study found that there was a high correlation between waist circumference and trunk fat in both sexes in 2011–2012 and 2017–2018. In preschool-aged children, waist circumference can identify effectively between children with low and high levels of trunk fat mass, as measured by DXA (14).

Moreover, this study provided the most recent national estimates and trends of abdominal obesity among US children and adolescents. In 2017 to 2018, overall prevalence of abdominal obesity is still high, being 21.1% (defined by waist circumference) in participants aged 2–19 years and 36.2% (defined by WHtR) in those aged 6–19 years. For boys aged 2–19 years, there is an increasing trend in prevalence of abdominal obesity by waist circumference. This suggested that central fatness among boys were increasing more rapidly than among girls. Considering the importance of body fat distribution for health at later life (6), there is an urgent need to improve their lifestyle to reduce obesity for US children and adolescents, especially for Mexican American youth and non-Hispanic Asian boys.

Furthermore, this study showed that girls aged 8–19 years had significantly higher mean trunk fat percentage than boys aged 8–19 years. Our results are consistent with another study by Taylor et al. (14) in preschool-aged children. That shows that girls stored proportionately more of their body fat in the truncal region. Nevertheless, several studies reported no difference (15, 16). Whether there were significant gender differences in mean trunk fat percentage at this age, it is still uncertain. In addition, a study among Asian adults showed that women had higher prevalence of central obesity than men, but linear trends in the prevalence of central obesity could not be evaluated in that study (17). Gender differences in regional adiposity should be further confirmed by future research.

Differences in obesity prevalence in children by race/ethnicity origin have been published in the United States (18). Some studies indicates that Asians may have more body fat than whites, especially when body mass indexes are lower (5). The present study reported prevalence of abdominal obesity in non-Hispanic Asian youth and found that in 2011–12, 9.1% of non-Hispanic Asian boys were abdominal obese, which increased to 17.0% in 2017–18. Also, among US adults, a previous study indicated that age-adjusted mean waist circumference was significantly increased in non-Hispanic Asian men (19). Although Asian children is generally considered healthy, they are now at a great risk of abdominal obesity especially in non-Hispanic Asian boys.

The main strength of this study was the nationally representative nature of US children and adolescents. The trends for central obesity in NHANES 1999–2004 and 2005–2012 were previously reported, but we reported the trends for 4 recent survey cycles (2011–12, 2013–14, 2015–16, and 2017–18). In addition, data from NHANES 2011–18 provides an opportunity to separately assess the trends in central adiposity measures and abdominal obesity in non-Hispanic Asians and other races or ethnicities.

This study has several limitations. We assessed central adiposity using waist circumference, WHtR, trunk fat and trunk fat percentage rather than directly measured visceral fat. Additionally, there are still no commonly agreed cut-offs to identify children with excess adiposity using DXA adiposity measures such as trunk fat and trunk fat percentage.



CONCLUSION

This nationally representative study provides useful information of the most recent national estimates and trends in measures of central body fat by DXA, including trunk fat and trunk fat percentage, and abdominal obesity among US children and adolescents from NHANES 2011–2018. Non-Hispanic Asian boys and Mexican American youth had a significant increase in measures of abdominal and trunk fat accumulation, which warrants further attention.
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Objective

Obesity is characterized by a low-grade inflammatory state in adipose tissue. Tumor Necrosis Factor Weak Inducer of Apoptosis (TWEAK) and Cluster of Differentiation 163 (CD163) are cytokines potentially involved in the pathogenesis of obesity. Little is known about them in children. The aim of this study was to observe serum levels of TWEAK and CD163 in prepubertal children with obesity compared to lean, and to evaluate its changes after a 2-year intervention program in children with obesity.



Methods

Case-control study with a prospective follow-up of cases for 2 years in a referral pediatric endocrine outpatient centre. Seventy-three prepubertal children with obesity, and forty-seven age- and gender-matched lean controls were studied. Sixty-two cases finished the program. Anthropometric parameters, Homeostatic Model Assessment for Insulin Resistance (HOMA-IR), lipid profile, and concentrations of TWEAK and CD163 were determined. Children with obesity were re-evaluated after a 2-year intervention program consisting of diet and exercise. Weight loss was considered if z-score Body Mass Index (BMI) decreased at least 0.5 Standard Deviations (SD).



Results

We observed higher CD163 levels in children with obesity compared to controls. No significant differences were observed in TWEAK and CD163/TWEAK ratio at baseline. After the 2-year intervention program, TWEAK levels were higher and CD163/TWEAK ratio was lower in children with weight loss than those without weight loss. CD163 decreased in both groups.



Conclusion

TWEAK and CD163 seem to have a role in the pathogenesis of obesity in prepubertal children.





Keywords: TWEAK, CD163, childhood, obesity, prepubertal



Introduction

The prevalence of childhood obesity has increased dramatically in recent decades, becoming a global public health problem (1). Pathological conditions associated with obesity, such as diabetes, hyperlipidemia, or hypertension (2), have been observed mainly in adults. As the prevalence of childhood obesity increases, these conditions are becoming more common among infants and teenagers (3–8).

Obesity is associated with a chronic inflammatory state in adipose tissue (9–11). In this context, we can observe altered levels of molecules involved in the regulation of inflammation, called cytokines (12–14).

Research on cytokines has increased during the last years in order to identify risk and protective factors of cardiovascular disease and to generate potential target treatments (15, 16).

Tumor Necrosis Factor Weak Inducer of Apoptosis (TWEAK), also known as Tumor Necrosis Factor (TNF) ligand superfamily member 12, is a cytokine involved in multiple biological functions (12, 17, 18). It seems to play a protective role in the regulation of obesity and insulin resistance (15, 19, 20). It was observed that serum levels of soluble TWEAK are lower in adults with severe obesity, and they increase in these patients after a significant weight loss (21).

Cluster of Differentiation 163 (CD163) is a macrophage-specific protein that increases in the context of inflammation (22). In vitro, it has been identified as a scavenger receptor of TWEAK, promoting its degradation (23). Serum levels of CD163 are higher in obesity and insulin resistance, being a strong predictor of type 2 diabetes in adults (24). In cardiovascular diseases, a high CD163/TWEAK ratio was found (25).

Little is known about TWEAK and CD163 in children. The main objective of the study was to evaluate if a significant weight loss in children with obesity may induce changes in these parameters after a 2-year lifestyle intervention program. In addition, the investigation aimed to evaluate serum levels of TWEAK, CD163, and CD163/TWEAK ratio in prepubertal children with obesity compared to lean children.



Patients and Methods

Seventy-three prepubertal children with obesity were included, from an outpatient long-term intervention program over a period of 2 years. Inclusion criteria were the presence of obesity as defined by body mass index (BMI) > 2 standard deviation (SD) scores for age and sex upon Spanish normative charts (26), aged between 6 and 10 years and prepubertal according to Tanner staging (27, 28). Controls were forty-seven prepubertal healthy children attending for preoperative blood tests before minor surgery. They were matched by age and gender. Exclusion criteria were the presence of endocrinopathies, obesity-associated syndrome, and any infectious or inflammatory disease in the past 10 days, or taking medication that affected weight, lipid metabolism, or arterial blood pressure (BP). Written informed consent was obtained from all patients’ parents, and all investigations followed the Helsinki Declaration. The study was approved by the Ethics Committee of our Institution (reference code 2004104).


Baseline Clinical Evaluation

Detailed medical, personal, and family history of obesity and cardiometabolic risk was obtained from all subjects, including birth weight and length for gestational age. A complete physical examination was performed. Height was measured by a Harpenden stadiometer to the nearest 0.1 cm and body weight by balance scale to the nearest 0.1 kg. Waist circumference was measured with a tape at the middle point between the last rib and the superior iliac crest, adjusted to the nearest 0.1 cm, and compared with an age and sex-reference population (29). All measurements were performed for duplication by the same investigator, with the patient in light clothes and without shoes. The mean of the two determinations was used for calculations. Adiposity was evaluated by BMI (calculated as weight in kilograms divided by the square of height in meters). Pubertal development was assessed by direct physical examination according to Tanner staging. Blood pressure was measured by triplicate with the Critikon Dinamap 8100 automatic system (Johnson-Johnson Company, Tampa, FL, USA), with an appropriate sized cuff and after at least ten minutes resting in supine position. The lowest BP value was recorded and evaluated using the percentiles of the International Task Force for Blood Pressure (30).

Obesity degree was fixed with z-BMI using the LMS method (31). We also applied the obesity criteria by Cole (International Obesity Task Force) (32) to our BMI data.



Baseline Metabolic Evaluation

Blood samples were obtained after a 12-hours overnight fast. Concentrations of soluble TWEAK, soluble CD163, alanine aminotransferase (ALT), uric acid, glucose, insulin, cholesterol and triglycerides were determined. Likewise, a standard 2-hours oral glucose tolerance test was performed in subjects with obesity.

Samples were stored at -80°C until their analysis. Plasma glucose was measured by the glucose hexokinase method, insulin by an electrochemiluminescent method, cholesterol and its fractions by cholesterol esterase/oxidase, and triglycerides by lipase/glycerol kinase (Roche Diagnostics, Mannheim, Germany). Intra- and inter-assay coefficient of variation (CV) values were 1.9–2.1% for glucose and 2.6–2.8% for insulin, respectively.

Plasma soluble TWEAK was measured by an enzyme-linked immunoassay (ELISA) technique with a sensitivity of 0.02 pg/mL (intra-assay CV <10%, inter-assay CV <9%). Plasma soluble CD163 was measured by ELISA with a sensitivity of 0.1 ng/mL (intra-assay CV <6%, inter-assay CV <7%). Impaired glucose metabolism was defined according to the American Diabetes Association criteria (33). Insulin resistance was evaluated using the Homeostatic Model Assessment for Insulin Resistance   (34).



Intervention and Follow-Up

After the baseline evaluation, 73 prepubertal children with obesity started a lifestyle intervention program that included a balanced norm caloric diet adjusted by age and a personally adapted exercise program. The diet contained 30% of energy intake from fat, 15% from protein, and 55% from carbohydrate (5% as sugar). A plan of 30–45 minutes of moderate exercise three times a week was negotiated. Television and video games were limited to a maximum of 2 hours a day. Follow-up visits were scheduled every 4 months.

After 2 years, a clinical and metabolic evaluation was performed with the same parameters as in the baseline evaluation. We considered a significant weight loss if the z-score of BMI had decreased at least 0.5 SD (35).



Statistical Analysis

Data were expressed as mean ± SD for quantitative variables and as percentages for categorical variables. Logarithmic transformation before the analysis was used when variables did not follow a normal distribution. Student’s t-test or Mann-Whitney U test were used for comparing differences between groups. Paired t-test or Wilcoxon test was used to compare variables before and after the intervention program. Bivariate correlations were evaluated with Pearson’s and Spearman’s coefficients as appropriate. Furthermore, some multivariate linear regression models were used. TWEAK, CD163 or CD163/TWEAK ratio as dependent variables and age, sex, weight status (BMI), HOMA-IR and lipid profile, as independent variables. A p value < 0.05 was considered significant. Analyses were performed with SAS v9.4, SAS Institute Inc., Cary, NC, USA.




Results

73 children with obesity and 47 controls were included in the study. Characteristics of subjects are shown in Table 1. Comparing cases and controls, CD163 levels were higher in children with obesity. No statistically significant differences were found in TWEAK and CD163/TWEAK ratio.


Table 1 | Baseline Subjects Characteristics.



After a 2-year follow-up of the cases, 62 completed the study and 11 dropped out (15%). 31 patients achieved a significant weight loss. Comparing patients with and without weight loss after the intervention program, TWEAK decreased in both groups after the intervention program. However, we observed that this parameter was higher in patients who achieved weight loss, before and after the intervention program. Serum levels of CD163 decreased after 2 years in both groups, and the decrease was more pronounced in patients with weight loss (Figure 1). CD163/TWEAK ratio was higher in children without weight loss, and it increased after 2 years in this group (Figure 2). Data are shown in Table 2.




Figure 1 | CD163 decreased after 2 years in both groups, and the decrease was more pronounced in patients with weight loss.






Figure 2 | CD163/TWEAK ratio was higher in children without weight loss, and it increased after 2 years in this group.




Table 2 | Baseline and after 2-years follow up characteristics according to weight loss in children with obesity.



To further understand the relationship between TWEAK and CD163 and the rest of the variables, we carried out some bivariate correlation analysis with each of them. Age, sex, HOMA, and lipid profile were included as independent variables. No significant correlation among all these variables was found.

Forty-nine percent of the patients began puberty (assessed by Tanner stage) during the follow-up phase. After adjusting the regression model by Tanner, results were not modified.



Discussion

TWEAK and CD163 have been linked to obesity and associated cardiovascular diseases in adults (15). However, there are still few data about these cytokines in children.

Our investigation did not find statistically significant differences in TWEAK or CD163/TWEAK ratio of children with obesity compared to controls. A possible explanation for this might be that this cytokine is involved in processes such as cell proliferation and differentiation (36), present in childhood growth. The protective role of TWEAK in obesity is not demonstrated in prepubertal children, although some studies observed an anti-inflammatory role of this cytokine in obese adults (25, 37).

Regarding CD163, this cytokine is higher in adults with obesity, and known as a biomarker of insulin resistance (23). Carolan et al. observed elevated CD163 in children with obesity, suggesting that it could be a biomarker to prioritize lifestyle intervention in childhood (38). In our study, CD163 serum levels were also higher in children with obesity compared to lean.

The present study is the first to observe a favorable effect of a 2-year lifestyle intervention program in prepubertal children who achieved a significant weight loss compared with those who did not. We observed expected higher levels of TWEAK, lower CD163/TWEAK ratio, and a more pronounced decrease of CD163 in the group of patients who achieved weight loss.

This study is the first one to observe the evolution of these parameters in prepubertal children, supporting the hypotheses that these cytokines may play a role in childhood obesity. One study found similar results in adults with severe obesity after weight loss achieved by bariatric surgery (25). Kazankov et al. observed a decrease in CD163 after 10 weeks of a lifestyle intervention in children with a mean age of 12 years (39).

This research has some limitations. It has a weak external validity because all subjects were only from one center. However, inclusion criteria for subjects are enough to guarantee a strong internal validity in our results. Unfortunately we don’t have estradiol, testosterone levels or tweak evolution of control group after two years of follow-up.

Our findings show that TWEAK and CD163 may be involved in the pathogenesis of obesity in prepubertal children. Childhood is a necessary stage for the prevention of consequences derived from obesity. This study opens an interesting line of research aimed at this objective.
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Down Syndrome (DS) is a chromosomal abnormality associated with a spectrum of cognitive and physical disabilities. Children with DS are exposed to both lower and excess body weight and follow distinct growth-curve patterns that deviate significantly from those of children without chromosomal defects. Anthropometric parameters are assessed in the pediatric population with the use of growth charts. The study is based on data from 411 children and adults with DS from Poland. Detailed information concerning children and online survey results were also analyzed. Centiles and standard deviation scores (SDS) of obtained anthropometric parameters were aligned with the data using the LMS method. The study aims to identify which type of growth chart (standard vs specialized) is a leading tool for earlier detection of developmental disorders in DS. The results obtained in the two types of growth charts differed. The advantage of the specialized growth charts over the standard ones cannot be unequivocally determined. Only the combination of both tools allows to detect the development disorders early in the broadest possible way.
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Introduction

Down Syndrome (DS, also referred to as trisomy 21) is one of the most common chromosomal abnormalities among live-born neonates and is associated with a spectrum of cognitive and physical disabilities, such as congenital heart disease, hypothyroidism, gastrointestinal disorders, and obstructive sleep apnea (1). The occurrence of DS in 95% of cases is related to meiotic non-disjunction causing trisomy of chromosome 21. The other types of trisomy are Robertsonian translocation and mosaic type (2). DS occurs in every 700-1000 live births (3) and its prevalence estimates between 6.1 to 13.1 per 10 000 people (4). It is predicted that 94.4% of children with DS born in 2000 will survive up to 2020, 90.8% up to 2030, and 76.3% up to 2050 (4). Early identification of developmental disorders can improve the quality of life in the future. To extend lifespan and improve the quality of life, the development of children with DS should be controlled with the use of optimal and appropriate tools.

The most often used parameters to evaluate the child’s growth are anthropometric data such as body height and body weight. Body weight, as a single measure, is not sufficient to assess the nutrition of a given individual, therefore in this study nutritional status is analyzed with Body Mass Index (BMI) - a statistical index used to estimate the body fat content. It is worth remembering that this method is not ideal, but it may be the first step in assessing excess body fat. In the pediatric population, the proper assessment of BMI should be conducted on BMI growth charts.

During the first two years of life, children with DS are characterized by reduced body weight (5, 6), which may result from suction/swallowing disorders associated with muscle hypotonia and dysfunctions in the oral motor system (7). In underweight children the weight for the height it’s a good measurement tool for controlling them. After the second year of life, the occurrence of overweight and obesity in children with DS is more frequent than in the general population (the prevalence of obesity at the level of 30-50%) (8–10), thereby increased BMI is common in DS (11).

Statural growth, as an indicator of development, often represents a child’s health status. The growth retardation of children with DS commences prenatally (12). Morris et al. (6) demonstrated that for gestations up to 38 weeks the median birth weight of newborns with DS is similar to that of babies without DS, however, after 38 weeks their median birth weight rises slower than in unaffected babies. Other researchers also indicate a decreased birth weight in children with DS (13). After birth, the growth velocity is most reduced between 6 months and 3 years of age (14). Short stature is a phenotype of DS and can be influenced by genetic components and other factors, such as comorbidities. Styles et al. (15) compared developmental patterns in terms of body weight, height, and head circumference in children with DS compared to children without DS. Appreciable skewness was noted for body weight, which indicates the difference in the initial weight of children with DS compared to those without DS (15).

Growth charts constitute crucial tools used to assess the growth and nutritional status of children. Currently, various growth charts have been developed and adapted to racial and ethnic backgrounds or a given disease that may interfere with the proper development of a child. The most commonly used DS-specialized growth charts in the US are based on work done in 1988 (14). A great number of countries have constructed DS-specialized charts (5, 16, 17-19). Since these specialized growth charts were developed, concerns have been raised regarding their usefulness. Children with DS follow distinct growth-curve patterns that deviate significantly from those of children without chromosomal defects, therefore the use of specialized growth charts appears to be a superior method in development evaluation. The study aims to identify which type of growth chart (standard vs. specialized) is a leading tool for the earlier detection of developmental disorders in DS.



Material and methods


Design and participants

A cross-sectional study design was based on data from 411 people with DS: 386 (94%) children and 25 (6%) adults; 188 (46%) girls and 223 (54%) boys, aged 0.17 months – 36.72 years (median: 4.85) from Poland recruited from general pediatric practices and parents’ interest groups. Inclusion criteria were patients with a diagnosis of DS. There were no exclusion criteria. The study was conducted in the years 2020-2021 in Wroclaw (Poland) as a part of the doctoral dissertation carried out at the Wroclaw Medical University. The ethical approval on the research protocol and consent form was obtained from the Bioethics Committee, Wroclaw Medical University (approval number KB 674/2020). The study was carried out in accordance with the Declaration of Helsinki. Administrative approvals were obtained from each institute to access the participants’ data. Written informed consent was obtained from the parents of the participants prior to data collection and anthropometric measurements.



Data collection

The data were derived using two approaches between January 2020 - June 2021: by retrospectively examining medical records (20%) available at health clinics (additionally an online/telephone interview with parents or guardians was conducted to confirm the data and by obtaining the consent of data usage) and by actively recruiting participants (80%). Active recruitment and examination of retrospective medical records were conducted among children from all over Poland. All parents were invited to an online survey as an additional part of the study. After written informed consent was obtained, actively recruited children underwent an anthropometric examination in a pediatric clinic in Wroclaw (Poland) with collecting the anthropometric parameters such as body height and weight. For telephone calls, written consent was obtained by sending the consent form online. Then, the parent was asked to return the signed consent by post (original document) or online (scan of the document). Body Mass Index (BMI) was calculated using the formula: weight/height2 (kg/m2). Trained personnel (consisted of 3 people: two doctors (including authors) and a nurse) obtained measurements following standardized techniques (20), discussed prior to the research initiation. The design of the study (Collection Data part) is represented in Figure 1.




Figure 1 | The design of the study (Data Collection).




Specific data and online questionnaire

Specific data were collected from 200-300 participants depending on the parameter. Detailed information concerning parents of children with DS (Table 1), the perinatal period (Table 2), comorbidities (Table 3), and L-thyroxine treatment were obtained. In addition, an online 4-questions questionnaire concerning the topic of growth charts and their usage in medical offices was conducted (Table 4). Two hundred eighty-one parents (including those taking part in the main part of the study) answered the survey.


Table 1 | Parents’ basic characteristics.




Table 2 | Characteristics of postpartum parameters in the group of breastfed-children (85 children; 18 babies were born ≤36hbd).




Table 3 | The prevalence of selected common comorbidities in children with DS reported by parents.




Table 4 | Internet survey (questions with answers).



The ranges for assessing the parents’ BMI: underweight [15.0, 18.5); healthy weight [18.5, 25.0); overweight [25.0, 30.0), and obesity ≥30The ranges for assessing the birth weight: high birth weight - greater than 4200g; normal weight - 2500g–4200g; low birth weight - less than 2500g; very low birth weight - less than 1500g; and extremely low birth weight less than 1000g.




Anthropometric measurements

Body weight: body weight (kg) was measured using the same electronic digital scales model (OMRON BF-515) with light clothes and barefoot for older children and without clothing or diapers for infants and toddlers (to the nearest 0.1kg for children >3 years and 0.05kg for children <3 years). Body height: length (to nearest 0.1 cm) was measured on an infant length board (SECA 234) for infants and toddlers unable to stand unsupported (in the supine position). For all others, height (to nearest 0.1 cm) was measured with a stadiometer (SECA 264). The trained personnel controlled the correct body posture of the child during the measurement: straight back, both feet on the ground, back of the body pressed against the wall. The same devices were used for all measurements, without changing the conditions. Birthdate information were extracted from the family or children’s questionnaire. Body weight, body height, and BMI were expressed in the standard deviation score (SDS) value using the LMSgrowth Calculator (21)- a Microsoft Excel add-in. Centiles and SDS were fitted into the data using the LMS method (22). The LMS method summarizes the changing distribution of weight, height, head circumference, and BMI according to age by three curves representing the median (M), coefficient of variation (S), and skewness (L), the latter expressed as a Box-Cox power. The method assumes that the data in each age group can be rendered normally and distributed by applying a suitable power transformation (23). SDS indicates how many standard deviations an observation is above or below the mean independently of age and sex, which is a useful way of putting data from different sources onto the same scale (Equation (1)). With the use of this statistics tool, it is possible to analyze the variability of the observed parameter over a certain period in a group of patients, especially those of developmental age.

 

 



Growth charts and data analysis

To standardize the data, the British (24) growth charts included in the LMSgrowth Calculator were used for the calculations and taken as reference for the population of children without DS (population growth charts). DS-specific growth charts were used as the reference point for the population of children with DS (15). Three ranges were assumed (in percentile (PC)): <3rd, 3rd-97th, and> 97th, where 3rd-97th means a wide range of the norm (Table 6). However, it should be remembered that values >90th PC should be considered as overweight and that further calculations are related to obesity (>97th PC). Data from people over the age of eighteen (6%) were not considered in the comparison of growth charts. However, their parents were included in the online questionnaire part, mainly referring to their earlier experiences.



Statistical analysis

The data were processed using Statistica v. 13.3. The data were checked for normality using the Shapiro-Wilk test. Non-parametric statistical tests were applied. The Mann-Whitney U test was used for non-parametric data. Spearman’s rank correlation (r) was performed to investigate the specific data (such as perinatal period, parents’ physical status, L-thyroxine treatment, all affecting the current body height, body weight, and BMI of the child). The chi-squared test was used for data distribution. Descriptive statistics are presented as median/mean ± SD/percentages. P-values <0.05 were considered significant developmental disorders in DS.




Results

The study is based on data from 411 people with DS. Two hundred and fifty-five people from the study group have simple meiotic non-disjunction trisomy of chromosome 21; 12 are mosaic type; 10 have Robertsonian translocation. In the remaining cases of the questions about the type of mutation, the parents did not provide an answer, did not know the answer to the question, or never tested the child for a given mutation. The mean birth weight was 2898.02 ± 513g (median 2800 g); average birth length 0.52m ± 0.04m (median 0,51). The average age of delivery (weeks) was 37.7 ± 2.17 weeks.


Parents data

Table 1 presents the parents’ basic characteristics. Fathers: One hundred thirty-six fathers (69%) have a BMI ≥25 (overweight) of which 31% corresponding to a BMI ≥30 (obesity). The average BMI value is27.02 ± 3.77. Mothers: eighty-four mothers (42%) have a BMI ≥25 (overweight) of which 26% corresponding to a BMI ≥30 (obesity). The average BMI value is 24.89 ± 4.58. There is no correlation between the current weight of the child and the parents’ weight.



Child’s birth weight

Data on birth weight were collected from 266 children. Fifty-nine babies were born ≤36hbb and were treated as premature babies. Among preterm babies, the mean birth weight was 2872.96 ± 484g (median 2800.00g; min.1490g; max. 3970). Among full-term babies (≥39hbd), the mean birth weight was 2967.97 ± 444g (median 2800g; minimum 2004g; maximum 4500g). Taking into account the entire group of 266 children, the mean birth weight was 2898.02 ± 513g (median 2800 g; min. 1490 g; max. 4500g). A positive correlation (low correlation) (rs = 0.152555) is found between the baby’s birth weight and their current body weight.



Breastfeeding

Out of 109 children whose parents answered the question about breastfeeding, 85 (78%; girls: 36; 18 babies were born ≤ 36hbd) were breastfed. Max. duration of breastfeeding: 40 months; min. 0.5 months (median 9 months; average 11.06 ± 0.52months). Among those who were breastfed, 39 pregnancies were completed by natural childbirth. There were complications during childbirth in 15 cases. The median duration of pregnancy was 38 weeks (average 37.55 ± 0.00). The most common reasons for not breastfeeding were: lack of suckling reflex in the child and/or lack of lactation in the mother. There was no correlation between breastfeeding and body weight, body height, and BMI of the child. The median Apgar score among children fed breast milk after birth was 9 (average 8.25 ± 0.00). Table 3 presents basic characteristics of postnatal parameters in the group that was breastfed.



L-thyroxine therapy

There were 265 responses related to L-thyroxine therapy (L-thyroxine was taken by 169 children, 64%). There is no correlation between L-thyroxine intake and body weight or BMI. However, a statistically significant difference was identified for the body height growth charts readings. Smaller spread of values concerned children taking L-thyroxine. This means that when comparing the group of children taking the L-thyroxine and those not taking L-thyroxine, the children taking the medicine were within the wide normal range (3rd PC- 97th PC) more often.



Comorbidities

The data relating to selected comorbidities (Table 3) were collected from 198 participants. The three most common comorbidities in the study group are hypothyroidism affecting 52.98%; vision defects affecting 41.79%; and cardiac defects affecting 23.88%.



Growth charts

Table 5 shows percentiles and corresponding values of the SDS and their interpretation in relation to anthropometric parameters. A graphic representation of Table 6 is shown in Figures 2–4. Comparing the results obtained on two types of growth charts (standard vs. specialized): body weight - results outside the norm 30% vs. 11%; body height - 39% vs. 27%; and BMI - 28% vs. 21%. More results beyond the norm (under 3rd PC and above 97th PC) were obtained using standard growth charts.


Table 5 | Percentiles and corresponding values of the standard deviation score and their interpretation in relation to anthropometric parameters.




Table 6 | Distribution of data (body height, body weight, BMI) in both types of growth charts- standard and specialized growth charts.






Figure 2 | Percentage comparison of the number of individuals qualified for the given body weight categories on the standard growth charts and DS-specialized growth charts.




Body weight

Using standard growth charts to assess body weight in a child with DS instead of the specific charts, 19 percentage points (p.p.) fewer children were considered in the range of normal body weight (70% vs. 89%, p<0.02), 21 p.p. more children had body weight deficiency (27% vs. 6%, p<0.0001); 2 p.p. fewer children had excess body weight (3% vs. 5%) (Figure 2). The statistically significant difference was observed in groups with weight deficiency and normal body weight.



Body height

Using standard growth charts to assess body height in a child with DS instead of the specialized growth charts, 12 p.p. fewer (61% vs. 73%) children can be included in the normal range; 12 p.p. more (35% vs. 23%; p<0.005) children is above 97th PC (Figure 3). There is no difference in groups <3rd PC (4% vs. 4%) The statistically significant difference was observed in group with body height >97th PC.




Figure 3 | Percentage comparison of the number of individuals qualified for the given body height categories on the standard growth charts and DS-specialized growth charts.





Body mass index

Using standard growth charts to assess BMI in a child with DS instead of the specialized ones, 7 p.p. fewer children were considered in the range of normal BMI (72% vs. 79%), 5 p.p. more children had BMI <3rd PC (7% vs. 2%); and 2 p.p. more children had BMI >97th PC (21% vs. 79% p<0.005) (Figure 4). The statistically significant difference was observed only in group with BMI>97th PC.




Figure 4 | Percentage comparison of the number of individuals qualified for the given BMI categories on the standard growth charts and DS-specialized growth charts.






Online survey

Two hundred and eighty-one people (parents of DS people) answered the questions from the Internet survey. The survey deals with the topic of growth charts and their application in clinical practice by doctors. The condition for completing the survey was answering all the questions. The results of the online survey are shown in Table 4.




Discussion

In this study we compared the assessment of children and adolescents’ development in terms of body weight, body height, and BMI, using growth charts for the standard population and the sub-population of people with DS. The main objective was to identify which type of growth chart is the best tool for earlier detection of developmental disorders in DS. The results obtained on the two types of growth charts differed. Due to numerous comorbidities, disease phenotype, and social conditions, people with DS can be considered as a vulnerable population that requires systematic monitoring of their health status. Advances in medical care and increased access to knowledge have improved the health and well-being of individuals with DS. Currently, the illusion created in society is that the number of people with DS is decreasing. However, children with DS, one of the most common chromosomal abnormalities, will continue to be born, and with the current medical knowledge their lives may be longer, better and healthier. Monitoring of the child’s health by doctors and parents should be performed with the use of appropriate assessment tools, of which the simplest and most common are growth charts. The challenge is to choose the kind of growth charts for the assessment of a given parameter so that the obtained results have a real impact on clinical decisions. The original hypothesis assumed that DS-specialized growth charts are chief tools in the comprehensive assessment (body weight, body height, BMI) of the developmental disorders in a child with DS. The obtained results, combined with clinical knowledge and experience, appear to contradict this hypothesis.


Body weight and BMI

Monitoring the child’s development from the earliest stages of life with the use of optimal tools gives a chance to improve their quality of life in the future. Early health intervention can meaningfully affect adulthood. The problem of weight disorders among people with DS is very complex and challenging, concerning mainly the rapid transformation between undernutrition in the first period of life and excessive weight gain in later years. Therefore, depending on the age, this population is exposed to both deficiency and excess body weight and all the associated health consequences. As mentioned earlier, children with DS are characterized by a lower birth weight than children without chromosomal abnormalities (5, 6). However, in adolescence and adulthood, due to numerous comorbidities and the characteristics of the syndrome itself, people with DS are exposed to excessive body weight. Systematic nutritional evaluations since the day the baby is born throughout later years of life is essential. A higher obesity rate compared to the general population is observed among adolescents and adults with DS (25), therefore prevention and early treatment are principal aspects. DS has traditionally been considered as an “atheromafree” condition (26), however, the recent studies appear to contradict this thesis (27, 28). BMI, as based on body height and body weight, is a superior indicator of body nutrition. Both BMI and body weight are assessed using growth charts to detect body weight disorders. Hatch-Stein et al. (17) observed that for individuals with DS, the 85th percentile on standard growth charts is a better indicator of excess adiposity than the 85th percentile on the DS-specific BMI growth charts and claimed that standard charts should be the preferred method for early identification of obesity in children with DS. The results obtained in our study appear to confirm this. The percentage of out-of-normal results was analyzed, yielding a higher results percentage for body weight and BMI when using standard growth charts instead of the specialized ones. The use of specialized growth charts can deceptively reassure parents and lulls doctors into a false sense of a child’s security. Since DS from adolescence is predisposed to excess body weight and has an increased risk of cardiovascular disease, the assessment of their BMI should be more rigorous, hence we recommend using standard growth charts. The percentage of children with DS with excess body weight is increased by genetic predisposition, low physical activity, and a high-calorie diet. Poor knowledge of healthy foods has been described in children and adolescents with DS (29). Increasing physical activity should be carried out wisely. Due to the cardiological burden in the group of people with DS, it may be necessary to assess the body’s efficiency and consult a cardiologist before increasing physical activity. Introducing a balanced diet and regular meals should not be neglected. All the above-mentioned activities should be carried out with comprehensive care of i.e. the physician, nutritionists, psychologist, or trainer. A tremendous role in the whole process is played by parents and guardians. The whole family should be characterized by proper nutrition and activity patterns. Our study indicates that parents also face the problem of being overweight and obesity, which is particularly illustrated by the high BMI of the fathers (however, there is no correlation between the current weight of the child and the parents’ weight.). Fortunately, the awareness of parents who are trying to limit flour products and products with high sugar and saturated fat content in their children’s diet is growing. Nevertheless, this challenging task is becoming very difficult to implement as the child grows older. However, it is not only the excess body weight that is a problem. In the study group, 1/5 of children were born with low birth weight. Low body weight in the first stage of a child’s development may result from both maternal and child factors. On the side of maternal factors, there are, among others, problems with lactation, a lack of willingness to breastfeed, stress, and being overwhelmed by a new life situation related to childbirth (30–32). Breastfeeding in DS children is possible and preferred. A chance for its success can be obtained with the appropriate support of the family and competent health professionals. Frequent feeding problems in DS are the lack or very weak suckling reflex, prematurity, and defects in the digestive tract (33). Heart defects, which cause great and quick fatigue in newborns, contribute to the weak sucking reflex. Similar problems were confirmed in specific data collected in our study. Feeding difficulties, slow weight gain, and its deficiency may result in a slow and significantly impeded psychomotor development of a child. Introducing new products to a child’s diet should take into account not only the type of product but also its texture (e.g., small pieces, mousses). Reduced feeding abilities with the increased risk of dysphagia and aspiration are predominant in the first years of life (32). If a child with DS is found to undergo weight loss and/or slow weight gain referring the child for a video-fluoroscopic swallow assessment and the diagnosis of contributing diseases (e.g., heart defects, celiac disease, gastrointestinal defects (Hirschsprung’s disease, duodenal atresia, and others)) should be considered (32). Very important is the detection of disorders associated with both in deficiency and excess body weight and the approach of steps designed to fix these disorders.



Body height

People with DS are characterized by different patterns of growth compared to children without DS. The greatest impairment can be observed between 6 months and 3 years of age and in the puberty period, when they reach their final height (at age 15-16 years) (34). Furthermore, a shorter and earlier puberty spike related to the earlier achievement of the target height (girls: average of 9.5 years old, boys: average of 11 years old) is observed (35, 36). The assessment of body height using standard growth charts may be unfavorable as short stature is the phenotype of DS. However, the final growth of children with DS depends both on the characteristics of trisomy 21 and on the genetic potential transmitted by parents. The administration of growth hormone (GH) therapy in children with DS is associated with numerous controversies. Palloti et al. (37) observed in attempts of 3-year GH treatment an average improvement in the final height (boys by 5.16 cm; girls by 7.35cm). On the contrary, the other study shows that early treatment with GH does not affect the improvement of final height, but has a positive effect on psychomotor development and increases head circumference (38). In GH therapy a very problematic issue concerns the high risk of cancer, especially in the presence of the Philadelphia chromosome. Administration of GH could increase this risk of proliferative processes, consequently, the legitimacy of its administration should be considered. DS-specific growth charts used to assess a child’s body heigh may provide valuable data to parents resulting in perceiving their child within the normal range. This can avoid unnecessary deliberations on the supply of growth hormone, the action of which, as presented above, may also have negative consequences. Additionally, there are risks of diseases that may result in delaying the rate of growth and achieving final growth, such as celiac disease or hypothyroidism. DS-specific charts were created based on data from people with Down syndrome, the presence of child measurements below the lower limit of normal is a signal for medical intervention, hence we recommend using population growth charts to assess the body height in DS.



L-thyroxine therapy

Many reports suggest that L-thyroxine therapy in the first years of life (also in children without diagnosed hypothyroidism) may result in better psychomotor development, support the child’s physical therapy, and reduce thyroid immunization (39, 40). Thyroid diseases are one of the most common comorbidities among the population of people with DS (41). Most people at various stages of their lives are at risk of developing hypothyroidism. Among our study group, hypothyroidism was the most common accompanying disease in DS. In the study group, children taking L-thyroxine were within the normal range more often. On this basis, it can be concluded that the supply of L-thyroxine may support the proper growth of children with DS (40).



Comorbidities

Children with DS suffer from many comorbidities that may have nutritional implications and consequences. At the same time, thyroid disease is one of the most common accompanying diseases in DS. Obesity, as a civilization disease, very frequently affects people with DS. Obesity is also known to be associated with type 2 diabetes, cardiovascular disease, metabolic syndrome and some types of neoplastic processes. Complications of obesity and related diseases can cause and intensify neurodegenerative processes (42).



Parental outcomes

It is well known that the older age of the mother is associated with Down’s syndrome in children (43). According to the data (2011–2015), the average age at birth of the first child was 25.5 years for men and 23.1 years for women (44). In the study population the average age of mothers and fathers was: 32.41 ± 5.91 and 33.92 ± 3.43 years (Table 1). It is worth remembering that, paradoxically, taking into account the entire population, more children with DS are born to young mothers as they are of reproductive age. This can of course change over time as more and more women choose to have offspring later in life.



