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ABSTRACT 

Introduction: Stunted children are more likely to become obese, with a prevalence of 1.33% in children under the 

age of five. Aims: To evaluate the metabolic syndrome (MetS) profile in overweight/obese adolescents who are 

either stunted or not, and to determine the associations between stunting characteristics (height-for-age z-score, or 

HAZ) and anthropometric measurements (waist circumference, hip circumference, and waist-to-hip ratio), as well 

as MetS indicators. Methods: A retrospective observational study was conducted focusing on adolescents who 

were overweight or obese. Subjects were divided into 2 groups based on height-for-age z-score (HAZ): stunting 

group and non-stunting group. Subject numbers were determined by total sampling due to the number of stunted 

being small. Results: The prevalence of MetS in stunting overweight/ obese adolescents was 18.75%, dominated 

by female. There was a significant difference on BMI (34.60 (26.80-45.09) vs. 31.11 (27.34-40.13, p=0.040), 

waist-to-height ratio (0.63 (0.54-0.73) vs. 0.58 (0.52-0.64), p=0.005), hip circumference (111.27 (95-135) vs. 

102.50 (87-114) cm, p=0.012) and systole blood pressure (124.37 (110-140) vs. 116.25 (100-130) mmHg, 

p=0.032), greater in stunting subjects than non-stunting. Waist-to-hip ratio was lower in stunting than non-stunting 

(0.85 (0.69-0.97) vs. 0.92 (0.81-0.99), p=0.012). HAZ was correlated negatively with BMI (r=-0.358, p=0.044), 

but correlated positively with hip circumference (r=0.215, p=0.023). Conclusion: Adolescents who were stunted 

and overweight/obese exhibited higher values for BMI, waist-to-height ratio, hip circumference, and systolic blood 

pressure compared to non-stunted individuals who were overweight/obese. There was a correlation between the 

height-for-age z-score and both BMI and waist-to-hip ratio. 
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INTRODUCTION 

 

Malnutrition, which refers to 

undernutrition and overnutrition, is a global 

health problem related to children and 

adolescents. In 2013, almost 161 million 

children under the age of 5 experienced 

stunted growth, while more than 42 million 

children in the same age group were 

affected by overweight and obesity. There 

was a phenomenon that the prevalence of 

childhood stunting was decreased, but 

overweight/obesity was increased (Minh 

Do et al., 2018), due to the switch of 

traditional diets with insufficient nutrients 

need to energy-dense diets during the  

intervention programs (Rosdy and  Sabri, 

2022) or nutritional transition toward  

modern food (Sachdev et al., 2021). 

Stunting, as the chronic form of 

undernutrition, impacted more than 29.1% 

of children under 5 years old (Ssentongo et 

al., 2021). Stunted children had a 2.3-times 

higher risk to develop obesity (Yasmin et 

al., 2019). A community survey found that 

the prevalence of overweight/obesity linked 

to stunting was 5.8% in boys and 6.8% in 

girls (Sawaya et al., 1995). However, the 

mechanism of stunting causing obesity is 

still unclear until now. The coexistence of 

stunting with overweight/obesity was 

believed to be caused by changes in 

epigenetic mechanisms, including such as 

DNA methylation, histone modification, 

https://doi.org/10.20473/Ijph.v19i2.2024.302-315


Muhammad Harits, Nur Aisiyah Widjaja and Meity Ardiana, Profile of Metabolic Syndrome…  303 
 

 

and non-coding RNA (ncRNA)  (Zhou et 

al., 2020).  

Some propose that the mechanism for 

energy savings in stunted children is the 

change of lipid oxidation, leading to 

increased storage of excess fat in the body. 

(Al-Taiar et al., 2021), Mainly in the central 

region, there is a decrease in fat oxidation, a 

decrease in energy expenditure, and an 

increase in insulin resistance (Soliman et 

al., 2021), which then causes a triple-burden 

of malnutrition (Zentek et al., 2011). The 

term "coexistence" refers to the 

simultaneous presence of undernutrition 

(particularly stunting), micronutrient 

deficiency, and overnutrition, specifically 

overweight/obesity   (Meenakshi, 2016), 

This increases the risk of several health 

problems, including poor cognitive function 

(undernutrition), coronary vascular diseases 

(CVD), type 2 diabetes mellitus (T2DM), 

hypertension, dyslipidemia, and childhood 

mortality  (Sunuwar et al., 2020). The 

coexistence of undernutrition and 

overnutrition at the same time affects 

children (under 2 years old) and adolescents   

at   critical nutritional periods (Rosdy and 

Sabri, 2022), with different levels 

(individual, household, and country) 

(Modjadji et al., 2022). 

