
Path Analysis on Determinants of Childhood
Obesity and Associated Risk Factors of
Cardiovascular, Renal, and Hepatic Diseases: The
CASPIAN-V Study
Vahid Mansouri1 Marjan Mansourian2 Mostafa Qorbani3,4 Roya Riahi1 Rahele Karimi5

Mohammad Esmaeil Motlagh6 Ramin Heshmat7 Roya Kelishadi1

1Department of Pediatrics, Child Growth and Development Research
Center, Research Institute for Primordial Prevention of Non-
communicable Disease, Isfahan University of Medical Sciences,
Isfahan, Iran

2Department of Epidemiology and Biostatistics, School of Health,
Isfahan University of Medical Sciences, Isfahan, Iran

3Department of Epidemiology, Non-communicable Diseases
Research Center, Alborz University of Medical Sciences, Karaj, Iran

4Department of Epidemiology, Non-communicable Diseases Research
Center, Endocrinology, and Metabolism Population Sciences Institute,
Tehran University of Medical Sciences, Tehran, Iran

5Department of Epidemiology and Biostatistics, School of Health,
Isfahan University of Medical Sciences, Isfahan, Iran

6Department of Pediatrics, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran

7Department of Epidemiology, Chronic Diseases Research Center,
Endocrinology and Metabolism Population Sciences Institute,
Tehran University of Medical Sciences, Tehran, Iran

J Child Sci 2020;10:e148–e158.

Address for correspondence Roya Kelishadi, MD, Department of
Pediatrics, Child Growth and Development Research Center, Research
Institute for Primordial Prevention of Non-communicable Disease,
Isfahan University of Medical Sciences, Hezar-Jerib Avenue, Isfahan
81676-36954, Iran (e-mail: kelishadi@med.mui.ac.ir).

Keywords

► path analysis
► obesity
► lifestyle
► childhood
► adolescents

Abstract The interaction between several lifestyle and obesogenic environmental factors is
considered as the main underlying factor for the escalating trend of childhood obesity
and its adverse consequences. In this study, we assessed the mutual influence of
lifestyle habits and body mass index (BMI) as well as risk factors for cardiometabolic,
hepatic, and renal disorders to define the causality power of each item. This nationwide
cross-sectional study was conducted as the fifth round of a school-based surveillance
program. Overall, 14,800 students living in Iran were studied, and blood samples were
obtained from 4,200 of them. Demographic factors, anthropometric and biochemical
measures were used to define lifestyle-related latent variables as well as cardiac, renal,
and hepatic risk indicators. Total, direct, and indirect effects between factors were
analyzed using the standardized regression weights for each pathway. Data from
14,274 students (participation rate of 99%) and 3,843 blood samples were included. All
of the latent variables had a significant direct effect on BMI, with themost potent effect
of unhealthy nutrition (β ffi 0.63) in boys and girls. BMI has significant direct effects on
risk indicators of cardiovascular, renal, and hepatic diseases with the most powerful
effect on cardiovascular risk factors (β ffi � 0.08). The most important predisposing
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Introduction

The prevalence of obesity is globally emerging at an alarming
rate, with a more rapid increase in developing than in
developed countries.1–3 According to the World Health Or-
ganization (WHO) estimates, in 2016, there were more than
330 million overweight or obese children and adolescents
aged 5 to 19 years.4

Factors that predispose children to excess weight are complex,
needing a greater attempt to recognize for implementing preven-
tative strategies. AsWHO demonstrated, the interaction between
several lifestyle and obesogenic environmental factors is consid-
ered as the main reason for the escalating trend of childhood
obesity, as comprehensively reviewed by Sahoo et al.4–7

Moreover, childhood obesity has an essential role in
predicting morbidities in adolescence and adulthood. It
increases the risk of cardiometabolic disorders, as well as
liver and kidney dysfunctions.8,9