Online survey

The results of the online survey appear to be disturbing. So far, no growth charts adapted to the population of individuals with DS have been officially developed in Poland. Nevertheless, access to many other DS-specialized growth charts, including those developed by the CDC (5), is quick, simple and common. Despite that, as the survey results indicate, specific growth charts are not used in everyday medical practice in Poland although parents are aware of their existence. There can be many reasons for that state. First, many physicians are unaware of the existence of specialized growth charts. Secondly, in everyday practice, it is easier and more efficient to use standard growth charts. What’s more, standard growth charts are available in every child’s health booklet (parents should have it with them at every medical visit), which makes it effortless and faster to apply the child’s data on the charts. Additionally, many doctors do not believe that it is necessary to use specialized charts to assess the development of children with DS. The usage of DS-specialized growth charts has certain consequences mainly regarding the previously mentioned issue of BMI assessment and the apparent dormancy of the parent’s vigilance, while activities related to reducing the child’s weight should already be taken. The optimal solution seems to be the assessment of a child on both types of growth charts to fully control their development at every stage. Fortunately, many parents are printing specialized growth charts and having them with them or pasting them into a child’s health book. However, the results obtained only on specialized growth charts (body weight, BMI in some cases) may cause the parent to perceive the body weight as healthy even though it may require early intervention. Nevertheless, DS-specialized growth charts should be implemented into pediatric departments as an important and additional tool to properly assess the development of children and adolescents with DS. When extending the scope of research on this topic it would be worth expanding the research group to include people from the medical community.



Advantages and limitations of the current study

This study should be interpreted in light of its limitations. First, the data we obtained from medical records (20%) could be the results of measurements performed without the use of standardized techniques, and this could lead to measurement errors. Part of the study population came from a pediatric endocrinological health clinic, which means that they are treated for endocrine reasons. At the same time, most children with Down’s syndrome are burdened with comorbidities, so it would be difficult to single out a group for example without heart defects and thyroid problems. A sample of children attending a medical office was used, not a random sample from the target population. Our research, in order to be more valuable, could also be expended by measurement of the head circumference. As the standard growth charts, the 1990 British growth charts were used. This choice was dictated by the high detail of the mentioned growth charts and their coherence with the LMSgrowth Microsoft Excel add-in used. This study also has some strengths. First, the sample size is large. Second, the data for youth aged 4 months–36 years covers almost the full range of development. Thanks to medical data collected from parental groups our research group includes children from all over Poland, not just from one region. The gathered group of over 400 children covers the spectrum of children with many DS-typical diseases.




Conclusions

There is no single comprehensive tool for the assessment of the developmental disorders in DS. The differences between the results obtained using standard growth charts and specialized ones were identified, however, they are ambiguous in the clinical meaning. It is both type of growth charts that are capable of detecting development disorders early in the broadest possible way. The findings of our study can be valuable for healthcare professionals, parents, and guardians in drawing attention to the need for complex monitoring of developmental disorders in people with DS. Accurate assessment of anthropometric indicators of the development may enable to improve the quality of life and to extend the period of a healthy lifespan.
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Background

The association of gestational hypertension (GH) and preeclampsia (PE) with offspring adiposity outcomes had controversial results in different studies.



Objective

We conducted a systematic review and meta-analysis to evaluate the relationship between maternal GH/PE and offspring adiposity outcomes.



Search strategy

Studies were identified in PubMed, Embase, and Cochrane databases, with keywords including “gestational hypertension”, “preeclampsia”, “offspring”, “weight”, “cohort study”, etc., without year restriction. This study was registered with PROSPERO, CRD42022292084.



Selection criteria

We set the selection criteria for six aspects: population, outcome, time frame, study design, and availability. For the studies included in the meta-analysis, we required the potential confounders in these studies have been adjusted.



Data collection and analysis

Two reviewers independently evaluated the data from the included studies. The meta-analyses included mean differences, regression coefficients, and corresponding 95% confidence intervals. Results were performed using RevMan software (version 5.4; Cochrane Collaboration). Heterogeneity among the included studies was assessed using the I2 statistic.



Main results

A total of 16 studies were included in our review, 15 of which were evaluated as high quality. In all offspring, during the early life (28 days-36 months), GH/PE exposure was found to be not or inversely associated with offspring obesity, then become positively associated at larger ages (3-19 years old). In offspring with adverse birth outcomes, the maternal GH/PE-exposed group had a lower weight in the short term (28 days to 18 months), but there was a trend of rapid weight gain as they grew older, compared with the non-exposed group. The meta-analysis showed that the BMI of the female offspring in the maternal PE-exposed group was significantly higher than that of the non-exposed offspring (MD=1.04, 95% CI: 0.67~1.42, P < 0.05).



Conclusions

The systematic review suggested that maternal exposure to de novo hypertension disorders of pregnancy (HDP) was associated with obesity in offspring, extending from early childhood to adolescence. The meta-analysis showed that PE was associated with higher BMI in female offspring. More studies are needed to conduct stratified analyses by PE/GH, the severity of HDP, or gender.



Systematic review registration

PROSPERO, identifier CRD42022292084.





Keywords: gestational hypertension, preeclampsia, maternal, offspring, adiposity



Introduction

Obesity in children and adolescents has become one of the most vital public health problems due to its high prevalence and its adverse outcomes. According to the data from World Health Organization, there were only less than 1% of children aged 5-19 with obesity in 1975, but 38.2 million children under 5 and over 340 million children and adolescents aged 5-19 were with overweight or obesity in 2019 (1). Childhood obesity would have both short- and long-term health effects, such as increased asthma risk, musculoskeletal problems, and cardiovascular disease in adulthood (2–4). Meanwhile, studies have shown that childhood obesity could persist into adulthood, which indicated the importance of preventing obesity at an early stage (5).

The influencing factors of childhood obesity, like nutritional factors, physical activity, sleep status, and family factors, mainly focused on the different stages of life after childbirth. However, more evidence showed that the origins of childhood obesity can be as early as maternal pregnancy. According to “Developmental Origins of Health and Disease Hypothesis” (DOHaD), a lack of nutrients in the uterus would cause epigenetic changes and evolutionary adaption of the offspring. After childbirth, the catch-up growth of offspring would have short-term survival benefits but permanent alterations in the body’s metabolism (6–9). Both animal experiments and epidemiological studies have shown a significantly increased prevalence of obesity in the group exposed to adverse pregnancy factors than in the controls (10–12).

Hypertension disorders of pregnancy (HDP) may be one of the adverse pregnancy factors mentioned above. HDP complicates about 5–10% of pregnancies, contributing to severe maternal and fetal health outcomes (13). It can be divided into four categories: gestational hypertension (GH), preeclampsia (PE)/eclampsia, chronic hypertension (CH), and CH with superimposed PE (14). Different from pre-existing hypertension with or without PE, both GH and PE are characterized by de novo HDP. GH occurs at any time after 20 weeks of pregnancy, and if proteinuria (excretion of protein over 300 mg per day) occurs the disease was thought to develop into PE. In some cases, PE could occur without a prior diagnosis of GH. In 2017, a review of epidemiological studies reported the global prevalence of GH and PE were 1.8–4.4% and 0.2–9.2%, respectively (15).

Some studies have investigated the relationship between maternal HDP and offspring adiposity outcomes (16–18). However, since CH and de novo HDP may have different mechanisms, combining all types of HDP would cause bias (19, 20). Furthermore, most previous studies focused on adult offspring (21), and there were a few studies focused on obesity of offspring in children and adolescents, in which the findings were inconsistent (21, 22). Only two systematic reviews in the past have discussed the relationship between HDP and offspring adiposity outcomes, but there were limitations such as unclear classification of HDP, and less specific inclusion criteria (23, 24). In light of these inconsistent results and the limitations of previous systematic reviews, it is necessary to conduct a systematic review focusing on de novo HDP and offspring adiposity outcomes.

We conducted the systematic review aiming to systematically review and quantitatively analyze the current evidence on the association between de novo HDP and offspring adiposity outcomes.




Methods

We carried out this systematic review based on the recommendations of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines. The protocol of this review was registered in the PROSPERO database (registration number: CRD42022292084).


Data sources and search strategy

We performed a literature search within the PubMed, Embase, and Cochrane databases without year restriction. The search strategy was defined according to the “PICOS” principle: “P”-offspring, “I”-exposed to GH/PE, “C”-non-exposed to GH/PE, “O”-adiposity outcomes,”S”-cohort study. Thus, the searches were conducted using Medical Subject Heading terms and the keywords including (“Pregnancy” OR “Maternal”) AND (“Pre-Eclampsia” OR “Preeclampsia”) AND (“Hypertension, Pregnancy-Induced” OR “Gestational Hypertension” OR “Pregnancy Induced Hypertension”) AND (“Infant, Newborn” OR “Adolescent” OR “Pediatrics” OR “offspring”) AND (“Body Weight” OR “adiposity” OR “adipose” OR “body mass index” OR “obesity” OR “waist circumference”) AND (“cohort” OR “retrospective” OR “prospective” OR “follow up”). The detailed search strategy is found in the Supplementary Table 1. Then we used the snowball method to manually scrutinize the reference lists of the identified articles, looking for the relevant studies.



Selection criteria

Two reviewers (SY and JL) independently evaluated the studies according to the following criteria (Table 1).


Table 1 | Selection criteria for studies included in the review.



Studies were included in the meta-analysis if they met the following criteria:

	(1) There were available data: mean differences (MD), regression coefficient (β), and their corresponding 95% confidence intervals (CI).

	(2) Potential confounders were adjusted.





Data extraction and quality assessment

Two reviewers (SY and JL) independently screened the titles and abstracts according to the inclusion and exclusion criteria. For studies potentially eligible for the requirements, full texts were obtained to screen. Then the data from all potentially eligible studies were extracted with a predefined data extraction form (an Excel sheet). The following information was extracted: name of the first author, year of publication, study location, ethnicity, the sample size of the control group (without PE/GH), the sample size of the PE/GH group, the definition of PE/GH, follow-up time, evaluation of the offspring adiposity outcomes, and adjusted potential confounders. Any disagreements would be resolved by discussion. And when consensus could not be reached, disagreements were settled by a third reviewer (ZL). Quality evaluation was assessed using the Newcastle–Ottawa Quality Assessment Scale (NOS). A maximum of nine stars can be given to one study. Two reviewers independently carried out the assessment. The study with a NOS score ≥7 was considered high quality. When 5 ≤ NOS score ≤ 7, the study was considered as moderate quality. And when a NOS score was below 5, the study quality was considered as low.



Statistical analysis

In the meta-analysis, the study included the results of obesity-related indicators with adjustment for confounding factors, including MD, β and corresponding 95% CI. The analysis was performed using RevMan software (version 5.4; Cochrane Collaboration). Heterogeneity among the included studies was assessed using the I2 statistic. When I2 >50%, there was heterogeneity among studies and a random-effect model was used; When I2 ≤50%, the heterogeneity between studies was low and a fixed-effect model was used.




Results


Search results

The flow chart of the literature search and selection of studies was shown in Figure 1. A total of 6,212 titles were retrieved from the search, only 14 met all selection criteria and were included in this systematic review. Two additional articles were incorporated after using the snowball method to search through the reference lists of identified articles. Finally, a total of 16 articles were included in our review. Important characteristics (author/year, sample size and grouping, observes age, a summary of results, control of confounding factors, and NOS) of these studies were shown in Table 2.




Figure 1 | Flow chart of the literature search and selection of studies.




Table 2 | Important characteristics of the included studies.





Qualitative description

Among the 16 included studies, 15 were evaluated as high-quality using NOS criteria, except for one study with moderate quality published in 1989 (25). The detailed NOS scores were found in the Supplementary Table 2. Among 15 studies with high quality, 10 studies merely included the population exposed to PE, and 5 studies included people exposed to GH or PE. According to the anthropometry age of offspring, there were 4 studies in the age group of 0-5 years, one study in the age group of 6-9 years, and 8 studies in the age group of 10-19 years. In addition, one study conducted measurements in children aged 3-7 and one conducted at 1.5-6 years of age. For adverse birth outcomes, 4 out of 15 studies observed the association in offspring with the adverse birth outcome, including intrauterine growth retardation (IUGR), very low birth weight (VLBW), small for gestational age (SGA), and preterm birth. For the other 11 studies on all offspring, the outcomes were different, with 9 comparing the continuous adiposity variables, 3 comparing the obesity/overweight prevalence, and 2 exploring the growth trajectory. The adverse birth outcomes and adiposity outcome measurements were concluded in Table 3.


Table 3 | The adverse birth outcomes and adiposity outcome measurements of the included studies.





The analysis of all offspring


Continuous variable

During early life (28 days-36 months), maternal exposure to GH/PE was found to be not or inversely associated with offspring obesity. One study found that there was no difference in weight at 28 and 42 days postpartum between the exposed group and the control group in both univariate and multivariate analysis (26). The study by Gow ML et al. found that at 6 months, the weight, and weight Z score of offspring exposed to PE remained significantly lower compared with the control group, but there was a significant absolute increase in BMI and weight from birth to 6 months (27). In a study by Jiang W et al., both GH and PE were inversely associated with offspring’s weight and weight-for-age Z score from birth to the age of 36 months, but the associations became nonsignificant after adjusting for birth weight in PE-exposed infants (28).

However, GH/PE tended to be positively associated with offspring adiposity indicators at larger ages (3-19 years old). Four studies adjusted for potential confounders including birth weight, gestational age at birth, maternal BMI, maternal height, maternal smoking status, maternal age at delivery, maternal education, and other factors, and all found a positive association between de novo HDP and offspring adiposity indicators (weight, BMI, waist-to-height ratio SDS, total cholesterol, waist circumference, and hip circumference) at the age of 3-19 (22, 29–31).

There were 2 studies with inconsistent findings. In a study by Geelhoed JJ et al., for offspring aged 9 years, the previous positive association between GH and offspring adiposity outcomes became insignificant after adjusting for gestational weeks and birth weight, but the insignificant association between PE and adiposity outcomes (BMI, waist circumference, fat mass) became inverse once the maternal BMI was controlled for. The authors suggested GH/PE may be distinct conditions and that IUGR may be a mediator between PE and offspring obesity (32). Palma Dos Reis CR et al. also found no significant difference in BMI, or BMI Z score between PE-exposed 10-year-old offspring and the controls after adjusting for pre-pregnancy BMI and tobacco use. The authors suggested that maternal pre-pregnancy BMI, primiparity, and tobacco use were important confounders of PE and offspring obesity. However, as the authors pointed out, one of the reasons for the inconsistent results may be the limited number of PE cases (n=67) (33).



Categorical variable (overweight/obesity)

Three studies compared the overweight/obesity prevalence of offspring between the GH/PE-exposed and normotensive groups. In a study by Geelhoed JJ et al., a positive association of offspring overweight/obesity with GH was identified, but offspring exposed to PE were less likely to be obese at 9 years old compared with the normotensive group (32). Davidesko S et al. observed a higher prevalence of overweight and obesity in 18-year-old offspring born to mothers with PE (34). However, Palma Dos Reis CR et al. found that there was no association between PE and risk of obesity at 10 years old (33). The inconsistent results may be due to different sample sizes and study populations, as well as pathological differences between GH and PE, which needed to be further confirmed.



Growth trajectory

There were 2 studies evaluating the BMI trajectories of offspring and both found the growth trend related to obesity. Using mixed-effects models to fit BMI curves, Aris IM et al. indicated that PE-exposed children had a later age (1.8 months) at the peak of the BMI trajectory than the control group, which was associated with obesity later in childhood (35). For the offspring at larger age, the study by Huang Y et al. used hierarchical linear modeling and explored that the BMI trajectory of the PE group increased over time from 18 months to 6 years compared to the non-exposed group (36).




Analysis of offspring with adverse birth outcomes

Baulon E et al. found that GH/PE-exposed offspring with IUGR had a significantly lower birth weight but higher infant growth percentage (defined as weight gain from birth to infancy divided by birth weight) at 28 and 42 days postpartum compared to the group without IUGR (26). The other study found that PE-exposed infants with SGA had significantly greater weight Z score gain compared with PE-exposed infants without SGA from birth to 6 months (27). And among PE-exposed and non-exposed infants with VLBW, Silveira RC et al. observed lower weight, weight/age Z score, and weight/length Z score at the 12- and 18-months corrected age in the PE-exposed group (37). Washburn L et al. focused on 14-year-old offspring born prematurely and found PE-exposed offspring had higher BMI, waist circumference, subscapular skinfold thickness, and triceps skin-fold thickness compared to offspring born prematurely after normotensive pregnancies, and the association still existed after adjusting for birth weight Z score. In addition, males with PE exposure showed more weight gain during infancy, and females with PE exposure showed more weight gain from 1-year corrected age to 14 years compared to the control group (38). The studies above suggested that GH/PE-exposed offspring with adverse birth outcomes had a lower weight in early life (28 days to 18 months), but there was a rapid weight gain as they grew older.



Subgroup results

Three studies further discussed the influence of different types or severity of de novo HDP. In the study by Geelhoed JJ et al., GH and PE showed opposite effects on obesity among 9-year-old children (32). Another study indicated that offspring exposed to GH tended to have higher lipid levels, but no association was observed between PE and offspring lipid values, suggesting these two types of HDP may have different mechanisms underlying their effects on offspring growth (22). Byberg KK et al. classified PE into mild/moderate and severe groups and found that mild/moderate PE was positively associated with body weight and BMI at 13 years old, but severe PE was negatively associated with them (30). Overall, given the small amount of available evidence and the lack of consistency across studies, it is unclear whether there were differences in the effects of different types (PE/GH) or severity on offspring obesity.

Four studies discussed the different effects of de novo HDP between girls and boys. One study showed that, for adolescents aged 14 years who were born prematurely with VLBW, male offspring exposed to PE had higher levels of adiposity, but no significant association was found among females (38). Ogland B et al. found significantly higher obesity indicators in female offspring aged 10.8 years of mothers with both PE and obesity (BMI≥30) but found no significant results in male offspring aged 11.8 years. The association of PE with adiposity measurements was significantly different between girls and boys when testing for interaction by gender (39). The other 2 studies also tested and found the interaction effects of gender with GH/PE (30, 33). Although the results for each gender were inconsistent, significant interaction terms of GH/PE and gender suggested that de novo HDP may have gender-specific effects.



Meta-analysis

There were 3 studies with available BMI Z score data, two of which focused on the PE group only, and one included both GH and PE. As shown in Figure 2, the heterogeneity of the results for PE offspring was moderate(I2 = 65%). The mean difference in BMI Z score between exposed and control groups was insignificant (MD=-0.04, 95%CI: -0.25, 0.17). For offspring exposed to PE or GH, the heterogeneity was moderate (I2 = 70%), and the mean difference in BMI Z score between groups was also insignificant (MD=0.00, 95%CI: -0.15, 0.15) (Figure 3).




Figure 2 | Forest plot for the mean difference in BMI Z score between PE-exposed and unexposed offspring.






Figure 3 | Forest plot for the mean difference in BMI Z score between GH- or PE-exposed and unexposed offspring.



Only 2 studies with BMI data met the criteria for meta-analysis, and the offspring of both studies were female and over 10 years old. The heterogeneity was low (I2 =0%). The results showed that the PE-exposed group had significantly higher BMI compared to the normotensive group (MD=1.04, 95% CI: 0.67~1.42, P < 0.05) (Figure 4). One study adjusted for birth weight, gestational age at birth, and age at survey attendance, and the other study adjusted for the Z score of weight for gestational age.




Figure 4 | Forest plot for the mean difference in BMI between PE-exposed and unexposed female offspring.






Discussion

A total of 16 studies were included in our study, 15 of which were evaluated as high quality. In all offspring, GH/PE was found to be not or inversely associated with offspring adiposity outcomes in the early life (28 days-36 months) and became positively associated at larger ages (3-19 years old). In offspring with adverse birth outcomes, GH/PE-exposed group had a lower weight in the short term (28 days to 18 months), but there was a trend of rapid weight gain as they grew older, compared with the non-exposed group. Although the results of obesity prevalence were inconsistent, studies on growth trajectories also found a trend toward obesity in GH/PE offspring. Subgroup analyses indicated that the association might differ in different types of HDP or different genders. The meta-analysis supported that maternal PE exposure was associated with obesity in female offspring. There were no significant results for BMI Z score, which may be related to the large heterogeneity (I2 =70%). And although the study of Palma Dos Reis CR et al. adjusted for confounding factors, it did not analyze important factors such as birth weight and gestational age, which may also be the reason for the biased results. Although the BMI indicator was inferior to the BMI Z score, after adjusting for covariates when analyzing BMI, we considered the conclusions to be suggestive.

Although adverse birth outcomes might partly mediate the association of GH/PE with rapid weight gain, GH/PE itself could have other mechanisms underlying the incidence of offspring adiposity. Offspring exposed to PE mothers are associated with adverse birth outcomes (e.g. SGA, IUGR) (37), and catch-up growth is often observed in these offspring (40). For example, in the study by Gow ML et al., the PE group had a higher proportion of SGA and higher weight gain than the control group. However, in the study of Washburn L et al., the association between de novo HDP and greater adiposity was robust after adjustment for birth weight Z score (38). HDP was related to dysregulated maternal inflammatory responses to pregnancy and could reduce the transportation of nutrients and oxygen to the fetus. According to the DOHaD, suboptimal fetal nutrition may have an epigenetic change, and the fetus would undergo adaptive physiological changes (41, 42). And by microarray analysis, PE was found to be associated with the up-regulated obese gene (43). Although in the early stage, the difference in gene expression was not significant, it would start to exert a long-term impact on adiposity outcomes.

Current evidence suggested that GH and PE might influence offspring adiposity outcomes through different mechanisms. They may have different pathophysiological effects on endothelial function, placental function, and subsequent programming of fetal growth and development (44). Different adverse birth outcomes of GH or PE also supported their different pathologic mechanisms. Researchers pointed out that PE significantly increased the risk of adverse outcomes such as placental abruption, SGA, 5 min Apgar score < 7 but GH increased the risk of preterm birth (45). In addition, a cohort study identified different serum cytokine profiles for GH and PE (46). Further research is needed to confirm the different impacts of these two diseases on offspring adiposity. For PE of varying severity, evidence showed that the inconsistent results may be related to the levels of IGF-1, which would influence prematurity and inflammation (47). In addition, early PE (before 34 + 0 weeks) and late PE (after 34 + 0 weeks) were considered distinct diseases as they were caused by different hemodynamic states (48).

In different genders, GH/PE may have different associations with offspring adiposity outcomes. Some studies have found the interaction effects of gender with GH/PE on childhood obesity. For explanation, first, different genders were considered to hold different sensitivity to tolerance to the environment and pregnancy outcomes. The male gender has been identified in many studies as an independent risk factor for adverse childbirth outcomes (49–51). Therefore, male infants exposed to GH/PE may have a more significant response. Second, altered placental function leads to related hormonal changes, including decreased estrogens, and increased progesterone and androgens (52). These sex hormones play different roles in different genders, leading to differences in growth and development. Furthermore, fetal exposure to glucocorticoids plays an important role in postpartum reproductive development (53). The adverse fetal environment, including HDP, can cause glucocorticoid disorders by regulating the expression of 11β-hydroxysteroid dehydrogenase (11β-HSD) in the placenta (54). In animal experiments, it was found that females had a greater response to glucocorticoids than males (55). In addition, leptin levels in fetuses and children also exhibit sexual dimorphism (56). The combination of gender-different susceptibility, complex hormonal changes, or other underlying factors can influence the growth trends. More research is needed to clarify the specific mechanisms and provide important implications for gender-specific interventions.

The control of confounding factors is important to the credibility of research conclusions. The studies included in our meta-analysis ensured that the results were adjusted for important factors. However, this criterion did not present in the previous systematic review (24). In the early life period, maternal factors and the state of birth can play an important role in the appearance of offspring adiposity outcomes. Maternal pre-pregnancy BMI, smoking status, parity, gestational diabetes, maternal tobacco usage during pregnancy, and maternal socioeconomic status are strong confounders of the association between maternal GH/PE and childhood obesity (30, 33). In the study by Gow ML et al., there was a lower rate for PE mothers to be breastfeeding at discharge and 6 months (27), indicating potential influence caused by breastfeeding. Especially in the poor area with lower socioeconomic strata, vulnerable infants are less likely to be breastfed than in other more developed areas (57). As children grow older, their weight can be highly influenced by lifestyle, which was also an important factor to be controlled for exploring the association between maternal GH/PE and childhood obesity (58). Differences in controlling for confounding factors among studies are also one of the reasons for inconsistent findings.

The findings of this study have important implications for the management of obesity in offspring. Maternal GH/PE-exposed offspring were observed to have more adverse birth outcomes and these offspring would present with significant catch-up growth. Although catch-up growth has short-term benefits, allowing newborns to erase the growth deficit and reduce hospital admission rates and mortality (40), it is related to long-term negative consequences such as obesity, hypertension, dyslipidemia, and insulin resistance in adulthood (59–61). Balancing the short-term benefits and adverse long-term outcomes of catch-up growth is important. Although the mechanism is unclear, prevention of GH/PE may be beneficial in alleviating childhood obesity. Thus, special attention should be paid to high-risk pregnant women, such as those with advanced age, obesity, or a history of HDP. Furthermore, for offspring exposed to GH/PE, it is important to start the management of weight growth at an early age.

Our research has three strengths. First, we used relatively strict inclusion and exclusion criteria to include high-quality studies. Studies that included women with pre-existing hypertension or those with unknown disease classification were excluded. And the type of study was strict to the cohort study, which guaranteed the quality of evidence to some extent. Second, previous systematic reviews only analyzed BMI, which could not comprehensively represent the obesity status of children (24). In this study, the outcome indicators were diverse. In addition to the main adiposity indicators (weight, BMI, etc.), we also summarized the results of other indicators (triceps skinfold thickness, waist-hip ratio, etc.). Third, we limited the observation age range. The outcome of the offspring observed in this study was 0-18 years old (only one article included a small number of 19-year-olds). This stage is the most important growth and development period in the entire life stage and is an important window for intervention.

However, this study has limitations. Few existing studies met the selection criteria, so it was difficult to have large amounts of data and perform subgroup analysis. The observation age also lacked continuity and a limited number of publications made it hard to confirm the influence caused by age heterogeneity. In addition, the control of confounding factors in different studies was inconsistent.

Future researchers could extend more in this field to provide more reliable evidence. First, the follow-up time can be extended. The study by Gow ML et al. did not observe a significant difference between the PE group and the controls, but there was a rapid growth trend, suggesting that the difference might turn out to be significant if follow-up continues (37). Second, in the future, the clinical system for pregnant women should be further improved. Many retrospective cohort studies were based on hospital case data. Although some studies had a large sample size, they lacked accurate diagnosis and treatment information. Third, observation indicators should be diversified. BMI Z score was thought to be more representative of childhood obesity than BMI. More research should be conducted using the BMI Z score for further analysis in the future. It was also recommended to supplement waist to height ratio, skinfold thickness, and other information or apply better measures, such as dual-X-ray absorptiometry in future studies to comprehensively evaluate the obesity status (29). Fourth, since different ages and races may have different results(for example, Indians tend to have lower lean body mass), studies in different populations are necessary to confirm the findings (62).



Conclusion

The systematic review suggested that maternal exposure to de novo HDP was associated with obesity in offspring, extending from early childhood to adolescence. The meta-analysis showed that PE was associated with higher BMI in female offspring. More studies are needed to conduct stratified analyses by PE/GH, the severity of HDP, or gender. The future exploratory study should expand to examine the effectiveness of the prevention of de novo HDP in controlling the rapid growth of offspring adiposity.
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Children’s food preferences are closely related to their parents’ food preferences and knowledge of food is linked to what their parents share with them. Parents, however, are not the only people who model such behavior. Paradoxically, the ubiquitous technological development can also pose a huge threat. In developed countries, 94% of teenagers use social media platforms such as: Instagram, Snapchat, Facebook, or TikTok, and this also applies to children. It can therefore be argued that parents’ nutritional preferences and behavior are related to the same behaviors of children and there is an extensive literature on this subject. It is therefore important to check how other factors – new technology (and social media in particular) – can influence changes in this area. A literature search was conducted in the following databases: Google Scholar, PubMed, EBSCO in December 2021. After applying all the filters and verification of relevance in terms of the research on the topic of interest to us, 4 articles related to research on body image and social media and 4 articles related to research on food choices and social media among children and adolescents were obtained. The conducted analysis showed that various studies so far indicate that social media can have a very strong influence on the development of eating patterns and body image in children and adolescents, which in turn may be one of the risk factors for developing obesity when promoted behaviors are not associated with a healthy lifestyle. It is also worth pointing out that social media can be used as a resource in the prevention and treatment of obesity. A closer look at this topic seems to be particularly important due to the fact that, among adults, social media is not only a very important source of information about lifestyle, but also a source of social support when people attempting to lose weight. Therefore, by increasing preventive activity in social media and using modern solutions related to social media (including the use of hashtag signs), we can have a greater impact on the health awareness of children and adolescents around the world.

KEYWORDS
childhood obesity, social media, body image, eating patterns, children, adolescents


Introduction

Childhood is the most important period in which eating habits are formed, which undoubtedly influences later health condition (1). The result of the transmission of incorrect eating patterns is obesity, other metabolic diseases and eating disorders (2–4). As is commonly known, these disorders are more and more often diagnosed in children and adolescents, and the recent situation related to COVID (e.g., due to the frequent change of lifestyle to a less healthy one) was conducive to the development of excessive body weight in this age group (e.g., (5–11).

The first educator in the field of eating behavior is the family (12). Research shows that children’s food preferences are closely related to their parents’ food preferences. Also, children’s knowledge of food is linked to what their parents share with them (13). It is well known that children learn to eat through their own experience as well as through the observation of others (14). It can therefore be argued that parents’ nutritional preferences and behavior are related to the same behaviors of children and there is an extensive literature on this subject (15–17). As the knowledge about eating behaviors is quite extensive, so it is important to check how new technology (and social media in particular) can influence changes in this area.

Parents, however, are not the only people who model such behavior (18). Paradoxically, the ubiquitous technological development, which is supposed to be a convenience, can also pose a huge threat (19). In developed countries, 94% of teenagers use social media platforms such as: Instagram, Snapchat, Facebook, or TikTok (20), and this also applies to children (21). Many studies around the world indicate that children and adolescents use social media for up to several hours a day, an example of such research is an Iranian study in which almost 80% of children and adolescents use social media 3-4 h or more a day (19). Using these media, we often come across information on the subject of obesity, which can very quickly spread around the world, including by using a hashtag (#) for them appropriately (22). For example, when analyzing the titular #childhoodobesity, on the one hand, we come across (good quality) educational materials that raise people’s awareness of the prevention and treatment of obesity. On the other hand, there are also numerous posts that can be strongly stigmatizing. The latter very often relate to two areas of functioning – body image and eating patterns (19). As shown by the research carried out so far, eating patterns and body image can play a very important role in developing obesity (e.g., (10, 23, 24), and one of the theoretical models explaining this is the Homeostatic Theory of Obesity (25). This model has also been empirically verified in studies conducted in a group of Polish children and adolescents (26). However, it is worth continuing research in this area to check how important social media in childhood are in shaping body image and eating patterns, especially given that (in general) children’s and adolescents’ use of social media has a significant impact on their body mass index (19).

Most children and adolescents publish their photos on the above-mentioned portals, so-called “selfies” (27). Considering the sociocultural model (28), teenagers internalize the ideals of appearance that are conveyed by the media and make comparisons with them (29, 30). According to the National Eating Disorders Association (31), body image is how an individual believes what they look like in the mirror, how they feel about their body, and how they feel in control about the body. This image can be positive or negative (31). The negative ones are an early indicator of an eating disorder. Regarding the shaping of one’s body image and exposure in social media, it is worth mentioning that social media promotes an unnaturally slim figure as desirable, often building a negative body image, and children and adolescents seem to be the most vulnerable group (31). This pattern often promotes stigma and strengthens the tendency of obese children to lose weight by means of maladaptive measures (e.g., very restrictive diets, use of laxatives, vomiting), which often lead to further weight gain in the long term (19, 32–34). Thus, as research shows, social media and peer groups functioning in it can, on the one hand, be an important source of knowledge and support in preventing obesity and promoting healthy growth (19, 35, 36). On the other hand, they can be a source of great discomfort, spreading myths about obesity and its treatment (19, 33). That is why it is so important to look carefully at how the content available on social media can influence the shaping of the body image and eating patterns of children and adolescents.

There is a strong international interest in research into eating behavior, the transmission of eating patterns through the family environment, and body image formation, but few studies in this context have analyzed the impact of social media (15–17). Importantly, not only selfies but also sharing pictures of meals with friends is also a popular phenomenon on social media (37). The reaction to such a photo is reacted on social media can also perpetuate and modify various eating and lifestyle behaviors. Therefore, this review of research aims to: (I) summarize the current research on the role of social media in the group of children and adolescents in (Ia) body image shaping, (Ib) shaping eating patterns, (II) indicating the essence of the problem and the direction of obesity preventive measures to public health institutions and other entities with a significant influence on the promotion of healthy eating behavior, mental health, and the proper use of social media, and (III) indicating further studies directions among obese children and adolescents in the context described above.



Materials and methods

A literature search was conducted in the following databases: Google Scholar, PubMed, EBSCO from December 2021 to January 2022. The following keyword alone combinations were used: body image, body image and social media, food choices and social media, food choices, food choices and Facebook/TikTok/Instagram/Snapchat, body image and Facebook/TikTok/Instagram/

Snapchat. Filters in search engines were also used, such as: “Free full text,” ten-year articles, English and Polish, and the target research group “children and adolescents.”

After applying all the filters, 26 results related to the subject of body image in social media and 8 results related to food choices in social media were obtained. Then, all the results were verified in terms of the relevance of the research on the topic of interest to us. As a result, 4 articles related to research on body image and social media among children and adolescents and 4 articles related to research on food choices and social media among children and adolescents were obtained. A block diagram of this process is shown in Figure 1. The “Supplementary Material” section provides more details about these studies (i.e., group description, variables and measures, results and detailed statistics for the measured variables; (Appendix Table 1)).
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FIGURE 1
Flow chart of article selection process.



TABLE 1    Characteristic of the analyzed studies.
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Results


Body image and social media

Self-body perceptions, especially among girls in recent decades, have become a cause of global adolescent self-esteem (38). The basis of adolescent self-presentation is increasingly based on photos and videos on social media (39, 40). Social media can create appearance standards that are difficult to achieve (39), especially by adolescents and children. This situation can lead to lower self-esteem and emotional disturbances (41).

Previous research, for example, conducted in Norway on a group of 1998 respondents aged 10-14 (boys and girls), looked at which social media platforms they use, how often they post something on their account per month and how often they post photos of themselves and how often they comment on other people’s statuses and photos (41). Results indicate, among other things, that other-oriented social media use lowered self-reported appearance among respondents aged 10-12 and 12-14, while self-oriented use had no effect on this (41).

Another Dutch study, involved 440 teenagers of both genders aged 12 to 19 (29). The study was aimed at, inter alia, indicating whether the use of social media is a significant predictor of body dissatisfaction. The results showed that teens who reported more use of social media also reported higher levels of body dissatisfaction (29).

Interesting research in this area was also carried out in Singapore, where 100 female teenagers aged 13 to 18 were recruited from various local communities, such as the Chinese, Malayas, and Indians (42). Total smartphones use time, social media use, cognitive internalization, anxiety about social appearance, respect for the body, and position of weight control were assessed. The results suggest that only excessive use of social media, according to the authors, more than 3 h a day results in lower body evaluation results. Interestingly, the authors also explored the issue of engaging in online and offline appearance comparisons. They found that while social media escalates unhealthy cognitive patterns, it also does so outside of the time spent in these media, harming teenagers’ own body assessment, including a girl study (42).

A very different report is indicated by researchers from Denmark, who focused on the effects of social networking on body image among 604 adolescents (male and female) aged 11 to 18 (43). The study was related to the frequency of use of social media and information about the appearance that teenagers obtained from their peers and its impact on their body image. The results show that the more teens used social networking sites, the more often they received feedback about their appearance. Interestingly, the feedback received did not predict body dissatisfaction (43). This finding contradicts most studies about the association of social media with negative body image.



Eating patterns and social media

Visual representations of food and beverage products in traditional communications and digital marketing primarily involve products high in fat, sugar and salt (44). YouTube is also very popular with children aged 5 to 15 (45), and the information contained in the content viewed influences their eating behavior (44). Research shows that exposure to food-related information contained in social media content, known as influencers, directly, immediately influences the choice and consumption of promoted foods by 9–11-year-old children (46, 47).

An equally interesting study on the marketing impact of a product promoted via the YouTube platform conducted in qualitative terms is a British study on a group of children (boys and girls) aged 10-11 years (48). The children watched a marketing video promoting the sweet product and were informed that the purpose of the study was to gather their views on YouTubers advertising food and drinks. The results of this study indicated that youtubers are a source of entertainment, information, social acceptance, and experiences for children, moreover, the products promoted by youtubers were desired by children (48).

The same authors also analyzed the channels of Youtubers popular among children to determine the scope and nature of the recommendations of food products and drinks (44). They also examined the proportion of “healthy” and “unhealthy” referrals. As it turned out, each of the commands had at least one food or drink tip, more often they were unhealthy than healthy. As many as 92.6% of the analyzed videos contained food and drink tips, which corresponds to 29.9 tips per hour (44).

A study by American researchers on a sample of 884 male and female adolescents aged 13-17 indicated that food ads posted on Instagram were very attractive to the respondents compared to traditional food ads (49). Interestingly, the Instagram symbol itself caused much more interest in the promoted product (49).




Discussion

Various studies cited so far indicate that social media can have a very strong influence on the development of eating patterns and body image in children and adolescents, which in turn may be one of the risk factors for developing obesity when promoted behaviors are not associated with a healthy lifestyle.