The "fetal origin hypothesis," which 

held that inadequate nutrition during 

pregnancy causes an adaptation to program 

future NCDs like obesity, type 2 diabetes, 

and cardiovascular disease, and postnatal 

nutrition raised the hypothesis known as 

"early origins" of adult disease, which holds 

that both overnutrition and undernutrition 

increase the risk of fatness 

(overweight/obesity) due to adiposity 

programming (Martorell et al., 2001). Due 

to insulin resistance (IR), being overweight 

or obese raises the chance of developing 

metabolic syndrome (MetS), a collection of 

interrelated risk factors for cardiovascular 

disease that includes dyslipidemia, 

hypertension, and hyperglycemia  

(Rochlani et al., 2018). The study revealed 

that an adult's height is associated with an 

increased risk of premature death. However, 

for every 6.5 cm increase in height, the risk 

of premature death from pulmonary 

embolism, ruptured aortic aneurysm, 

melanoma, and cancers of the pancreas, 

endocrine and nervous systems, ovary, 

breast, prostate, colorectum, blood, and 

lung was reduced by 3% (Emerging Risk 

Factors Collaboration, 2012). 

Overweight/obesity is defined as BMI 

(body mass index) more than the 85th 

percentile in gender and age-specific charts. 

When the BMI was greater than the 99th 

percentile, it was considered as severe 

obesity. BMI was used due to it was 

correlated with adiposity and excess weight 

in population levels. But BMI did not 

quantify the total body adiposity (Güngör, 

2014). Childhood BMI showed a specific 

pattern, in which, during the first years of 

life, there was a rapid increase. However, it 

decreased until roughly the age of six, at 

which point it increased once more, a 

phenomenon known as the "adiposity 

rebound" (Rolland-Cachera et al., 1984). 

Several studies have investigated the risk 

factors associated with the coexistence of 

stunting with overweight/obesity, including 

the child’s age (6-23 months-old), maternal 

age (> 28 years-old), childbirth order (+3 

children) (Sebsbie et al., 2022), low 

socioeconomic status, maternal height 

(short), household size, maternal obesity 

(Fernald and Neufeld, 2007), and 

demographic and environmental factors 

(Hammoda et al., 2022). Nonetheless, it was 

discovered that a higher BMI in 

adolescence is linked to an early adiposity 

rebound (12 years old) (Koyama et al., 

2014), and BMI correlated with the risk of 

T2DM (Eriksson et al., 2003) and CVD 

(Baker et al., 2007) in adult life.  

MetS is a complex interaction of 

many intrinsic and extrinsic factors, such as 

visceral fat, chronic inflammation and 

insulin resistance, all of which impair the 

metabolic function. The pathophysiology 

encompasses several mechanisms, 

including genetic and epigenetic factors, 

lifestyle and environmental (eating habits, 

physical activity);  all these factors cause a 
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fat deposition in the abdominal region 

(visceral fats), which then triggers the 

metabolic alteration, including IR, chronic 

inflammation and neurohormonal 

activation (Fahed et al., 2022). 

In this instance, the MetS profile of 

overweight/obese adolescents with and 

without stunting is compared, and the MetS 

component (fasting blood glucose, 

triglyceride, HDL-c, blood pressure) and 

anthropometric parameters (waist 

circumference, hip circumference, and 

waist-to-hip ratio) are correlated with the 

stunting parameters (HAZ). So the aim of 

this study is to compare the metabolic 

profile of obese adolescents with stunting 

and obese adolescents without stunting. 