The path analysis of a previous phase of this study
indicated that body mass index (BMI) is the strongest deter-
minant for cardiovascular risk factors; moreover, other var-
iables such as unhealthy diet and low physical activity
impressed their indirect effects through BMI. Many studies
have evaluated the association between predisposing factors
including lifestyle habits, exposure to environmental chem-
icals, socioeconomic status, and chronic diseases.10–12

Therefore, this study aimed to assess the interplay be-
tween lifestyle habits and BMI as well as risk factors for
cardiometabolic, hepatic, and renal disorders to define the
causality power of each item influencing obesity and also to
determine the strength of its associations with cardiovascu-
lar, renal, and hepatic risk factors.

Materials and Methods

Subjects
This nationwide cross-sectional study was conducted in Iran as
thefifth survey of a school-based surveillance program entitled
Childhood and Adolescence Surveillance and PreventIon of
Adult Noncommunicable disease (CASPIAN)-V study. The de-
tailed study methodology was previously published.13 In brief,
the study included 14,400 students aged 7 to 18 years and4,200
blood samples obtained from them. They were recruited by
multistage randomcluster sampling fromurban and rural areas
of 30 provinces in Iran in 2014 to 2015.

Questionnaire and Measurements
The questionnaires, which were extracted from the WHO
Global School Student Health Survey, were filled out confi-

dentially. These questionnaires are part of a collaborative
surveillance project designed byWHO tomeasure and assess
the behavioral risk factors and protective factors among
students aged 13 to 17 years. They address 10 main areas
including alcohol use, dietary behaviors, drug use, hygiene,
mental health, physical activity, protective factors, sexual
behaviors, tobacco use, violence, and unintentional injury.14

Their validity and reliability of Persian-translated question-
naires were confirmed previously.15 In addition to demo-
graphic characteristics, other information about many
aspects of lifestyle, health behaviors, and nutrition were
collected through these questionnaires.16

The age and birth date of subjects were recorded. Height,
weight, and waist circumference were measured under
standard protocols. BMI was calculated by dividing weight
(kg) by height squared (m2); it was categorized according to
the WHO growth charts.17 Waist circumference was mea-
sured with a nonelastic tape at a point midway between the
lower border of the rib cage and the iliac crest at the end of
normal expiration. Systolic blood pressure (SBP) and diastol-
ic blood pressure (DBP) were measured under the standard
protocol by using mercury sphygmomanometers after
5minutes of rest in the sitting position.18 For blood sam-
pling, studentswere instructed to fast for 12 hours before the
screening. A parent accompanied his or her child as blood
samples were taken in the morning. After centrifugation,
blood serums were transferred by the cold chain and ana-
lyzed in a central provincial laboratory that met the stand-
ards of the national reference laboratory, a WHO
collaborating center in Tehran. Fasting blood sugar (FBS),
triglycerides (TG), total cholesterol, low-density lipoprotein
(LDL) cholesterol and high-density lipoprotein cholesterol,
alanine aminotransferase (ALT), and creatinine (Cr) were
measured enzymatically by Hitachi Auto Analyzer (Tokyo,
Japan).

Ethics committees of Isfahan University of Medical Sci-
ences and other relevant national regulatory organizations
approved the study (Project code: 194049). Written in-
formed consent and oral assent were obtained from parents
and students after full explanation of the study.

Statistical Analysis
We used the structural equation model (SEM), which
includes confirmatory factor analysis, path analysis, partial
least squares path modeling, and latent growth modeling.19

SEM is often used to assess unobservable “latent” constructs.
This technique is the combination of factor analysis and
multiple regression analysis, and it is used to analyze the

factor for obesity was unhealthy nutrition, whereas increased activity, adequate sleep,
and better hygiene had protective roles. BMI shows the strongest association with
indicator of cardiovascular diseases. These findings underscore the importance of
implementing public health programs for the prevention of chronic noncommunicable
diseases.
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structural relationship between measured variables and
latent constructs.