Originally, the sociocultural model proposed by Thompson et al. (28) focused on traditional media, e.g., television, magazines, and the traditional “face-to-face” perception of the other person. Today, teenagers derive their ideal-looking messages from social media. According to the above-mentioned sociocultural model of comparison, the internalization of ideal appearance communicated through social media results in body dissatisfaction (50). This is supported by the analysis of the research presented in this article. In most studies on the impact of social media on body image, the target respondents are teenagers and adults and their results show a negative relationship between social media and body dissatisfaction (e.g., 43, 50–52). Therefore, attention should be paid to the importance of the problem of social media in the context of incorrect body image. If the problem is large among adult users of social media platforms, the group of children and adolescents may be even more at risk (53). Unfortunately, there are few studies that can approximate to the magnitude of this problem among children, and thus allow for the design of prevention activities aimed at child caregivers that would help monitor online behavior and allow for the protection of children from negative self-perception.

Social media also contributes to the promotion of food products to users (54). Influencers, youtubers show specific food products, recommend their purchase, and they are not always healthy (55). These are sponsored advertisements paid for by large food concerns. Research to date provides sufficient evidence of the effectiveness of influencer marketing on consumption primarily among adolescents (56). What is important for such marketing activities is that about 98% of people from the “Z” generation, i.e., people born after 1995, have a smartphone, and moreover, half of teenagers spend 10 or more hours a day using the telephone (57). It is therefore a powerful tool to influence choices, including food preferences. The Norwegian Consumer Council in 2019 showed that about 20% of all influencer-related marketing activities were for food and drinks (58). So far, research on this subject is not sufficient, and as far as we are aware, such research has not been conducted on a Polish sample. The exposure of children and adolescents to the influence of people for whom the most important thing is to sell a not necessarily healthy product is underestimated. Influencers often choose the way they present themselves on the Internet (59), using products and brands for self-presentation rather than actual consumption (60). The cognitive development of younger children (12 years of age and younger) is still developing, and thus a critical understanding of the commercial world will not be the same as the critical thinking skills of adults (61), therefore the popularity of influencers and content that they post on their profiles is particularly attractive to young audiences. Given this information, it is important to ensure the protection and control of young people in the digital space, and it should also be crucial for preventive health. To effectively protect children and adolescents, an intervention in the use of social media must be developed, and to implement it, a better understanding of how the use of social networking sites affects body image and food choices should be developed. Taking these actions is also important due to such phenomena as “echo chamber” (this can be defined as personalizing the content used on the Internet and matching it to the profile of a specific user, which means that we only receive information on social media that has been determined by appropriate algorithms as consistent with our interests and views; (62) and “mukbang” (this can be defined as an online audiovisual broadcast through a video-streaming platforms such as TikTok or YouTube in which a host consumes different amounts and types of food and interacts with the audience using a multimodal communication; (63), which may have a significant impact on shaping the awareness, body image and eating patterns of children and adolescents.

Summarizing the current knowledge, in future studies related to childhood obesity we should focus on: (I) analysis of the impact on eating patterns and body image of content from TikTok/Instagram/Snapchat, (II) taking into account the interaction of parents with social media in shaping un(healthy) eating patterns and (positive and negative) body image in their children and adolescents, (III) taking into account the assessment of children’s mental health (e.g., depression, eating disorders), (IV) taking into account children under the age of 10, (V) research among Polish children and adolescents including the division into genders, (VI) doing more experimental research in this topic.

Finally, it is also worth pointing out that social media can be used as a resource in the prevention and treatment of obesity. A closer look at this topic seems to be particularly important due to the fact that, among adults, social media is not only a very important source of information about lifestyle, but also a source of social support when people attempting to lose weight (e.g., 64, 65). Interestingly, this research shows that this online support is even greater than that they receive from their family and friends in the non-virtual world (64). Therefore, it would be interesting to check whether we recognize a similar effect in children and adolescents. Moreover, as is commonly known, many materials available on social media are not prepared on the basis of reliable and credible sources of information (e.g., 22, 66, 67). However, by increasing preventive activity in social media and using modern solutions related to social media (including the use of hashtag signs), we can have a greater impact on the health awareness of children and adolescents around the world, including fighting myths about obesity and patients who have been subject to stigmatization. Moreover, it seems clear that the topic of social media and their relationship with body image and eating patterns should be obligatorily addressed by psychologists and nutritionists during obesity therapy, thanks to which we can correct patients’ attitudes in this regard and increase knowledge and raise awareness among their caregivers.
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Our aim was to evaluate the markers of endoplasmic reticulum (ER) stress among children and adolescents with obesity in relation to metabolic alterations. Calreticulin (CALR) and PDIA3 circulating levels were assessed on 52 pediatric subjects—26 patients with obesity and 26 normal weight controls (4–18 years)—enrolled in a pilot study. Clinical and metabolic evaluations were performed (BMI-SDS, insulin, and glucose at fasting and during an oral glucose tolerance test, lipid profile, blood pressure), and metabolic syndrome was detected. PDIA3 was higher (p < 0.02) and CALR slightly higher in children with obesity than in controls. PDIA3 was related positively to the Tanner stages. Both PDIA3 and CALR were positively associated with insulin resistance, cholesterol, and triglycerides and the number of criteria identifying metabolic syndrome and negatively with fasting and post-challenge insulin sensitivity. Our preliminary findings suggest the existence of a link between ER stress and metabolic changes behind obesity complications even at the pediatric age. CALR and PDIA3 could be early markers of insulin resistance and dyslipidemia-related ER stress useful to stratify patients at high risk of further complications.




Keywords: obesity, ER stress, pediatrics, insulin, lipids



1 Introduction

Obesity is a growing public health issue due to its prevalence and numerous associated comorbidities in children and adolescents (1–4). Inflammation, oxidative stress, lipotoxicity, and endoplasmic reticulum (ER) stress are all identified as obesity triggers for its complications (5).

Some hypotheses have been proposed in order to clarify the mechanisms leading to proinflammatory response activation of visceral adipose tissue (VAT) (6), considering the influence of several mechanisms on adipose tissue, including the hypoxia-inducible factor (HIF) activation (7, 8), the production of reactive oxygen species (ROS) (9), the increased concentration of free fatty acids (FFAs) leading to lipotoxicity, and the role of proinflammatory cytokines (6). This lays the foundation for the development of complications such as insulin resistance and type 2 diabetes mellitus (T2DM) (10).

The excess of nutrients and the increased metabolism of FFAs, characteristics of obesity, can lead to the involvement of the endoplasmic reticulum (ER), since it plays a crucial role in controlling lipid metabolism by regulating lipid synthesis, modification, and secretion (11).

When the ER is subjected to excessive workload, it enters a stress situation (ER stress); thus, to protect cellular functionality, unfolded protein response (UPR) is activated, with the aim of solving ER stress by acting on cellular metabolism, through a process of retro-translocation in the cytoplasm, the addition of ubiquitin, and demolition by the proteasome (11). However, when the protein load is excessive and the ER stress is very high, the UPR leads to the activation of cellular death mechanisms. This situation can be observed in obesity when several chronic conditions such as hyperglycemia, hyperinsulinemia, and elevation of FFA plasma levels and proinflammatory cytokines promote the activation of the cell death pathway mediated by ER stress (12). Indeed, an increase in the expression of proteins involved in cytoskeletal remodeling, inflammation, cellular senescence, oxidative stress, and ER stress can be observed particularly in those patients showing signs of metabolic decompensation, such as insulin resistance or T2DM (13–16). It seems that some of the proteins involved in the abovementioned processes may represent valid markers of “progression” of the disease and could therefore contribute to the identification of complications at an early stage. Among these, calreticulin (CALR) and PDIA3, two important proteins located in the ER and involved in cellular response to ER stress, whose increase is part of the attempt of cells to cope with some of the deleterious effects of cell stress, such as protein misfolding and ROS damage, are worthy of a more in-depth analysis (13–18) (Figure 1).




Figure 1 | Some of the main mechanisms underlying the relationship between obesity, insulin resistance al URP-related chaperones activity. Nutrients intake, when is higher than cellular needs, causes an overproduction of unfolded proteins that require to be processed by ER. In these situations, ER activates multiple mechanisms to reduce stress sources. First, Insulin resistance is provoked by the cell to reduce the insulin-mediated protein transcription, lately being ad additional factor for the development of obesity. Secondly, ER activates UPR, increasing the activity of several enzymes such as caspases that are responsible of apoptotic processes in addition to ROS and inflammatory cytokines production. URP has also the role of increasing protein degradation (ERAD) and contemporarily of boosting folding capacity through oxidative protein folding, which is partially performed by the activation of the PDIA3/Calreticulin/Calnexin chaperones complex..



CALR was initially described as an ER protein, regulating calcium homeostasis and the folding of glycoproteins (17). Today, CALR is recognized as a chaperone with various functions; it is involved in the regulation of cell proliferation processes, phagocytosis, apoptosis, adhesion, and adaptive and innate immune responses. Acting synergistically with calnexin (CNX), another chaperone of the ER, CALR becomes part of the quality control mechanism that monitors the state of glycosylation and three-dimensional arrangement of proteins transiting the ER (17, 19).

CALR functions become fundamental to resolve the accumulation of proteins within the ER and ensure a return to cellular homeostasis. In these conditions and following the activation of the UPR, there is an increase in the synthesis of this protein, and IRE-1 (an enzyme recruited as a first response) mediates the processing and activation of XBP-1, a transcription factor that acts on the genes of several chaperones, including CALR and CNX themselves (19, 20). It is through this mechanism that an increased CALR expression is observed in tissues subjected to strong cellular stress, just like in the case of VAT, subcutaneous adipose tissue (SAT), and the liver of obese subjects, in which CALR is found in high concentrations (14, 21).

PDIA3 is among the genes whose transcription is promoted by XBP-1 (19, 20). PDIA3 is present mainly but not exclusively in the ER, where its main function is to ensure and mediate the formation of the correct intramolecular disulfide bonds in nascent proteins. Indeed, PDIA3 is a stress response protein aimed at avoiding and solving situations of cellular stress (22), and its expression is increased in these cases, especially following protein accumulation that results in ER stress and UPR (14–16, 21).

This protein has four domains, with an active site that provides its oxidation-reductive property, while the C-terminal possibly enables protein retention in the ER and could act as a nuclear localization sequence and a portion responsible for the interaction and binding with CALR and CNX, contributing to normal folding and proper protein glycosylation interaction (22). PDIA3 is also involved in various functions in other cellular compartments, with studies supporting its involvement in signal transduction from the cell surface, the regulation of nuclear processes such as DNA repair, and the promotion of phagocytosis and autophagy (18).

Based on the above, we aimed to assess if an association among CALR, PDIA3, and metabolic risk factors in pediatric obesity exists since ER stress proteins could be precocious markers of metabolic impairment and no data exist in this age on these molecules.



2 Materials and methods


2.1 Population and clinical parameters

Fifty-two subjects aged between 4 and 18 were enrolled. Twenty-six case subjects were recruited in a pilot study from patients attending the Division of Pediatric Endocrinology of our hospital. As a control group, 26 normal weight age-matched subjects were enrolled. The control group consisted of outpatients of our hospital, joining the project “The prevention game begins as a child” (CE 95/12). The inclusion criteria for patients were the presence of obesity according to the International Obesity Task Force curves (IOTF) (23). For both groups, we excluded subjects with cardiorespiratory diseases, endocrine diseases (hypo- or hyperthyroidism, growth hormone deficiency, type 1 diabetes, adrenal insufficiency, hypercortisolism), chronic diseases, and genetic causes of obesity, as well as those under prescription drugs that could alter glucose and/or lipid metabolism.

All patients were subjected to clinical assessment, including Tanner criteria for pubertal development, defining puberty at stages 2–5 (24). Weight, height, and waist circumference were measured by the medical staff, and BMI and BMI Z-score were calculated. Patients and controls were categorized into weight classes according to the 2012 IOTF (23).

Blood pressure was measured and stratified by gender and age, as suggested by the National High Blood Pressure Education Program (NHBPEP) Working Group of the American Academy of Pediatrics (AAP) (25).



2.2 Biochemical evaluation

Blood samples were collected at fasting in the morning. We evaluated glucose and insulin, total cholesterol, HDL, triglycerides, PDIA3, and CALR. All patients were subjected to an oral glucose tolerance test (OGTT), evaluating glucose and insulin levels every 30 min for 120 min (26). From the OGTT, the indexes regarding insulin resistance (HOMA-IR) and insulin sensitivity (QUICKI and Matsuda index, ISI) as well as the insulinogenic index were calculated. The formulas are reported in our previous papers (27, 28).

LDL levels were obtained from Friedwald’s formula, calculated for subjects with triglyceride levels below 150 mg/dl.

Patients were also evaluated for the presence of cardiovascular risk factors considered in the definition of metabolic syndrome using the limit values of the modified criteria of the National Cholesterol Education Program (NCEP) and the Adult Treatment Panel (ATP) III (>90 percentile triglycerides by sex and age; <10 percentile HDL by sex and age; IFG/IGT) (26).



2.3 CALR and PDIA3 analysis

CALR or PDIA3 concentration was evaluated in plasma samples using the Human CALR or PDIA3 ELISA kit [Elabsicence (Houston, Texas, USA)]. Briefly, a 100-μl dilution consisting of standard, blank, and sample was placed into the appropriate wells (in duplicate). Samples were incubated for 90 min at 37°C. Liquid was decanted from each well, and 100 μl of Biotinylated Detection Ab working solution was added to each well immediately. The samples were incubated for 1 h at 37°C. The liquid was decanted and 350 μl of wash buffer was added to each well and removed after 1 min (repeated three times). Then, 100 μl of HRP conjugate working solution was added to each well, and the plate was incubated for 30 min at 37°C. The liquid was removed and each was washed three times as reported above. Then, 90 μl of substrate reagent was added to each well, and the samples were incubated for about 15 min at 37°C (protected from light). Fifty microliters of stop solution was added to each well, and optical density (OD value) was evaluated with a microplate reader set to 450 nm [Spark multimode microplate reader; Tecan (Seestrasse, Switzerland)].

CALR or PDIA3 concentration in each sample was calculated through the standard curve, obtained by serial dilution of a CALR or PDIA3 stock solution of 10 ng/ml. The sensitivity of the kit was estimated to be 0.10 ng/ml, the analytical range was between 0.16 and 10 ng/ml, and the coefficient of variation was <10%.



2.4 Statistical analysis

Due to the small sample of patients, a non-parametric approach was used. Data were expressed as median (IQR) or percentage (%). Differences between the two groups were analyzed using the Mann–Whitney U test. Correlation analysis was performed using Spearman’s r.

Statistical significance was set at p <0.05. The statistical analysis was performed using SPSS for Windows V.26.0 (SPSS Inc., Chicago, IL, USA).




3 Results

This pilot study was carried out involving 52 subjects (26 healthy subjects and 26 with obesity) matched for sex and pubertal stage. Six of them were excluded because of incomplete clinical information. The clinical data are reported in Table 1. Of the children with obesity, 65.2% were obese and 34.8% were morbidly obese.


Table 1 | Clinical characteristics of the population.



Children with obesity had a higher level of PDIA3 (0.212, 0.187–0.465 ng/ml, p < 0.05) than normal weight patients (0.188, 0.167–0.222 ng/ml), corrected by sex and age. PDIA3 significance was lost when correcting also for BMI and pubertal stage. CALR levels, on the other hand, were comparable between normal weight patients (0.230, 0.206–0.273 ng/ml) and those with obesity (0.233, 0.145–0.422 ng/ml).


3.1 Metabolic features

Glucose and insulin levels at 0 min (p < 0.01) and 120 min (p < 0.001) and HOMA-IR (p < 0.001) were higher, while HDL (p < 0.001), QUICKI (p < 0.001), and ISI (p < 0.001) were lower in obese subjects compared to normal weight subjects. The data are reported in Table 2.


Table 2 | Metabolic and biochemical characteristics of obese and normal weight individuals.





3.2 Correlation analysis


3.2.1 CALR

CALR was positively correlated with systolic (r = 0.329; p < 0.05) and diastolic blood pressure (r = 0.374; p < 0.05), acanthosis score (r = 0.684; p < 0.001), non-HDL cholesterol (r = 0.347; p < 0.03), triglycerides (r = 0.488; p < 0.003), number of criteria identifying metabolic syndrome (r = 0.705; p < 0.001), fasting insulin (r = 0.415; p < 0.005), HOMA-IR (r = 0.368; p < 0.005), and insulinogenic index (r = 0.292; p < 0.05). CALR was, instead, negatively correlated with HDL (r = −0.390; p < 0.01), QUICKI (r = −0.368; p < 0.01), and ISI (r = −0.421; p < 0.02) (Table 3).


Table 3 | Significant correlation of CALR and PDIA3.





3.2.2 PDIA3

As shown in Table 3, PDIA3 levels were positively correlated with weight (r = 0.325; p < 0.001), BMI (r = 0.303; p < 0.03) and BMI Z-score (r = 0.378, p < 0.008), waist circumference (r = 0.292; p < 0.05), Tanner stages (r = 0.328; p < 0.05), acanthosis score (r = 0.342; p < 0.05), number of criteria identifying metabolic syndrome (r = 0.485; p < 0.001), LDL (r = 0.305; p < 0.05), non-HDL cholesterol (r = 0.438; p < 0.008), triglycerides (r = 0.664; p < 0.001), fasting insulin (r = 0.296; p < 0.02), and HOMA-IR (r = 0.273; p < 0.06). PDIA3 was found to be only inversely correlated with HDL (r = −0.433; p < 0.008) and QUICKI (r = −0.283; p < 0.06).





4 Discussion

Obesity is associated with several comorbidities, all related to the establishment of chronic inflammation, oxidative stress, lipotoxicity, and endoplasmic reticulum (ER) stress. Our preliminary data suggest that CALR and PDIA3, two key molecules of ER stress, could be related to insulin resistance and altered lipid profile in pediatric obesity.

One of the mechanisms involved in the development of obesity complications is ER stress, triggered by an overload of lipids and proteins among other mechanisms. ER stress markers have been found elevated in the visceral adipose tissue of adult patients with obesity, and it seems that these proteins could be markers also in their circulating form. Two of the most studied molecules are CALR and PDIA3, starting from their relation with cancer (18, 29–32). The markers of ER stress are poorly investigated especially at a young age. Therefore, we aimed to explore their modulation in children and adolescents with obesity.

First, preliminary data from our study showed higher circulating levels of PDIA3, but not CALR, in obese pediatric subjects compared to those with normal weight. The correlation of PDIA3 with BMI, weight, and waist circumference can be explained by the release of ER stress markers in the adipose tissue, increasing simultaneously with the increased number of adipocytes. PDIA3 is also an important regulator of postnatal bone and muscle growth, particularly during the pubertal growth spurt (33), possibly explaining also the correlation of PDIA3 with the Tanner stage. However, because our population is mainly in the mid of puberty, the strength of the association could be influenced by this age and puberty distribution.

Second, in our cohort, we observed associations between circulating levels of both markers and cardiometabolic risk factors. PDIA3 was directly correlated with a high concentration of LDL cholesterol, and both PDIA3 and CALR were directly correlated with non-HDL cholesterol and triglycerides and inversely correlated with low HDL cholesterol levels. Our results are in line with recent literature, reporting an increased lipid turnover as a cause of ER malfunction (12, 34). Furthermore, both molecules were involved in cholesterol assembly and turnover (35, 36).

PDIA3 and CALR were also correlated directly with insulin levels and HOMA-IR and inversely with ISI and QUICKI, surrogate indexes of insulin sensitivity. Also, both markers were found to be related with acanthosis nigricans, which is one of the clinical manifestations of insulin resistance, due to the presence of keratinocytes and fibroblasts able to respond to insulin through the expression of IGF1-R (37, 38). Literature studies confirm how ER stress is directly involved in the development of insulin resistance during obesity such as in a pediatric population (39–41). Our results strengthen these findings and underline how insulin resistance and ER stress are strictly related in a precocious stage of metabolic derangement. This was also confirmed by the direct association of CALR and PDIA3 with the number of metabolic alterations typical of metabolic syndrome. Our findings were in line with similar results in adults with metabolic syndrome (42). Furthermore, CALR expression increased during an OGTT in healthy adults, suggesting that it could be a sensible ER stress marker of chronic and acute dysglycemia in both children and adults (42). Furthermore, a decreased CALR expression in adipose tissue after Roux-en-Y gastric bypass in obese adult patients has been shown, suggesting a link with the decrease in chronic inflammation and metabolic derangement (43).

This study has the limitation of having a small number of samples analyzed, which is secondary to the experimental difficulties faced in the development of the dosage of PDIA3 and CALR since their range for pediatric age is not yet known. Because of the lack of data in the literature that correspond to the results of our study, analysis for the expansion of the sample is needed to confirm our preliminary findings.

In conclusion, this pilot study aimed to establish the association between ER stress and metabolic complications in obese children and adolescents. The results suggest the existence of an important link between ER stress and metabolic changes behind obesity complications even in pediatric age. CALR and PDIA3 could be early markers of insulin resistance and dyslipidemia-related ER stress, being useful to stratify patients at high risk of further complications over time.
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Obesity is a chronic disease, that in adolescents may lead to serious consequences affecting somatic and mental health. This study aimed to assess the prevalence of depressive symptoms and anxiety in adolescents with obesity and their parents. The relationships between depressive and anxiety symptoms and the somatic consequences of obesity were also analyzed. 


Material and Methods

19 patients with obesity (BMI Z-SCORE 2.1-5.5), at the age 16-17, and their parents answered validated questionnaires (Children’s Depression Inventory 2, The State-Trait Anxiety Inventory), and a survey assessing everyday functioning. 



Results

There were no significant differences in the occurrence of symptoms of depression in children and their parents: for the overall scale score of T-score (p=0.331), for the emotional problems (p=0.281) subscale, and the functional problems (p=0.147) subscale. The comparison of the results between boys and girls revealed no significant differences. A significantly higher level of anxiety was found in parents of children who gained weight in the year preceding the study (p = 0.046), and both in children and parents of children with metabolic-associated fatty liver disease – MAFLD (p=0.022 and p=0.007). According to adolescents, obesity affects the most leisure activities.



Conclusion

Obesity, like any chronic disease, can have a significant impact on the emotional state of children and adolescents as well as the possibility of realizing interests and spending free time. Much more important than depressive disorders are anxiety disorders concerning both patients and their parents.





Keywords: obesity, depression, anxiety, adolescents, children, MAFLD



Introduction

Obesity is a chronic disease that often occurs from early childhood, leading to the development of a cascade of other health problems (1). According to data published in 2017, the percentage of children with obesity increased eightfold between the years 1975 and 2016, and the total number in 2016 was 41 million (2). The negative impact of obesity on the somatic development of children and adolescents has been documented in many studies. It has been proven that even in the youngest age groups there is a risk of developing metabolic complications, such as arterial hypertension, liver steatosis, obstructive sleep apnea, vitamin D deficiency, and progressive disorders of glucose, lipid, and uric acid metabolism (3–5). Less is known about the association of obesity in the developmental age with mental health outcomes. The prevalence and future risk of anxiety, symptoms of depression, and everyday functioning in the family and school environment remain unclear (6).

The studies published so far and their meta-analyzes revealed that children and adolescents with obesity are at risk of the development of depressive symptoms or even overt depression, that may persist into adulthood (6, 7). That risk was higher for female patients (6, 8, 9). In some detailed studies, the authors also drew attention to disorders of the emotional state of adolescents with obesity other than depression, including anxiety. It has been shown that unrecognized and untreated emotional problems can lead to the development of mental health deterioration and eating disorders (10). To date, the relationship between the occurrence of metabolic complications of obesity and the occurrence of anxiety disorders, depressive symptoms, and everyday functioning in adolescents has not been analyzed. Some single studies have been conducted in adults, but the results are inconclusive (11, 12). Even less attention has been paid to the emotional problems of parents of obese children. Although the child’s disease, very often in the family context of obesity, can have a significant impact on parents’ emotional functioning (13). Parents of obese children seem to be at particular risk of developing anxiety and depression symptoms because, in addition to the treatment of a child with a chronic, difficult disease, they are often obese themselves.

This preliminary study aimed to assess the prevalence of depressive and anxiety symptoms in adolescents with obesity and their parents. The impact of medical factors, such as concomitant metabolic disorders, complications of obesity, and results of the body weight reduction on the symptoms of depression and anxiety, and selected aspects of everyday functioning were also analyzed.



Material and methods

The preliminary study included 19 children (74% female), at the mean age of 16 (range 15-17 years) with obesity and their parents (14) The study used validated questionnaires (Children’s Depression Inventory 2, CDI2, and The State-Trait Anxiety Inventory, STAI, both in the Polish language version). These questionnaires were completed separately by the parent (n=19) and the patient. The method used to measure depression has a high-reliability coefficient. Cronbach’s α-coefficient measuring the reliability of the children’s and parents’ results for the tested sample and subscales ranged between 0.71 and 0.79, which proves that the scale is sufficiently reliable for the tested sample (15). The STAI questionnaire consists of two independent parts, each containing 20 statements. The part STAI X1 and STAI X2. X1 can evaluate anxiety considered as the current emotional state. This part of the questionnaire is a very sensitive tool. It enables one to trace the dynamics of anxiety even in short time intervals. X2, concerns anxiety understood as a personality trait (16). High levels of anxiety X1 and X2 defined has been defined for the value of the state scale: 8-10, and a high level of depressive symptoms was defined for the ten scale values above 64. Additionally, the participants of the study were asked about subjective feelings about the influence of the disease on key aspects of their lives: relationship with peers, school performance, way of spending free time, hobbies, and relations with siblings. The adolescents referred to each issue in the range from 1 to 5, where 1.2 meant that the disease did not affect the examined issues, and 4.5 - the disease’s impact on the examined factors. The middle answer was neutral and it was difficult to express the sentence. Such an answer was classified more as a positive answer, which in the case of this study means that the disease does not influence the examined issues. The study also analyzed the medical data regarding the occurrence of biochemical disorders typical of the metabolic syndrome (disorders of glucose metabolism, elevated triglycerides ≥ 1.7 mmol/L, and low HDL <1.0 mmol/L) (3), vitamin D deficiency, presence of biochemical and ultrasonographical presence of metabolic-associated fatty liver disease (MAFLD). The results of obesity treatment, defined as the change in body weight in the 12 months preceding the study, were also analyzed.



Statistics

All statistical calculations were performed using the statistical package StatSoft Inc. STATISTICA (data analysis software system) version 13.3. The Shapiro-Wilk W test was used to check whether the quantitative variable was derived from a population with a normal distribution. The significance of differences between two groups in the model of unrelated variables was tested by Student’s t-test or Mann-Whitney U-test (when the assumptions of the parametric test were not met). The significance of differences between two groups in the model of related variables was tested by Student’s t-test or Wilcoxon’s test (when the assumptions of the parametric test were not met). Correlation analysis was used to determine the relationship, strength, and direction between ordinal variables by calculating the Spearman correlation coefficient. Fisher’s exact test was used to examine correlations for dichotomous characteristics, and Pearson’s chi-squared test for independence was used for categorical variables. The decision on the hypotheses to be verified was made by assuming a significance level of 0.05.

The odds ratio was used to assess the chance of an event occurring in one group to the chance of it occurring in another group.



Results

The coefficient of age variation was 5.5% (less than 10%, not statistically significant). The mean BMI Z-SCORE was 3.5 (range 2.1-5.5) (14). In the study group, 74% of patients were already treated with the combined lifestyle intervention, including constant supervision by a dietician. Nevertheless, approximately 74% of participants in the year preceding the study increased their body weight. Odds ratio analysis showed, however, that dietician care increased the chance of losing weight almost six times compared to being left without such care. The most common concomitant problem was vitamin D deficiency (n=15; 79%). Impaired fasting glucose was diagnosed in one patient (5%), impaired glucose tolerance in 4 (21%), elevated triglycerides in 4 (21%), low HDL-cholesterol in 3 (16%), MAFLD features in 6 (32%) (see Table 1). The analysis of the responses showed that obesity has not been shown to affect relationships with peers. According to teenagers, obesity affects the most spending free time and pursuing a hobby. However, even for these variables, half of the respondents believe that the disease is not an obstacle in terms of leisure activities. Interestingly, almost 16% of respondents believe that obesity has a negative impact on school performance and the same number of young people believe that it limits the possibility of developing their interests (Table 2). There were no significant differences in the occurrence of symptoms of depression in children and their parents: for the overall scale score of T-score (p=0.331), for the emotional problems (p=0.281) subscale, and for the functional problems (p=0.147) subscale. The comparison of the results between boys and girls revealed no significant differences. There were also no significant differences in the level of depression (emotional problems, functional problems, and overall score CDI) between adolescents who increased their weight and those who lost weight (p = 0.103, p = 0.171; p = 0.085). The concomitant complications of obesity also were insignificant in terms of the occurrence of depression symptoms: impaired glucose tolerance (p=0.898, p=0.909; p=0.866); dyslipidemia (p=0.664, p=0.704; p=0.770), MAFLD (p=0.823, p=0.911; p=0.804), and vitamin D deficiency (p=0.921, p=0.203; p=0.471). The relationship between the results of the depression symptoms and BMI Z-SCORE, HOMA-IR, and vitamin D measured with the Spearman correlation was statically insignificant (p> 0.05). The results obtained from the STAI test allowed for the selection of participants with a high level of anxiety (a permanent trait - X2) and a high level of “transient” anxiety (X1). There were no significant differences in the distribution of sten X1 values between children and their parents (T=33.5; p=0.402). Significant differences were found in the distribution of the sten X2 values (T=17.0; p=0.008). There were no differences in anxiety (X1, X2 children, X2 parents) levels between boys and girls (p=0.546; p=0.738; p=0.212, respectively). However, a significantly higher level of X2 anxiety was found in parents of children who gained weight in the year preceding the study (p = 0.046). The chance of a high level of anxiety as a feature of X2 for parents of children who have increased their body weight was more than two times higher than for that who decreased weight. Statistically significant higher level of X1 and X2 parents was noticed in patients with MAFLD (p=0.022 and p=0.007). Additionally, the odds ratio analysis showed a more than ten times higher risk of a high level of anxiety (X2 children) in patients with MAFLD). The other concomitant complications of obesity were not significant for parameters of anxiety (X1, X2 children, X2 parents): impaired glucose tolerance (p=0.254, p=0.158; p=0.378); dyslipidemia (p=0.432, p=0.216; p=0.215), and vitamin D deficiency (p=0.803, p=0.794; p=0.582). The relationships between the anxiety levels X1, X2 children, X2 parents, BMI Z-SCORE, HOMA-IR, and vitamin D levels measured with the Spearman monotonic correlation coefficient were statically insignificant (p> 0.05).


Table 1 | Characteristic of the study group.




Table 2 | The influence of the disease on key aspects of adolescent’s lives.





Discussion

Obesity itself can be a stressful state due to the high prevalence of weight stigma. This interaction between excessive body weight and emotional state may be bi-directional leading to a vicious cycle of stress and obesity (8, 17). In this study, we showed that according to adolescents with obesity, the disease most significantly limits the ability to pursue interests, hobbies, and leisure activities. Among obese adolescents diminished physical activity is a common problem, which itself leads to weight gain. It is worth noticing, that if patients with perceive obesity as a significant obstacle to physical activity, then putting pressure on them can cause frustration and even increase emotional problems. A detailed analysis of that problem was carried out by Jodkowska et al., obtaining similar results and concluding that in overcoming the barriers to physical activity in obese adolescents, one should aim to comprehensively reduce body weight and support health-oriented motivation (18). Contrary to most of the studies published so far, in this study we have not shown a significant predominance in the incidence of depressive symptoms in girls (6, 8, 9). Overall, in the present study, rates of depression in both adolescents and their parents were relatively low. Although it is commonly repeated, that obesity is related to depression, that thesis is not fully supported by research findings. Most of the studies relating depression to obesity in adolescents have generated inconsistent results. Among overweight children drawn from specialist clinics, approximately 24% are estimated to present symptoms of depression (19). However, it is worth noting that children and adolescents drawn from specialist clinics are not representative of children in the community and may overestimate the risk (20). In an excellent community-based study including over 6,000 participants, Wardle et al. showed that in adolescents, regardless of gender, socioeconomic status, or ethnicity, reports of depressive symptoms are not significantly higher in obese than normal-weight groups (21). In the population of adolescents with obesity, the problem of anxiety seems to be much more important. That issue should be analyzed in obese teenagers themselves and their parents. Although the results of the present study obtained in adolescents themselves did not show any significant correlation between treatment outcomes as measured by weight change and the occurrence of anxiety or depressive disorders, in the case of their parents, anxiety was more severe in those whose children did not lose weight. No similar, clear relationship was observed for depressive symptoms. However, the influence of a small number of participants on this result cannot be ruled out. It certainly requires further research. The problem of perceiving one’s own child’s obesity and the concerns about it has been analyzed by BeLue et al. Caregivers in this study consistently reported concern for their overweight children’s mental health and problem behavior (13). Obesity in adolescents may have consequences for caregivers and families, even if it is not a significant problem for the patients themselves. On this basis, one could speculate that reducing the child’s body weight, may be beneficial to reduce anxiety in parents. And as a further consequence, perhaps may improve the attitude towards treatment. In this context, the next observation from the present study concerning the role of a dietitian in the therapeutic process is of particular importance. Regular surveillance of the patient significantly increases the chance of losing weight. Similar results were obtained in the previous study (22). Therefore, it can be speculated that dietary habits may indirectly influence the psychological effects of treatment. This preliminary observation should become the subject of further research. Another important new observation in this study is the association of the severity of anxiety with the occurrence of organ complications of obesity, i.e. MAFLD. The risk of a high level of anxiety was 10 times higher in patients with MAFLD, than in those without that disorder. So far, the research has clearly distinguished between the somatic and psychological effects of obesity in adolescents. This analysis is the first attempt to combine both aspects. At present, we do not have sufficient evidence to show the direction of the relationship between a higher level of anxiety and the occurrence of MAFLD. Nevertheless, this observation is not entirely new. Some recent studies on the incidence of emotional, depressive, and anxiety disorders in adult patients with the liver disease found similar associations of incompletely explained origins (23). Some researchers have suggested the influence of chronic stress on the development of liver damage in people with obesity. According to this theory, as in type 2 diabetes and cardiovascular disease, stress involves both behavioral and biological responses, which activate the hypothalamic –pituitary – adrenal axis, resulting in elevated levels of cortisol and

pro-inflammatory biomarkers that could be involved in the development of MAFLD (24, 25). Also, pro-inflammatory pathways, immune dysregulation, and systemic or multi-organ inflammation are considered to mediate pathophysiological interaction between certain mental health disorders (25, 26). Finally, there are also established relationships between obesity and mental health that may be connected to changes in gut microbiota, resulting in such comorbidity. Recently, this mechanism of MAFLD development has also been suggested. According to this theory, perhaps both metabolic disorders and symptoms of anxiety and depression have a similar source in people with obesity (27). Undoubtedly further studies are needed to unravel the mechanism(s) of MAFLD and their psychological manifestations.

Although the results of the study turned out to be innovative and surprising, the work itself has significant limitations. The first one is the size of the group. As far as it is a pilot study with a small number of participants, unequal gender distribution, substantial variation in BMI Z-SCORE, and metabolic characteristics, the results need to be confirmed in a larger group of participants. Another is conducting a study in a clinic, on patients admitted to the hospital. A greater value of the results could be obtained by conducting the study in a larger community and comparing the results in people with obesity and normal body weight.



Conclusions

Obesity, like any chronic disease, can have a significant impact on the emotional state of children and adolescents as well as the possibility of realizing interests and spending free time. Much more important than depressive disorders are anxiety disorders concerning both patients and their parents.
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Nonalcoholic fatty liver disease (NAFLD) is a growing health problem in the pediatric population, due to the constantly increasing percentage of children with obesity. The objective of the study was to assess the occurrence of NAFLD based on ultrasound (USG) analysis and the use of alanine aminotransferase (ALT) in children with overweight and obesity depending on glucose tolerance. Medical records of 228 consecutive patients aged 2-18 years with overweight and obesity were reviewed retrospectively. Based on the oral glucose tolerance test children were divided into groups according to the severity of carbohydrate metabolism disorders. ALT, lipid parameters and insulin sensitivity indices HOMA, Matsuda and Quicki were analyzed. NAFLD was diagnosed (based on the USG) in 51 patients (23.61%) - the incidence in the impaired glucose tolerance (IGT) and type 2 diabetes (T2DM) group was significantly higher when compared to ones without glucose intolerance. Because of extreme values of metabolic parameters in TDM2 children being outliers, they were not considered in the statistical analysis of the study. 22 (11.58%) patients had elevated ALT values, of which 12 (54.55%) had hepatic steatosis features on ultrasound. 72.73% (n=32) patients with fatty liver features on USG had ALT values considered normal with cut-off point 42 U/l accepted in this study. Almost every fourth obese child in the study group presents features of fatty liver in ultrasound examination. Although ultrasound is not recommended by North American Society For Pediatric Gastroenterology, Hepatology &Nutrition(NASPGHAN) for the diagnosis of NAFLD in children, it allows identifying a high percentage of children with features of fatty liver. This percentage increases significantly in children with glucose intolerance.




Keywords: NAFLD, fatty liver, obesity, ALT, glucose intolerance



Introduction

The increasing number of overweight and children with obesity causes nonalcoholic fatty liver disease (NAFLD) to be one of the most common pathologies of this organ (1). Its occurrence can lead to hepatic fibrosis and cirrhosis (2). In the last decades NAFLD has been the leading cause for liver transplants in adult patients. Due to the severity of the issue, in 2017 NASPGHAN has published recommendations regarding the diagnosis and treatment of nonalcoholic fatty liver disease in children (3).

Pathogenesis of nonalcoholic fatty liver disease’s development is complex (4). The emphasis is put both on genetic, as well as metabolic factors (insulin resistance, hyperglycemia, dyslipidemia, cytokine overproduction, oxidative stress). Accumulation of triglycerides in the liver is caused by three factors: lipolysis in the adipose tissue, de novo synthesis caused by excess carbohydrate consumption in the diet and dietary lipids. In the setting of overnutrition and obesity, hepatic fatty acid (FA) metabolism is altered, commonly leading to the accumulation of triglycerides within hepatocytes, and to a clinical condition known as NAFLD (5). It has been proven, that the association between dietary fructose and NAFLD is stronger than with glucose. In the recent years the consumption of fructose has significantly increased in the form of high-fructose corn syrup (HFCS) and mixtures of fructose and glucose monosaccharides (6, 7). Incorrect eating habits and excess carbohydrate consumption lead to insulin resistance, which is proven to be one of the important risk factors for NAFLD (2, 8). Bugianesi et al. suggest, that an increased flow of free fatty acids to the liver caused by peripheral insulin resistance causes its steatosis (9). In the adipose tissue of patients with diabetes, disruptions in translocation and activation of glucose transporters have been found. Their lower number and incorrect function have also been found in obese patients. The European Association for the Study of the Liver-The European Association for the Study of Diabetes and The European Association for the Study of Obesity (EASL-EASD-EASO) recommendations include active seeking for impaired glucose tolerance in patients with NAFLD, as well as for NAFLD in type 2 diabetes patients (10).