 

METHODS 

 

An analytic observational study using 

cross-sectional design during October - 

December 2019 was conducted on 

overweight/obese adolescents aged 13-18 

years old who studied in Senior and Junior 

High School in Surabaya and Sidoarjo, 

resulting in 339 subjects with normal, 

overweight and obese. The study used the 

global school-based student health survey 

to asses several behaviors, but we did not 

use it in this article, as the article reflects the 

differences of metabolic profile and the 

anthropometric measurements. Height-for-

age z-score investigation was enrolled using 

WHO AnthroPlus (offline version, WHO) 

to assess stunting, and found 16 obese 

adolescents were stunted. Based on the 

results, we divide the subjects into two 

groups: stunted (16 subjects) vs. non-

stunted (16 subjects) obese adolescents. The 

determination of stunted group was based 

on World Health Organization (WHO) 

criteria according to height-for-age z-score 

(HAZ) results;  stunted was described as 

HAZ < -2.00 SD (de Onis and Branca, 

2016). 

The inclusion criteria for this study 

were: healthy overweight/obese adolescents 

aged 13-18 years-old, and willing to 

participate in this study by signing informed 

consent (done by the parents), did not 

smoke, did not consume alcohol or drugs. 

We excluded those who had hormone 

therapy, were taking lipidemias medication 

or other drugs that may affect the lipid 

profiles, body composition and blood 

pressure, had steroids therapy, or antibiotic 

therapy (had infections), and  who  had 

endocrine or immune disorders. 

MetS was determined: 1. For 

adolescents aged 10-16 years old: if there 

was a central obesity (waist circumference 

> 90th percentile based on WHO waist 

circumference table. For boys at the 

circumference of > 88 cm, and ≥ 85 cm for 

girls) accompanied with at least two other 

signs: a. blood pressure > 90th percentile 

(systole ≥130/diastole ≥ 85 mmHg); b. 

hypertriglyceridemia, if the triglyceride 

levels > 110 mg/dl; c. low level HDL-c, if 

the HDL-c levels < 40 mg/dl, and < 50 

mg/dl for girls d. hyperglycemia, if fasting 

blood glucose (FBG) levels were > 110 

mg/dl. 2. For adolescents aged more than 16 

years old: if there was a central obesity 

(waist circumference > 90th percentile based 

on WHO waist circumference table. For 

boys at the circumference of > 94 cm, and ≥ 

80 cm for girls) accompanied with at least 

two other signs: a. blood pressure > 90th 

percentile (systole ≥130/diastole ≥ 85 

mmHg); b. hypertriglyceridemia, if the 

triglyceride levels ≥ 150 mg/dl; c. low level 

HDL-c, if the HDL-c levels <40 mg/dl for 

boys, and < 50 mg/dl for girls; d. 

hyperglycemia, if fasting blood glucose 

(FBG) levels were ≥ 100 mg/dl (Zimmet et 

al., 2007). 

Subject numbers were determined by 

total sampling; due to the number of stunted 

being small, only 16 subjects; we used 

“fixed disease sampling,” while, for non-

stunted obese adolescents, we selected the 

subjects using simple random sampling 

(non-fixed sampling). The incidence of 

MetS in stunted with overweight/obesity 

was 18.75% (3/16), but this incidence was 

only seen in females, no MetS was found in 

males. For this reason, the obese 

adolescents were chosen by consecutive 
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sampling for the MetS were also female 

(3/16) as described above. 

The researchers visited the schools to 

present the health complications due to 

obesity to the parents with the permission of 

the schools head after the screening. The 

subjects were asked to fast for eight  hours 

(last supper at 9 pm) before the blood were 

drawn via vena cubiti in the morning (8-9 

am) by the laboratory employee. After the 

blood was taken for 10 ml, it was placed 

into a tube containing EDTA to examine 

blood glucose and lipid profile (HDL-c, 

LDL-c, triglyceride, and total cholesterol). 

After that the tubes containing blood 

samples were placed into a cooling box for 

transporting to the lab for further analysis 

using Elisa methods (Laboratorium Kedung 

Doro). 

The anthropometric measurements 

used for screening include the following: 

height (Seca 213 stadiometer), waist 

circumference (Seca measuring tape 201), 

hip circumference (Seca measuring tape 

201), and body weight (Seca Robusta 813 

digital scale). Overweight/obesity was 

determined based on the WHO anthro plus 

offline version. 