In this model, the bootstrapping techniques in SEM with
500 bootstrap replications and factor analysis were used for
each dataset to find the underlying features related to the
dependent variables. Dietary habits, physical activity and
sleep, environmental pollutants, stress, green space expo-
sure, and hygiene, as well as cardiac, renal, and hepatic risk
factors were the latent variables made by principal compo-
nent analysis (PCA). PCA is a statistical technique that
reduces the number of correlated variables by grouping
indicators into one principal component which retains the
utmost variance in the original variables (►Appendix 1).20

These variables were defined along with their related ques-
tions in the questionnaire presented in ►Appendix 2. Origi-
nal and latent variables selection was based on previous
studies and WHO facts and figures on childhood obesity4,7

(►Appendix 2). Next, Pearson’s correlations between varia-
bles were measured to assess the relationship between
variables and to be used for structural modeling.

For all measurements, p-value of< 0.05 was considered
statistically significant. We used the SPSS statistical package
(IBMSPSS Statistics forWindows, Version 24.0, Armonk, New
York, United States: IBM Corp.) for data management and
descriptive statistics, along with R 3.3.3 (R Core Team, 2017)
for testing the proposed structural model.

Results

Overall, 14,274 students (participation rate of 99%) and 3,843
blood samples (participation rate 91.5%) were studied; they
consisted of 51% boys. The participation rate for blood
sampling was 91.5% (n¼ 3,843). The details of the anthropo-
metric and physiological characteristics of the participants

are presented in ►Table 1. The mean (standard deviation)
BMI was 18.51 (4.71), 18.48 (4.96), and 18.53 (4.43) kg/m2 in
total, boys, and girls, respectively. Boys significantly had
higher weight and height, but there was no difference
regarding BMI in two genders. The mean level of cholesterol,
LDL, and TG was significantly higher in girls. The mean level
of FBS, SBP, and DBP was significantly higher in boys
(►Table 1). Given our findings in the factor analysis, latent
variables had rather acceptable loading factors with a mean
of 0.27 on their latent variables (►Appendix 1).

►Table 2 presents the matrix of variance and covariance
between anthropometric and biochemical variables. BMI
was positively correlated with unhealthy nutrition, in-
creased exposure to green space and sunlight, and cardio-
vascular, renal, and hepatic disease risk indicators.
Cardiovascular disease risk indicator was positively corre-
lated with BMI, high physical activity, cardiac and renal
diseases risk indicator, and negatively with hepatic disease
risk indicator. Renal disease risk indicator was positively
associated with BMI and negatively with increased expo-
sure to green space and sunlight. Hepatic disease risk
indicator was positively correlated with BMI, hygienic con-
ditions, increased exposure to environmental pollutants; it
was also negatively correlated with unhealthy nutrition
(►Table 2).

BMI is considered both exogenous and endogenous var-
iables. Total, direct, and indirect effects and correlations
among constructs were analyzed using the standardized
regression weights for each pathway. ►Fig. 1 (for
boys), ►Fig. 2 (for girls), and ►Fig. 3 (for all of the partic-
ipants) present the conceptualized models based on the
measured correlation coefficients. Model goodness of fit
implies that these models could successfully estimate the
influence of the variables (►Appendix 3).

Table 1 Characteristics of participants according to gender: the CASPIAN-V study

Variables (n¼ 14,274) Boys (n¼ 7,228)
(Mean� SD)

Girls (n¼ 7,046)
(Mean� SD)