Alanine and aspartate aminotranferases (AST) are markers of hepatic cell damage, ALT more so than AST. ALT isawidely used marker of hepatic steatosis. The upper limit for children in different age groups allowing to assess the risk of NAFLD is debatable (11, 12). Sensitivity of ALT alone is lower than when using imaging studies and histopathology. NASPHGAN recommendations suggest alanine aminotransferase assessment as a screening test. The laboratory norm has been established using ALT levels in healthy children in accordance to age, and set as 22 U/l for girls and 26 U/l for boys (3). According to those guidelines, norms set by local laboratories should not be taken into account. ALT levels exceeding the norm twofold for longer than 3 months should encourage further investigation, where NAFLD and other chronic inflammatory liver diseases. Studies evaluating the usefulness of aspartate transaminase and γ-glutamyltransferase (GGTP) as a diagnostic marker of NAFLD in children have not yet been performed. However, some authors emphasize, that elevated levels of ALT, AST and GGTP are associated with worse histopathology of the liver biopsies. Elevated AST and GGTP levels with normal ALT may suggest liver diseases other than NAFLD (13). Ultrasonography alone, without checking markers in the serum, is not considered a screening test.

NASPHAN recommendations authors emphasize, that the screening test, i.e. ALT level assessment, should be performed from the age of 9-11 in children with obesity with body mass index(BMI) ≥ 85th percentile and additional risk factors, such as central obesity, insulin resistance, prediabetes and diabetes, dyslipidemia, sleep apnea or family history of NAFLD. Due to the fact, that an increasing fraction of the pediatric population is at risk of being overweight or obese because of changes in eating habits and insufficient physical activity, early diagnosis of NAFLD is necessary. The search for the best markers and risk factors for the disease lies in the interests of many investigators. In the recent years an increasing number of publications concerning this problem has appeared.

Our hypothesis is that simple, non-invasive methods of routine investigation may be useful and sufficient to identify severe metabolic complications in children with obesity. The aim of the study is to assess the incidence of hepatic steatosis by the way of routine investigations in overweight children, including abdominal ultrasound (USG) and alanine aminotransferase (ALT) levels, in correlation to different grades of carbohydrate metabolism disorders.



Patients and methods

Medical records of 228 consecutive patients in the age of 2-18 years with overweight and obesity were retrospectively analyzed. The study was approved by the Pomeranian Medical University Bioethical Committee on April 14 2004, decision number BN-001/67/04. None of the children were previously diagnosed because of overweight. Neither glucose metabolism disorders nor clinical signs of diabetes have been observed in the children before. All those children were hospitalised in one day clinic of the referential Pediatric Endocrinology Clinic for the Western Pomerania region, inhabited by almost 2 million people, over the course of four years.

Obesity and overweight were defined with BMI SDS. To establish norms for Polish population for body weight, height ant BMI percentile charts by Palczewska and Niedzíwiecka were used (14). Children with secondary causes of obesity (genetic, endocrine disorders e.g. hypothyroidism, Cushing’s disease etc., iatrogenic obesity) as well as children with active hepatotropic virus infections, autoimmune liver diseases and congenital metabolic defects were excluded from the study. Children with secondary causes of obesity (genetic, endocrine disorders e.g. hypothyroidism, Cushing’s disease etc., iatrogenic obesity) were excluded from the study. The primary aim of the study was to assess the risk of obesity-related metabolic complications. Anthropometric parameters were measured (body height, body weight, BMI) as well as puberty stage according to Tanner’s scale. Based on the results of oral glucose tolerance test (OGTT) the study group was divided in four groups: with no carbohydrate metabolism disorders, with impaired fasting glucose (IFG), with impaired glucose tolerance (IGT) and with type 2 diabetes (T2DM). In OGTT both glucose and insulin levels were analyzed in 0 and 120 minute of the test. In the whole study group an abdominal ultrasound with hepatic steatosis assessment was performed, as well as laboratory studies consisting of hepatic enzymes levels, i.e. alanine and aspartate aminotransferase (ALT and AST), lipid profile, i.e. cholesterol level, high-density lipoprotein (HDL), low-density lipoprotein (LDL) and triglycerides (TG). Insulin resistance indices have been calculated: homeostasis model assessment of insulin resistance (HOMA-IR) (15, 16), Matsuda index, quantitative insulin sensitivity check index (Quicki). To assess the hepatocyte function ALT and AST serum levels were measured, using kinetic method. The norm has been set as below 39 U/l for AST and below 42 U/l for ALT. Total cholesterol levels were assessed using the enzymatic-colorimetric method with cholesterol esterase. TG levels were assessed using the enzymatic-colorimetric method with phosphoglycerol esterase. HDL levels were measured using direct method with enzymes modified with poliethylene glycol. LDL levels were measured using direct method with catalase. All lipid profile analyses were performed on Roche Cobas C501 device. Total cholesterol levels below 170 mg/dl were accepted as normal, 170-199 mg/dl as high normal and above 199 mg/dl as high. HDL cholesterol levels higher than 35 mg/dl have been considered as normal, while the values equal and below 35 mg/dl as low. LDL levels below 110 mg/dl were considered as normal, levels of 110-129 mg/dl as high normal and above 129 mg/dl as high. Reference values for triglyceride levels were different for girls and boys. For girls values lower than 130 mg/dl were considered normal, whereas in boys it was values below 120 mg/dl. Values 130-150 mg/dl and 120-150 mg/dl were considered high normal for girls and boys respectively, while values above 150 mg/dl were considered high for both sexes.

To measure insulin resistance indirect methods were used. Based on glucose and insulin serum levels measured during OGTT insulin resistance and insulin sensitivity indices were calculated:

Quantitative Insulin Sensitivity Check Index (Quicki) = 1/log fasting insulin (μIU/mL) + log fasting glucose (mg/dl).Values below < 0.34 suggest insulin resistance.

Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) = fasting glucose (mg/dl) x fasting insulin (μIU/mL)/405. It is assumed, that values >2.5 for I and V stage of the puberty according to Tanner score suggest insulin resistance, and for II-IV stage of the puberty values >3.5 suggest insulin resistance.

Matsuda Index = 100000/√fasting insulin (μIU/mL) x fasting glucose (mg/dl) x mean OGTT glucose (mg/dl) x mean OGTT insulin (μIU/mL).Values<7.3 suggest insulin resistance.

Abdominal ultrasound was performed in all subjects. The examinations were performed on Philips Pure Wave CX50 using convex C5-1 for older children and C8-5 for younger children. All examinations were performed on the same device by two experienced ultrasonographists. Hepatic steatosis was graded using US-FLI semi-quantitative method (17), however the subjects were not divided according to the grade of steatosis, only the presence or absence thereof was considered.

All children with obesity hospitalised in the Clinic took part in dietary schooling and had access to psychologic support. Children’s eating habits were analyzed using authors’ proprietary nutrition questionnaire. Eating habits were rated based on 24-hour eating history, repeated 3 times (3 days of the week chosen by the child’s mother, including 1 day off school). To assess the portion sizes, “Album of photographs of food and dishes” issued by National Food and Nutrition Institute (NFNI) was used (18). Children below the age of 13 filled the questionnaire with their mothers, while children above 13 did it alone or with parental help. To calculate the caloric intake and basic macronutrients of the children’s diet, a computer program DIETA.5 created by NFNI was used. Caloric demand was calculated for every patient individually in accordance to NFNI nutrition norms, considering ideal body weight, age, sex and physical activity level (19)]. Suggested macronutrient ratio of total daily caloric intake, i.e. proteins (12.5%), digestible carbohydrates (57.5%), simple carbohydrates (15%), overall fats (30%) and saturated fats (10%) was used to create dietary recommendations for subjects in this study. Because of extreme values of metabolic parameters in TDM2 children being outliers, they were not considered in the statistical analysis of the study.


Methods of statistical analysis

Based on the gathered results a database was created in Microsoft Excel. Further statistical analysis was performed in the Stata 11.0 program. The Kolmogorov-Smirnov test was used to verify the normality of distributions of continuous variables. Those variables were then described as mean values and standard deviations. Statistical differences between two groups were then checked with t-Student test and Mann-Whitney test. Non-continuous variables were described as quantity and frequency. The analysis of relationships between non-continuous variables was carried out using Pearson’s χ2 test or Fisher’s test. To analyze the relationships between continuous variables Pearson’s correlation was used. The results were described as probability – p, correlation coefficient – r, and regression lines. To estimate the risk of a pathology depending on its risk factors a model of logit regression was used. The results were described by calculating the odds ratio (OR) along with 95% confidence interval. Probability was calculated in this model using Pearson’s χ2 test or two-sided Fisher’s exact test. If OR>1, the analyzed factor increases the risk. If OR<1, the analyzed factor decreases the risk. For the whole model R values (multidimensional correlation coefficient) and p (probability) were also calculated. For all of the performed analyses, statistical significance was considered at p values ≤ 0.05.




Results

The study group consisted of 228 children hospitalised because of overweight and obesity. Within this group there were 118 girls (51.75%) and 110 boys (48.25%). The average age was 10.4±3.6 years.122 of the children were prepubertal (53.51%).

The average body weight of the examined children was 62.7 ± 23.9 kg, while the average body weight SDS was 2.98 ± 0.91. The average BMI body mass index value was 27.83 ± 4.7 kg/m2, the average BMI SDS 2.98 ± 0.74. In 83.77% (n = 191) subjects there were no changes in glucose tolerance, 3.07% (n = 7) subjects were diagnosed with IFG, 10.97% (n = 25) with IGT and 2.19% (n = 5) with T2DM (Table 1).All children with T2DM were newly diagnosed upon admission.


Table 1 | Subjects characteristic by glucose tolerance status.



Because of extreme values of metabolic parameters in TDM2 children (as seen in Table 1), they were excluded as outliers from further statistical analysis. Based on ultrasound imaging, hepatic steatosis was diagnosed in 48 patients (22.54%), of which there were 25 (22.52%) girls and 23 (22.55%) boys. The average age of subjects with steatosis was 10.71 ± 3.63 years. In the study group 11.58% (n=22) of the subjects had incorrect ALT values, whereas in the group with hepatic steatosis in USG examination ALT levels were elevated in 27.27% (n=12) of the subjects. In the whole study group the percentage of boys with elevated ALT was 14.89% (n=14), the percentage of girls was 8.33% (n=8). In 54.55% (n=12) of children with elevated alanine aminotransferase levels hepatic steatosis was found in ultrasound.

In the group of children without glucose intolerance (GI), the sonographic features of fatty liver were found in 19.57% (n = 36) of the subjects. In the group with IGT, this percentage increased to 40.91% (n = 9) subjects and in the group with IFG amounted to 42.86% (n = 3) children (Table 1). ALT levels were above the norm in 10.37% (n=17) of the subjects without carbohydrate metabolism disorders, 15.00% (n=3) of the IGT group and 33.33% (n=2) of the IFG group. When analyzing the occurrence of metabolic complications among the examined children, according to the pubertal development, the presence of sonographic features of fatty liver was found in 18.85% (n=23) of the prepubertal subjects. During the puberty, this percentage increased to 25.00% (n=17), and in postpubertal subjects it was 34.78% (n=8). Considering the values of liver enzymes in the prepubertal subjects abnormal ALT was noted in 11.76% (n=12) of children. During the puberty, this value ​​increased to 8.06% (n=5), while in postpubertal subjects it was 19.23% (n=5). Taking into consideration the carbohydrate metabolism disturbances among children in the prepubertal stage 1.64% (n=2) had abnormal fasting glucose and 8.20% (n=10) had impaired glucose tolerance. In the group of pubertal children, these disorders were present in 6.76% (n=5) and 14.86% (n=11), respectively. Type 2 diabetes was found in none of these groups. All subjects with DM2 were diagnosed in postpubertal children. Moreover, in the post puberty group, glucose tolerance disorders were found in 12.5% ​​of the examined children.

To asses potential cardiovascular risk, we analyzed blood pressure. Differences in systolic and diastolic blood pressure in patients depending on the concentration of alanine aminotransferase and the presence of fatty liver features on ultrasound did not show statistical significance.

Depending on the presence of hepatic steatosis there were significant differences in the values of alanine aminotransferase (p=0.0006; R 0.25), glycaemia after 2 hours of OGTT (p=0.0059; R 0.20), fasting insulin (p= 0.0006; R 0.23) and all insulin resistance indices (Table 2).


Table 2 | Subjects characteristic by presence of fatty liver on ultrasound and alanine aminotransferase levels.



The risk of abnormal liver ultrasound imaging expressed as OR in the IGT group was 2.85 times higher (95% Cl 1.13-7.18, p=0.027) compared to children with obesity without carbohydrate metabolism disorders (Figure 1). In case of insulin resistance expressed as HOMA-IR risk of fatty liver increased 3.24 times (95% Cl 1.64-6.37, p=0.001), 3.61 times (95% Cl 1.64-7.93, p=0.001) for Quicki and 2.98 for Matsuda (95% Cl 1.18-7.51, p=0.021)




Figure 1 | Odds ratio for fatty liver on ultrasound for different anthropometrics and biochemical variables.



(Figure 1). In subjects with high ALT values this risk was 4.88 times higher (95% Cl 1.93-12.28, p=0.001) than in subjects with normal ALT values (Figure 1).

Logistic regression for ALT shows high odds ratio for children with fatty liver on ultrasound 4.88 (95% Cl 1.93-2.28; p=0.001), for Quicki 4.20 (95% Cl 1.20-14.76; p=0.025) and HOMA-IR 2.72 (95% Cl 1.06-7.02; p=0.038) (Figure 2).




Figure 2 | Odds ratio for abnormally high levels of alanine aminotransferase for different anthropometrics and biochemical variables.



ALT values significantly correlated with BMI SD (r 0.34; p<0.001), insulin after 2 hours of OGTT (r 0.25; p<0.001), insulin resistance indices Quicki (r -0.24; p<0.001), HOMA-IR (r 0.24; p<0,001), Matsuda (r -0.26; p<0.001) and with cholesterol (r 0.27; p<0.001), LDL-C (r 0.23; p<0.001) and triglycerides (r 0.23; p<0.001).

Analysis of the children’s eating habits performed on part of the subjects (n=68) shows, that children’s rations were not properly balanced. Average percentage of implementation of the norm for energy and main nutrients as well as their percentage share in the diet’s energy value was exceeded in almost all analyzed nutrients except for digestible carbohydrates. Energy value of the diets was significantly varied. Average calorie intake as a percentage of suggested norm was about 30% higher than the caloric demand in 75% of the respondents. Energy intake from proteins on the suggested level of 12.5% was implemented only in less than 25% of children. Energy from fat made up for 32.2 ± 6.3% of the caloric intake (with the recommendations being 30%). Saturated fat intake exceeded the recommended norm on average by 144.1 ± 52.6%, with only 25% of analyzed children being close to the recommended goal.



Discussion

According to data provided by CDC (Center for Disease Control and Prevention) in the last 30 years the number of children with obesity has increased twofold, while the number of obese teenagers has tripled. WHO (World Health Organization) estimations say, that in 2019 there were 38 million overweight children below the age of 5 in the world, almost half of which lived in Asia.

In the Polish population, similar to other countries in Central-Eastern Europe, which were subjected to economic and social changes, there is a visible increase in prevalence of obesity in the pediatric population. In 2007-2009 a study was performed on a random, representative population sample in the age of 7-18. The study was performed as a part of the OLAF project. According to norms set by this study, overweight and obesity was observed in 18.7% boys and 14.1% girls. In Western Pomerania a screening study concerning the prevalence of overweight and obesity was performed among children in the age 8-9 (own data, soon to be published). 4903 children have been screened, of which 22.8% had overweight and obesity – 16.5% were overweight and 6.3% were obese.

Obesity in children is a cause of many metabolic complications, including carbohydrate metabolism disorders, lipid disorders, hypertension and NAFLD. Some authors discuss a possibility of association of certain obesity phenotypes with a different cardiovascular risk (20). It may be argued, that the same phenotypes may be associated with an increased risk of NAFLD development.

Early data publish in NEJM in 2002 suggest the prevalence of impaired glucose tolerance in 25% of children with obesity in the age of 4-10 and 21% obese teenagers in the age of 11-18. In this study “silent type 2 diabetes” was diagnosed in 4% of obese teenagers (21). Italian studies on increasing incidence of carbohydrate metabolism disorders in children with obesity show that those disorders were found in 12.4% of patients. The most common disorder was impaired glucose tolerance, found in 11.2% of patients. It was more common in teenagers than in children (14.8% vs. 4.1%). “Silent T2DM” was diagnosed in two teenagers (0.4%) (22).

In presented analysis impaired fasting glucose was present in 3.07% (n=7) of the subjects, impaired glucose tolerance in 10.97% (n=25); in 2.19% (n=5) of subjects based on OGTT type 2 DM was diagnosed, which may be considered “silent T2DM”. Despite varying data concerning different populations, increasing prevalence of carbohydrate metabolism disorders in children with obesity remains a fact. To quantify the grade of insulin resistance, HOMA-IR, Quicki and Matsuda indices were used in this study, as well as fasting insulin levels. As expected, HOMA-IR was high in children with type 2 DM. Surprisingly high values of HOMA-IR were also found in children with impaired fasting glucose (Table 1). What certainly draws attention while analyzing biochemical studies’ results of patients with carbohydrate metabolism disorders are elevated aminotransferase levels, especially ALT, which was highest in children with T2DM (Table 1). Because other biochemical parameters in T2DM children were also significantly different from the rest of the analyzed group, they were considered outliers and excluded from further statistical analysis.

Another important complication of obesity is nonalcoholic fatty liver disease. It is defined as accumulation of fat in the liver in the absence of excessive alcohol consumption or other liver pathologies (23). Spectrum of the disease ranges from steatosis to steatohepatitis, which is characterized by hepatocellular inflammation and injury, progressing to fibrosis and eventually cirrhosis (24, 25). NAFLD is one of the most common causes of chronic liver disease in childhood (26).

The incidence of NAFLD is hard to estimate, both in the adult and pediatric population. The golden standard of diagnosing NAFLD is liver biopsy (25), which difficult to use in everyday practice – hence the search for other, less invasive methods, such us checking the serum levels of inflammation markers and assessing the liver in imaging studies such as ultrasonography or magnetic resonance imaging (MRI). In light of the most recent guidelines, the idea of liver biopsy being the golden standard in NAFLD diagnostics need to be re-evaluated – while it indeed remains the diagnostic gold standard for the assessment of fibrosis and inflammation, it is not recommended in simple hepatosteatosis (27). Moreover, biopsies have known limitations and possible disadvantages which ring especially true in the pediatric population - a risk of complications due to the procedure being invasive, sampling variability because of the small sample obtained, and the heterogeneous distribution of histological changes in liver parenchyma. As pointed out by the authors, routine liver biopsies performed specifically to confirm NAFLD seem unwarranted due to the prevalence of the condition, and may even be considered unethical. While liver biopsy remains the only diagnostic tool to confirm non-alcoholic steatohepatitis (NASH), its prevalence among NAFLD patients is quite low - estimated at 1.5%-6.5%. Considering these points, authors suggest, that liver biopsies should only be performed in patients at high risk of the progressive type of the disease (28, 29).

In existing publications, the prevalence of NAFLD was estimated to be somewhere in a wide range between 1.7% to 85% of children with obesity (30–33). Such a wide range depends on the analyzed population and chosen diagnostic methods. In an analysis by American authors considering 408 children with obesity in the mean age of 13.2, NAFLD was found in 26% of children, more often in boys 29.4% than girls 22.6% (34). Meta-analysis presented by Anderson et al. estimates the incidence of NAFLD in the general population at 7.6%, and 34.2% in children with obesity (35).

In available literature several studies can be found, where biopsy was used as a diagnostic criterium. Schwimmer et al. published a report in which based on autopsy studies of 742 children in the age of 2-19 hepatic steatosis was found in 9.6% of children with normal weight and 38% of children with obesity (36). One of the imaging studies used to assess the grade of hepatic steatosis is magnetic resonance (MRI), but because of the costs of the study ultrasonography is used more often (35, 37). Hernaez et al. in their analysis have found ultrasonography to be accurate and reliable for detection of moderate-sever fatty liver (sensitivity 84.8%, specificity 93.6% compared to histology) (38). As opposed to adult recommendations by EASL-EASD-EASO (10), NASPHGAN does not recommend ultrasound as a screening for NAFLD in children. It opens the area for further discussion, as ultrasound, being a cheap, simple, non-invasive and repetitive examination, which would make it a suitable choice for the pediatric population. It is also undeniable, that the constant technological progress in the radiology department improves the result achieved by the examinations.

In our study hepatic steatosis was found in 22.54% of the subjects. This prevalence is lower than previously reported by other authors. It may be caused by the young age of the whole study group and the fact, that 122 of the children were prepubertal. Even though they were already overweight, they may have not yet presented with NAFLD as a complication of obesity.

As reported by Younossi, glucose intolerance, and especially T2DM, is an accelerator of NAFLD and a predictor of severe fibrosis and mortality (39). In our study we tried to assess the fraction of children with NAFLD according to the grade of glucose metabolism disorders. In children without carbohydrate metabolism disorders features of fatty liver were found in 19.57% of the subjects, while in children with glucose intolerance 40.91% of the subjects were affected. All of the children with type 2 diabetes were diagnosed with hepatic steatosis. Increasing percentage of children with hepatic steatosis in groups with glucose intolerance undoubtedly shows a correlation between carbohydrate metabolism disorders and fatty lived disease. Odds ratio (OR) calculations show, that the risk of hepatic steatosis is, 2.85 times higher in children with impaired glucose tolerance.

In our study there is no noticeable difference in occurrence of hepatic steatosis in ultrasound examination when it comes to children’s sex (22.55% vs 22.52%), which is consistent with the study by Prokopowiczet al. (40)

In pediatric populations, a meta-analytic study showed that the pooled NAFLD prevalence is higher in boys than in girls in general populations and obese clinical cohorts (41). The study also revealed significant variance across the published reports, which is partly explained by the technique used to diagnose NAFLD (ultrasound versus aminotransferases) and by failure to consider pubertal stages when sex hormone levels change dramatically in a sex-specific manner (41). According to the meta-analysis by Anderson et al. (35), the incidence of hepatic steatosis based only on USG is similar in both sexes, whereas considering only ALT, it is more common in boys. Our findings in the presented study support similar results. Based on ultrasound imaging the prevalence of hepatic steatosis doesn’t differ between the sexes, while based on ALT it is more common in boys, that difference is however not statistically significant.

Many studies support the central role of insulin resistance in the development of fatty liver (42). The presence of liver steatosis is an important marker of multiorgan insulin resistance, independently of BMI, body fat percentage, and visceral fat mass (43). In particular, NAFLD has been found to be associated with insulin resistance in liver, skeletal muscles and adipose tissue in children and adolescents with obesity (44).

In our study high values of insulin resistance indices QUICKI, HOMA-IR, Matsuda significantly increase the risk of hepatic steatosis (OR 3.61; 3.24 and 2.98 respectively, p<0.001). In the presence of elevated fasting insulin levels, the risk of hepatic steatosis was also significantly higher – OR 2.50 (p=0.006).

According to NASPGHAN guidelines, serum ALT levels should be used as a screening tool for assessing the risk of NAFLD, with normal values <22 U/l for girls and <26 U/l for boys (3). In our analysis local laboratory’s norm was used, with values above 42 U/l determined as too high. In the study group 11.58% of children (n=22) had elevated ALT levels. In the group with fatty liver features in USG examination those values were elevated 27.27% of children (n=12). In the group of children with high ALT levels 54.55% of children (n=12) had features of fatty liver. It must be noted, however, that the mean value of ALT levels in the whole study group was 24.37±15.16 U/l, which exceeds the values given as reference by NASPGHAN in all analyzed subgroups. Especially high levels were observed in the group of children with impaired glucose tolerance Table 1). In previously cited study by Yu et al. optimal cut-off points for ALT have been established according to sex as 42 U/l for boys and 30 U/l for girls (34).

In our analysis in 10.37% of the subjects with no carbohydrate metabolism disorders ALT values were abnormal. The percentage of children with abnormal ALT levels in IGT group was 15.00%, in IFG group 33.33% and in T2DM group 80.00%. Meta-analysis published by Anderson et al. shows, that in 14 clinical studies concerning children with obesity abnormal ALT values were observed in 13.7% of children (6.2 to 27.6%) (35). It is emphasized, that using ALT to diagnose NAFLD may cause overdiagnosis of this ailment in persons with normal body weight, as well as underestimation of this problem in patients with obesity.

In the proprietary study ALT levels correlated with insulin after 2 hours of OGTT, insulin resistance indices as well as triglyceride and cholesterol levels.

The assessment of odds ratio shows, that the highest risk of abnormal ALT values concerns children with high insulin resistance indices, hypertriglyceridemia and hypercholesterolemia. OR values for elevated ALT levels and fatty liver features in sonograms is 4.88 (95%Cl 1.93-12.28, p=0.001). Considering adipose tissue is a hormonally active tissue, some adipokines may be associated with the metabolic state of the child – as such, the leptin/adiponectin ratio may be a useful indicator of insulin resistance (45).

Routine work with a child with obesity at risk of NAFLD always involves cooperation with a dietitian. In our analysis, declared energy consumption presented as a percentage of the norm were higher by about 30% in relation to the caloric need in as many as 75% of the subjects. Declared consumption of simple carbohydrates amounted to 112.4±68.9% of the norm.

An analysis of quantity and quality of products consumed by the child, as well as eating habits correction are crucial. Latest studies show, that diet rich in saccharose and HFCS not only increases the risk of NAFLD, but also NASH (46, 47). Excessive consumption of fructose and saccharose correlates with epidemic increase of obesity, metabolic syndrome and NAFLD occurrence (48). Long-term excessive fructose consumption leads to leptin resistance and, as a consequence, obesity (49). Anika Nier et al. in their study concerning the effect of fructose consumption and nutrition patterns on the development of NAFLD in children with obesity emphasize, that children with obesity and early symptoms of NAFLD have a higher energy intake in comparison to children without hepatic steatosis, mostly caused by fructose and saccharose consumption (6). The most recommended way of preventing and treating obesity is still taking measures to change the patient’s lifestyle, including modification of the eating habits and increasing physical activity.

What we consider to be the strength of the study is it being performed on a group of children, considering the scarcity of publications on the subject of NAFLD in the pediatric population. Furthermore, the group consisting of consecutive children from one region of Poland guarantees the subjects’ homogeneity (only Caucasian origin), without placing bias on the study group by selecting specific patients. The most important limitation of our study is a relatively low number of subjects in each sub-group, with type 2 diabetes. It is known though, that for type 2 diabetes to develop a longer history of obesity is needed. In our opinion, supported by other authors’ research, those patients require special attention. In the future they are possible candidates for combined pharmacological or bariatric treatment (50).

The study was also performed on a group of children in a wide range of age (2-18), which may cause the results to be skewed by the effect of sex hormones in older children. Metabolic complications of obesity, such as fatty liver, hypertransaminasemia and disturbances in glucose metabolism, are significantly more common in older children and with advanced puberty. DM2 only occurred in children with Tanner stage V.

Only ALT and AST were used as markers of liver function. However, they are considered to be the first routinely performed assessment of liver function in children, who (if required) went on to be diagnosed further. Furthermore, studies evaluating GGTP as a marker of hepatic steatosis in children have not yet been performed. One of the aims of the study was to assess if routinely performed laboratory tests, i.e. ALT and AST, could be considered sufficient to diagnose NAFLD in those children. What needs to be noted is that the study is a clinical analysis performed by pediatric endocrinologists in children diagnosed because of obesity, with no assumptions being made as for the presence of liver dysfunction beforehand, which is why the tests performed during diagnostics are not meant to specifically focus on that subject. The list of possible complications of obesity is immeasurably long, meaning that diagnosing each and every system in the patient’s body during one visit in the outpatient’s clinic is technically impossible, which forces physicians to look for the most effective screening studies possible.

One of the screening tests that may be an indicator of both NAFLD and cardiovascular risk may be waist to height ratio. In the analysis of Umano and al (51). it has been proven that WHR can be a good screening anthropometric parameter for the assessment of NAFLD. Blood pressure measurement is essential to assess cardiovascular risk in obese subjects. In our analysis differences in systolic and diastolic blood pressure in patients depending on the concentration of alanine aminotransferase and the presence of fatty liver features on ultrasound did not show statistical significance.

Further research is required with other variables considered, such as dividing the children in sub-groups according to the stage of liver steatosis. Novel diagnostic methods may also play a bigger role in NAFLD diagnostics, however further research is necessary, as not all innovative techniques will gain success in the clinical and research area. Reevaluation of ALT normative values seems necessary, which requires them to be included in later studies.



Conclusions

Almost every fourth child with obesity in the study group presents features of fatty liver in ultrasound examination. Although ultrasound is not recommended by NASPGHAN for the diagnosis of NAFLD in children, it allows identifying a high percentage of children with features of fatty liver. This percentage increases significantly in children with glucose intolerance. Routinely used ALT reference values may be responsible for a high percentage of subjects with normal ALT levels despite the presence of hepatic steatosis in ultrasound.
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Background

The primary objective of the study was to discuss the sex differences in insulin resistance-induced changes in metabolic and inflammatory markers in school-aged children with overweight and obesity.



Methods

A cross-sectional study of 800 children aged seven and twelve years was performed. Questionnaires, anthropometric data and fasting blood samples were collected.



Results

Children with overweight and obesity showed statistically significant differences in multiple metabolic and inflammatory markers compared with children with normal BMI. The correlation coefficient (r) between white blood cell count, absolute neutrophil count, fasting plasma insulin, HOMA-IR, HOMA-β, triglyceride, HDL-C, triglyceride/HDL ratio, alanine transaminase, serum uric acid, systolic blood pressure and BMI were higher in all children, but the linear relationships between white blood cell count, absolute neutrophil count and BMI were stronger in girls with overweight and obesity than in boys with overweight and obesity. Subsequently, HOMA-IR was shown to be more strongly associated with increased white blood cell count and absolute neutrophil count in school-aged girls with overweight and obesity by partial correlation analysis and the multiple linear regression analysis.



Conclusions

Elevated white blood cell count and absolute neutrophil count in children with overweight and obesity, especially girls, can serve as markers of insulin resistance.
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Introduction

Obesity of children and adolescents is a worldwide health problem that is becoming more prevalent in low- and middle-income countries, as in many high-income countries. According to the assessment of the World Obesity Federation, 206 million children and adolescents aged 5-19 will be obese by 2025, and by 2030 there will be 254 million. In 42 countries with an estimated 1 million children with obesity in 2030, China ranks first, followed by India, the United States, Indonesia and Brazil, and only seven of the top 42 are high-income countries (1). About a fifth of all children are overweight or obese according to the Chinese sex-age-specific BMI cutoff points in China. By 2030, the prevalence of overweight and obesity in school-age children may come to 31.8%, or about 58.92 million (2). Obesity is often associated with insulin resistance and is the leading cause of insulin resistance in children. The main cause of children’s insulin resistance is the typical lipid distribution pattern, that is, increased deposition of lipids in insulin sensitive tissue such as the liver, skeletal muscle and viscera. This lipid deposition pattern is also associated with the infiltration of immune system cells into intra-abdominal tissues, inducing systemic low-grade inflammation (3).

Reavan GM argues that insulin resistance is crucial in the pathogenesis of type 2 diabetes, hypertension, and coronary heart disease (4). Insulin resistance manifests as hyperinsulinemia and is a driver of dyslipidemia, high blood pressure and altered glucose metabolism (5). Therefore, insulin resistance can cause changes in multiple metabolic and systemic inflammatory markers (6–8). However, this effect may differ between boys and girls, and there are few such studies. Therefore, the aim of the present study was to determine if sex differences existed in insulin resistance-induced changes in metabolic and inflammatory markers in school-aged children who were overweight and obese.



Materials and methods


Study design and samples

This cross-sectional study was carried out in Kaifeng, Henan Province from October to November 2019 and July to September 2020, during which time it was interrupted due to the COVID-19 outbreak. Five primary schools were selected by cluster sampling from 33 primary schools of a district in Kaifeng. According to the data from last year’s school physical examination, 1,297 children aged 7-12 years were investigated by simple random sampling. Eight hundred children completed questionnaires, anthropometric measures and laboratory tests, but the remainder did not take fasting blood samples because their parents or guardians did not agree or had no time to attend.

Inclusion criteria for the study samples were:

	-All participants participated in the study voluntarily.

	-They were students in grade 2 to 6 of primary school.

	-No metabolic or endocrine disease.

	Exclusion criteria for the study samples were:

	-Any pathological changes, such as endocrine, metabolic or inadequate renal function, which may contribute to changes in dietary habits and nutrient intake.

	-Infectious diseases and treatment with antibiotics.



Written informed consents were acquired from parents or guardians. This study was approved by the Ethics Committee of Henan University.



Questionnaire survey

The demographic characteristics, lifestyle, diet, home environment, maternal pregnancy, feeding patterns in infancy and other risk factors were assessed with standardized questionnaires for students and parents. Under the guidance of well-trained investigators, the student questionnaire was completed in the school. The parents’ questionnaire was taken home and filled in by the parents. After all questionnaires are collected, if there are any problems, the investigators would call the parents to verify.



Anthropometric studies

The height, weight and waist circumference of children wearing light clothing without shoes were measured with standard methods, and the data were accurate to 0.1 cm and 0.1 kg. The electronic sphygmomanometer (Omron HEM-7136) was used to measure the systolic and diastolic blood pressure for three times with an interval of 30 seconds. The average value was calculated for analysis. Body mass index (BMI) was calculated by dividing a child’s weight (in kilograms) by height (in square meters). The diagnosis of overweight and obesity is based on Chinese sex- and age-specific BMI criteria, that is, a BMI at or above the 85th and 95th percentile, respectively (9). The age-specific BMI Z-scores were calculated using WHO AnthroPlus software. According to BMI Z-scores, children were classified as: normal weight with Z-scores from −2 to +0.99, overweight from 1 to 1.99, obese from 2 to 2.99, and very obese ≥ 3 (10, 11).



Hematological and clinical biochemical studies

Overnight fasting blood samples were collected for measuring blood routine examination, blood lipid level, liver function, kidney function, fasting blood glucose, fasting insulin and C-reactive protein. Insulin resistance and β-cell function were calculated from fasting blood glucose and fasting insulin by the homeostasis model assessment of insulin resistance (HOMA-IR index) (12). The neutrophil-to-lymphocyte ratio was determined by dividing the absolute neutrophil count by the absolute lymphocyte count, the platelet-to-lymphocyte ratio determined by dividing the platelet count by the absolute lymphocyte count, and the triglyceride/HDL ratio determined by dividing the triglyceride level by the high-density lipoprotein cholesterol (HDL-C) level (13–15).



Statistical analysis

None of the quantitative variables were normally distributed. Quantitative variables and categorical variables are summarized as median (interquartile range) and number (percentage), respectively. Differences between participants with and without overweight/obesity or male and female were evaluated by the nonparametric Wilcoxon test for quantitative data and the chi-square test for categorical data. Although the quantitative variables in this study do not conform to a normal distribution, they can be regarded as approximately a normal distribution due to the large sample size. So the partial correlation analysis was used to analyze the linear relationship between BMI and the clinical indicators and between HOMA-IR and the clinical indicators adjusted for confounding factors. Multiple linear regression analysis showed a sex difference in the association of HOMA-IR and the white blood cell count/absolute neutrophil count in children who were overweight and obese.

All analyses were performed with SPSS 26.0 (IBM, Armonk, NY, USA), and a two-tailed P<0.05 was the level of statistically significant.




Results


Clinical characteristics of population

800 school-age children (474 boys and 326 girls) aged between 7 to 12 years were included in this study. According to the BMI Z-score established by the WHO, there were 161 children with normal weight and 639 children with overweight and obesity. According to Chinese sex- and age-specific BMI criteria, 181 children are of normal BMI and 619 are overweight or obese. There was no statistical difference between the two classification methods (χ2 = 1.49, P=0.223). The classification method used in this study is Chinese criteria.

The clinical characteristics of the normal BMI and overweight/obesity participants are presented in Table 1. In addition to absolute lymphocyte counts, absolute basophils count, fasting plasma glucose, aspartate transaminase, blood urea nitrogen and serum creatinine, other clinical indicators were statistically different between children with normal BMI and those who were overweight and obese.


Table 1 | Clinical characteristics of school-age children with normal BMI and overweight/obesity.





Linear relationship between BMI and clinical indicators

Partial correlation analysis was used to show a linear relationship between BMI and clinical indicators adjusted for age and sex (Table 2). Because the correlation coefficients r between white blood cell count, absolute neutrophil count, fasting plasma insulin, HOMA-IR, HOMA-β, triglyceride, HDL-C, triglyceride/HDL ratio, alanine transaminase, serum uric acid, systolic blood pressure and BMI were stronger (r>0.3, P<0.05), these linear relationships were further explored for sex differences.


Table 2 | Partial correlation analysis of BMI and clinical indicators adjusted for age and sex in all children.





Sex differences in the linear relationships between BMI, HOMA-IR and clinical indicators

Sex differences in the linear relationships between white blood cell count, absolute neutrophil count, fasting plasma insulin, HOMA-IR, HOMA-β, triglyceride, HDL-C, triglyceride/HDL ratio, alanine transaminase, serum uric acid, systolic blood pressure and BMI adjusted for age were analyzed in school-age children with normal BMI and who were overweight and obese. We found the linear relationships between white blood cell count, absolute neutrophil count and BMI that were stronger in girls than in boys who were overweight and obese (Table 3), but these sex differences were not seen in normal BMI children (Supplementary Table 1).