 To ascertain the impact of HAZ on 

the MetS component and anthropometric 

measurements, statistical analysis was 

conducted using the test of normality and 

homogeneity (p>0.05 was considered 

normal and homogenous), independent 

sample T-test or Mann Whitney, Fischer 

exact test, Spearman Rho or Pearson 

correlation, and linear regression. The study 

has been registered for ethical clearance and 

declared to be appropriate by the Ethics 

Committee of Health Study of Dr. Soetomo 

General Hospital, Surabaya, on January 2, 

2022, number: 0742/LOE/301.4.2/I/2022. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart for subject selection 

 

RESULT 

 

Due to the limited result of stunted 

(only 16 subjects), we only enrolled 32 

subjects, as summarized in Table 1. Mean 

age for the study was 192.34 + 6.80 months 

old, the youngest one was 161 months old, 

and the oldest one was 224 months old. 

There was no significant difference in age 

[192.62 (168-224) vs. 192.06 (161-224) 

months old, p=0.933], BMI-for-age z-score 

[2.91 (2.02-4.26) vs. 2.56 (2.00-3.56), 

p=0.101], body weight [76.78 (54.80-

98.10) vs. 2.45 (640-106) kg, p=0.205], 

fasting blood glucose [87.56 (80-125) vs. 

85.12 (80-91) mg/dl, p=0.820], lipid 

profile: total cholesterol [168.69 (127-208) 

vs. 176.75 (123-265) mg/dl, p=0.523], 

339 subjects (normal, overweight, obese) 

Normal 
n=71 

Non-MetS 
n=183 

MetS 
n=85 

Stunted 
n=13 

Stunted 
n=3 

Male 
n=9 

Female 
n=4 

Male 
n=0 

Female 
n=3 

Non-stunted 
n=13 (of 170) 

Non-stunted 
n=33 (of 82) 
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HDL-c [43.56 (25-57) vs. 44.50 (37-54) 

mg/dl, p=0.671], LDL-c 113.13 (76-146) 

vs. 115.62 (68-212) mg/dl, p=0.832] and 

triglyceride [98.63 (52-175) vs. 97.63 (32-

260) mg/dl, p=0.956], diastolic blood 

pressure [81.87 (70-90) vs. 77.19 (60-100) 

mmHg, p=0.187], fasting insulin [18.45 

(7.96-29.18) vs. 16.74 (4.47-30.31) µU/ml, 

p=0.525] and HOMA IR [4.03 (1.67-9.01) 

vs. 4.98 (1.72-22.34), p=0.519]. 

However, there was a notable 

variation in BMI [34.60 (26.80-45.09) vs. 

31.11 (27.34-40.13) kg/m2, p=0.040], 

waist-to-height ratio [0.63 (0.54-0.73) vs. 

0.58 (0.52-0.64), p=0.005], hip 

circumference [111.27 (95-135) vs. 102.50 

(87-114) cm, p=0.016] and systole blood 

pressure [124.37 (110-140) vs. 116.25 (100-

130) mmHg, p=0.032] higher in stunted 

obese adolescents. The stunted group's 

waist-to-hip ratio was noticeably lower than 

the non-stunted group's [0.85 (0.69-0.97) 

vs. 0.92 (0.81-0.99), p=0.012].  

There was no discernible change in 

the prevalence of obesity and overweight 

(p=0.220), MetS (p=1.000), abdominal 

obesity (p=0.722), hyperglycemia 

(p=1.000), low level of HDL-c (p=1.000), 

hypertriglyceridemia (p=1.000), and 

hypertension (p=0.716). This study also 

noted that the incidence of MetS in stunted 

subjects was higher in female adolescents (3 

subjects), but not found in male (zero). 

Table 1. Subjects’  characteristics 

Subjects’ characteristics x + SD 

n=32 

Stunted  

(n=16) 

Median (min-

max) 

Non-stunted 

(n=16) 

Median  

(min-max) 

p 

Age, months 192.34 + 6.80 192.62  

(168-224) 

192.06  

(161-224) 

0.9331 

Gender, n(%) 

- Male 

- Female 

 

18 (56.25) 

14 (43.75) 

 

9 (56.25) 

7 (43.75) 

 

9 (56.25) 

7 (43.75) 

1.0002 

BMI 32.85 + 4.84 34.60  

(26.80-45.09) 

31.11  

(27.34-40.13) 

0.0401* 

BMI-for-age z-score 2.73 + 0.60 2.91  

(2.02-4.26) 

2.56  

(2.00-3.56) 

0.1011 

Category of BMI-for-age z-

score, n(%) 

- Overweight 

- Obesity  

 

 

24 (75) 

8 (25) 