Total
(Mean� SD)

p-Value

Age (y) 12.39� 3.14 12.18� 3.16 12.28� 3.15 <0.001

Weight (kg) 42.36� 18.23 40.41� 15.42 41.39� 17.11 <0.001

Height (cm) 148.15� 18.77 144.93� 15.93 146.56� 17.50 <0.001

BMI (kg/m2) 18.48� 4.96 18.53� 4.43 18.51� 4.71 0.56

Systolic BP (mm Hg) 99.55� 13.43 98.77� 12.72 99.17� 13.09 <0.001

Diastolic BP (mm Hg) 64.08� 10.70 63.57� 10.14 63.83� 10.43 0.004

TC (mg/dL)a 152.96� 28.06 154.83� 26.67 153.85� 27.42 0.035

LDL-C (mg/dL)a 89.31� 22.90 90.86� 22.26 90.05� 22.60 0.03

TG (mg/dL)a 87.15� 45.52 89.02� 44.78 88.04� 45.18 0.021

FBS (mg/dL)a 92.06� 12.91 91.20� 11.14 91.65� 12.11 0.027

Cr (mg/dL)a 0.6573� 0.12 0.6448� 0.26 0.65� 0.14 0.056

ALT (U/L)a 8.49� 5.11 8.16� 8.73 8.33� 7.07 0.13

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; BP, blood pressure; CASPIAN, Childhood and Adolescence Surveillance and
PreventIon of Adult Noncommunicable disease; Cr, creatinine; FBS, fasting blood sugar; LDL-C, low-density lipoprotein cholesterol; SD, standard
deviation; TC, total cholesterol; TG, triglycerides.
aThe n for biochemical tests was 3,843: n for boys¼ 2,010 and n for girls¼ 1,833.
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Structural models with path coefficients (â) are shown
in ►Figs. 1 to 3, for boys, girls, and total participants,
respectively. Structural models for boys and girls showed
that in both genders, all of the lifestyle-related variables

showed direct effects on BMI. Unhealthy nutrition, increased
exposure to environmental pollutants, and increased expo-
sure to green space and sunlight had direct positive effects on
BMI in both sexes. Surprisingly, better hygiene was also

Table 2 Matrix of variance and covariance between variables

BH BMI UN HPA DSS IEG CDI RDI HDI IEP

BH 7.400 0.007 0.173 0.148 �0.100 0.053 �0.033 0.006 0.031 �0.033

BMI 0.009 20.810 0.059 �0.013 0.008 0.025 0.106 0.033 0.021 0.007

UN 0.173a 0.059a 5.245 �0.036 �0.208 �0.010 �0.008 �0.012 �0.018 �0.17

HPA 0.148a �0.013 0.036a 24.570 �0.098 0.081 �0.027 0.005 0.004 0.007

DSS �0.100a 0.008 �0.208a �0.098a 36.740 0.046 �0.002 �0.003 0.001 0.012

IEG 0.053a 0.025b �0.010 0.081a 0.046a 516.820 0.015 �0.018 0.017 �0.004

CDI �0.033 0.106a �0.008 �0.027b �0.002 0.015 22.540 0.063 �0.022 �0.007

RDI 0.006 0.033a �0.012 0.005 �0.003 �0.018a 0.063a 48.690 �0.010 0.002

HDI 0.031b 0.021b �0.018a 0.004 0.001 0.017 �0.022a �0.010 0.041 �0.019

IEP �0.033a �0.170 0.171 0.098 0.067 �0.001 �0.033 1.000 0.006b 12.480

Abbreviations: BH, better hygiene; CASPIAN, Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease; CDI,
cardiovascular diseases risk indicator; DSS, decreased social security; HDI, hepatic diseases risk indicator; HPA, high physical activity; IEG, increased
exposure to green space and sunlight; IEP, increased exposure to environmental pollutants; RDI, renal diseases risk indicator; UN, unhealthy nutrition.
Note: Variances are listed at the diagonal line and covariances are listed above and below the diagonal lines.
ap< 0.001.
bp< 0.05.

Fig. 1 Path model examining relationships among the study variables in boys: the CASPIAN-V study. ALT, alanine aminotransferase; BMI, body
mass index; CASPIAN, Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease; Cr, creatinine; DBP, diastolic
blood pressure; FBS, fasting blood sugar; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SGPT, serum glutamic pyruvic
transaminase; TC, total cholesterol; TG, triglycerides.