Table 3 | Sex differences in partial correlation analysis of BMI and clinical indicators adjusted for age in children with overweight and obesity.



In this study, HOMA-IR was found to be higher in girls who were overweight and obese than in boys who were overweight and obese (P<0.001), with a HOMA-IR in girls of 3.06 (2.12-4.76) and in boys of 2.56 (1.68-3.93). A more pronounced linear relationship was found between white blood cell count, absolute neutrophil count and HOMA-IR in girls who were overweight and obese (Table 4).


Table 4 | Sex differences in partial correlation analysis of HOMA-IR and clinical indicators adjusted for age in children with overweight and obesity.





Sex differences in the association between HOMA-IR and white blood cell count/absolute neutrophil count

Multiple linear regression analysis showed that HOMA-IR was associated with white blood cell count (β=0.18, P<0.001) and absolute neutrophil count (β=0.15, P<0.001) when adjusted for age in girls who were overweight and obese, but the association was less pronounced in boys who were overweight and obese (Table 5).


Table 5 | Sex differences in multiple linear regression analysis of HOMA-IR and white blood cell count/absolute neutrophil count adjusted for age in children with overweight and obesity.






Discussion

We determined if sex differences existed in insulin resistance-induced changes in metabolic and inflammatory markers in children who were overweight and obese through data from physical measurements and haematological tests of 800 school-age children in this study. We found that HOMA-IR was more strongly associated with increased white blood cell count and absolute neutrophil count in school-aged girls who were overweight and obese.

Insulin resistance is defined in physiological terms as requiring higher concentrations of insulin to trigger the physiological effects formerly induced by lower concentrations. Obesity is the leading cause of insulin resistance in children, and insulin resistance is closely associated with multiple cardiovascular risk factors and metabolic disorders, such as dyslipidemia, impaired glucose tolerance, type 2 diabetes, hyperuricemia, and elevated transaminases. Currently, there is no universally accepted definition of insulin resistance because there is no standardized analytical method for measuring plasma insulin. The “gold standard” method for measuring systemic insulin sensitivity is the euglycemic-hyperinsulinemic clamp (16). However, due to the complexity of the procedure, this methodology is used only in scientific research but not in clinical application. So HOMA-IR has been established and widely used as a substitute indicator of whole body insulin resistance (17).

In addition to routine blood tests and metabolism-related indicators, this study also assessed the association of novel markers with insulin resistance, such as C-reactive protein, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio and triglyceride/HDL ratio. Fasting insulin levels are higher in children who were overweight and obese when compared to subjects with normal BMI, and the levels of HOMA-IR and HOMA-B were also higher. By partial correlation analysis, white blood cell count and absolute neutrophil count were more strongly correlated with BMI and HOMA-IR in girls who were overweight and obese. Subsequently, multiple linear regression analysis also demonstrated that HOMA-IR significantly increased white blood cell counts and absolute neutrophil count in girls who were overweight and obese.

Men and women have different energy needs, and there are sex differences in human metabolism (18). The biological differences between men and women lead to different physiological responses to exercise, including height, weight, fat mass, lean muscle mass and hormone levels. During prolonged exercise, women showed a greater ability to oxidize lipids as a fuel source, while men oxidized more protein and carbohydrates (19). Adipose tissue, considered a major storage site for excess energy, is now recognized as an endocrine organcapable of producing and releasing bioactive compounds involved in chronic inflammatory and pathological metabolic processes associated with obesity (20). Recent evidence have shown that excess adipose tissue is tightly associated with increased adipokine release, immune cell infiltration, and the progress of low-grade systemic inflammation from childhood to adulthood (21). Multiple studies have shown that the major cellular component of adipose tissue is adipocytes, which are sustained by an extracellular matrix interspersed with preadipocytes, fibroblasts, endothelial cells and immune cells (22, 23). Especially, the strong local presence of leukocytes such as macrophages, mast cells, natural killer cells, neutrophils, monocytes, and T and B lymphocytes led human adipose tissue defined as an immune organ that maintained delicate immune homeostasis (24, 25).

A complete blood count is an inexpensive and readily available blood test. Obesity is associated with hematologic abnormalities (26). Herishanu et al. analyzed 327 patients with persistent leukocytosis in a hematological clinic and found that 15% of the patients were asymptomatic and obese, most of whom were middle-aged females with mild leukocytosis, it is characterized by increased neutrophilia with elevated acute-phase reactants (C-reactive protein and erythrocyte sedimentation rate) (27). Raghavan et al. similarly noted that BMI was associated with white blood cell count and neutrophil count within the physiological range in obese women (28). Obesity-related leukocytosis is significantly predominant in women, and the etiology of this leukocytosis may be multifactorial. Sex-specific pathways of inflammation that affect obesity and metabolic syndrome have been identified. In patients with metabolic syndrome, women have lower concentrations of anti-inflammatory adiponectin. However, in men, metabolic syndrome is associated with increased monocyte-derived circulating cytokines (mainly IL-6) and hyperresponsive circulating immune cells (29). In addition, in females, inflammation may be limited by estrogen (30). Importantly, we found that in school-aged girls who were overweight and obese, increased white blood cell count and absolute neutrophil count were strongly associated with increased HOMA-IR.

There are some limitations in the current study, including the cross-sectional study design, the lack of assessment of a wider range of inflammatory biomarkers, such as IL-6 and TNF-α, and the physical changes of secondary sexual characteristics during puberty were not evaluated.



Conclusions

Although adipose tissue-induced inflammation is low-grade, it has a negative effect on distal organ function through insulin resistance, which may be responsible for complications associated with obesity. Our findings indicated that elevated white blood cell count and absolute neutrophil count in children who were overweight and obese, and especially in girls, can serve as markers of insulin resistance. In the future, further metabolomics and proteomics experiments may be able to explain the mechanism of insulin resistance in children with obesity.
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Childhood obesity is a major public health problem worldwide, and the relationship between obesity and central precocious puberty has long been confirmed, however, the mechanisms underlying this association remain elusive. This review provides an overview of the recent progress regarding how childhood obesity impacts on hypothalamic-pituitary-gonadal axis and pubertal onset, focusing on adipokines (leptin and ghrelin), hormone (insulin), and lipid (ceramide), as well as critical signaling pathways (AMPK/SIRT, mTOR) that integrate the peripheral metabolism and central circuits. Notably, prevention of obesity and CPP is beneficial for the adult life of the children, thus we further summarize the potential strategies in treating and preventing childhood obesity and CPP. The updated understanding of metabolic stress and pediatric endocrine disease will arise the attention of society, and also contribute to preventing more serious comorbidities in the later period of life in children.
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Introduction

Precocious puberty refers to the early onset of puberty, manifests as early secondary sexual characteristics and physical development, and is a pediatric endocrine disease. Precocious puberty can be mainly classified as central precocious puberty (CPP) and peripheral precocious puberty (PPP) according to whether the hypothalamic-pituitary-gonadal (HPG) axis is activated. The initiation of the HPG axis is usually considered true precocious puberty, therefore, CPP is the dominant diagnosis. The development of secondary sexual characteristics before the age of 8 in girls and 9 in boys is defined as CPP. CPP shows an obvious gender dimorphism, which is a conserved feature of puberty in higher mammals, possibly due to environmental and psychological factors. A recent systematic review and meta-analysis indicated that pooled prevalence is 25% in girls less than 6 years of age, although significant heterogeneity exists in different age groups (1). Females have a prominent population of Kiss1 neurons in the anterior ventral periventricular nucleus, which is crucial for establishing the positive feedback between ovarian steroids and the gonadotropin-releasing hormone (GnRH) surge generator, facilitating the females more sensitive to the central regulatory effects of some metabolic signals than in males (2, 3).

Detailed descriptions of the HPG axis in controlling puberty can be found in many excellent reviews. In brief, GnRH neurons in the hypothalamus release GnRH pulse to the hypophyseal portal blood system, while the gonadotroph cells in the pituitary respond to the signal and release the gonadotrophins luteinizing hormone (LH) and follicle-stimulating hormone (FSH), which reach the gonads to drive puberty onwards. Therefore, the evaluation of LH peaks after GnRH testing is the gold standard in the biochemical diagnosis of CPP. The combined detection of secondary sexual characters, bone age, hormone levels, pelvic ultrasound and cranial MRI could increase the sensitivity and accuracy for CPP diagnosis (4, 5).

The development of CPP is both determined by genetic and environmental factors. The past decade has confirmed a series of core genes of CPP, such as the kisspeptin gene (KISS1), the kisspeptin receptor gene (KISS1R), the makorin ring finger protein 3 (MKRN3), and the Delta-like non-canonical Notch ligand 1 (DLK1). It is reported that DLK1 gene mutation is associated with the prevalence of family CPP, and MKRN3 gene loss-of-function mutations are the most prevalent genetic etiology of CPP. Apart from rare genetic variants, the occurrence of metabolic comorbidities rises as the dominant cause of CPP in recent years. The epidemic of childhood obesity serves as the major companion for CPP, suggesting the impact of nutritional and metabolic cues on the HPG axis. There is clear evidence to support the effects of higher childhood body mass index (BMI) on the onset and development of puberty in both boys and girls (6). Childhood obesity and PP are both important risk factors for metabolic syndrome, type 2 diabetes, and insulin resistance (7). Genome-wide association study (GWAS) in humans identified multiple BMI-increasing alleles that are also associated with earlier age of menarche, further confirming genetic co-regulation of childhood obesity and CPP (8). Notably, early timing of puberty directly affects the adult height, muscle, and fat mass accrual, induces various psychological symptoms, conduct problems, and is also linked to an increased risk of cardiovascular events, breast cancer, higher susceptibility to attention deficit-hyperactivity disorder ADHD (9), as well as various oncologic, cognitive, and behavioral disorders, and even reduced life expectancy (10–12). Therefore, PP has raised global public health concerns, and strategies that prevent PP are highlighted worldwide.



Metabolic basics of CPP

Reproduction is an energy-intensive, but essential process for the survival of all species. Therefore, a certain threshold of body fat storage is required to initiate and maintain reproductive function. Overweight women have served as fecundity icons dating from Palaeolithic Ages. Whereas individuals with anorexia or malnutrition are often related to delay or absence of puberty onset and perturbed fertility (13). The current generation of adolescents is growing up at a time of unprecedented ample food, whereby nutritional deficiency and food insecurity are eliminated, and overweight and obesity are burgeoning. Nutrition overwhelming in modern society not only causes metabolic burden, but also accelerates the process of puberty. Studies showed that BMI could affect the GnRH stimulation test, and the peak of LH stimulation is negatively correlated with BMI (14, 15).

The metabolic-reproductive interplay emphasizes the link between body energy reserves and reproductive function, and lays the basis for the impact of different metabolic disorders, ranging from anorexia to obesity and metabolic syndrome, on puberty and fertility. Hypothalamic circuits are responsible for the tight coupling between body energy status and puberty onset. Among these circuits, GnRH neurons operate as the final output pathway for the central control of the onset of puberty, and a plethora of metabolic hormones and neuropeptides are coupled and tightly regulated the function of GnRH neurons. Elimination of the inhibition on the HPG axis is dynamically balanced before the initiation of puberty. Interaction of kisspeptin and kisspeptin receptor, synchronized operation of Neurokinin-B, glutamate, leptin, and androgens are considered to be drivers of GnRH pulse generation, whereas endogenous opioid peptides such as dynorphin A, gamma-aminobutyric acid (GABA), MKRN3 are acted as inhibitors of GnRH release (16).

Clinical and experimental work further provide evidence to support the interaction of energy reserves and CPP. The age of menarche was approximately 17 years in the early 19th century, while it dramatically declined to approximately 13 years by the mid-20th century, largely attributed to improved nutrition, personal hygiene, and better socioeconomic conditions (6). Studies in different regions all reported that increased BMI is a predictor of early onset of puberty in girls (17–20). Notably, body composition is found to be more sensitive to earlier puberty onset than BMI (21). Furthermore, higher birthweight is also a predictor of younger ages at menarche and advanced breast development, and gestational glucose intolerance is associated with increased odds of offspring overweight/obesity in late adolescence (22, 23). Notably, children born small for gestational age are also prone to develop obesity, metabolic syndrome, as well as CPP, which might be explained by thrifty phenotype hypothesis (24, 25). Collectively, these findings further confirmed the link of metabolic status and CPP.



Effects of adipokines and hormones on CPP

Obesity is accompanied by a series of metabolic alterations, and different metabolic cytokines and hormones, such as leptin, ghrelin, insulin, as well as certain central lipids may impact the HPG axis, and participate in the fine-tuning of puberty.


Leptin and ghrelin

Leptin is the first identified adipose cytokine, which is a peptide hormone (16kDa) encoded by the product of the obese (ob) gene, and secreted from the adipocytes into the circulation, the level of leptin is directly related to the amount of body fat stores. Leptin can pass the blood-brain barrier, and take the action at certain neurons in the hypothalamus. Physiologically, circulating leptin is a sensitive maker of metabolic status, and transports the signal to the control center (hypothalamus). Upon binding with leptin receptor (LepRb), leptin activates pathways such as JAK2/STAT3, PI3K/IRS/AKT, and SHP2/MAPK in the hypothalamus, and exerts anorexigenic and thermogenic functions to alleviate the metabolic burden in the peripheral. Simultaneously, the accumulation of phosphorylated STAT3 dimers induces the transcription of SOCS3, which inhibits the JAK2/STAT3 pathway. This efficient work of the leptin signaling feedback loop guarantees metabolic homeostasis. Accordingly, leptin deficiency (ob/ob mice) and leptin receptor deficiency (db/db mice) animals spontaneously develop into obesity and/or type 2 diabetes.

In addition to metabolic control, leptin is also a permissive factor for the activation of GnRH neurosecretion at puberty. Kisspeptins that are produced by hypothalamic Kiss1 neurons are fundamental GnRH regulators, and leptin deficiency has been found to decrease hypothalamic Kiss1 expression, whereas exogenous administration of leptin increases Kiss1 in rodent models of leptin deficiency (26). The clinical investigation reported that the serum leptin level is obviously higher in CPP girls than in the controls (27). Consistently, individuals with malnutrition have low levels of leptin with a delay in puberty onset. Leptin acts as the upstream afferent signal for GnRH neurosecretion, whereas GnRH neurons that lack functional LepRb require alternative afferent pathways to perform their regulatory actions.

Obese individuals exhibit high leptin concentrations due to the adipose tissue expansion, however, the high leptin concentrations failed to obtain the expected suppression of food intake and increased energy expenditure, a phenomenon that is termed leptin resistance (28). Leptin resistance is a hallmark of obesity, featuring a high concentration of circulating and central leptin. The lack of feedback of leptin signal in leptin resistance might persistently stimulate kiss1 expression, and destroy the balance of NKB and Dyn modulation on kisspeptin secretion (29).

Contrary to the anorectic action of leptin, the gut-derived peptide ghrelin is required for the orexigenic process. In both mice and humans, increased appetite is correlated with elevated levels of circulating ghrelin. Ghrelin directly acts upon the HPG axis by stimulating adreno-cortico-tropic-hormone (ACTH) synthesis and secretion in the anterior pituitary, or indirectly elevates ACTH through paracrine stimulation of hypothalamic corticotropin-releasing hormone synthesis and secretion. It is reported that plasma ghrelin is negatively correlated with BMI and body fat percentage, and circulating ghrelin levels are decreased in human obesity (30). Consistently, a progressive reduction in ghrelin levels has been observed during puberty, and GnRH analog (GnRHa) treatment in CPP girls further decreases the circulating ghrelin levels (31). However, the reason why ghrelin secretion decreases at puberty is not yet known.

Every other day fasting (EODF) is reported to delay the Di-(2-ethylhexyl) phthalate-induced puberty onset acceleration in female rats, accompanied by the decrease of serum leptin, luteinizing hormone and estradiol (32). Considering the locations of the central action of leptin and the Kiss1 neurons are consecutive and possibly overlapped, the accumulation of metabolic hormone in the hypothalamus might be an important integrator to explain childhood obesity and CPP.



Insulin

Insulin is another important hormone that affects both childhood obesity and CPP. Insulin is a pancreatic hormone, and secreted in response to the increase of blood concentration of glucose (hyperglycemia), to promote circulating glucose to enter effector cells. Reduced sensitivity of cells to insulin is termed insulin resistance, which often occurs in obesity and related T2DM. The inefficient glucose uptake in conditions of insulin resistance causes hyperglycemia, which further stimulates insulin secretion to compensate the insulin insensitivity. However, continuous hyperglycemia and insulin resistance in obesity has been shown to conduct stimulatory/permissive actions on the HPG axis. Actually, conditions of low or null insulin levels, such as uncontrolled diabetes, are usually associated with suppressed GnRH levels and reproductive activity (33). Mice lacking insulin receptors selectively in neurons are obese and show a delay in development due to GnRH deficiency (34). On the contrary, high insulin levels in female rodents and women show significantly increased LH secretion (35, 36).

During development, nutrient consumption promotes growth as well as the production of required hormones through insulin-like systems (37). The hormonal profile in peri-pubertal girls with obesity is characterized by hyperinsulinemia and higher HOMA-IR index, especially evident in early puberty (38). Upon obesity and insulin resistance, the compensated insulin secretion might accelerate the timing of puberty. In a cross-sectional study that included 79 girls with CPP and 37 girls with premature thelarche, Li et al. found that the serum insulin-like growth factor-1 (IGF-1), IGF binding protein-3 (IGFBP-3) levels are obviously a higher in CPP girls compared with controls (39). Metformin is a widely used drug for treating T2DM and is also used for delaying sexual maturation in girls with CPP. Heterogeneous mice (UM-HET3) that were treated with metformin (i.p) between the ages of 15 and 56 days showed increased insulin sensitivity and normal sexual maturation in female pups, indicating insulin signaling and puberty are tightly integrated (40). Insulin also stimulates the synthesis of leptin in adipocytes, the two hormones might synergistically modulate puberty onset.




Molecular link of metabolic and reproductive circuits on CPP

The identification of Kiss1, and its receptor Gpr54 is considered to be a breakthrough in puberty. Kiss1 governs the secretion of kisspeptin, which directly acts on GnRH neurons in promoting puberty activation. The Kiss1 system is sensitive to metabolic conditions, and an important transmitter for impacting puberty. Therefore, hypothalamic kisspeptin neurons have been postulated to be a key nodal nexus between metabolism and puberty (41). Childhood obesity is usually associated with an active Kiss1 system, and a series of molecular substrates are involved in this process.


AMPK/SIRT signaling

AMPK is a fundamental nutrition sensor that is essential for cellular energy homeostasis, alteration of cellular AMP/ATP ratio determines the status of AMPK. Upon energy deficiency, an increased AMP/ATP ratio directly activates AMPK via phosphorylation at Thr-172 of the α-subunit, attempting to restore the balance. Exercise is an efficient way to deplete energy, and the AMPK is kept in active status during exercise. In contrast, an overwhelming energy supply (including childhood obesity) will inhibit AMPK activity.

AMPK is widely expressed in metabolic organs and also co-expressed in Kiss 1 neurons, therefore the brain AMPK is likely to integrate metabolic/nutritional status and the onset of puberty in obesity. Chronic energy deficiency at puberty activates hypothalamic AMPK, and pharmacological or virogenetic activation of AMPK delays pubertal onset to a variable extent in rodent models (42). AMPK is found to inhibit the Kiss 1 gene, thus suppressing the function of GnRH neurons (43). On the contrary, childhood obesity inhibits AMPK activity (44), which might relieve the suppression of the Kiss 1 gene, and contribute to the development of CPP. Hypothalamic activation of AMPK along with the persistence of the repressive action of SIRT1 at the Kiss1 promoter, leads to reduced Kiss1 expression, whereas the eviction of SIRT1 from the Kiss1 promoter as well as AMPK suppression in conditions of overnutrition, transactivates Kiss 1 gene transcription and the GnRH secretion (45, 46).

Central AMPK activity also regulates peripheral metabolism. Estrogens (E2) are reported to inhibit hypothalamic AMPK through estrogen receptor alpha (ERα), which leads to the promotion of thermogenesis in brown adipose tissue in a feeding-independent manner. Genetic activation of AMPK in the VMH prevented E2-induced increase in brown adipose tissue-mediated thermogenesis and weight loss (47).



mTOR signaling

Mammalian target of rapamycin (mTOR) is atypical serine/threonine protein kinase, and is an evolutionally conserved protein. mTOR can integrate multiple intracellular signals (nutrition, energy, and growth factors), and is involved in the transcriptional and translational regulating processes.

In conditions of energy sufficiency, timely eviction of SIRT1 from the Kiss1 promoter, together with the presumable activation of mammalian target of rapamycin (mTOR), allows increased Kiss1 expression and the normal occurrence of puberty. Activation of PI3K/Akt/mTOR pathway in the hypothalamus is associated with the increased GnRH release and CPP in adolescent female rats, whereas inhibition of mTOR in the hypothalamus could block the activation of Kiss1, Grp54, and GnRH (48). In addition, activation of mTOR also induces Akt phosphorylation and kisspeptin release, which also contributes to GnRH secretion and CPP (49). The central concentration of kisspeptin also affects the mTOR pathway, it is reported that Kisspeptin 10 (Kp-10) maintains the activation of mTOR signaling (50). Accordingly, pharmacological inhibition of kisspeptin weakens mTOR pathway (51). Therefore, the interaction of mTOR and kisspeptin might further drive the initiation of CPP.



Hypothalamic ceremide

A central ceramide signaling pathway serves as an alternative mediator of childhood obesity and CPP. Different from kisspeptin’s direct regulation of GnRH neurons, hypothalamic ceramide involves the paraventricular nucleus (PVN) and sympathetic ovarian innervation. Obese female rats with CPP show higher expression of serine palmitoyltransferase long-chain base subunit 1 (SPTLC1), a crucial component for de novo ceramide synthesis, the increased ceramide level further results ovarian sympathetic output, whereas blockade of ceramide synthesis normalized the timing of puberty and ovarian sympathetic tone (52). Consistently, another report revealed that early-onset obesity enhanced ceramide synthesis in PVN, which accelerates the maturation of the ovarian noradrenergic system, virogenetic suppression of SPTLC1 that inhibits ceremide synthesis, in turn reverses obesity-induced CPP, indicating that central ceremide is crucial in integrating metabolic and neuronal circuits in CPP (53).




Treatment and prevention strategies for CPP

Puberty is a crucial biological process normally occurring at a specific time, therefore, the aim of CPP treatment is to normalize the course of puberty, preserve the adult height, and alleviate the associated complications. GnRH secretion is considered the initial drive for the development of CPP, therefore, GnRH analog (GnRHa) is the primary option for CPP. GnRHa treatment shows efficacy in suppressing gonadotrophin and slowing the progression of secondary sexual characteristics (54). However, whether the GnRHa treatment benefit adult height is still in conflict, and treatment with GnRHa has different effects on BMI according to baseline body composition (55). Patients with CPP are frequently obese due to hormonal and metabolic changes, and a decrease in BMI has been reported in these patients during GnRHa therapy (56). A study tracked 92 adult females that implemented GnRHa treatment in childhood, and found that these subjects had normal BMI and body composition, although the final height is not increased consistently (57). Another study evaluated the effects of GnRHa treatment in 94 girls with idiopathic CPP, and reported increased insulin resistance but normal BMI and lipid profile over 2 years after menarche (58). On the contrary, a study has followed up body composition longitudinally in girls show a gradual increase in adiposity, a decrease in muscle mass, and bone mineral density during GnRHa treatment, whereas bone mass was preserved after treatment (59). In patients with hypothalamic hamartoma, GnRHa treatment increases the mean BMI and the percentage of body fat mass in females, a possible reason is that GnRHa treatment causes an increase in appetite and consequently an elevation of the fat mass index in CPP girls (60, 61). Collectively, GnRHa therapy has a favorable effect on CPP, whereas further well-designed longitudinal investigations are needed to evaluate its long-term metabolic outcomes.

Prevention is the first and foremost strategy for CPP and obesity. A healthy lifestyle is crucial for the development of children. Away from “junk food” should be highlighted. Overconsumption of high-fat high-fructose food is the driving force of obesity, especially in children. It is reported that high-fructose corn syrup consumption (e.g., drinks and desserts) during childhood has stronger metabolic effects than in other generations, which is closely associated with CPP (62). An animal study revealed that EODF can delay puberty onset acceleration in female rats (32), indicating appropriate diet restrictions can be taken into consideration. In addition to diet control, exercise is another important approach for the prevention of CPP in children (63). Lack of out-door exercise may affect insulin sensitivity and vitamin D levels. A systematic meta-analysis comparing serum vitamin D levels between patients with CPP and controls revealed that vitamin D-deficient subjects are more likely to develop CPP, suggesting that CPP may be linked to vitamin D deficiency (64). However, a cross-sectional study fails to observe significant differences in serum 25(OH)D concentration between CPP girls and prepubertal controls (65). Although there are inconsistent findings in different reports, a recent trial reports that the frequency of CPP cases increased approximately three times during the COVID-19 pandemic due to prolonged stress, home quarantine, as well less excise (66). CPP and obesity also affect calcium-phosphate metabolism and adult height, therefore, adequate outdoor exercises are strongly recommended, and adequate sunshine and vitamin D are beneficial for children in all aspects.

Guaranteeing the quality and duration of sleep of the children is equally important for preventing obesity and CPP. The circadian timing system regulates a variety of biological actions including metabolism, hormone, immunity, and reproductive function. Sleep quality and duration determine the hypothalamic melatonin secretion, which impacts the transcription of kisspeptin and GnRH (67). In addition, sleep also promotes the secretion of growth hormones and attribute to the prevention of ADHD. Moreover, attention should also be paid to the psychological status of the children, avoiding negative emotions is one of the effective strategies in managing a healthy lifestyle for children.

Exogenous chemicals that interfere with the endocrine system are defined as endocrine disruptors. Endocrine disruptors may affect the synthesis, metabolism, and the action of endogenous hormones, leading to the dysregulation of normal physiological processes and promoting the development of disease (57). Endocrine disruptors are ubiquitous in the environment, and might also be risks for CPP. In a case-control study, Zhou et al. compared urinal metabolites and serum hormones of 30 precocious puberty girls with 46 age- and race-matched prepubertal females, and confirmed the association of CPP with phthalate esters exposure (68). Ubiquitously present bisphenol A is another threat to female CPP, possibly through Kiss1 activation in ARC (69, 70). Children that are exposed to antibiotics, especially fluoroquinolones and tetracyclines are reported to be positively associated with the occurrence of CPP (71). Pesticides that extensively used in farming act as endocrine-disrupting chemicals, and significantly affect the time of puberty onset (72). In addition, pheromones are also considered to promote hormone secretions and induce CPP (73). Collectively, keeping children from this environmental pollution helps prevent CPP and related diseases.



Conclusions and perspective

The obesity epidemic and CPP are associated with a series of metabolic and endocrine diseases, and might also impact the quality of life in adults. In this review, we have focused on the peripheral cytokines, hormones, lipids, as well as energy-sensitive molecules to integrating the metabolic and endocrine functions during CPP (Figure 1). Understanding the role of childhood obesity in CPP will draw attention to treating and preventing the disorder in children. Considering the complex interaction of the two systems, and the genetic, psychological and environmental impact on CPP, we propose that prevention should be considered to be the foremost strategy for childhood obesity and CPP (Figure 2). Maintaining physical and mental health, as well as a safe environment is not only beneficial for children not only at adolescence, but also for whole life health.




Figure 1 | The regulation of metabolic and endocrine functions. Alteration of peripheral metabolic status in childhood obesity changed the production and release of cytokines, hormones, lipid, as well as energy sensitive molecules that integrate the control of metabolic signals and central circuits, which together affect the initial of puberty.






Figure 2 | The possible prevention strategies for childhood obesity and CPP.





Author contributions

LZ conceptualized the manuscript, LS and ZJ collected the literature and drafted the manuscript, LZ revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the National Natural Science Foundation of China (No. 82205181).



Conflict of interest

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



References

1. Cantas-Orsdemir, S, Garb, JL, and Allen, HF. Prevalence of cranial MRI findings in girls with central precocious puberty: A systematic review and meta-analysis. J Pediatr Endocrinol Metab (2018) 31:701–10. doi: 10.1515/jpem-2018-0052

2. Clarkson, J, Boon, WC, Simpson, ER, and Herbison, AE. Postnatal development of an estradiol-kisspeptin positive feedback mechanism implicated in puberty onset. Endocrinology (2009) 150:3214–20. doi: 10.1210/en.2008-1733

3. Kauffman, AS, Navarro, VM, Kim, J, Clifton, DK, and Steiner, RA. Sex differences in the regulation of Kiss1/NKB neurons in juvenile mice: Implications for the timing of puberty. Am J Physiol Endocrinol Metab (2009) 297:E1212–21. doi: 10.1152/ajpendo.00461.2009

4. Fava, D, Calandrino, A, Calevo, MG, Allegri, AEM, Napoli, F, Gastaldi, R, et al. Clinical, endocrine and neuroimaging findings in girls with central precocious puberty. J Clin Endocrinol Metab (2022) 107:e4132–43. doi: 10.1210/clinem/dgac422

5. He, Z, and Yuan, B. Diagnostic value of combined detection of pelvic ultrasound and serum LH, FSH, and E2 levels in children with idiopathic central precocious puberty. Evid Based Complement Alternat Med (2022) 2022:7928344. doi: 10.1155/2022/7928344

6. Huang, A, Reinehr, T, and Roth, CL. Connections between obesity and puberty: Invited by Manuel tena-sempere, Cordoba. Curr Opin Endocr Metab Res (2020) 14:160–8. doi: 10.1016/j.coemr.2020.08.004

7. Dundar, I, and Akinci, A. Prevalence of type 2 diabetes mellitus, metabolic syndrome, and related morbidities in overweight and obese children. J Pediatr Endocrinol Metab (2022) 35:435–41. doi: 10.1515/jpem-2021-0271

8. Perry, JR, Day, F, Elks, CE, Sulem, P, Thompson, DJ, Ferreira, T, et al. Parent-of-origin-specific allelic associations among 106 genomic loci for age at menarche. Nature (2014) 514:92–7. doi: 10.1038/nature13545

9. Pai, LF, Wang, DS, Hsu, WF, Huang, SW, Chung, CH, Chen, SJ, et al. New insights into precocious puberty and ADHD: A nationwide cohort study. Pediatr Res (2022). doi: 10.1038/s41390-022-02028-5

10. Cesario, SK, and Hughes, LA. Precocious puberty: A comprehensive review of literature. J Obstet Gynecol Neonatal Nurs (2007) 36:263–74. doi: 10.1111/j.1552-6909.2007.00145.x

11. Day, FR, Elks, CE, Murray, A, Ong, KK, and Perry, JR. Puberty timing associated with diabetes, cardiovascular disease and also diverse health outcomes in men and women: The UK biobank study. Sci Rep (2015) 5:11208. doi: 10.1038/srep11208

12. Canoy, D, Beral, V, Balkwill, A, Wright, FL, Kroll, ME, Reeves, GK, et al. Age at menarche and risks of coronary heart and other vascular diseases in a large UK cohort. Circulation (2015) 131:237–44. doi: 10.1161/CIRCULATIONAHA.114.010070

13. Ruscica, M, Macchi, C, Gandini, S, Morlotti, B, Erzegovesi, S, Bellodi, L, et al. Free and bound plasma leptin in anorexia nervosa patients during a refeeding program. Endocrine (2016) 51:380–3. doi: 10.1007/s12020-015-0598-6

14. Zhao, C, Tang, Y, and Cheng, L. Diagnostic value of LH peak value of the GnRH stimulation test for girls with precocious puberty and its correlation with body mass index. Comput Math Methods Med (2022) 2022:4118911. doi: 10.1155/2022/4118911

15. Kaplowitz, PB, Backeljauw, PF, and Allen, DB. Toward more targeted and cost-effective gonadotropin-releasing hormone analog treatment in girls with central precocious puberty. Horm Res Paediatr (2018) 90:1–7. doi: 10.1159/000491103

16. Livadas, S, and Chrousos, GP. Molecular and environmental mechanisms regulating puberty initiation: An integrated approach. Front Endocrinol (Lausanne) (2019) 10:828. doi: 10.3389/fendo.2019.00828

17. Biro, FM, Galvez, MP, Greenspan, LC, Succop, PA, Vangeepuram, N, Pinney, SM, et al. Pubertal assessment method and baseline characteristics in a mixed longitudinal study of girls. Pediatrics (2010) 126:e583–90. doi: 10.1542/peds.2009-3079

18. Anyanwu, OU, Ibekwe, RC, Nwokocha, AR, and Ibe, CB. An assessment of sexual maturation among school girls in abakaliki metropolis, ebonyi state, south-East Nigeria. Niger Postgrad Med J (2016) 23:121–6. doi: 10.4103/1117-1936.190348

19. Lian, Q, Mao, Y, Luo, S, Zhang, S, Tu, X, Zuo, X, et al. Puberty timing associated with obesity and central obesity in Chinese han girls. BMC Pediatr (2019) 19:1. doi: 10.1186/s12887-018-1376-4

20. Khadgawat, R, Marwaha, RK, Mehan, N, Surana, V, Dabas, A, Sreenivas, V, et al. Age of onset of puberty in apparently healthy school girls from northern India. Indian Pediatr (2016) 53:383–7. doi: 10.1007/s13312-016-0857-5

21. Li, Y, Ma, T, Ma, Y, Gao, D, Chen, L, Chen, M, et al. Trajectories, and earlier puberty onset: Results from a longitudinal cohort study. J Clin Endocrinol Metab (2022) 107:2462–72. doi: 10.1210/clinem/dgac395

22. Bleil, ME, Appelhans, BM, Gregorich, SE, Thomas, AS, Hiatt, RA, Roisman, GI, et al. Patterns of early life weight gain and female onset of puberty. J Endocr Soc (2021) 5(12):bvab165. doi: 10.1210/jendso/bvab165

23. Bendor, CD, Bardugo, A, Rotem, RS, Derazne, E, Gerstein, HC, Tzur, D, et al. Glucose intolerance in pregnancy and offspring obesity in late adolescence. Diabetes Care (2022) 45:1540–8. doi: 10.2337/dc21-2634

24. Nam, HK, and Lee, KH. Small for gestational age and obesity: epidemiology and general risks. Ann Pediatr Endocrinol Metab (2018) 23:9–13. doi: 10.6065/apem.2018.23.1.9

25. Verkauskiene, R, Petraitiene, I, and Albertsson Wikland, K. Puberty in children born small for gestational age. Horm Res Paediatr (2013) 80:69–77. doi: 10.1159/000353759

26. Manfredi-Lozano, M, Roa, J, and Tena-Sempere, M. Connecting metabolism and gonadal function: Novel central neuropeptide pathways involved in the metabolic control of puberty and fertility. Front Neuroendocrinol (2018) 48:37–49. doi: 10.1016/j.yfrne.2017.07.008

27. Zurita-Cruz, JN, Villasis-Keever, MA, Manuel-Apolinar, L, Damasio-Santana, L, Gutierrez-Gonzalez, A, Wakida-Kusunoki, G, et al. Altered cardiometabolic profile in girls with central precocious puberty and adipokines: A propensity score matching analysis. Cytokine (2021) 148:155660. doi: 10.1016/j.cyto.2021.155660

28. Obradovic, M, Sudar-Milovanovic, E, Soskic, S, Essack, M, Arya, S, Stewart, AJ, et al. Leptin and obesity: Role and clinical implication. Front Endocrinol (Lausanne) (2021) 12:585887. doi: 10.3389/fendo.2021.585887

29. Kang, MJ, Oh, YJ, Shim, YS, Baek, JW, Yang, S, and Hwang, IT. The usefulness of circulating levels of leptin, kisspeptin, and neurokinin b in obese girls with precocious puberty. Gynecol Endocrinol (2018) 34:627–30. doi: 10.1080/09513590.2017.1423467

30. Tschop, M, Weyer, C, Tataranni, PA, Devanarayan, V, Ravussin, E, and Heiman, ML. Circulating ghrelin levels are decreased in human obesity. Diabetes (2001) 50:707–9. doi: 10.2337/diabetes.50.4.707

31. Soriano-Guillen, L, Barrios, V, Chowen, JA, Sanchez, I, Vila, S, Quero, J, et al. Ghrelin levels from fetal life through early adulthood: Relationship with endocrine and metabolic and anthropometric measures. J Pediatr (2004) 144:30–5. doi: 10.1016/j.jpeds.2003.08.050

32. Yu, Z, Zhan, Q, Chen, A, Han, J, Zheng, Y, Gong, Y, et al. Intermittent fasting ameliorates di-(2-ethylhexyl) phthalate-induced precocious puberty in female rats: A study of the hypothalamic-pituitary-gonadal axis. Reprod Biol (2021) 21:100513. doi: 10.1016/j.repbio.2021.100513

33. A.S.N.R, From the American Association of Neurological Surgeons, C.I.R.A, C.N.S, Cardiovascular Interventional Radiology Society of Europe, E.S.M.I.N.T, et al. Multisociety consensus quality improvement revised consensus statement for endovascular therapy of acute ischemic stroke. Int J Stroke (2018) 13:612–32. doi: 10.1177/1747493018778713

34. Bruning, JC, Gautam, D, Burks, DJ, Gillette, J, Schubert, M, Orban, PC, et al. Role of brain insulin receptor in control of body weight and reproduction. Science (2000) 289:2122–5. doi: 10.1126/science.289.5487.2122

35. Burcelin, R, Thorens, B, Glauser, M, Gaillard, RC, and Pralong, FP. Gonadotropin-releasing hormone secretion from hypothalamic neurons: stimulation by insulin and potentiation by leptin. Endocrinology (2003) 144:4484–91. doi: 10.1210/en.2003-0457