 

 

10 (62.5) 

6 (37.5) 

 

 

14 (87.5) 

2 (12.5) 

0.2202 

Metabolic syndrome, n(%) 

- Metabolic syndrome 

- Non-metabolic syndrome 

 

6 (18.75) 

26 (81.25) 

 

3 (18.75) 

13 (81.25) 

 

3 (18.75) 

13 (81.25) 

1.0002 

Body weight, kg 79.62 + 12.51 76.78  

(54.80-98.10) 

82.45  

(640-106) 

0.2051 

Body height, cm 155 + 8.25 148.90  

(143-157) 

161.09  

(153-173) 

0.0001* 

HAZ -1.47 + 1.06 -2.35  

(-2.82-(-2.01)) 

-0.58  

(-1.50-1.28) 

0.0001* 

Waist circumference, cm 93.80 + 8.45 93.81  

(80.50-112) 

93.78  

(80-107) 

0.9921 
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Subjects’ characteristics x + SD 

n=32 

Stunted  

(n=16) 

Median (min-

max) 

Non-stunted 

(n=16) 

Median  

(min-max) 

p 

Waist circumference criteria, 

n(%) 

- Abdominal obesity 

- Non-abdominal obesity 

 

 

29 (90.63) 

3 (9.37) 

 

 

10 (62.5) 

6 (37.5) 

 

 

14 (87.5) 

2 (12.5) 

0.7222 

Waist-to-height ratio 0.61 + 0.05 0.63  

(0.54-0.73) 

0.58  

(0.52-0.64) 

0.0051* 

Hip circumference, cm 106.89 + 

10.58 

111.27  

(95-135) 

102.50  

(87-114) 

0.0161* 

Waist-to-hip ratio 0.88 + 0.08 0.85  

(0.69-0.97) 

0.92  

(0.81-0.99) 

0.0121* 

Fasting blood glucose, mg/dl 86.34 + 7.87 87.56  

(80-125) 

85.12  

(80-91) 

0.8203 

Fasting blood glucose criteria, 

n(%) 

- Hyperglycemia 

- Normal blood glucose 

 

1 (3.13) 

31 (96.87) 

 

1 (18.25) 

15 (93.75) 

 

0 (0) 

16 (100) 

1.0002 

Total cholesterol, mg/dl 172.71 + 

34.99 

168.69  

(127-208) 

176.75  

(123-265) 

0.5231 

HDL-c, mg/dl 44.03 + 6.10 43.56  

(25-57) 

44.50  

(37-54) 

0.6711 

HDL-c category, n(%) 

- Low level of HDL-c 

- Normal HDL-c 

 

19 (59.38) 

13 (40.62) 

 

10 (62.5) 

6 (37.5) 

 

9 (56.25) 

7 (43.75) 

1.0002 

LDL-c, mg/dl 114.38 + 

32.55 

113.13  

(76-146) 

115.62  

(68-212) 

0.8321 

Triglyceride, mg/dl 98.13 + 50.12 98.63  

(52-175) 

97.63  

(32-260) 

0.9561 

Triglyceride category, n(%) 

- Hypertriglyceridemia 

- Non-hypertriglyceridemia 

 

5 (15.63) 

27 (84.37) 

 

2 (12.5) 

14 (87.5) 

 

3 (18.75) 

13 (81.25) 

1.0002 

Systole blood pressure, mmHg 120.31 + 

10.85 

124.37  

(110-140) 

116.25 

(100-130) 

0.0321* 

Diastole blood pressure, mmHg 79.53 + 8.83 81.87  

(70-90) 

77.19  

(60-100) 

0.1873 

Blood pressure category, n(%) 

- Hypertension 

- Normal 

 

12 (37.5) 

20 (62.5) 

 

7 (43.75) 

9 (56.25) 

 

5 (31.25) 

11 (68.75) 

0.7162 

Fasting Insulin, µU/ml 17.54 + 6.82 18.45  

(7.96-29.18) 

16.74  

(4.47-30.31) 

0.5251 

HOMA IR 4.54 + 3.84 4.03  

(1.67-9.01) 

4.98  

(1.72-22.34) 

0.5191 

1Independent sample T-test; 2Fischer exact test; 3Mann-Whitney U test, *significant if p>0.05 

 

Table 2 summarizes the correlation 

of HAZ as the indicator of stunting with 

anthropometrics and MetS component, 

which shows that HAZ was correlated 

negatively with BMI (r=-0.358, p=0.044) 

and correlated positively with hip 
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circumference (r=0.215, p=0.023). 