Journal of Child Science Vol. 10 No. 1/2020

Childhood Obesity and NCD Risk Factors Mansouri et al. e151



positively affecting BMI in boys and girls. Higher activity,
increased sleep time, decreased social security, and higher
stress had a negative direct effect on BMI in both genders. In
both models, the greatest positive direct effect on BMI was
demonstrated by unhealthy nutrition, whereas the greatest
negative β for direct effects were applied by increased
activity and higher stress in boys and girls, respectively.
The path coefficients regarding the direct effects of BMI on
disease risk factors showed similar patterns in boys and girls.
However, higher BMI had a positive direct effect on Cr and
ALT; surprisingly, it had negative direct effects on cardiome-
tabolic risk factors. Although in girls the negative effect of
BMI on cardiometabolic risk factors was more powerful than
the positive effect on Cr or ALT, in boys it had the same power
as Cr and higher than ALT (►Figs. 1 and 2).

Results of the structural model for all participants showed
that all of the latent variables had a significant direct effect on
BMI, with the greatest effect of better hygiene in comparison
to others (β¼ � 0.63, p< 0.01). Increased physical activity
and adequate sleep, increased exposure to green space and
sunlight, and better hygiene had an inverse effect on BMI. No
significant intervariable association was documented be-
tween latent variables. Moreover, BMI had significant posi-
tive relationships with risk indicators of cardiovascular,
renal, and hepatic diseases with the strongest association
with cardiovascular disease risk factors (β¼ 0.65, p< 0.01)

(►Fig. 3). The goodness of fit of models was verified using
several indexes and the measured indexes are shown
in ►Appendix 3.

Next, to figure out the distribution of lifestyle-related
variables effect through direct and indirect manners, their
standardized β of indirect effects were analyzed in total
participants. As shown in ►Table 3, unhealthy nutrition
had a moderate positive association (β between 0.3 and
0.35) with cardiovascular and renal disease risk indicators
(β between �0.26 and �0.4). In contrast, increased activity
and adequate sleep and better hygiene had a moderate
negative association with these risk indicators. Moreover,
higher exposure to environmental pollutants had mild to
moderate positive association and decreased social security
and higher exposure to green spaces had lower inverse
associations with these risk indicators. All of the assessed
variables have mild to moderate relationship with ALT
(►Table 3).

Finally, to evaluate the effect of age on this conceptualized
model, we assessed the effect of age on each latent variable
and their relationships. Higher ages in boys were associated
with higher values regarding nutrition, sleep and activity,
harmful substance use, environment, and health. Nonethe-
less, the relationship between BMI and disease indicators
was not affected by age in both genders. In girls, higher age
was associated with higher values for nutrition, sleep and

Fig. 2 Path model examining relationships among the study variables in girls: the CASPIAN-V study. ALT, alanine aminotransferase; BMI, body
mass index; CASPIAN, Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease; Cr, creatinine; DBP, diastolic
blood pressure; FBS, fasting blood sugar; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SGPT, serum glutamic pyruvic
transaminase; TC, total cholesterol; TG, triglycerides.
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activity, stress, and health, whereas cardiovascular, renal,
and hepatic disease risk indicators were not associated with
age (►Figs. 1 and 2).

Discussion

The main purpose of this study was to examine the indirect
relationships between factors related to childhood obesity
and risk factors of cardiovascular, hepatic, and renal diseases
through path analysis with the mediation of their BMI. Our

previous study showed that BMI is the strongest determinant
for cardiovascular risk factors. Many studies have evaluated
the association between contributing factors for childhood
obesity with risk factors of chronic diseases, separately10–12;
however, the current study provides a comprehensive model
including different determinants all together.