36. Moret, M, Stettler, R, Rodieux, F, Gaillard, RC, Waeber, G, Wirthner, D, et al. Insulin modulation of luteinizing hormone secretion in normal female volunteers and lean polycystic ovary syndrome patients. Neuroendocrinology (2009) 89:131–9. doi: 10.1159/000160911

37. Texada, MJ, Lassen, M, Pedersen, LH, Koyama, T, Malita, A, and Rewitz, K. Insulin signaling couples growth and early maturation to cholesterol intake in drosophila. Curr Biol (2022) 32:1548–1562.e6. doi: 10.1016/j.cub.2022.02.021

38. Dura-Trave, T, and Gallinas-Victoriano, F. Hyper-androgenemia and obesity in early-pubertal girls. J Endocrinol Invest (2022) 45:1577–85. doi: 10.1007/s40618-022-01797-4

39. Ouyang, L, and Yang, F. Combined diagnostic value of insulin-like growth factor-1, insulin-like growth factor binding protein-3, and baseline luteinizing hormone levels for central precocious puberty in girls. J Pediatr Endocrinol Metab (2022) 35:874–9. doi: 10.1515/jpem-2022-0161

40. Zhu, Y, Fang, Y, Medina, D, Bartke, A, and Yuan, R. Metformin treatment of juvenile mice alters aging-related developmental and metabolic phenotypes. Mech Ageing Dev (2022) 201:111597. doi: 10.1016/j.mad.2021.111597

41. Navarro, VM. Metabolic regulation of kisspeptin - the link between energy balance and reproduction. Nat Rev Endocrinol (2020) 16:407–20. doi: 10.1038/s41574-020-0363-7

42. Gaytan, F, Morales, C, Leon, S, Heras, V, Barroso, A, Avendano, MS, et al. Development and validation of a method for precise dating of female puberty in laboratory rodents: The puberty ovarian maturation score (Pub-score). Sci Rep (2017) 7:46381. doi: 10.1038/srep46381

43. Roa, J, Barroso, A, Ruiz-Pino, F, Vazquez, MJ, Seoane-Collazo, P, Martinez-Sanchez, N, et al. Metabolic regulation of female puberty via hypothalamic AMPK-kisspeptin signaling. Proc Natl Acad Sci U.S.A. (2018) 115:E10758–67. doi: 10.1073/pnas.1802053115

44. Manzano, M, Giron, MD, Salto, R, Vilchez, JD, Reche-Perez, FJ, Cabrera, E, et al. Quality more than quantity: The use of carbohydrates in high-fat diets to tackle obesity in growing rats. Front Nutr (2022) 9:809865. doi: 10.3389/fnut.2022.809865

45. Roa, J, Garcia-Galiano, D, Varela, L, Sanchez-Garrido, MA, Pineda, R, Castellano, JM, et al. The mammalian target of rapamycin as novel central regulator of puberty onset via modulation of hypothalamic Kiss1 system. Endocrinology (2009) 150:5016–26. doi: 10.1210/en.2009-0096

46. Vazquez, MJ, Toro, CA, Castellano, JM, Ruiz-Pino, F, Roa, J, Beiroa, D, et al. SIRT1 mediates obesity- and nutrient-dependent perturbation of pubertal timing by epigenetically controlling Kiss1 expression. Nat Commun (2018) 9:4194. doi: 10.1038/s41467-018-06459-9

47. Martinez de Morentin, PB, Gonzalez-Garcia, I, Martins, L, Lage, R, Fernandez-Mallo, D, Martinez-Sanchez, N, et al. Estradiol regulates brown adipose tissue thermogenesis via hypothalamic AMPK. Cell Metab (2014) 20:41–53. doi: 10.1016/j.cmet.2014.03.031

48. Shao, P, Wang, Y, Zhang, M, Wen, X, Zhang, J, Xu, Z, et al. The interference of DEHP in precocious puberty of females mediated by the hypothalamic IGF-1/PI3K/Akt/mTOR signaling pathway. Ecotoxicol Environ Saf (2019) 181:362–9. doi: 10.1016/j.ecoenv.2019.06.017

49. Srivastava, VK, Hiney, JK, and Dees, WL. Manganese-stimulated kisspeptin is mediated by the IGF-1/Akt/Mammalian target of rapamycin pathway in the prepubertal female rat. Endocrinology (2016) 157:3233–41. doi: 10.1210/en.2016-1090

50. Cao, Y, Hu, G, Zhang, Q, Ma, L, Wang, J, Li, W, et al. Kisspeptin-10 maintains the activation of the mTOR signaling pathway by inhibiting SIRT6 to promote the synthesis of milk in bovine mammary epithelial cells. J Agric Food Chem (2021) 69:4093–100. doi: 10.1021/acs.jafc.0c07613

51. Han, Q, Zhang, W, Lu, C, Wu, J, An, S, and Zhang, S. Repression of Kisspeptin1 weakens hydrogen peroxide-caused injury in HTR8 cells via adjusting PI3K/AKT/mTOR pathway. J Biochem Mol Toxicol (2020) 34:e22461. doi: 10.1002/jbt.22461

52. Gerendai, I, Toth, IE, Boldogkoi, Z, Medveczky, I, and Halasz, B. Neuronal labeling in the rat brain and spinal cord from the ovary using viral transneuronal tracing technique. Neuroendocrinology (1998) 68:244–56. doi: 10.1159/000054372

53. Heras, V, Castellano, JM, Fernandois, D, Velasco, I, Rodriguez-Vazquez, E, Roa, J, et al. Central ceramide signaling mediates obesity-induced precocious puberty. Cell Metab (2020) 32:951–966.e8. doi: 10.1016/j.cmet.2020.10.001

54. Brito, VN, Spinola-Castro, AM, Kochi, C, Kopacek, C, Silva, PC, and Guerra-Junior, G. Central precocious puberty: Revisiting the diagnosis and therapeutic management. Arch Endocrinol Metab (2016) 60:163–72. doi: 10.1590/2359-3997000000144

55. Glab, E, Wikiera, B, Bieniasz, J, and Barg, E. The influence of GnRH analog therapy on growth in central precocious puberty. Adv Clin Exp Med (2016) 25:27–32. doi: 10.17219/acem/31433

56. Arrigo, T, De Luca, F, Antoniazzi, F, Galluzzi, F, Segni, M, Rosano, M, et al. Reduction of baseline body mass index under gonadotropin-suppressive therapy in girls with idiopathic precocious puberty. Eur J Endocrinol (2004) 150:533–7. doi: 10.1530/eje.0.1500533

57. Schug, TT, Janesick, A, Blumberg, B, and Heindel, JJ. Endocrine disrupting chemicals and disease susceptibility. J Steroid Biochem Mol Biol (2011) 127:204–15. doi: 10.1016/j.jsbmb.2011.08.007

58. Faienza, MF, Brunetti, G, Acquafredda, A, Delvecchio, M, Lonero, A, Gaeta, A, et al. Bone health, and risk of polycystic ovary syndrome in girls with idiopathic central precocious puberty treated with gonadotropin-releasing hormone analogues. Horm Res Paediatr (2017) 87:162–9. doi: 10.1159/000456546

59. Loochi, SA, Demol, S, Nagelberg, N, Lebenthal, Y, Phillip, M, and Yackobovitch-Gavan, M. Gonadotropin releasing hormone analogue therapy in girls with idiopathic precocious puberty/early-fast puberty: dynamics in adiposity indices, eating habits and quality of life. J Pediatr Endocrinol Metab (2021) 34:373–83. doi: 10.1515/jpem-2020-0471

60. Wijarn, P, Poomthavorn, P, Khlairit, P, Pongratanakul, S, Chailurkit, L, and Mahachoklertwattana, P. Short-term effects of gonadotropin-releasing hormone analogue treatment on leptin, ghrelin and peptide YY in girls with central precocious puberty. J Pediatr Endocrinol Metab (2021) 34:479–84. doi: 10.1515/jpem-2020-0470

61. Ramos, CO, Latronico, AC, Cukier, P, Macedo, DB, Bessa, DS, Cunha-Silva, M, et al. Long-term outcomes of patients with central precocious puberty due to hypothalamic hamartoma after GnRHa treatment: Anthropometric, metabolic, and reproductive aspects. Neuroendocrinology (2018) 106:203–10. doi: 10.1159/000477584

62. Mizuno, G, Yamada, H, Munetsuna, E, Ando, Y, Teshigawara, A, Ito, M, et al. High-fructose corn syrup intake has stronger effects on the transcription level of hepatic lipid metabolism-related genes, via DNA methylation modification, in childhood and adolescence than in other generations. Life Sci (2022) 301:120638. doi: 10.1016/j.lfs.2022.120638

63. Liu, G, Guo, J, Zhang, X, Lu, Y, Miao, J, and Xue, H. Obesity is a risk factor for central precocious puberty: A case-control study. BMC Pediatr (2021) 21:509. doi: 10.1186/s12887-021-02936-1

64. Liu, S, Zhu, X, Wang, Y, Yan, S, Li, D, and Cui, W. The association between vitamin d levels and precocious puberty: A meta-analysis. J Pediatr Endocrinol Metab (2020) 33:427–9. doi: 10.1515/jpem-2019-0388

65. Dura-Trave, T, and Gallinas-Victoriano, F. Vitamin d status and parathyroid hormone assessment in girls with central precocious puberty. J Endocrinol Invest (2022) 45(11):2069–75. doi: 10.21203/rs.3.rs-499316/v1

66. Acinikli, KY, Erbas, IM, Besci, O, Demir, K, Abaci, A, and Bober, E. Has the frequency of precocious puberty and rapidly progressive early puberty increased in girls during the COVID-19 pandemic? J Clin Res Pediatr Endocrinol (2022) 14:302–7. doi: 10.4274/jcrpe.galenos.2022.2022-12-11

67. Imamura, S, Hur, SP, Takeuchi, Y, Badruzzaman, M, Mahardini, A, Rizky, D, et al. Effect of short- and long-term melatonin treatments on the reproductive activity of the tropical damselfish chrysiptera cyanea. Fish Physiol Biochem (2022) 48:253–62. doi: 10.1007/s10695-022-01051-x

68. Zhou, F, Jin, Z, Zhu, L, Huang, F, Ye, A, and Hou, C. A preliminary study on the relationship between environmental endocrine disruptors and precocious puberty in girls. J Pediatr Endocrinol Metab (2022) 35:989–97. doi: 10.1515/jpem-2021-0691

69. Pivonello, C, Muscogiuri, G, Nardone, A, Garifalos, F, Provvisiero, DP, Verde, N, et al. Bisphenol a: An emerging threat to female fertility. Reprod Biol Endocrinol (2020) 18:22. doi: 10.1186/s12958-019-0558-8

70. Bigambo, FM, Sun, H, Yan, W, Wu, D, Xia, Y, Wang, X, et al. Association between phenols exposure and earlier puberty in children: A systematic review and meta-analysis. Environ Res (2020) 190:110056. doi: 10.1016/j.envres.2020.110056

71. Hu, Y, Li, J, Yuan, T, Yu, T, Chen, Y, Kong, H, et al. Exposure to antibiotics and precocious puberty in children: A school-based cross-sectional study in China. Environ Res (2022) 212:113365. doi: 10.1016/j.envres.2022.113365

72. Sakali, AK, Bargiota, A, Fatouros, IG, Jamurtas, A, Macut, D, Mastorakos, G, et al. Effects on puberty of nutrition-mediated endocrine disruptors employed in agriculture. Nutrients (2021) 13(11):4184. doi: 10.3390/nu13114184

73. Hu, B, Mo, Z, Jiang, J, Liang, J, Wei, M, Zhu, X, et al. The pheromone affects reproductive physiology and behavior by regulating hormone in juvenile mice. Growth Factors (2022) 40:13–25. 10.1080/08977194.2022.2053527



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

Copyright © 2022 Shi, Jiang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




STUDY PROTOCOL

published: 21 November 2022

doi: 10.3389/fendo.2022.972174

[image: image2]


Clinical, genetic, and epidemiological survey of Polish children and adolescents with severe obesity: A study protocol of the Polish–German study project on severe early-onset obesity


Magdalena Mierzwa 1, Mirosław Bik-Multanowski 2, Michael B. Ranke 3, Stephanie Brandt 4, Bertram Flehmig 5, Ewa Małecka-Tendera 6, Artur Mazur 7, Elżbieta Petriczko 8, Martin Wabitsch 4, Małgorzata Wójcik 9 and Agnieszka Zachurzok 10*


1 Pediatric Endocrinology Ward, Independent Public Clinical Hospital No. 1, Medical University of Silesia in Katowice, Zabrze, Poland, 2 Department of Medical Genetics, Faculty of Medicine, Jagiellonian University Medical College, Cracow, Poland, 3 Children’s Hospital, University of Tübingen, Tübingen, Germany, 4 Center for Rare Endocrine Diseases, Division of Pediatric Endocrinology and Diabetes, Department of Pediatrics and Adolescent Medicine, Ulm, Germany, 5 Mediagnost GmbH, Reutlingen, Germany, 6 Department of Pediatrics and Pediatric Endocrinology, Medical University of Silesia, School of Medicine in Katowice, Katowice, Poland, 7 Department of Pediatrics, Pediatric Endocrinology and Diabetes, Medical Faculty, University of Rzeszów, Rzeszów, Poland, 8 Department of Pediatrics, Endocrinology, Diabetology, Metabolic Disorders and Cardiology of Developmental Age, Pomeranian Medical University, Szczecin, Poland, 9 Department of Pediatric and Adolescent Endocrinology, Pediatric Institute, Jagiellonian University Medical College, Cracow, Poland, 10 Department of Pediatrics, Faculty of Medical Sciences in Zabrze, Medical University of Silesia, Zabrze, Poland




Edited by: 

Malgorzata Gabriela Wasniewska, University of Messina, Italy

Reviewed by: 

Cecilia Contreras-Cubas, Independent Researcher, Mexico City, Mexico

Serhiy Nyankovskyy, Danylo Halytsky Lviv National Medical University, Ukraine

*Correspondence: 

Agnieszka Zachurzok
 agnieszkazachurzok@poczta.onet.pl

Specialty section: 
 This article was submitted to Pediatric Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 17 June 2022

Accepted: 25 October 2022

Published: 21 November 2022

Citation:
Mierzwa M, Bik-Multanowski M, Ranke MB, Brandt S, Flehmig B, Małecka-Tendera E, Mazur A, Petriczko E, Wabitsch M, Wójcik M and Zachurzok A (2022) Clinical, genetic, and epidemiological survey of Polish children and adolescents with severe obesity: A study protocol of the Polish–German study project on severe early-onset obesity. Front. Endocrinol. 13:972174. doi: 10.3389/fendo.2022.972174



Severe early-onset obesity (SEOO) in children is a common feature of monogenic obesity. Nowadays, mutations in at least 50 genes are known to be related to monogenic obesity, and many others are tested. Part of them is involved in the leptin–proopiomelanocortin pathway. The aim of the project is to establish the Polish database of severely obese children and adolescents and to evaluate the prevalence of monogenic forms of obesity in this cohort, with a special focus on leptin–proopiomelanocortin pathway abnormalities. The secondary project aim is to identify new population-specific mutations in obesity-related genes in severely obese Polish children and adolescents. This is a prospective multi-center clinical study performed in four Polish centers. The estimated sample size is 500 patients aged 1–18 years, with severe obesity, hyperphagia, and food-seeking behaviors. In each patient, the medical history regarding the obesity duration in the patient and obesity and its complication existence in the family will be taken. Next, the questionnaire regarding the symptom characteristic of specific mutations, which we are going to test, will be performed. Hyperphagia will be assessed on the basis of age-specific questionnaires. The physical examination with anthropometric measurement, basic biochemical and hormonal tests, and leptin and biologically active leptin measurements will be performed. Finally, genetic analysis will be performed using next-generation sequencing with sequencing libraries prepared to include obesity-related genes. The genotyping findings will be confirmed with the use of classic sequencing (Sanger’s method). In the future, the pathogenicity of new mutations in obesity-related genes identified in our cohort is planned to be confirmed by functional testing in vitro. Nowadays, there are no data regarding the prevalence of severe obesity or monogenic obesity in Polish children. This project has the potential to improve understanding of obesity etiology and may contribute to implementing attribute mutation-specific treatment. Moreover, it may lead to a finding of new, population-specific mutations related to SEOO.




Keywords: monogenic obesity, leptin, severe early onset obesity, children, adolescents



1 Introduction

The obesity epidemic has become an extremely important medical and socioeconomic issue in many countries, as excessive body weight is the leading cause of increased morbidity and mortality. The risk of obesity and its consequences in adulthood are even higher if the problem starts in childhood. In some countries, efforts have been undertaken to prevent and treat childhood obesity leading to the stabilization of the number of cases. However, the proportion of severely obese adults and children is still growing, and this group is at high risk of morbidity and mortality.

It is well known that the most common reason for excessive body weight is an imbalance between calorie input and output, and it is strongly related to lifestyle. Reduced daily physical activity with increased calorie consumption enhanced by polygenic background is the leading cause of obesity. However, there is a group of patients in whom a monogenic cause of obesity can be identified. This group is usually characterized by severe obesity with early onset, before the age of 6 years (severe early-onset obesity (SEOO)) (1). Kohlsdorf et al. revealed in a retrospective cohort study that patients with monogenic obesity due to leptin or leptin receptor deficiency showed an enormous increase in body mass index (BMI) during the first 2 years of life. Their BMI was >25 kg/m2 at the age of 2 years and >30 kg/m2 at the age of 5 years (2). These BMI values may be useful in distinguishing the monogenetic form of obesity from common obesity based on trajectories of BMI during early childhood. Nevertheless, in patients with some mutations, for example, in the melanocortin-4 receptor gene (MC4R), the BMI trajectories are similar to those of patients with simple obesity (3). Skinner et al. (4) showed that 7% of girls and 8.7% of boys in the USA suffer from severe obesity defined as a BMI above 120% of the 95th percentile. In a Spanish cohort, 2% of preschool children were severely obese (5). In subjects with SEOO, depending on the country, population studied, ethnicity, and the number of genes tested, the prevalence of monogenic obesity could vary between 3% and 10% of cases (6–8). Akinci et al. in a cohort of 105 SEOO children screened for 41 known-obesity-related genes found the genetic background in 10.4% of them (6). Slovenian national study has revealed that 1.4% of participants had known disease-causing heterozygous variants (DCVs) in the genes of the leptin–melanocortin signaling pathway and that 4.1% of participants were carriers of rare variants of unknown clinical significance (VUS) (9). Additionally, population-specific mutations in obesity-related genes exist. In a US cohort of African American and Latino children with SEOO, three out of eight discovered mutations in MC4R gene were new and not previously reported (7). A systematic review of the genetics of monogenic obesity in the 22 Arab countries in 13 studies has revealed carried 14 variants in five genes related to monogenic obesity; all of these variants were pathogenic, homozygous, and carried by members of consanguineous families (10). Unfortunately, there are no data about the prevalence of severe obesity in Polish children as well as about the prevalence of monogenic obesity in Polish SEOO children.

The aim of our project was to establish the Polish database of severely obese children and adolescents and to evaluate the prevalence of monogenic forms of obesity in this cohort, with a special focus on leptin–proopiomelanocortin pathway abnormalities. The secondary project aim was to identify new population-specific mutations in obesity-related genes in severely obese Polish children and adolescents. This is the first research assessing the prevalence of monogenic obesity in these parts of Europe in the population of such homogeneity. In Poland, there are a few minorities of different origins who migrated from other parts of the world (Middle East, North Africa, etc.), and the majority of Polish citizens are Caucasians with a low incidence of consanguinity.



2 Study objectives

	1. To establish a Polish database of children with severe obesity

	2. To characterize clinically and biochemically patients with severe obesity

	3. To assess leptin and bio-active leptin in children with severe obesity

	4. To evaluate the prevalence of monogenic obesity among Polish children with severe obesity, especially in those with early-onset obesity

	5. To identify new mutations in obesity-related genes specific to the population of Polish children with severe obesity





3 Study design

This is a prospective multi-center clinical study performed in four Polish centers. The sample size targeted is 500 patients aged 1–18 years, with severe obesity of an early origin, hyperphagia, and food-seeking behaviors.



4 Materials


4.1 Patients


4.1.1 Sample size

Five hundred children aged 1–18 years, with severe obesity of an early origin, will be recruited, using the following inclusion and exclusion criteria. The patients will be recruited from four Polish centers of pediatric endocrinology involved in childhood obesity management (Zabrze, Cracow, Rzeszów, and Szczecin) from inpatient and outpatient departments. The child population in Poland was estimated to be about 7,000,000 (11); for a 5% error threshold and a test power of 0.95, the appropriate sample size was determined at 384 participants. Funds earmarked for this national project are sufficient for conducting a study on about half a thousand children. During the last 2 years, a widespread promotion campaign for this project has been carried out, among both the medical community and patients in Poland. Qualification criteria for the project were presented at medical conferences organized by Polish medical societies. Broad-based information campaign was held in the main Polish mass media through media presentations (interviews and radio and television studios). Through this action, children from the entire area of Poland will be enrolled.



4.1.2 Inclusion criteria

	1. Age 1–18 years

	2. The presence of severe obesity will be defined as a BMI > 25 kg/m2 in a child below the age of 2 years, a BMI > 30 kg/m2 in children aged 2–6 years, a BMI > 35 kg/m2 in children aged 6–14 years, and BMI > 40 kg/m2 in children aged >14 years (2)

	3. Hyperphagia and food-seeking behaviors

	4. Written informed consent of the patient’s parent/guardian and patient above the age of 13 years to participate in the study





4.1.3 Exclusion criteria

	1. Lack of written informed written consent from patients’ parent/guardian or patient above the age of 13 years

	2. Secondary cause of obesity: previously diagnosed genetic syndrome coexisting with obesity, treatment with medicine with known effect on weight gain (glucocorticoids, valproic acid, risperidone, and others), Cushing’s syndrome, and other secondary causes of obesity (note: patients with other endocrine diseases, especially deficiencies, will not be excluded, as they could be the presentation of monogenic obesity)







5 Data collection

A single visit of the patient in the study center will be needed. In each patient, the study procedures mentioned below will be performed:

	1. Taking the medical history of the patient and the patient’s family (Appendix 1: Case Report Form (CRF)) regarding the obesity duration in the patient and obesity and its complication existence in the family

	2. Questionnaire regarding symptoms characteristic of the specific mutation (Appendix 2 of CRF)

	3. Hyperphagia assessment using the Polish version of questionnaires:

	a. Children’s Eating Behavior Questionnaire (CEBQ) by Wardle for children below the age of 8 years (Appendix 3a of CRF) (12)—answered by parent/guardian

	b. Three-Factor Eating Questionnaire (TFEQ): for children above 8 years of age (Appendix 3b of CRF) (13)—answered by the patient.

	In order to avoid bias, the questionnaires will be performed prior to the contact with an investigator.

	Each patient or guardian will be asked to fulfill a standard 9-day diary of physical activity and a diary of the diet.

	4. Physical examination with anthropometric measurements (Appendix 4 of CRF). Body weight will be measured to the nearest 0.1 kg on a calibrated balance beam scale, and body height was measured to the nearest 0.1 cm. Waist circumference will be measured at the level of the midpoint between the lowest rib and iliac crest, and head circumference will be measured with the band to the nearest 0.1 cm. In all children, the pubertal stage (development of breast, genitalia, and pubic hair) will be documented according to the classification by Tanner. Blood pressure will be measured with calibrated automatic blood pressure monitor with the cuff size appropriate to the arm size in children sitting for at least 15 min before the examination.

	5. Biochemical and hormonal tests (Appendix 4 of CRF) which are usually performed on every patient with obesity during routine management of the subject (at the first visit at the outpatient/inpatient department and then usually repeated once a year). They are performed in each center by using commercial, widely available methods. Oral glucose tolerance test (OGTT) results will be available from obese children above the age of 10 years or younger in whom puberty has begun (14).

	6. Leptin and biologically active leptin assessment (15). Additional fasting blood taking (2–3 ml of blood) will required to obtain 1 ml of serum. Measurements of total leptin and biologically active leptin will be performed in the central laboratory, using ELISA.

	7. Genetic analysis—next-generation sequencing. Sequencing libraries prepared to include 11 target genes (LEP, LEPR, MC4R, SIM1, KSR1, POMC, PCSK1, NTRK2, MRAP2, SH2B1, and BDNF), in addition to further analysis of other, less frequent, obesity-related genes (UCP1, UCP3, CARTPT, DYRK1B, NROB2, PCSK2, PPARG, PPP1R3A, PPARGC1A, CCK, SLC2A4, TUB, ADCY3, SREBF1, ADRB2, ADRB3, AGRP, MC3R, ENPP1, PPARGC1B, PYY, SDC3, ADIPOQ, NAMPT, CFD, RETN, NPY, ADD1, PTPN1, IRS-1, GHRL, NEGR1, GIPR, TMEM18, FTO, and SLC22A1) will be performed. The full names of the 11 genes, their location, type of inheritance, and phenotype characteristics of mutation are presented in Table 1. The possible function and clinical phenotype of the obesity-related genes that we examined are presented in Table 2.




Table 1 | Most common genes associated with severe early-onset obesity.




Table 2 | The possible function and clinical phenotype of the obesity-related genes.



Genetic testing needed an additional 1 ml of blood taking (EDTA). The biological samples will be immediately sent to the Department of Medical Genetics for centralized analyses. For assessment of the presence of small gene variants, 100 ng of genomic DNA of every sample will be enzymatically fragmented (as determined at Sure Select XT and XT Low Input Enzymatic Fragmentation Protocol, Agilent Technologies, Santa Clara, CA, USA) and used for exome library preparation according to the SureSelectXT HS Target Enrichment System for Illumina Paired-End Multiplexed Sequencing Library protocol (Agilent Technologies). Next, the libraries will be tagged, pooled, and prepared for sequencing. Finally, the sequencing of the libraries will be performed by an external genotyping service provider (Macrogen Europe, Netherlands) with the use of the NovaSeq 6000 genomic sequencer. The genotyping findings will be confirmed with the use of classic sequencing (Sanger’s method) in the Department of Medical Genetics.

The raw genotyping data will be processed with the use of the DRAGEN Enrichment software (Illumina, San Diego, CA, USA) in order to obtain a table of all genetic variants in every patient. However, the final data analysis was restricted only to the a priori-selected set of genes of interest.

All data from the medical history, physical examination, and biochemical tests will be used to characterize the study group clinically and biochemically. The assessment of the prevalence of metabolic disturbances (lipid and carbohydrate disorders), metabolic-associated fatty liver disease, arterial hypertension, and metabolic syndrome will be performed, and their correlation with BMI z-score, bio-impedance data, and leptin and bioactive leptin level will be performed. To assess the leptin SDS, the Blum et al. formula will be used (16). The eating disorders will be analyzed on the basis of CEBQ and TFEQ. In children with an established mutation in genes related to obesity, a detailed clinical and biochemical data analysis will be performed, and further, necessary biochemical and hormonal tests will be performed.

In the future, the pathogenicity of new mutations in obesity-related genes identified in our cohort is planned to be confirmed by functional testing in vitro. Moreover, the DNA samples from the parents of the patient with a confirmed mutation will be analyzed.



6 Data management

The patients’ data will be anonymized and stored in each center (paper CRF). All data from paper CRF will be electronically documented in a password-secured database. An electronic platform will be developed for data storage and statistical analysis. The statistical analysis of the results will be conducted with software dedicated to analyzing medical data.



7 Discussion

Nowadays, mutations in at least 50 genes are known to be related to monogenic obesity, and many others are tested (1, 8, 17–19). Many of them are involved in the leptin–proopiomelanocortin pathway. In our project, we are going to examine Polish SEOO children for the presence of mutations in 11 genes, most frequently related to monogenic severe obesity with early onset (Table 1) (17, 20, 21). In addition, we performed further analysis of other, less frequent, obesity-related genes (6, 18).

In all patients with those mutations, both hyperphagia, characterized by extreme food-seeking behavior, and early onset of obesity are typical symptoms. In most patients, there are also other diverse symptoms that are characteristic of each mutation (Table 1). Mutations in the MC4R are the most common form of inherited SEOO with a prevalence of 0.5%–5.8% in different populations (22). Among the obese Czech child population, similar to the Polish one, the prevalence of MC4R homozygous and heterozygous mutations is 2.4% (23). Other mutations are less frequent. It is suggested that leptin deficiency or leptin receptor defects, inherited in an autosomal recessive pattern, could be found even in up to 3% of patients with SEOO (24). So far, 100 patients with SEOO caused by leptin gene mutation were identified. The prevalence of leptin receptor gene (LEPR) mutations can reach even 2%–3% in certain populations (24). Mutations in proopiomelanocortin (POMC) and proprotein convertase subtilisin/kexin type 1 (PCSK1) genes were identified in 10 patients for each gene (8).

The establishment Polish database of children with severe obesity and assessment of bio-active leptin in children with severe obesity were partly met between 2015 and 2019 when the Polish–German consortium was established to implement the “Early-onset Obesity and Leptin—German-Polish Study (EOL-GPS)” project. Fifty SEOO children were recruited from three Polish medical centers (Katowice, Rzeszów, and Szczecin) and one German center (Ulm). Clinical profile, leptin, and biologically active leptin were determined. In this cohort with SEOO, we identified no new cases of children with leptin deficiency or bio-inactive leptin. However, relative leptin deficiency in children with SEOO could be suspected (25). In order to further explore this important topic, the Polish–German consortium decided to continue its cooperation. The current study is the first to focus on monogenic obesity in Polish SEOO children, to establish the prevalence of the most common monogenic lesions as a cause of severe obesity, and to identify new mutations in obesity-related genes specific to the Polish population. In the future, the pathogenicity of new mutations in obesity-related genes identified in our cohort is planned to be confirmed by functional testing in vitro.

Based on the rarity of monogenic gene variants as the cause of obesity, the question has to be posed whether there is a justification to search for them. Aside from purely scientific reasons—finding a new, population-specific mutation related to SEOO—the justification is given by the fact that during the past years, mutation-specific treatments have been developed. Patients with leptin deficiency as well as patients with biologically inactive leptin can be treated by administration of recombinant human leptin (metreleptin) (24–27). MC4R agonist, setmelanotide, is now approved for the treatment in patients with POMC, LEPR, and proprotein convertase subtilisin/kexin type 1 (PCSK1) deficiencies (28–31). It is also known that patients with some mutations can be successfully treated with well-known drugs; e.g., glucagon-like peptide 1 (GLP-1) agonist is effective in weight reduction in patients with MC4R mutations, and obesity related to Kinase Suppressor of Ras-2 (KSR2) mutation is well treated with metformin (21, 28, 30). Identification of monogenic background is also important in patients’ qualification for bariatric surgery. Cooiman et al. (17) showed that patients with MC4R mutations achieved superior weight loss after primary Roux-en-Y gastric bypass compared with sleeve gastrectomy.

There are no data regarding the prevalence of severe obesity or monogenic obesity in Polish children. However, looking at the data available for the Czech Republic where 2.2% of children are severely obese, we can estimate that at least the same percentage of Polish children also suffer from severe obesity (32). This figure would be equivalent to an estimated 150,000 Polish children. Most probably because of the genetic diversity of our population and the lack of ethnic minorities with high consanguinity in our country, the prevalence of monogenic obesity is expected to be rather low. If we assume that it is at the level of 3%, it means that about 4,500 children in Poland can be obese due to a mutation in a single gene. In some of them, more than lifestyle intervention and diet can be offered, and specific treatment can be used.



8 Study limitation

The study is a cross-sectional analysis. Our sample size is limited; therefore, all cases of monogenic obesity in the Polish population will not be detected. The active recruitment is taking place only in four centers in Poland. Despite the vast informational campaign, there is the risk of the underrepresentation of patients from the regions located at larger distances from the recruiting centers. Moreover, we realized that we are going to analyze a limited group of the selected genes, not covering all possible reasons for monogenic obesity. For this reason, we decided to bank the same genetic material from every patient for future analysis, if it will be possible to perform.
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Appendix 1

 Medical history of patient and patient’s family.








Appendix 2
Questionnaire regarding the symptoms characteristic for specific mutation.
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Appendix 3b

 Three-Factor Eating Questionnaire (TFEQ).







Appendix 4

 Data from physical examination, biochemical and hormonal tests results.
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Patient code

Definitely yes

1 take small portions on purpose, in order to control my body mass

1 eat when I feel nervous

The company of someone eating makes me so hungry I have to eat too
T overeat when I feel sad

When I see something tasty I get so hungry I immediately have to eat
1 often feel so hungry that I could eat endlessly

Tam always hungry, therefore I cannot stop eating until I empty my plate
Food comforts me when I feel lonely

1 consciously control the amount of my meals not to gain weight

I abstain from some food because they make me gain weight

Tam always so hungry I can eat anytime

Can you consciously eat less than you would like to?

How much do you restrain eating? Check the 1-8 scale
(1 - T never restrain eating/ 8 - T always restrain eating)

Date

Rather yes Rather not

2.3.4.5.6.7.8

Definitely not
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Patient code

Physical examination

Height [cm]

Weight [kg]

Waist circumference [cm]
Head circumference [cm]
Blood pressure [mmHg]
Pubertal stage [Tanner scale]

Body composition (by bioimpedance) - not obligatory

Fasting blood results
Glucose

Insulin

Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

ALT

TSH

FT4

Others (esp. US of the abdomen - liver echogenicity, OGTT, Cortisol)

value

Date of investigation

yes/no
(if yes please attach the result)

unit
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Variable Mean trunk fat (kg) Absolute Increase® P for trend®

2011-12 2013-14 2015-16 2017-18

(n=1,828) (n=1,99) (n=1,907) (n=1,508)
Overall 7.06 (6.65-7.44) 7.28(6.75-7.81) 7.07 (6.58-7.56) 7.14/(6.87-7.41) 0.09 050
Age,y
811 4.71(4.30-5.13) 4.79 (4.32-5.25) 4.53(4.18-4.88) 4.85 (4.41-5.30) 014 0.78
12-19 8.17 (7.62-8.73) 851(7.77-9.24) 8.35(7.79-8.92) 839 (8.10-8.68) 022 053
Gender
Boys 634 (5.85-6.83) 659 (6.14-7.05) 6.42 (5.80-7.05) 6.54(6.24-6.84) 020 036
Girls 7.78 (7.24-8.32) 8.04(7.28-8.79) 7.79(7.15-8.43) 7.81(7.40-8.22) 003 086

RACE/ETHNICITY
Mexican American

Al 7.53 (7.02-8.03) 8.01 (7.40-8.63) 9.00 (8.43-9.58) 8.17 (7.29-9.05) 064 0.03
Boys 7.02 (6.42-7.63) 7.15 (6.54-7.75) 889 (7.74-10.0) 753 (6.46-8.61) 051 0.04
Girls 808 (7.33-8.89) 895 (8.10-9.79) 9.13(8.18-10.08) 884 (7.58-10.11) 076 022
Non-hispanic white

Al 6.95 (6.31-7.59) 7.19 (6.41-7.96) 6.66 (6.07-7.26) 6.87 (6.38-7.37) -008 o071
Boys 6.09 (5.35-6.82) 6.69 (6.02-7.36) 594 (5.23-6.66) 6.42 (5.89-6.95) 033 023
Girls 7.80 (6.94-8.66) 7.73 (6.57-8.90) 7.47 (6.55-8.39) 7.39(6.70-8.08) ~0.41 047
Non-hispanic black

Al 6.85 (6.17-7.53) 6.75 (6.07-7.43) 6.75 (5.82-7.69) 6.99 (6.12-7.87) 014 0.48
Boys 6.03 (5.42-6.63) 551(4.92-6.10) 5.46 (4.42-6.51) 5.86 (4.66-7.06) -0.17 091
Girls 7.76 (6.70-8.82) 8.08 (7.09-9.07) 8.16 (6.86-9.46) 8.16(7.11-0.22) 0.40 022
Non-hispanic Asian

Al 6.17 (5.60-6.75) 6.04 (5.59-6.49) 5.85 (5.25-6.46) 6.83(6.14-7.52) 066 017
Boys 5.68 (4.82-6.54) 595 (5.08-6.81) 5.12(4.43-5.81) 6.79 (6.00-7.59) 141 0.12
Girls 6.74 (6.04-7.44) 6.13 (5.57-6.70) 6.75 (6.02-7.48) 6.86 (5.96-7.76) 0.12 0.48
Other

Al 7.50 (5.99-9.02) 7.85 (7.04-8.65) 7.32 (6.48-8.15) 7.07 (6.08-8.07) -0.43 0.64
Boys 7.33(4.64-10.01) 6.86 (5.82-7.891) 7.08 (5.81-8.35) 6.38(5.29-7.47) -095 070
Girls 7.70 (6.91-8.48) 8.95 (8.07-9.84) 7.58 (6.84-8.31) 8.00 (6.41-9.60) 030 070

“Absolute increase between NHANES 2011-2012 and NHANES 2017-2018. ®Time trends in mean trunk fat from 2011-2012 to 2017-2018 were examined with a multple linear
regression model, with adjustment for age, gender, and race or ethnicity, when applicable. Bold values are the statistically significant p-values.
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Total (n = 656396)

Female (n = 321973)

Male (n = 334423)

Age (years)
Age groups (years)
3-6
7-11
12-14
16-19
Region*
Central
East
North
Northeast
Northwest
South
Southwest
BMI z-score
Obesity status
Obesity
Overweight
Obesity/Overweight

7.22 (3.18)

363466 (55.4%)
230412 (35.1%)
53328 (8.1%)
9190 (1.4%)

61046 (9.3%)
170941 (26.0%)
161040 (24.5%)
14202 (2.2%)
6809 (1.0%)
140042 (21.6%)
65651 (10.0%)
0.18 (1.31)

50534 (7.7%)
65750 (10.0%)
116284 (17.7%)

Data were n (%) or mean (SD). BMI, body-mass index.
*36665 cases from mobiles didn’t have exact province. *p value for difference in different sexes.