However, HAZ did not correlate with other 

MetS parameters, including waist 

circumference, blood pressure, HDL-c, 

triglyceride, and fasting blood glucose 

(p>0.05). 

 

Table 2. Correlation and linear regression between HAZ with anthropometric measurements 

and MetS component 

Anthropometric 

and  

MetS 

component 

r p Constanta  β Standardized 

coefficient β 

R R2 

BMI -0.358 0.044* 1.115 -0.079 -0.358 0.358 0.128 

BMI-for-age z-

score 

-0.246 0.175 -0.273 -0.437 -0.246 0.246 0.060 

Waist 

circumference 

0.215 0.237 -4.005 0.027 0.215 0.215 0.046 

Hip 

circumference 

-0.198 0.277 0.660 -0.020 -0.198 0.198 0.039 

Waist-to-hip 

ratio 

0.401 0.023* -6.162 5.324 0.401 0.401 0.161 

Fasting blood 

glucose 

-0.166 0.364 0.466 -0.022 -0.166 0.166 0.028 

HDL-c 0.160 0.381 -2.695 0.028 0.160 0.160 0.026 

Triglyceride -0.147 0.421 -1.161 -0.003 -0.147 0.147 0.022 

Systole blood 

pressure 

-0.317 0.077 2.263 -0.031 -1.829 0.317 0.100 

Diastole blood 

pressure 

-0.222 0.223 0.651 -0.027 -0.222 0.222 0.049 

*Significant if p<0.05 

 

DISCUSSION 

 

There are several points to be 

highlighted in this study. First, MetS was 

experienced by stunted obese female 

adolescents;  obese and stunting adolescents 

had higher BMI, waist-to-height ratio, hip 

circumferences and waist-to-hip ratio. 

Our study reveals that MetS in 

stunting with obesity was only experienced 

by females, even though the number was 

small (3 of 16 subjects). In a Sao Paolo 

study, it was discovered that. while female 
stunted children gained less lean mass and 

had a larger percentage of fat mass than 

normal children, male stunted children 

gained more fat but gained less lean mass 

(Martins et al., 2004). But a statement said 

that short stature on women had negative 

effects, and increases the cardiovascular 

disease (Parker et al., 1998), which means 

indirectly that stunting women are likely 

more susceptible to be obese with MetS 

than men. It was also stated that MetS 

component is common in individuals with 

percentage of body fat more than 25% in 

males or above 30% in females (Özdemir, 

2015). This pattern revealed that the 

distribution and metabolism of fat mass 

differed between the sexes, with women 

having a higher percentage of body fat than 

men. Women store fat mostly in the gluteal-

femoral region, whereas men store it 

predominantly in the visceral region  (Gavin 
and Bessesen, 2020). But, subcutaneous fat 

distribution was found to be higher at the 

biceps and subscapular location, and to tend 

to accumulate on the upper half of the body 

(trunk or arms) in a research on stunted 

Senegalese female adolescents (Bénéfice et 

al., 2001). However this study was enrolled 
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in normal stunting adolescents, not in 

overweight/obese stunting adolescents.  

Stunting adolescents tend to have 

higher BMI as they have lower fat oxidation 

than non-stunting adolescents. It counted as 

9% lower fasting fat oxidation (Hoffman et 

al., 2000). A study also noted that stunted 

children had higher body fat and BMI than 

non-stunted as the result of energy savings 

(metabolic efficiency) or low energy 

expenditure due to lack of nutrition intake 

(Savanur and Ghugre, 2016). Others also 

highlight that stunted children had high 

respiratory quotient and carbohydrate 

oxidation (Muhammad, 2018). 