Summarizing our findings, we found a direct positive
effect of lifestyle and environmental factors on BMI except
for higher activity and stress in both genders. The most
powerful positive effect of contributing factors in both

Fig. 3 Path model examining relationships among the study variables in total participants: the CASPIAN-V study. ALT, alanine aminotransferase;
BMI, body mass index; CASPIAN, Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease; Cr, creatinine;
DBP, diastolic blood pressure; FBS, fasting blood sugar; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SGPT, serum
glutamic pyruvic transaminase; TC, total cholesterol; TG, triglycerides.

Table 3 Standardized β of indirect effects between different variables: the CASPIAN-V study

The indirect effect of …/on … Cardiovascular disease
risk indicator

Renal disease
risk indicator

Hepatic disease
risk indicator

Unhealthy nutrition 0.3445 0.3074 0.1166

Increased activity and adequate sleep �0.2925 �0.2610 �0.0990

Increased exposure to environmental pollutants 0.2470 0.2204 0.0836

Decreased social security �0.1430 �0.1276 �0.0484

Increased exposure to green space and sunlight �0.0780 �0.0696 �0.0264

Better hygiene �0.4095 �0.3654 �0.1386

Abbreviation: CASPIAN, Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease.
Note: All of the indirect effects are significant.
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genders concerned unhealthy nutrition, whereas the most
powerful negative effect was provided by higher activity.
Also, there were some differences in the effects made by
stress, environment, and health in each gender when com-
pared with the total population. Assessing the effects of BMI
on disease risk indicators, we found that the overall most
powerful effect was on cardiovascular indices.We also found
a difference in the effects of BMI and cardiovascular risk
indicator in each gender compared with the total population
(►Figs. 1–3).

One of the relationships investigated in this regard was
the association between unhealthy nutrition and obesity.We
found a strong, positive relationship between having an
unhealthy diet with higher BMIs, both in boys and girls. In
other words, consistent with several other studies,21–24

consuming higher amounts of fast foods and processed foods
would result in higher BMI. A recent systematic review
pointed out that access to fast-food restaurants was associ-
ated with overweight/obesity,25 yet the exact effect of nutri-
tionalmanagement on obesity preventionwas unclear.26 The
comprehensive analysis in this study helped figure out the
precise effects of nutrition among the complex interacting
components.26 The importance of unhealthy nutrition pre-
vention, as shown in this study, makes it one of the most
suitable factors to be used against childhood obesity.

Another important point regarded the relationship be-
tween physical activity/exercise and adequate sleep with
obesity. Although the increase in physical activity is sug-
gested for childhood obesity since about two decades,27

there the effect of sleeping on childhood obesity is still less
clear. Recent studies suggested an influential role in the
duration and quality of sleep on childhood obesity.28–30

Recent systematic analysis and another population-based
analysis demonstrated that a shorter duration of sleepwould
contribute to higher BMI.31,32 Our model revealed a moder-
ate inverse association of increased activity and adequate
sleep with BMI, either in boys and girls. This finding under-
scores the importance of balanced activity/sleep in child-
hood, which always has been on the concern of parents about
overweight/obese children.

Controversial evidence exists on the effects of harmful
environmental pollutants such as smoking and air pollution
on obesity.33,34 A study found that mortality rate was higher
in nonsmoker obese individuals than in normal weight ones,
even among smokers.35 Moreover, the effects of air pollu-
tants on obesity were reported to be different according to
the demographic characteristics.34 A recent review compre-
hensively summarized the mechanisms underlying the as-
sociation between air pollution and childhood obesity.36 We
found a moderate, positive influence of harmful environ-
mental pollutants on BMI in both genders. These findings got
special importance when, according to WHO statistics, chil-
dren are the main victim of secondhand smoke (in 2004, 40%
of children were exposed, globally37) and also, urban living
increases the exposure of children to a mixture of air
pollutants.