7.30 (2.96)

167364 (52.0%)
133112 (41.3%)
18353 (5.7%)
3144 (1.0%)

29099 (9.0%)
83280 (25.9%)
77798 (24.2%)
6883 (2.1%)
3368 (1.0%)
73276 (22.8%)
32434 (10.1%)
0.20 (1.30)

22467 (7.0%)
30278 (9.4%)
52745 (16.4%)

7.24 (3.39)

196102 (58.6%)

97300 (29.1%)

34975 (10.5%)
6046 (1.8%)

31947 (9.6%)
87661 (26.2%)
83242 (24.9%)
7319 (2.2%)
3441 (1.0%)
66766 (20.0%)
33217 (9.9%)
0.15 (1.33)

28067 (8.4%)
35472 (10.6%)
53539 (19.0%)

< 0.0001
< 0.0001

< 0.0001

< 0.0001
< 0.0001
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Age groups (years)
3-6
7-1
12-14
16-19
Region
Central
East
North
Northeast
Northwest
South
Southwest

2019

0.03 (1.36)
0.20 (1.34)
0.19 (1.26)
0.34 (1.28)

0.13 (1.31)
0.17 (1.30)
0.17 (1.34)
0.13 (1.40)
0.11(1.23)
-0.09 (1.37)
-0.02 (1.28)

Jan.-Jun. 2020

0.12(1.33)
0.46 (1.32)
0.39 (1.35)
0.45 (1.35)

0.35 (1.32)
0.35 (1.33)
0.38 (1.31)
050 (1.40)
0.24 (1.36)
0.08 (1.30)
0.22 (1.29)

Jul. - Dec. 2020

0.01(1.29)
0.39 (1.36)
0.32 (1.35)
0.38 (1.27)

0.24(1.30)
031 (1.34)
0.21(1.30)
0.30 (1.34)
0.33(1.28)
0.02(1.33)
0.12(1.25)

Jan.-Apr. 2021

0.15 (1.24)
0.38 (1.23)
032 (1.18)
0.41 (1.09)

0.29 (1.16)
0.34 (1.19)
050 (1.22)
0.33 (1.29)
0.38 (1.26)
0.07 (1.25)
0.14 (1.15)

Data were mean (SD).
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Variables

r
White blood cell count (10°/L) 0.17
Absolute neutrophil count (10°/1) 0.14
Fasting plasma insulin (mIU/L) 047
HOMA-IR 0.43
HOMA-B 049
Triglyceride (mmol/L) 0.28
High-density lipoprotein cholesterol (mmol/L) 032
Triglyceride/HDL ratio 0.33
Alanine transaminase (U/L) 031
Serum uric acid (pmol/L) 0.35
Systolic blood pressure (mmHg) 0.33

Boy’s BMI (n=378)
P

0.001
0.007
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

037
0.35
048
0.44
0.52
0.29
-0.28
032
0.35
0.46
0.38

Girl's BMI (n=241)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

BMI, body mass index; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis model assessment of insulin resistance.
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Variable

total
sex

age

CysC, cystatin C; SD, standard deviation.

Category

boys
girls
14
15
16
17

N (%)

481
199 (41.4)
282 (58.6)
13(2.7)
142 (29.5)
247 (51.4)
79 (16.4)

Mean

0.904
0.965
0.860
0.875
0.916
0.901
0.894

CysC (mg/L)

SD

0.110
0.104
0.091
0.079
0.112
0.104
0.124

Statistic

t=11.787

F=1.145

<0.001

0.330
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Variables

White blood cell count (10°/L)

Absolute neutrophil count (10°/L)
Triglyceride (mmol/L)

High-density lipoprotein cholesterol (mmol/L)
Triglyceride/HDL ratio

Alanine transaminase (U/L)

Serum uric acid (fmol/L)

Systolic blood pressure (mmHg)

HOMA-IR, homeostasis model assessment of insulin resistance.

Boy’s HOMA-IR (n=378)

0.12
0.09
0.31

-0.10

0.27
0.23
0.17
0.29

P

0.025
0.071
<0.001
0.043
<0.001
<0.001
0.001
<0.001

Girl's HOMA-IR (n=241)

0.27
0.29
0.25
-0.13
0.22
0.23
0.14
0.32

P

<0.001
<0.001
<0.001
0.039
0.001
<0.001
0.028
<0.001
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Boys Girls

CysC (mg/L) Model 1 Model 2° CysC (mg/L) Model 1 Model 2°
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P OR (95%ClI) P
Quartile 1 (0.67-0.90) 1.00 —_— 1.00 ——  Quartile 1 (0.60-0.80) 1.00 —_— 1.00 —_—

Quartile 2 (0.91-0.96)

(

(¢ 0.922 (0.397-2.143) 0.850 0.896 (0.336-2.387) 0.826 Quartile 2 (0.81-0.86) 4.374 (1.826-10.480) 0.001 3.847 (1.461-10.134) 0.006
Quartile 3 (0.97-1.04

(

( )
( )

1.130 (0.509-2.506) 0.764 1.246 (0.487-3.187) 0.646 Quartile 3 (0.87-0.92) 3.632 (1.459-9.043) 0.006 2.904 (1.058-7.970) 0.038
( )

Quartile 4 (1.05-1.27) 1.570 (0.675-3.653) 0.295 1.377 (0.497-3.817) 0.539 Quartile 4 (0.93-1.10) 3.396 (1.384-8.336) 0.008 2.451 (0.904-6.646) 0.078

Model 1: adjusted for age.

Model 2: a. adjusted for model 1+ TG+ TC+ HDL+ LDL+ UA and SBP.

b. adjusted for model 1+ TG+ HDL+UA and SBP.

CysC, cystatin C; UA, uric acid; TC, total cholesterol; SBP, systolic blood pressure; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; OR, odds ratio; 95% Cl,
95% confidence interval.





OPS/images/fendo.2022.992264/table2.jpg
n (%)

Sex - Male, n (%)
Sex - Female, n (%)
Age (years)

Weight (kg)
Weight SD

Height (m)

Height SD

BMI (kg/m’)

BMI SD

Fatty liver on ultrasound,
n (%)

ALT (UN)

AST (U/1)

Cholesterol (mg/dl)
HDL-C (mg/dl)

LDL-C (mg/dl)

TG (mg/dl)

Glucose 0’ OGTT (mg/dl)
Insulin 0° OGTT (plu/ml)

Glucose 120° OGTT (mg/
dl)

Insulin 120’ OGTT (ulu/
ml)

HOMA-IR

Quicki

Matsuda

Fatty liver on
ultrasoundabsent

165 (77.46)
86 (77.48)
79 (77.45)
9.85 + 3.46

58.14 + 22.56
2.90 + 0.89
1.44 £ 0.19
128 £ 1.21

26.84 + 4.32
291+0.73

2241 + 13.64
25.19 + 891
163.5 + 34.6
4821 + 1521
98.69 + 26.46
95.02 + 49.16
85.02 + 8.08
13.12 £ 8.33
108.95 + 19.46

75.25 + 76.28

2.80+ 192
0.34 + 0.03
6.52 + 425

Fatty liver on
ultrasoundpresent

8 (22.54)
23 (22.55)
25 (22.52)

10.71 £ 3.63
69.20 + 23.57
328+ 098
1.50 + 0.19
1.58 £ 1.15
29.86 + 4.89
3.23 £ 081

31.37 + 18.06
26.98 + 9.68
177.6 + 36.6
44.21 £ 10.95
111.68 + 32.98
123.56 + 74.55
87.79 + 8.08
19.53 + 17.93
118.59 + 23.72

101.88 + 78.72

4.44 + 495
0.32 £ 0.03
444292

0.1355
0.0034
0.0111
0.0538
0.1257
0.0001
0.0094

0.0006
0.2593
0.0196
0.1080
0.0074
0.0028
0.0384
0.0006
0.0059

0.0411

0.0007
0.0002
0.0022

R

0.10
0.20
0.17
0.13
0.11
0.27
0.18

0.25
0.08
0.16
0.11
0.19
0.21
0.14
0.23
0.20

0.15

0.23
0.25
0.22

ALT <
42U/1

168 (88.42)
80 (85.11)
88 (91.67)
1021 +3.53
61.54 + 23.47
297 +0.88
146  0.19
132+ 113
27.58 + 4.47
297 +0.74
32(72.73)

1991 £ 7.35
2373 £7.21
163.5 + 33.0
4747 + 14.99
99.43 + 26.59
98.59 + 52.81
85.10 + 8.21
14.46 + 10.34
110.89 +19.93

82.39 + 81.61

311243
0.33 +0.03
6.04 +4.18

ALT > 42
un

22 (11.58)
14 (14.89)
8 (8.33)
1042 + 4.15
68.85 £ 26.77
345+ 114
148 + 0.18
175 + 141
30.39 + 6.14
342 + 081
12 (27.27)

5843 + 16.21
3872 + 11.65
179.9 + 41.7

43.38 + 10.92
114.85 + 35.29
130.19 + 90.68
89.28 + 7.78

22.29 + 2226
11843 + 22.05

11392 £ 79.19

524+ 632
031 +0.03
3.92+236

0.7960
0.1784
0.0205
0.6865
0.0977
0.0089
0.0081

<0.0001
<0.0001

0.0351
0.2182
0.0154
0.0182
0.0249
0.0054
0.1099

0.0971

0.0030
0.0041
0.0246

0.02
0.10
0.17
0.03
0.12
0.19
0.19

0.82
0.52
0.15
0.09
0.18
0.17
0.16
0.20
0.12

0.13

0.21
0.21
0.17

BMI - body mass index. Glucose 0’ OGTT - fasting glucose. Insulin 0’ OGTT - fasting insulin. Glucose 120’ OGTT - glucose after 2 hours of oral glucose tolerance test. Insulin 120°' OGTT -
insulin after 2 hours of oral glucose tolerance test.
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Variable Category

BMI Normal
overweight/
obesity

WC Normal
obesity

WHtR normal

obesity

Total Boys Girls
N (%) CysC (mg/L) Statistic P N (%) CysC (mg/L) Statistic P N (%) CysC (mg/L) Statistic P
Mean SD Mean SD Mean SD

334 0.894 0.110 t= 0.005 129 0.963 0.098 = 0.703 205 0.851 0.094 = 0.003
(69.4) -2.823 (64.8) -0.382 (72.7) -2.991

147 0.925 0.106 70(35.2) 0.969 0.115 77 (27.3) 0.884 0.078

(30.6)

372 0.904 0.106 t=0.270 0.787 165 0.963 0.096 t= 0.719 207 0.858 0.089 t= 0.377
(78.3) 83.8) -0.363 (74.5) -0.888

108 0.901 0.118 32(16.2) 0.972 0.137 71(25.5) 0.869 0.093

@1.7)

325 0.901 0.095 t= 0.398 185 0.964 0.095 = 0.912 190 0.856 0.091 = 0.212
(68.4) -0.846 68.5) -0.111 (68.3) -1.252

150 0910 0.120 62 (31.5) 0.966 0.120 88 (31.7) 0.871 0.089

31.6)

CysC, cystatin C; SD, standard deviation; BMI, body mass index; WC, waist circumference; WHIR, waist to height ratio.
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Variables

Sex

Male

Female
Age (years)
BMI Z-score
White blood cell count (10°/L)
Absolute neutrophil count (10°/L)
Absolute lymphocyte counts (10°/L)
Absolute monocyte count (10°/L)
Absolute eosinophil count (10°/L)
Absolute basophils count (10°/L)
Red blood cell count (10'%/L)
Hemoglobin concentration (g/L)
Hematocrit (%)
Mean corpuscular volume (fL)

Mean corpuscular hemoglobin (pg)

Mean corpuscular hemoglobin concentration (g/L)

Platelet count (10°/L)
Neutrophil-to-lymphocyte ratio
Platelet-to-lymphocyte ratio

Fasting plasma insulin (mIU/L)

Fasting plasma glucose (mmol/L)

HOMA-IR

HOMA-B

Total cholesterol (mmol/L)

Triglyceride (mmol/L)

High-density lipoprotein cholesterol (mmol/L)
Low-density lipoprotein cholesterol (mmol/L)
Triglyceride/HDL ratio

Total bilirubin (umol/L)

Aspartate transaminase (U/L)

Alanine transaminase (U/L)

Blood urea nitrogen (mmol/L)

Serum creatinine (Lmol/L)

Serum uric acid (Lmol/L)

C-reactive protein (mg/L)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Normal BMI (n=181)

96 (20.25)
85 (26.07)
9.40 (8.70-10.65)
1.63(0.67-2.56)
6.03 (5.23-6.91)
292 (232-3.58)
253 (2.19-2.95)
034 (0.28-0.41)
0.1 (0.07-0.19)
0.03 (0.02-0.03)
4.74 (4.55-4.92)
135.00 (129.25-140.00)
40.75 (39.13-42.08)
85.70 (83.90-87.88)
28.40 (27.73-29.10)
332.00 (328.00-335.00)
287.00 (248.25-323.00)
1.16 (0.91-1.44)
114.79 (93.39-136.48)

5.81
(4.14-8.15)

493 (4.73-5.21)
1.28 (0.90-1.88)
78.59 (59.15-112.49)

3.84 (3.39-4.29)
0.81 (0.62-1.08
1.38 (1.24-1.57,
223 (192-2.51
0.57 (0.43-0.75)
10.99 (9.08-13.52)
22.85 (20.20-26.10)
1225 (10.33-15.60)
407 (3.48-4.97)
43.90 (40.53-48.50)
298.17 (255.15-353.71)
4.08 (3.80-4.37)
101.33 (95.67-107.33)
70.33 (66.33-74.33)

)
)
)
)

Overweight/obesity (n=619)

378 (79.75)

241 (73.93)
1020 (9.20-10.90)
208 (1.40-2.54)
7.15 (6.08-8.44)
379 (3.05-4.73)
264 (2.18-3.18)
038 (0.32-0.47)
0.13 (0.09-0.21)
0.03 (0.02-0.04)
4.84 (4.65-5.05)
136.00 (131.00-141.00)
41.30 (39.90-42.70)
85.00 (82.80-87.30)
28.10 (27.30-28.80)
330.00 (325.00-334.00)
312,00 (274.00-354.25)
142 (1.11-1.81)
119.25 (100.32-141.90)
1238 (8.23-19.16)

498 (4.75-5.29)
2.74 (1.80-4.25)
164.53 (111.57-270.58)
408 (3.63-4.56)
1.13 (0.84-1.53)
1.22 (1.09-1.37)
241 (2.13-2.78)
094 (0.64-1.35)
10.01 (8.20-12.53)
23.00 (19.30-28.10)
18.30 (13.60-31.30)
4.03 (3.33-4.70)
44.05 (40.50-48.10)
366.24 (316.76-423.21)
439 (221-4.47)
109.00 (102.67-116.25)
72.33 (67.42-77.67)

BMI, body mass index; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis model assessment of insulin resistance.

0.053

<0.001
<0.001
<0.001
<0.001
0.065
<0.001
0.028
0.781
<0.001
0.042
<0.001
0.005
<0.001
<0.001
<0.001
<0.001
0.004
<0.001

0.227
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.001

0.697
<0.001

0.314

0.928
<0.001

0.001
<0.001

0.001
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Variable Boys Girls
OR 95% Cl P OR 95% CI P

age 1.142 [0.748, 1.745] 0.539 0.702 [0.495, 0.995] 0.047
TG 3.245 [1.563, 6.738] 0.002 2.623 [1.410, 4.879] 0.002
HDL 0.126 [0.036, 0.445] 0.001 0.302 [0.124, 0.738] 0.009
LDL 3.082 [1.711, 5.553] <0.001 1.480 [0.957, 2.290] 0.078
FPG 1.277 [0.690, 2.363] 0.436 0.777 [0.356, 1.695] 0.526
UA 1.010 [1.0086, 1.015] <0.001 1.012 [1.007, 1.017] <0.001
SBP 1.061 [1.035, 1.089] <0.001 1.064 [1.038, 1.091] <0.001
DBP 1.013 [0.983, 1.044] 0.385 1.022 [0.994, 1.052] 0.129
TC 1.898 [1.192, 3.021] 0.007 1.296 [0.881, 1.906] 0.188
eGFR 1.008 [0.973, 1.043] 0.660 0.993 [0.972, 1.014] 0.505

OR, odds ratio; 95% Cl, 95% confidence interval; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; FPG, fasting plasma glucose; UA, uric acid; SBP, systolic

blood pressure; DBP, diastolic blood pressure; TC, total cholesterol: eGFR, estimated glomerular filtration rate.





OPS/images/fendo.2022.1041761/table2.jpg
Variables BMI

r P
White blood cell count (10°/L) 0.32 <0.001
Absolute neutrophil count (10°/L) 0.31 <0.001
Absolute monocyte count (10°/L) 0.26 <0.001
Absolute eosinophil count (10°/L) 0.003 0.926
Red blood cell count (10'%/L) 0.20 <0.001
Hemoglobin concentration (g/L) 0.06 0.107
Hematocrit (%) 0.14 <0.001
Mean corpuscular volume (fL) -0.20 <0.001
Mean corpuscular hemoglobin (pg) -0.18 <0.001
Mean corpuscular hemoglobin concentration (g/L) -0.19 <0.001
Platelet count (10°/L) 0.26 <0.001
Neutrophil-to-lymphocyte ratio 0.16 <0.001
Platelet-to-lymphocyte ratio 0.06 0.097
Fasting plasma insulin (mIU/L) 0.54 <0.001
HOMA-IR 0.50 <0.001
HOMA-B 0.56 <0.001
Total cholesterol (mmol/L) 0.14 <0.001
Triglyceride (mmol/L) 0.37 <0.001
High-density lipoprotein cholesterol (mmol/L) -0.37 <0.001
Low-density lipoprotein cholesterol (mmol/L) 0.21 <0.001
Triglyceride/HDL ratio 0.41 <0.001
Total bilirubin ((mol/L) -0.14 <0.001
Alanine transaminase (U/L) 0.34 <0.001
Serum uric acid (umol/L) 0.44 <0.001
C-reactive protein (mg/L) 0.10 0.006
Systolic blood pressure (mmHg) 0.40 <0.001
Diastolic blood pressure (mmHg) 0.22 <0.001

BMI, body mass index; HOMA-P, homeostasis model assessment of beta-cell function;
HOMA-IR, homeostasis model assessment of insulin resistance.
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Subgroup OR (95% CL)
Gender
Male vs Female 1,00(0,53,1,91)
p-value 0,996
Age

1,07 (0,98, 1,17)
p-value 0,136
Puberty stage
Pubertal vs Prepubertal 1,43(0,70, 2,92)
p-value 0,320
Puberty stage
Postpubertal vs Prepubertal 2,30(0,87, 6,06)
p-value 0,093
BMI

1,14 (1,07, 1,23)
p-value <0,001
BMI SD

1,71(1,13,2,58)
p-value 0,012
Glucose tolerance
IFG vs Obesity 3,08 (0,66, 14,39)
p-value 0,152
Glucose tolerance
IGT vs Obesity 2,85(1,13,7,18)
p-value 0,27
Insulin 0’ OGTT
>15 plU/mLvs <15 plu/mL 2,50(1,30, 4,81)
p-value 0,006
Insulin 120’ OGTT
>75 plU/mLvs €75 plU/mL 1,73 (0,89, 3,36)
p-value 0,108
HOMA-IR
a) 3,24 (1,64, 6,37)
p-value 0,001
Quicki
<0,34 vs 20,34 3,61(1,64,7,93)
p-value 0,001
Matsuda
<7,3vs 27,3 2,98 (1,18, 7,51)
p-value 0,021
TG
b) 3,08 (1,16, 8,17)
p-value 0,024
TG
c) 2,50(1,05, 5,96)
p-value 0,039
Cholesterol
170-199 mg/dl vs <170 mg/dI 2,59(1,20, 5,59)
p-value 0,016
Cholesterol
2200 mg/dl vs <170 mg/dI 3,39(1,36, 8,41)
p-value 0,009
HDL-C
<35 mg/dlvs vs >35 mg/dl 1,43 (0,61, 3,34)
p-value 0,410
LDL-C
110-129 mg/dl vs <110 mg/d| 2,53(1,12,5,71)
p-value 0,025
LDL-C
2130 mg/dl vs vs <110 mg/dI 3,38(1,39, 8,22)
p-value 0,007
AST
239 U/l vs <39 U/I 4,19 (1,33, 13,24)
p-value 0,015
ALT
242 U/l vs <42 U/| 4,88 (1,93,12,28)
p-value 0,001

IFG — obese children with impaired fasting glucose

1 2 3 4 5 6 7 8

IGT — obese children with impaired glucose tolerance
Obesity — obese children with no carbohydrate metabolism disorders

a) 22.5for | and V Tanner stage 23.5 for II-IV Tanner stage vs <2.5 for | and V Tanner stage <3.5 for |I-IV Tanner stage

b) Boys 2120 mg/dl. Girls 2130 mg/dl vs Boys <120 mg/dl. Girls <130 mg/dI
c) >150 mg/dl vs Boys <120 mg/dl. Girls <130 mg/d|

12
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Subgroup

Gender

Male vs Female
p-value

Age

1,02 (0,90, 1,15)
p-value

Puberty stage

Pubertal vs Prepubertal
p-value

Puberty stage
Postpubertal vs Prepubertal
p-value

BMI

p-value

BMI SD
2,00(1,17,3,41)
p-value

Glucose tolerance
IFG vs Obesity
p-value

Glucose tolerance
IGT vs Obesity
p-value

Insulin 0’ OGTT
>15 plU/mLvs <15 plu/mL
p-value

Insulin 120’ OGTT
>75 plU/mLvs <75 plu/mL
p-value

HOMA-IR

a)

p-value

Quicki

<0,34 vs 20,34
p-value

Matsuda

<7,3vs 27,3
p-value

Fatty liver on ultrasound
Present vs Absent
p-value

TG

b)

p-value

TG

c)

p-value
Cholesterol

170-199 mg/dl vs vs <170 mg/dI

p-value

Cholesterol

>200 mg/dl vs <170 mg/dl
p-value

HDL-C

<35 mg/dl vs >35 mg/dI
p-value

LDL-C

110-129 mg/dl vs <110 mg/dI

p-value

LDL-C
>130 mg/dl vs <110 mg/dl
p-value

OR (95% CL)

1,92 (0,77, 4,83)
0,163

0,795

0,66 (0,22,1,97)
0,453

1,79 (0,57, 5,62)
0,322

1,11(1,02, 1,21)
0,012

0,011

4,32 (0,74, 25,38)
0,105

1,53(0,41,5,75)
0,532

1,58 (0,65, 3,86)
0,312

1,31(0,52, 3,26)
0,566

2,72 (1,06, 7,02)
0,038

4,20(1,20, 14,76)
0,025

3,30 (0,74, 14,82)
0,119

4,88(1,93,12,28)
0,001

4,95 (1,59, 15,43)
0,006

2,51 (0,80, 7,90)
0,116

1,00(0,32, 3,15)
0,994

4,64 (1,58, 13,64)
0,005

1,41 (0,48, 4,13)
0,534

2,12 (0,70, 6,38)
0,182

4,20(1,40, 12,58)
0,010

IFG — obese children with impaired fasting glucose

IGT — obese children with impaired glucose tolerance

H|It'|"|

—— —————
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. ——————————————————
e —————
e ———————————————————————————

e ———————————
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0 2 4 6 8 10 12 14 16 18 20 22 24 26

Obesity — obese children with no carbohydrate metabolism disorders

a) 22.5 for I and V Tanner stage 23.5 for II-IV Tanner stage vs <2.5 for | and V Tanner stage <3.5 for lI-IV Tanner stage
b) Boys 2120 mg/dl. Girls 2130 mg/dl vs Boys <120 mg/dl. Girls <130 mg/dI

c) >150 mg/dl vs Boys <120 mg/dl. Girls <130 mg/dl
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n (%)

Sex — Male, n (%)

Sex — Female, n (%)

Age (years)

Weight (kg)

Weight SD

Height (m)

Height SD

BMI (kg/m?)

BMI SD

Fatty liver on ultrasound. n (%)
ALT (UN)

AST (U/l)

Cholesterol (mg/dl)

HDL-C (mg/dl)

LDL-C (mg/dl)

TG (mg/dl)

Glucose 0° OGTT (mg/dl)
Insulin 0" OGTT (uIu/ml)
Glucose 120° OGTT (mg/dl)
Insulin 120’ OGTT (ulIu/ml)
HOMA-IR

Quicki

Matsuda

Allsubjects

228
110 (48.25)
118 (51.75)
104 +3.6
62.7 +23.9
298 +0.91
147 £0.19
133 + 1.23
27.83 £ 4.70
298 +0.74
51(23.61)
259 +19.1
263 +10.8
166.8 + 36.4
470 + 14,5
101.5 +28.3
1059 +69.5
86.0 +8.2
153+ 119
1147 £27.2
91.4 +89.1
336 +3.01
033 +0.03
574 + 4.06

Obesity*

191 (83.77)
99 (51.83)
92 (48.17)
104 +3.58
60.10 + 23.15
2.96 + 0.90
1.45 £ 0.19
130 £ 118
27.38 + 434
2.98 +0.74
36 (19.57)
24.00 1541
25.50 +9.19
164.26 + 34.48
47.25 + 14.76
100.0 + 27.27
97.80 + 50.34
84.46 +7.25
13.74 + 878
106.13 = 15.99
69.96 + 52.61
2.90 + 1.94
0.34 +0.03
643 £4.12

IFG

7 (3.07)

5 (71.43)

2 (2857)
1233 +£278
77.96 + 1628

284092

1.63 +0.10
177 £ 122
29.92 £ 8.94
265 + 1.01

3 (42.86)
22.83 £ 1623
2050 +7.97

164.29 + 49.63
4586 +7.95
98.14 + 40.81

142,57 + 152.28

104.39 + 4.03
43.77 + 39.56

120.90 = 11.59

121.21 + 81.82
1153 + 10.95

029 +0.04
252+ 168

IGT

25 (10.96)
11 (44)

14 (56.00)
10.88 +3.14
71.73 2553

323+ 1.00

1.54 £ 0.19

1.67 + 148
2943 £4.74

3.08 +0.72

9 (40.91)
27.88 £ 12.79
26.33 + 841

179.88 + 37.67
47.91 + 14.93
112,09 + 31.10
122,15 + 54.71
90.36 + 7.00
1743 + 627
150.17 £ 11.37
198.14 + 148.11
391 + 156
032 002
276 + 1.19

T2DM

5(2.19)

2 (40.00)

3 (60.00)
1734 £ 0.53
94.26 + 13.78

271 +0.99
1.67 £ 0.06
-0.07 £1.29
33.84 £4.77
282 +0.62
3 (100)
85.80 + 48.27
58.00 + 21.97
207.00 + 57.24
36.80 + 5.22
11140 + 32.23
284.00 + 226.03
97.14 + 2.62
2690 + 2.02
224.90 + 20.11
26256 + 161.03
6.44 034
0.29 +0.00
1.40 £ 0.35

<0.0001
0.0005
0.4505
0.0016
0.0238
0.0023
0.5621

<0.0001
<0.0001

0.0177

0.4490

0.2195
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.31
0.28
0.11
0.26
0.20
0.25
0.10

0.51
0.48
0.21
0.11
0.14
0.42
0.51
0.47
0.82
0.56
0.52
0.37
0.37

* Obesity, children with obesity with no carbohydrates metabolism disorders; BMI, body mass index; Glucose 0" OGTT, fasting glucose; Insulin 0° OGTT, fasting insulin; Glucose 120
OGTT, glucose after 2 hours of oral glucose tolerance test; Insulin 120° OG'T'T, insulin after 2 hours of oral glucose tolerance test.
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Patient code

My child loves food

My child eats more when worried

My child has a big appetite

My child finishes his/her meal quickly

My child is interested in food

My child is always asking for a drink

My child refuses new foods at first

My child eats slowly

My child eats less when angry

My child enjoys tasting new foods

My child eats less when s/he is tired

My child is always asking for food

My child eats more when annoyed

If allowed to, my child would eat too much
My child eats more when anxious

My child enjoys a wide variety of foods

My child leaves food on his/her plate at the end of a meal

My child takes more than 30 minutes to finish a meal

Given the choice, my child would eat most of the time
My child looks forward to mealtimes

My child gets full before his/her meal is finished

My child enjoys eating

My child eats more when she is happy

My child is difficult to please with meals

My child eats less when upset

My child gets full up easily

My child eats more when s/he has nothing else to do

Date

Never

Even if my child is full up s/he finds room to eat his/her favourite food

If given the chance, my child would drink continuously throughout the day

My child cannot eat a meal if s/he has had a snack just before
If given the chance, my child would always be having a drink
My child is interested in tasting food s/he hasn’t tasted before

My child decides that s/he doesn’t like a food, even without tasting it

If given the chance, my child would always have food in his/her mouth

My child eats more and more slowly during the course of a meal

Rarely

Never

Rarely

Some-times

Some-times

Often

Often

Always

Always
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Gene name

Melanocortin 4 receptor (MC4R)

Leptin (LEP)

Leptin receptor (LEPR)

Single-minded homolog 1 (SIM1)

Kinase suppressor of Ras 2 (KSR2)

Proopiomelanocortin (POMC)

Protein convertase subtilisin/kexin 1 (PCSK1)

Neurotrophic receptor tyrosine kinase 2
(NTRK2)

Melanocortin 2 receptor accessory protein 2
(MRAP2)

SH2B adaptor protein 1 (SH2B1)

Brain-derived neurotrophic factor (BDNF)

Note. AR, autosomal recessive; AD, autosomal dominant; ACTH, adrenocorticotropic hormone.

Inheritance Type of muta-

AR

AD
AR

AR

AD

AD

AR

AD
AR

AD
AD

AD

AD

AD

tion

Homozygous or
compound
heterozygous
Heterozygous

Homozygous or
compound
heterozygous

Homozygous or
compound
heterozygous

Heterozygous,
chromosomal
rearrangement

Heterozygous

Homozygous or
compound
heterozygous
Heterozygous
Homozygous or
compound
heterozygous
Heterozygous

Heterozygous
Heterozygous

Heterozygous

Heterozygous

Chromosome Loca-
tion

1892132

7q32.1

1p313

6q16.3

12q24.22-q24.23

2p23.3

5q15

992133

6q14.2

16p112

11pld.1

Additional symptoms

Somatomegaly, increased head circumference,
hyperinsulinemia

Hypogonadotropic hypogonadism,
hypothyroidism,

growth hormone deficiency, immune
deficiency

Hypogonadotropic hypogonadism,
hypothyroidism,

growth hormone deficiency, immune
deficiency

Autism, behavioral problems

Insulin resistance, low heart rate, reduced basal
metabolic rate

ACTH/adrenal insufficiency, abnormal
pigmentation

Neonatal diarrhea, hypoglycemia,
hypothyroidism,
adrenal insufficiency, diabetes insipidus

Developmental delay, hyperactivity
none
Severe insulin resistance, behavioral difficulties,

developmental delay
Developmental delay, hyperactivity
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Possible function

Leptin-melanocortin pathway

Thermogenesis

Glucose oxidation

Fatty acid oxidation

Glycogen synthesis

Adipogenic differentiation

Mesolimbic pathway—regulates appetite, gastric
emptying

Incretin regulation (insulin secretion, gastric motility,
nutrient absorption, food intake)

Glucose transport

Regulation of catecholamine function (lipolysis, energy
expenditure)

Regulation Insulin Receptor

Regulation Complement System (regulation of insulin
production, glucose uptake, and triglyceride synthesis)

Adipokine genes
Renin-angiotensin-aldosterone system (RAAS)
Regulation of insulin and leptin signaling

Unclear/pleiotropic regulation of obesity

Gene

LEP, LEPR, MC4R, POMC, PCSK1, SH2BI1, PCSK2,
CARTPT, MRAP2, SIMI, BDNF, NPY, AGRP, MC3R, IRS-1,
SDC3

UCPI, UCP3, UCP2, PPARG PPARGCIA,
KSR2

KSR2, PPARGCIB
PPPIR3A

DYRKIB, PPARG
CCK, PYY, GHRL

GIPR

SLC2A4
ADRB2, ADRB3

NAMPT, IRS-1
CFD

ADIPOQ, LEP, LEPR, RETN

ADDI

PTPNI

NEGR1, TMEM18, FTO, SLC22A1, NROB2, ADCY3

Clinical phenotype

Given in Table 1

Obesity, type 2 diabetes

Hyperphagia in childhood, low heart rate,
reduced basal metabolic rate severe insulin
resistance

Severe insulin resistance

Severe insulin resistance, lipodystrophy, type 2
diabetes, carotid intima media thickness

Abdominal obesity, metabolic syndrome

Severe insulin resistance, type 2 diabetes

Type 2 diabetes, lower resting metabolic rate,
abdominal obesity, insulin resistance
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Patient code Date

Date of birth

Birth weight [g]

Birth length [cm]

Head circumference at birth [cm]
Length of pregnancy[weeks]
Apgar score

The age when obesity occurred
Mother’s age

Mother’s height [cm]

Mother’s weight [kg]

Father’s age

Father’s height [cm]

Father’s weight [kg]

Sibling’s age
Sibling’s height [cm]
Sibling’s weight [kg]

Body weight available
from med. data [kg]

(date/value)
Length/height available
from med. data [cm]
(date/value)
Family history Obesity Arterial Diabetes mellitus Lipids disturbances Cardiovascular diseases  Others (endocrine disorders,
hypertension  (type 2/ during (hypercholesterolemia/ (coronary disease, neurological, suggesting
pregnancy) hypertriglyceridemia) stroke, MI) monogenic obesity)

Who
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Patientcode.

Yes

Facial dysmorphia

Somatomegaly

Frequent, severe infections (immunodeficiency)
Endocrine disorders

Growth hormone deficiency

Hypothyroidism

Adrenal insufficiency

Hypogonadism

Diabetes insipidus

Neurological disorders

Intellectual disability/ developmental delay
Behavioral problems - ADHD

Autism

Memory problems

Impaired pain sensation

Skin (pale) and hair (red) abnormal pigmentation
Acanthosis nigricans/ hyperinsulinemia
Hypoglycemic episodes

Neonatal diarrhoea

Date.

Not known

Comment
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Independent variable

Male (n=378)
HOMA-IR
Age

Female (n=241)
HOMA-IR
Age

HOMA-IR, homeostasis model assessment of insulin resistance.

White blood cell count (10°/L)

B (95%CI), P

0.09 (0.01-0.16), 0.024
-0.04 (-0.22-0.15), 0.711

0.18 (0.10-0.27), <0.001
-0.10 (-0.30-0.11), 0.349

Absolute neutrophil count (10°/L)

B (95%CI), P

0.05 (-0.004-0.11), 0.069
0.01 (-0.14-0.16), 0.892

0.15 (0.09-0.21), <0.001
0.04 (-0.11-0.19), 0.643
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Population

Outcome

Time
frame

Study
design

Availability

Inclusion Criteria
@Mothers with antenatal exposure to PE or GH

@Mainly investigating the association between PE/GH and indicators relevant to offspring
adiposity outcomes (including body weight, BMI, BMI Z score, etc.)

@Offspring aged 0-18 (We also included a study in which the offspring was aged 13-19 because
most populations meet the requirement.)

@Any time frame

@Human studies

@Cohort studies (prospective cohort study, retrospective cohort study, birth cohort, follow-up of
the nested case-control study)

@Having a control group (women with normotensive pregnancy)

@Able to find the full-text article
@Published in English

Abbreviations: PE, preeclampsia; GH, gestational hypertension; BMI, body weight index.

Exclusion Criteria

@®Including other pregnancy-induced hypertension
without differentiation (e.g. eclampsia)

@Focusing on other indicators of offspring adiposity
outcomes not related to adiposity.
@Offspring over 18 years of age

@Randomized Controlled Trial
@Review

@Editorial

@Case report

@Commentary article
@Animal studies

@®Non-English language
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No Author/ Sample size and Observed

year gl'ﬂllping age
1 Baulon E Control 10069; 28 and 42
etal, 2005 GH 782; days after
PE 365; delivery
Severe PE/eclampsia
1055
2 Megan L Control 298; 0-6 months
Gowetal.  PE 84;
2021
3] Silveira RC ~ Control 40; 12 months
etal, 2007 PE 46; and 18
months
corrected
ages
4 Jiang W Normal 31171; 1,3,6,8, 12,
etal, 2021  GH408; 18, 24, 30, 36
months
5 Randhir K Control 470; 3-7 years old
etal, 2020 PE 681;
6 Palti H Control 94; 6 years old
et al. PE94;
1989
7 Huang Y Control 332; 18-72
etal, 2020 PE 24; months
8 Geelhoed J]  Normal 5345; 9 years old
etal,2017 GHI1118;
PE205;
9 Palma Dos  Normal 5066; 10 years old
Reis CR PE 67;
et al, 2021
10 Ogland B Control: 194 pairs of ~ Girl: 10.8
etal, 2009  mother and daughter  years old;
and 166 pairs of Boy: 11.8
mother and son; years old;
PE: 91 pairs of
mother and daughter
and 92 pairs of
mother and son;
11 Aris IM Normal 1194; From birth
etal, 2018 GH 9% to 131.2
PE 45 months
12 Byberg KK  Control 385; 13 years old
etal, 2017  PE 229 (mild/
moderate: 164, 54)
13 Washburn ~ Normal 121; 14 years old
Letal, PE 51
2013

14 Miettola S Control 5045;
etal. 2013 GH 331;
PE 197

16 years old

15  Davidesko  Control 243701; 18 years old

Setal, PE 10107
2020

16  Vatten L] Normal 3486; 13-19 years
etal, 2003 PE 220 old

Summary of results

28 days

Infant Growth Percentage, B (SE)
[[(infant weight - birth weight)/birth
weight] x 100%)]

GH/non-1UGR -4.4 (18.6);
PE/non-IUGR 38.0 (25.8);

42 days

Infant Growth Percentage, B (SE)
GH/non-TUGR -12.8 (22.8);
PE/non-IUGR 55.4 (33.5);

6month

Weight (kg), mean (SD)

Non-PE 7.93 (0.96); PE7.61 (0.99)* ;
BMI (kg/m?), mean (SD)

Non-PE 16.89 (1.50); PE 16.64 (1.46);
‘Weight Z score, mean (SD)

Non-PE 0.05 (0.94);PE -0.21 (0.95)%;
Weight gain(kg), mean (SD)

Non-PE 4.56 (0.94);PE 4.86 (0.99)%;

At 12 months corrected age

Weight (g), mean + SD

Non-PE 9223 + 231; PE 8610 + 120%
Weight/age Z, mean + SD

Non-PE -0.71 + 1.36; PE-1.36 +
0.88%;

‘Weight/length Z, mean (SD)

non-PE -0.37 + 1.34; PE -1.08 +
1.22%

At 18 months corrected age

‘Weight (g), mean + SD

Non-PE 12510 + 139; PE 9785 + 142%;
Weight/age Z, mean + SD

Non-PE -0.88 + 1.17; PE —1.48 + 0.97;

Weight/length Z, mean (SD)
non-PE —0.66 + 1.24; PE-1.37 £+
1.09**;

Weight, B(SE)

GH - 0.15 (0.05)**;
‘Weight-for-age Z score, B(SE)
GH -0.05 (0.02)%;

Weight Z score, B (95%CI)
PE 0.21 (0.059, 0.48)%;
BMI Z score, B (95%CI)
PE: 0.13 (-0.09, 0.36);

Weight (kg) (male), mean(SD)
Non-PE19.2 + 3.6; PE 20.1 + 3.4;
Weight(kg) (female), mean(SD)
Non-PE 18.8 + 3.0; PE 19.1 £ 3.5;

Hierarchical Linear Modeling: BMI
trajectory by preeclampsia increased
over time (f ratio=3.153, p=0.65, 95%
CI 0.11-1.18, p = 0.002)

BMI z score, 3 (95% CI)

GH 0.05 (-0.02-0.12);

PE -0.19 (-0.34-0.05)

Waist circumference z score, B (95%
(]

GH 0.04 (-0.03-0.10);

PE -0.20 (-0.34-0.05);

Fat mass z score, B (95% CI)
GH 0.04 (-0.03-0.10);

PE -0.09 (-0.23-0.05);

Lean mass z score, B (95% CI)
GH 0.01 (-0.04-0.05);

PE -0.19 (-0.28-0.09);

Obese, OR (95% CI)

GH 137 (0.99-1.89);

PE 0.50 (0.21-1.20);
Overweight or obese, OR (95% CI)
GH 1.08 (0.90-1.30);

PE 0.60 (0.39-0.93);

Central obesity, OR (95% CI)
GH 1.04 (0.89-1.21);

PE 0.81 (0.57-1.15);

BMI Z score, B (95%CI)

PE -0.014 (-0.300, 0.272);
Overweight/obesity status, OR (95%
CI)

PE 123 (0.74, 2.03);

BMI (female), mean
PE 18.4; non-PE 17.5;
Difference (95% CI)
0.96 (0.2, 1.7)%;

Predictors of age at BMI peak and
rebound (in months) from stepwise
regression analyses, B (95%CI)

GH -0.1(-0.6, 0.5); PE 1.6(0.8, 2.4);

weight SDS, B (95%CI)
mild/moderate PE 0.08(-0.16,0.33);
severe PE -0.19(-0.59, 0.21);

BMLI, B (95%CI)

mild/moderate PE 0.21(-0.01,0.44);
severe PE 0.14 (-0.24, 0.52);
Waist-to-height ratio, B (95%CI)
mild/moderate PE -0.16 (-0.06,0.38);
severe PE 0.47 (0.15,0.79);

BMI (kg/m’), mean differences (95%
(@]

Male adolescent 1.0 (-0.7, 2.7);
Female adolescent -0.4 (-2.1, 1.3);
Abdominal circumference (cm), mean
differences (95%CI)

Male adolescent 2.6 (-2.4, 7.5);
Female adolescent -1.9 (-6.1, 2.3);
Triceps skinfold thickness (mm), mean
differences (95%CI)

Male adolescent -0.2 (-3.7,3.4);
Female adolescent 1.5 (-1.3, 4.4);
Subscapular skinfold thickness(mm),
mean differences(95%CI)

Male adolescent 0.4 (-3.8, 4.6);
Female adolescent 1.4 (-2.5, 5.3);
Percent body fat, mean differences
(95%CI)

Male adolescent -0.3 (-4.5, 3.9);
Female adolescent -0.3 (-3.1, 2.6);
Cholesterol (mmol/L), percentage
difference (95% CI)

GH 2.3 (0.2,4.4); PE 0.1 (-2.7,2.9);
LDL (mmol/L), percentage difference
(95% CI)

GH 2.1 (-0.8, 5.1); PE -0.1 (-3.9, 3.9);
HDL (mmol/L), percentage difference
(95% CI)

GH 2.0 (-0.3, 4.4); PE -0.3 (-3.4, 2.8);
Triglycerides (mmol/L), percentage
difference (95% CI)

GH -3.6(-8.0, 1.1); PE -1.2(-7.4, 5.3);

Overweight and obesity rate, %
PE 0.4; Non- PE 0.2*%

Weight(kg), mean (95%CI)
PE 62.5 (61.3,63.7);

Non-PE 59.1 (58.8, 59.4) **;
BMI (kg/m®), mean (95%CI)
PE 22.6 (222, 23.0);
Non-PE 21.5 (21.3, 21.6)*;
Waist (cm), mean (95%CI)
PE 72.6 (71.6, 73.6);
Non-PE 70.5 (70.3, 70.8)**;

Control of confounding factors

Maternal age, body mass index, diabetes, infant’s sex,
maternal anemia, gestational age

Crude results

Crude results

Offspring sex, maternal age at delivery, maternal pre-
pregnancy body mass index, parity, educational level,
birthweight

Birth weight, gestational age, maternal BMI, maternal
height, and SLI score

Crude results

Offspring sex and age, maternal age at delivery, parental
pre-pregnancy BMI, parity, social class, and maternal
smoking during pregnancy, plus offspring weight, height,
and height squared at the 9-year visit

BMI Z score: Pre-pregnancy BMI, primipara status, and
tobacco smoke during pregnancy

Overweight/obesity status: pre-pregnancy BMI, multipara
status

weight for gestational age (z score)

Child’s sex, Birth order, Maternal BMI, Maternal smoking

in pregnancy, maternal age at delivery, maternal education

at the time of deliver

Antenatal steroid exposure and race, birth weight z score,
weight z score at 1-y corrected age-birth weight z score,
weight z score at 14 y-weight z score at 1-y corrected age.

Sex, nulliparity, maternal pre-pregnancy BMI and
socioeconomic position, offspring BMI at age 16, offspring
birth weight

Crude

Birth weight, gestational age at birth, and age at survey
attendance

NOS§

GH, gestational hypertension; PE, preeclampsia; B, regression coefficient; SE, standard error; IUGR, intrauterine growth retardation; SD, standard deviation; BMI, body mass index; CI,
confidence interval; SDS, standard deviation score; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol.

*P<0.05; **P<0.01.
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Author Adverse Continuous variable Categorical variable(rate) Growth

birth outcomes trajectory
Univariate Multivariate Univariate Multivariate
analysis analysis analysis analysis
Baulon E et al. ° [ ] [ ] °
Gow ML et al. [ ] [ ] [ ]
Silveira RC et al. [ ) [ ]
Jiang W et al. [ ]
Randhir K et al. [ ] [ ]
Huang Y et al. [ ]
Geelhoed J] et al. [ ] [ ] [ ]
Palma Dos Reis CR [ ] [ ] [}
et al.
Ogland B et al. ° °
Aris IM et al. L
Byberg KK et al. [ ]
Washburn L et al. [ ) [ ] [ ] ® L]
Miettola S et al. [ ] [ ]
Davidesko S et al. [ ]

Vatten L] et al. [ ]
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Records identified
through Cochrane
library
(n=369)

Records identified Records identified
through PubMed through Embase
(n=2858) (n=4312)

Records excluded:
duplicate papers (n=1327)

All non-duplicate Records
(n=6212)

Records excluded:
Abstract do not meet inclusion
criteria (n=6033)

Records screened based Full excluded:

on abstract (1) Irrelevant to the research topic

(n=179) (0=139);

(2)No clear distinction between
types of hypertension(n=5)
(3) Animal experiment (n=1);
(4) The type of study did not meet
the requirements (n=14) :
(5) Can not find full text article
(n=2);
(6) Conference article (n=4);

Studies included
(n=14)

Articles added after snowball
method (n=2)

Studies included in
this review (n=16)





OPS/images/fendo.2022.906781/fendo-13-906781-g002.jpg
Experimental Control

Study or Subgrou Mean SD Total Mean SD

Geelhoed JJ etal. 2017 -0.19 1.0514 196 0 1.0514

Palma Dos Reis CR etal. 2021 -0.014 1.1866 67 0 1.1866

Randhir K et al. 2020 013 1.3545 211 0 1.3545
474

Total (95% CI)

Heterogeneity: Tau*=0.02; Chi*=5.77, df= 2 (P=0.06); F=65%

Testfor overall effect Z=036(P=0.72)

10618

Mean Difference
-0.19 [-0.34,-0.04]
-0.01 [-0.30, 0.27]
0.13 [-0.09, 0.35]

-0.04 [-0.25,0.17]

Mean Difference
IV, Random, 95% CI

-1 0 1
Favours [experimental] Favours [control]
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Experimental Control Mean Difference Mean Difference

Mean SD i IV, Random, 95% CI
Geelhoed JJ etal. 2017 0.07 1.2112 1065 0 1.2112 5082 34.7% 0.07 [-0.01, 0.15]
Geelhoed JJ etal. 2017 -0.19 1.0514 196 0 1.0514 5082 279% -019[0.34,-0.04]
Palma Dos Reis CR etal. 2021 -0.014 1.1866 67 0 1.1866 5066 16.2%  -0.01 [-0.30, 0.27]
Randhir K et al. 2020 013 1.3545 211 0 1.3545 470 21.2% 0.13 [-0.09, 0.35]

Total (95% CI) 1539 15700 100.0% -0.00[-0.15,0.15]
Heterogeneity.: Tau*=0.02; Chi*=10.04, df=3 (P =0.02); F=70%
Test for overall effect: Z=0.04 (P = 0.96)

-2 -1 0 1 2
Favours [experimental] Favours [control]
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Experimental Control
Study or Subgrou Mean SD Total Mean SD Total
Qgland B 2009 18.4 28109 91 175 28109 194
YVatten LJ 2003 226 3.0103 220 215 B.0227 3486
311 3680

Total (95% CI)
Heterogeneity: Chi*=0.22, df=1 (P=0.64); F=0%
Test for overall effect: Z=5.44 (P < 0.00001)

Mean Difference
IV, Fixed, 95% CI
0.90 [0.20, 1.60]
1:10.[0:65;1.:55]

1.04 [0.67,1.42]

-10

Mean Difference
IV, Fixed, 95% CI

-5 5
Favours [experimental] Favours [control]

10
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Body weight Body height

PC Classification StandardN (%) DSN (%) StandardN (%)
<3t Under 108 (27) 23 (5) 141 (35)

3197t Norm 280 (70) 350 (89) 246 (61)

>97t Over 1303) 19 (6) 14 (4)

*PC- percentile, DS- Down Syndrome specialized growth charts, N- amount of individuals.

DSN (%)

90 (23)
288 (73)
14 (4)

BMI

StandardN (%) DSN (%)

83 (21) 76 (19)
290 (72) 306 (79)
28 (7) 7(2)
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Fasting glucose [mmol/L]

Glucose 120" (oral glucose tolerance test) [mmol/L]
Triglicerydes [mmol/L]

HDL cholesterol [mmol/L]

25(OH)D [ng/mL]

mean (range) (SD|

48 (3.6-5.8) [052]
6.5 (4.8-9.4) [1.4]
127 (0.58-2.81) [0.57]
12 (0.75-1.45) [0.22]
19.95 (7.4-38) 9.7)

number (%) of te results out of range

1(5%)
4 (21%)
4 (21%)
3 (16%)
15 (79%)
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variabile Realtionship with peers School Way of spending free time =~ Hobby  Relations with siblings

performance
Answer (score 1-5) n; ®; (%] n; ;%] n; ; [%] n; @; [%] n; ; [%]
1 7 306.8 6 316 4 211 4 211 11 57.9
2 2 105 8 421 6 35.0 7 368 6 316
3 8 421 2 105 5 217 5 263 1 53
4 2 105 2 105 4 217 2105 1 53
5 1 53 1 53
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Variable

Gender Male
Female

Puberty Prepubertal
Pubertal

Age (years)

Height (cm)

‘Weight (kg)

BMI (kg/m?)

BMI Z-score (kg/mz)
Waist (cm)

Waist/heigh (cm)

Data are expressed as median (IQR) or percentage (%).
BMI, body mass index.

Obese

12 (52.2%)
11 (47.8%)
8 (34.8%)

15 (65.2%)
114 (8.8; 13.4)
155.3 (137.8; 161)
69.1 (52; 81.5)
28.4 (26.1; 32.4)
2.03 (1.9; 2.5)
92 (78; 99)
058 (0.54; 0.61)

Normal weight

5 (40.3%)
18 (59.7%)
4(17.4%)

19 (82.6%)
126 (9.95 13.2)
152.5 (145; 163.1)
40 (34; 48.2)
17 (15.7; 18.2)
~0.94 (-1.32; ~0.40)
69 (63.5; 72.5)
038 (0.01; 0.44)

p-value

p <0.001
p<0.001
p<0.001
p<0.001
p <0.001
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Systolic blood pressure (mmHg)

Systolic blood pressure (mmHg)

Total cholesterol (mg/dl)
HDL (mg/dl)

LDL (mg/dl)

Non-HDL-c (mg/dl)

TG (mg/dl)

AST (mg/dl)

ALT (mg/dl)

Glucose at 0 min (mg/dl)
Glucose at 120 min (mg/dl)
Insulin at 0 min (UI/ml)
Insulin at 120 min (UI/ml)
HOMA-IR

QUICKI

IST

Insulinogenic index

CALR (ng/ml)

PDIA3 (ng/ml)

Descriptive characteristics are expressed as median (IQR).

Obese
(N=23)

123 (112 132)
80 (70; 86)
141 (1215 158)
40 (36; 54)
82 (63; 100)
97 (78; 120)
63 (38; 91)
24 (19; 28)
21 (18; 30)
89 (84; 95)
117 (106; 123)
16.8 (9.3; 24.6)
70.7 (43.7; 135.5)
37 (22;5.8)
031 (0.29 0.34)
3.42 (1.87; 4.41)
1.99 (0.89; 2.93)
0233 (0.145; 0.422)
0212 (0.187; 0.465)

Normal weight
(N =23)

120 (110; 125)
80 (70; 80)
142 (127; 164.5)
60 (49; 65)
73 (61; 96)
84 (72; 105.5)
44 (40.5; 54)
25 (23.5; 29)
19 (17.5;21.5)
85 (75; 89.5)

91 (86.5; 108.5)
9.5 (63; 11.3)
24.5 (17.4; 37.4)
2.0 (1.3;2.3)
0.34 (0.33; 0.36)
6.14 (5.53; 8.32)
1.32 (1.19; 1.91)
0.230 (0.206; 0.273)
0.188 (0.167; 0.222)

p-value

p<0.001

p <004

p <001
p < 0.001
p<0.001
p<0.001
p <0.001
p <0.001
P <0.001

p <005

HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HOMA-IR, insulin resistance index;
QUICKI, quantitative insulin-sensitivity check index; IS, insulin sensitivity index.
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Weight (kg)

BMI (kg/m?)

BMI Z-score (kg/m?)

Waist circumference (cm)
Diastolic blood pressure (mmHg)
Systolic blood pressure (mmHg)
Tanner stages

Acanthosis

LDL (mg/dl)

HDL (mg/dl)
Non-HDL cholesterol (mg/dl)

Triglycerides (mg/dL)

Number of criteria identifying metabolic syndrome
Fasting insulin (UI/ml)

HOMA-IR

Insulinogenic index

QUICKI
IST

CALR

&

(R R XL R K J |

Spearman’s r

0.329

0317

0.684

-0.390
0.347

0.488
0.705
0415
0.368
0.292

-0.368
-0.421

p-value

0.05

0.05

0.001

0.01
0.03

0.003

0.001

0.005
0.01
0.05

0.01
0.02

PDIA3

LR R R

L R L KRR R

Spearman’s r

0.325
0.303
0.378

0.292

0.328
0.342
0.305

-0.433
0.438

0.664
0.485
0.296

0.273

-0.283

p-value

0.001
0.03
0.008

0.05

0.05
0.05
0.05

0.008
0.008

0.001
0.001
0.02

0.06

0.06

BMI, body mass index; HOMA-IR, insulin resistance index; QUICKI, quantitative insulin-sensitivity check index; ISI, insulin sensitivity index; +, positive correlation; Il

negative correlation.
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Authors (year)

Steinsbekdk etal. (41)

de Vires etal (29)

Yangetal. (12)

de Vires etal ()

Coates etal. (1)

Coates etal. (16)

Bragg etal. (49)

Sample

10years ol
N=702

My = 105135D
12years okl
N=oss

My =1245:5D =
1 years okl
N=as

My = 14335D =059
Girls

10years okd: 2.3%

12 ears old: 51.9%

14 earsokd: 53.0%
Boys:

10 years old: 47.7%

12 earsokd: 48.1%

L years old: 47.0%
N=ai0

My = 1486,5D
Girle N =205
Boys:N =232
12years 12%
13 years 182%
Hyears: 11.8%
15 years: 13.4%
16 years 226%
17 years: 187%
18 years: 32%

N=60t
Mage=147:5D.
Myag = 2004
BMI:

BMI under 30:5.9%
BMI under 25:91.4%
BMIunder 20:52.3%.
BMIunder 15: 30%

N=2
Gsix focus groups with

children aged 10-11 years)
One focus group: (N = 4)

YouTube videos (the authors
wro influencers - emale aged
29, male - aged 24 both with
a healthy weighy).

N=sn2

Mg = 1475 SD = 1.67
Male: N = 126

Female: N = 406

Variables and measures

Social mediause
report ehich socisl medi pltform use (e

Tuiter) + charactersies ofther wse

- selforiented social mediause: () the number of times per month they post something.

of their v social media sies, (b) how oftn they post photographs

(neverfrarely/weely/daily)

- other-oriented social media use: how often they commented on others” satus updtes.

and photographs, how often they “like™ others” statuses (6-point Likert scale)

Appearance slf.esteem

10-years old

Self-Desciption Questionnaire (SDQ-T; Marsh, 65)

12-3nd 1d-years old:

Reviscd Self-Peception Profl for Adolescents (SPPA-R; Harter (69); Wichstrom (70)

Facebook, Instagram, Snapehat,

Body dissiisfaction
The Body Atitude Test (BAT), (Probst e al. (71)

Social media use

Multidimensional Scale o Facebook Use (MSFU), (Frson and Eggermont (72)
Relationship qualities

The Network of Relationship Questionnaire- Rlationhip Qualitis Version (NRI-RQV),
(Buhrmesterand Furman (73)

Overall smartphone screen time.
‘Smartphone Use (questions:time on smartphone per day: sending and receiving -mails,
sending and receving text messages,browsing websies, watching TV shows, aking
photos,online shopping listening to music)

Daily frequency engaged insocial networkingsites

Media and Technalogy Usage and Atiades Scale (Rosen etal. (74)
Cognitiveintemnalizaton of thin ideals

the Sociocultural Atitudes Toward Comparison Scale-3 (Thompson et l. (75)

‘Oversl socil comprison (online/offine)

The Physical Appearance Comparison Scale-Revised (Schaer and Thompson (76)
Socil ppearance amxiey

Social Appearance Ansicty Scale (Hart et sl (77)

Body esteem

Body Esteem Scale for Adolescents and Adults (Mendelson tal. 75)

Internalcontrol belicfs

Dieting BeliesScale (Stotland and Zuroff (79)

Freaquency ofsocial network site use
‘Social Network Site Ue - questions about how ofien did youvisit... in the past 6 months?
Pecrappesrance:reated feedback

eer Appearance-Related Feedback - questions about how often their frends (1) give them
s how to et  more beautifl body (2) ritcze their appearance or lothes (3)give them
tips how o look sexy (1) tell them it important t look good

Body dissaisaction

The Body Arcas Satisfaction Scale (Cash (50) The Multidimensional Body-Self Relations
Questionnaire (Cash (30)

Childrens understanding and atitudes about marketing
YouTube Video Featuring Influencer Marketing (sideo "Nutell Breakast
Party™)

Photographs of Influencer Marketing Tecligues

Interview Guide

YouTube videos uploaded by two influencers

Instagram vs non-Instagram ads
Photo presentation and questi
How much do you lke this image?
Photo prescntation and qucstion:
How artistic i this image?

Phioto presentation and guestion:
How trendy is this image?
Photo presentation and questio
How delicious doyou think this product s?

Photo presentation and question:

How likely are you to purchase this product in the next 4 weeks?

Descriptive statistics for variables and type of study

Cross-secionalstudy
10years old:

~ elforiented social media use (M.
- other-oriented social media use (M
~ apprarance slfsteen

- (M=411;5D=0.10)
12years old:

= selforiented social media s
~ other-oriente social media use (M
- appearance selfeseem

- (M =339:5D=053)

1 years old:

- elforiented social media use (M
- other-oriented social media use (M = 5.20,SD =
- appearance self-esteem.

- 69)

502;5D=30.19)

Cross-secionalstudy
mean sore of body disatifacton (
- mean scoreofscial media use (M = 392; D = 141)

- aposiivefather-adolescent rlationship measure (M = 3.40;

Cross secional study
martphone e time (M = 410, 5D = 141)

- website rowsing (M = 3.44;D = 1.67)
~ emailing (M = 114 SD = 145)

- texting (M =3.34; D = 1.60)

~ istening to music (M = 3.17:SD = 1.52)
~ laking photos (M = 170;5D = 139)

- taking videos (M = 091; 5D = 1.27)

— watching TV shows (M =321;SD = 158)
~ online shopping (M = 117D = 1.41)

- social media screen time (M = 370:5D = 149)
~ cognive internaizaton (M = 3.10; D = 108)
~ apprarance comparizon 220

~ appearance anicty (M = 337D = 098)
~ bodyesteem (M = 295;SD
< intenal locusof control

Cross-secionalstudy
= frequency of social network st use (M = 243 5D
time 1; M = 26:SD= 1.4 - at ime2)

- peer appearance-related feedback (M = 05%; SD = 0.7 -at
time 1; M = 059;SD = 0.60- at time2)

~ bodydisatisfction (M = 1.46,SD = 0,65 - at time 1y

M= 154D =065 -attime 2)

Qualiative research

Qualiatve rescarch
Analysis of YouTube video blogs of influencers popular
with children and determination of the extent and
nature of food and beverage cues featured.

s-secional study

Instagram advertisement

Traditional advertisement

Unlabeled advertsement
condition/labeled
advertisement condition
- How mch do youlik
imaged(M = 6572
SD=09M = 67.11;

Unlabeled advertsement
condition/labeled
advertisement condition
~Howw much do you like this
image? (M = 68.56;
SD=093/M = 67.43;

SD=108) SD=108)
- How artistc is this image - How artistc s ths image
(M=6858; (M =6686;

SD=093M = 66.80; SD=093M = 684;
SD=107) sD=107)

- How trendyis this image - How trendyis thisimage
(M= 69.60; (M =66.28;

SD=090/M =68.16; SD=090/M = 6692
SD=102) sD=102)

- How delicious do you think - How delicious do you think

this product is? (M = 65.66;

SD=0.94/M = SD=0.94/M = 67.51;
1.02) SD=1.02)
- How likely are you o - Howlikely are you o

purchase this product i the purchase this product in the
next dweeks? (M = 56.25; next 4 weeks? (M = 55.27;
SD=1.04/M = 56.03; SD=1.23/M = 5630;
SD=138) SD=138)
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With obesity (n = 73) Control (n = 47) P

Sex 37 girls/36 boys 16 girls/31 boys 0.073
Age (years) 8.03 £ 1.08 7.74£135 0.22
BMI (Kg/m?) 26.5 +3.07 16.2 + 1.41 <0.001
z-BMI (SD) 4.76 £ 1.67 -0.27 £+ 0.74 <0.001
Birth Weight (gr) 3337 + 599.5 3194 + 539.9 0.28
Birth Length (cm) 50.0 + 2.61 50.1 +1.60 0.3

Familiar diabetes 2 35 (47%) 11 (23%) 0.01

Father BMI (Kg/m?) 28.6 +3.93 252+231 0.003
Mother BMI (Kg/m?) 29.1+7.83 23.1+£3.22 0.001
Acanthosis 23 (31%) 0(0%) <0.001
Waist (cm) 81.3+85 57.5 +£6.05 0.035
SBP (mmHg) 109.2 + 145 104.1 £ 9.60 0.026
DBP (mmHg) 63.4 +8.32 64.1+925 0.672
Glucose (mg/dL) 83.7 +7.78 83.3+5.04 0.804
Insulin (uU/mL)* 10 (5-15) 4 (2-5) <0.001
HOMA-IR* 1.97 (1.02-3.14) 0.80 (0.40-1.08) <0.001
Cholesterol (mg/dL) 166.5 +27.9 157.8 £ 314 0.621
Triglycerides(mg/dL)* 69 (52.5-87.5) 48 (40-54) <0.001
LDLc (mg/dL) 93.5 + 24.1 826 +247 0.032
HDLc (mg/dL) 51.3+128 655+ 14.7 <0.001
Uric acid (mg/dL) 412 +0.85 3.41 £ 0.626 <0.001
ALT (U/L) 20.1 + 6.68 19.2 +6.97 0.479
TWEAK (pg/mL) 1479.1 £ 1347.7 11849 £ 771.8 0.244
CD163 (ng/mL) 210.2 + 48.9 1872+ 316 0.012
CD163/TWEAK ratio 0.14 £ 0,07 0.15+£0,10 0.255

Data are presented as mean + SD or percentages.

ALT, alaninetransferase; BMI, body mass index;CD163, Cluster of differentiation 163; DBP, diastolic blood pressure; HDLc, high density lipoprotein cholesterol; HOMA-IR, homeostatic
model insulin resistance index; LDLc, low density lipoprotein cholesterol; SBP, systolic blood pressure; TWEAK, Tumor Necrosis Factor weak inducer of apoptosis.

Median (interquartile range).
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Without weight loss (n = 31) With weight loss (n = 31)

Sex 16 girls/15 boys 16 girls/15 boys
Baseline Two years Baseline Two years P

Age (vears) 76+10 99+ 1.1¢ 8.4+ 10° 104+1.1¢

BMI (Kg/m?) 26.0+2.7 288+34° 265+28 259+33¢ <0.001
z-BMI(SD) 468 +1.63 50+179 46+13 33:139 <0.001
Waist (cm) 78471 87.5 +10.6° 81.5+64° 83.6+82 0.002
SBP (mmHg) 111.8 = 16.1 11188 107 + 12.4 108+ 11.4 0.773
DBP (mmHg) 64.1 +86 69.5+9.6 61.9+88 61.7 9.1 0.252
Glucose (mg/dL) 83.9+6.7 88.5+7.29 84.2 +7.57 88.4 +887¢ 0.829
Glucose 120min 110215 112+ 16.7 112+ 16.7 110 + 14.9 0.394
Insulin (WU/mL)° 9(5-132) 15 (10-202) ¢ 10 (5-13) 11 (8-14) 0.374
HOMA® 1.9 (1.0-2.7) 3.3 (2.0-4.6) ¢ 1.9 (0.9-2.7) 25(1.8-3.1)¢ 0.371
Cholesterol (mg/dL) 155 + 32.1 160 + 30.1 157 +25.5 161 + 28.1 0.907
Triglycerides (mg/dL) ® 62 (53-76) 77 (61-89) ¢ 72 (44-15) 75 (58-108) 0.437
LDLc (mg/dL) 92,1291 92.2 +28.6 95.8 +19.6 94.8+20.3 0.685
HDLc (mg/dL) 55.1 + 12.4 532+ 129 49.8+135 50.7 +15.2 0.506
Uric acid (mg/dL) 4.26 +0.80 4.68 +0.87 ¢ 3.83+0.82° 412075 0.932
TWEAK (pg/mL) 1081.5 + 699.6 1017.7 £ 720.7 1792.3 + 1637.0 1535.9 + 1370.4 0.032
CD163 (ng/mL) 215.0 + 61.36 208.3 + 49.2 206.2 + 36.1 193.4 + 34.1 0.334
CD163/TWEAK ratio 0.252 +0.148 0.289 + 0.187 0197 £0.120 0.198 + 0.115 0.032

Data are presented as mean + SD.

"Mean of % of change between both groups. % of change= (end value - initial value)/initial value x 100.

bMediian (interquartile range).

°Baseline comparison between those with and without weight loss (independent t-test) (p<0.05).

ITwo year paired t-test (0<0.05).

BMI, body mass index; CD163, Cluster of differentiation 163; DBP, diastolic blood pressure; HDLc, high density lipoprotein cholesterol; HOMA-IR, homeostatic model insulin resistance
index; LDLc, low density lipoprotein cholesterol: SBP, systolic blood pressure; TWEAK, Tumor Necrosis Factor Weak Inducer of Apoptosis.
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Variable
2011-12
(n=1828)
Overall 25,6 (24.9-26.3)
Age,y
811 26,0 (25.0-27.0)
12-19 254 (24.6-26.3)
Gender
Boys 221 (21.3-22.8)
Girls 29.3 (28.4-30.3)

RACE/ETHNICITY
Mexican American

Al 27.8(26.6-29.0)
Boys 247 (23.5-25.9)
Girls 315 (30.0-33.1)
Non-hispanic white

Al 252 (24.2-26.9)
Boys 215 (20.4-22.7)
Girls 289 (27.5-30.9)
Non-hispanic black

Al 23.9 (22.8-25.0)
Boys 20.4 (19.5-21.4)
Girls 27.8(26.1-295)
Non-hispanic Asian

Al 25.4(24.2-26.7)
Boys 22.1(20.4-23.9)
Girls 29.3 (26.9-31.6)
Other

Al 26.9 (24.8-29.0)
Boys 23.4(20.7-26.0)
Girls 30.8 (20.3-32.9)

Mean trunk fat percentage (%)

2013-14
(n=1,99)

26.1(25.2-27.0)

26.4(24.8-28.1)
26.0(24.9-27.2)

23.0(22.3-23.7)
29.6(28.3-31.0)

285 (27.5-29.4)
25.1(24.2-26.0)
32.4(315-332)

25.6(24.4-26.8)
22.9(219-239)
28.7 (26.8-30.6)

24.5(23.3-25.6)
20.2(19.3-21.1)
292 (27.4-31.0)

255 (23.8-27.2)
23.2(21.0-253)
27.9(26.5-292)

27.4(25.6-29.2)
23.4(213-25.5)
31.6(30.5-32.8)

2015-16
(n=1,907)

25.9(25.0-26.9)

262 (25.2-27.3)
25.8(24.8-26.8)

22.8(21.6-24.0)
29.5(28.5-30.6)

30.0 (29.3-30.6)
27.0(25.9-28.1)
33,6 (32.2-35.0)

25.1(23.9-26.4)
222(20.7-23.7)
285 (27.0-30.0)

239 (22.5-25.4)
19.5 (17.6-21.6)
287 (265-308)

24.9(285-263)
21.4(19.4-235)
201 (280-30.1)

27.3(26.0-28.6)
24.5(22.6-26.4)
30.4 (28.9-31.9)

2017-18
(n=1,508)

26.2(25.7-26.7)

26.2 (24.7-27.8)
26.2(25.8-26.5)

23.1 (22.4-23.8)
29.8(28.8-30.7)

20.3 (27.8-30.8)
26.1(24.0-28.1)
33.0 (31.5-34.5)

25,0 (23.9-262)
22.2(208-235)
28.3(26.8-29.8)

25.1(23.5-26.8)
20.7 (18.4-23.0)
30.0(28.9-312)

27.3(263-28.2)
25.4(24.1-26.8)
29.1 (27.7-30.4)

27.1(25.3-29.0)
23.8(215-26.1)
30.8 (28.8-32.9)

Absolute Increase®

0.6

0.2
0.8

1.0
05

15
1.4
15

-02
0.7
-06

b7}
0.3
22

19
33
-02

02
0.4
0.0

P for trend®

0.18

077
0.12

0.08
0.60

0.04
0.08
0.13

0.81
0.70
0.64

0.30
0.98
0.07

0.08
0.04
0.67

072
0.67
0.80

“Absolute increase between NHANES 2011-2012 and NHANES 2017-2018. ®Time trends in mean trunk fat percentage from 2011-2012 to 2017-2018 were examined with a multple
linear regression model, with adjustment for age, gender, and race or ethnicity, when applicable. Bold values are the statistically significant p-values.
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Variable Age-adjusted prevalence of abdominal obesity by waist circumference (%)
2011-12 2013-14 2015-16 2017-18
Overall 18,6 (15.5-21.6) 202 (17.6-22.7) 19.2 (16.2-22.2) 21.1(18.9-23.3)
Age,y
27 14.6 (12.4-16.9) 17.7 (14.5-208) 16.7 (13.0-20.4) 18.4(14.1-22.6)
8-11 20.0 (18.9-26.2) 20.7 (15.5-25.8) 17.5(18.5-21.6) 221 (18.1-26.1)
12-19 207 (16.4-25.0) 21.8(17.1-265) 21.8(17.5-26.2) 22.4(19.2-257)
Gender
Boys 16.1 (13.0-19.2) 18.8(15.7-21.9) 19.0 (14.7-23.4) 22.7 (19.6-25.8)
Girls 21.1 (17.3-24.9) 21.7 (18.6-24.8) 19.3 (16.6-22.0) 19.4 (15.5-23.4)
RACE/ETHNICITY
Mexican American
Al 24.6 (22.4-26.7) 265 (22.2-30.8) 27.0(24.2-29.7) 27.4(22.1-32.6)
Boys 24.1(200-282) 23.4(18.7-28.1) 27.7 (22.3-33.2) 287 (23.1-34.2)
Girls 253 (22.2-28.3) 29.7 (23.5-36.0) 26.3(19.8-32.8) 25.8(18.7-32.9)
Non-hispanic white
Al 17.4 (12.0-22.7) 19.3 (15.6-22.9) 16.6 (13.3-19.9) 19.1(15.9-22.2)
Boys 13,5 (8.7-18.3) 18.3 (13.5-23.0) 16.9 (11.8-22.0) 20.8(16.7-25.9)
Girls 215 (14.6-28.5) 20.4 (15.7-25.0) 16.2 (12.1-20.4) 17.2 (10.7-23.6)
Non-hispanic black
Al 18.2 (15.3-21.1) 15.3 (18.1-17.4) 18.6 (12.6-24.5) 21.3(16.1-26.5)
Boys 15.9 (18.4-18.4) 11.7 (7.8-15.5) 14.2 (7.8-20.5) 16.2 (10.7-21.7)
Girls 206 (15.4-25.9) 19.2(16.4-21.9) 23.1(15.5-30.7) 265 (202-32.8)
Non-hispanic Asian
Al 7.9 (45-11.3) 9.8(6.2-13.5) 9.5(4.9-14.1) 11.2(8.2-14.3)
Boys 9.1 (6.6-12.5) 14.3 (6.2-22.4) 8.8(3.4-14.3) 17.0(12.2-21.8)
Girls 67 (1.3-12.2) 53(2.7-8.0) 9.9(4.2-15.6) 53(2.6-8.0)
Other
Al 20.4 (16.0-24.9) 24.8(17.6-31.9) 24.1(18.5-20.8) 23.3(16.9-29.8)
Boys 21.0(16.3-25.6) 23.6(14.0-33.2) 26.1(18.4-33.8) 29.5(21.2-37.7)
Girls 19.8 (12.5-27.1) 26.0(17.8-34.3) 21.9(17.1-268) 17.2(9.4-24.9)

Absolute Increase®

25

38
2.1
17

6.6

28
46
05

1.7
73
-43

3.1
03
59

33
79
-14

29
85
-26

P for trend®

0.25

0.15
074
051

0.004
0.39

0.32
0.06
0.86

0.83
0.06
0.22

0.19
0.76
0.09

0.14
0.08
091

0.59
0.10
0.44

Absolute increase between NHANES 2011-2012 and NHANES 2017-2018. ®Time trendss in age-adjusted prevalence of abdominal obesity by waist circumference from 2011-2012
10 2017-2018 were examined with a multiple linear regression model, with adjustment for age, gender, and race or ethnicity, when applicable. Bold values indicates that P values.
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Standard deviation score (SDS)

<-1.88
>-1.88,<-1.66
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Age during pregnancy [years]

Body weight [kg]

Body height [cm]

BMI [kg/m?]

Average
Median
Min.
Max.
Average
Median
Min.
Max.
Average
Median
Min.
Max.
Average
Median
Min.
Max.

Mother

3241 £591
32

17

54

68.40 + 12.87
65

43

110

165.64 £5.73
165

147

178

24.89 £45
24.17

17.92

39.40

Father

33.92 + 343
33

20

58

87.27 £ 13.75
86

57

130

179.59 £ 6.91
180

159

198

27.02 +3.77
26.87

18.93

37.55





OPS/images/fendo.2022.928151/table2.jpg
Birth weight [g]
Birth length [cm]
Week of pregnancy

Apgar score 1’

Min.

1490
41
31

Max.

3970
59
42

Median

2800
51
38

Average

2840 + 600
51.29 £ 0.03
37.55 + 0.00
8.25 £ 0.00
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Comorbidities

Hypothyroidism
Vision defects
Cardiac defects
Hearing problems
Immunodeficiency
Others

Lipid disorders
Autoimmune diseases
Malignancy
Hyperthyroidism
Hypertension

*N- the amount of participants (DS) with chosen comorbidity.
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Question

Have you ever heard about specialized growth charts for children with DS?

Which type of charts is more often used by clinicians?

Have any of the clinicians used specialized charts at least once?

Are specialized growth charts important for you as a parent?

Answers

Yes

No
Standard
Specific
Yes

No

Yes

No

Results [%]

73.3
267
81.8
13.2
282
71.8
93.2
6.8
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