Some studies showed that lower social security increases
the risk of obesity. Mental stress and its consequences such

as increased appetite, lack of proper sleep quality, and
decreased motivation for physical activity may play impor-
tant roles in the development of obesity and failure of
following weight loss behaviors.38–40 Besides, a recent study
reported that neighborhood violence could flair stress up in
children, eventually resulting in the same consequences.41

Our findings suggested a moderate negative relationship
between stress and BMI in girls along with a weak associa-
tion in boys. Because of the modulatory effects of several
complex interplaying factors, considering analysis on total
population, the effect of stress on BMI was positive. This
could be justified based on the prominent role of body
satisfaction, especially in adolescent girls along with the
role of violence andmental stress in the reduction of quality
of life and self-importance.

The duration of outdoor time might influence obesity in
several ways, including increased sun exposure, increased
activity, and on the other hand, exposure to air pollutants.
Thus, the interaction of different factors would act simulta-
neously. The effects of outdoor exposure, which are dimin-
ishing due to urbanization and technology development,
vary between different environments, cultures, and races.42

In our study, higher exposure to the outdoor environment
had a positive association with BMI in both boys and girls.
The complex interactions of environmental factors challenge
the general acceptance of the protective role of outdoor time.
Therefore, increasing the outdoor time should be first evalu-
ated in different environments and populations, to be capa-
ble of being suggested for prevention and control of obesity.

Environmental and personal hygiene were previously
documented to have a role in the development of obesity
based on the gut microbiota hypothesis.43,44 This hypothesis
involves childhood exposure to pathogens, which is respon-
sible for training the immune system to become tolerant of
neutral or even beneficial strain of gut microbiota.45 Several
studies suggested an important role for themicrobiota in the
development of obesity.46,47 In our study, better hygiene had
a mild positive relationship with BMI in boys and girls.
However, when analyzing the whole population, a strong
negative influence of hygiene was found on obesity. This
difference could be due to complex interplay between ge-
netics, altered gut microbiome, and immunity. Higher levels
of hygiene would contribute to higher BMI, although the
effect was small when analyzing each gender separately.
However, when the total population was analyzed, due to
interference of more factors including gender, genetics, or
even cultural beliefs, an inverse effect of hygiene was seen.
Further research is needed for introducing it as a new target
for future interventions at individual and public levels.

In both genders, models showed a more pronounced
relationship between BMI compared with Cr and ALT on
cardiovascular disease risk factors. Similarly, the analysis of
all the participants showed a positive relationship with
cardiometabolic risk factors, as expected through metabolic
syndrome.

Structural models for boys and girls showed a weak
positive relationship between obesity and Cr. Studies regard-
ing the effect of obesity on hepatic and renal adverse events
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are rather scarce in the pediatric age group. It is shown that
obesity results in intraglomerular hypertension and eventu-
ally progressing toward kidney failure. Therefore, obesity
acts as one of the most influential risk factors for chronic
kidney diseases.9

Nonalcoholic fatty liver disease (NAFLD) is strongly associat-
ed with obesity. However, NAFLD is almost always asymptom-
atic; elevated levels of liver transaminase could be detected in
children. In ourmodel, BMIwasweakly associatedwith hepatic
disease risk indicator (ALT), in both boys and girls.

Study Limitations and Strengths
One of the limitations of this study was the inability of
assessing the causality effects due to the cross-sectional
nature of the data. Moreover, we could not examine the
pubertal status of participants.

The main strengths are the analysis of a large population-
based sample of children and a comprehensive assessment of
risk behaviors and risk factors, as well as a sophisticated
statistical analysis.

Conclusion

This large population-based study showed that the most
important predisposing factor for obesity in both genders
was unhealthy nutrition. In contrast, increased activity and
adequate sleep in boys andgirls, and higher stress in girls had
a mild protective role against obesity. BMI was associated
with indicators of cardiovascular, hepatic, and renal diseases,
with the strongest association concerning cardiovascular
diseases. These findings underscore the importance of
implementing public health programs for the prevention
of chronic noncommunicable diseases.
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