Overweight/ obese stunting 

adolescents had larger hip circumference 

than non-stunting obese adolescents. In this 

instance, we propose that there was a 

disparity in the distribution of fat between 

teenage girls and boys. Central obesity is 

predominant in boys due to fat distribution 

tends to occur on the upper body 

segmentation (android segment), especially 

on the abdomen area. Testosterone causes a 

specific subcutaneous deposit due to 

catecholamine-stimulated lipolysis 

specifically, time- and concentration-

dependent in fat cells (Gavin dan Bessesen, 

2020). Testosterone has   specific receptors   

which, in certain conditions will   cause the 

reduction of β-adrenergic receptors 

(Holland et al., 2016). For girls, the fat 

accumulation happens on hips and thighs or 

gynecoid segment. Naturally girls in 

puberty stage have bigger hip and thighs 

due to fat distribution, and total fat 

distribution is bigger on the pelvis area 

compared to boys (Bacopoulou et al., 2015; 

Link and Reue, 2017; Rodd and Sharma, 

2016).  

Stunting in early life has been 

hypothesized to be MetS in adult life due to 

the alteration in body composition (Rolfe et 

al., 2018). However, the scientific evidence 

is still contradicted. An investigation of 

childhood stunting toward MetS has been 

conducted in Brazilian young adults stated 

that stunting was not associated with MetS 

components. However, this study shows 

that. while stunting had a negative 

association with waist circumference, 

triglycerides, and HDL-c in women.it had a 

positive association with triglycerides in 

males  (Grillo et al., 2016).  

Other study revealed that fasting 

respiratory quotation was higher, while 

resting energy expenditure (REE) and 

postprandial thermogenesis was 

comparable with normal children, which 

reflected that stunting children had lower 

fasting fat oxidation, but higher 

carbohydrate oxidation (Muhammad, 

2018). This condition made the stunted 

adolescents vulnerable to raised BMI. Even 

mild stunting (HAZ <-1.4 SD) made the 

sufferer susceptible to  overweight/obese 

due to high fat diet (Sawaya et al., 1995). As 

stated by Popkin et al. (1996), stunted 

children had 1.7 to 7.8-fold chance for being 

overweight/ obese , due to body fat gain 

rather than lean mass gain (Martins et al., 

2004).  

A study in Iran, assessing the effect of 

short stature (stunting after 5 years-old) 

found that the prevalence of abdominal 

obesity, hypertension and MetS was greater 

than those with normal height and weight 

(Safari et al., 2021). But this study did not 

compare the effect of short stature on MetS 

component. 

Our study found that hip 

circumference was significantly higher in 

stunting obese adolescents, but other study 

reveals no significant difference on hip 

circumference (Reid et al., 2018). We 

suspect that puberty was impacting on this 

hip circumference. A study in adolescents 

showed that boys had fat deposits in central 

body, while girls had them in gynoid area 

(Staiano and Katzmarzyk, 2012). However, 

two-way Anova  showed that gender did not 

contribute to hip circumference (106.89 vs. 

116.91 cm in male and female respectively), 

p=0.561), but stunting was significantly 

contributed (p=0.005). When the analysis 

was divided based on gender, female 

subjects with stunting had wider hip 

circumference than female non-stunting 

(116.91 [99-135] vs. 99.00 [87-113] cm, 
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p=0.009), but there was no significant 

difference in male in both stunting and non-

stunting (106.89 [95-121] vs. 105.22 [95-

114], p=0.664). Stunted girls tend to gain 

subcutaneous fat more than non-stunted 

girls (Kruger, 2005), and, in short stature 

adults, women had higher risk of being 

overweight and higher sitting weight ratio. 

Children with stunting exhibited a larger 

ratio of the head to the trunk and a slower 

rate of growth in the tibia (Henriques et al., 

2018). 

According to another study, 

adolescents with mild stunting accumulated 

more fat in their abdomens and had higher 

levels of insulin and HOMA IR than 

adolescents without the condition of 

stunting (Santos et al., 2010), but our study 

showed that both stunting and non-stunting 

obese adolescents had similar waist 

circumference. Waist circumference was 

used to estimate the prevalence of central 

obesity and forecast the occurrence of non-

communicable illnesses (NCDs) (Schwandt 

and Haas, 2012). A study also noted that 

central obesity was common in female 

adolescents (Kimani-Murage et al., 2010). 

However, in stunting subjects aged 9-19 

years old (HAZ<-1.00 until -2.00 SD), there 

was an increment of insulin at a lower waist 

circumference (58.25 cm) (Santos et al., 

2010). According to other research included 

here, one of the main metabolic changes in 

stunting people is an increase in plasma 

insulin, which can be detected at a lower 

WC cut-off point than in non-stunting 

people.  

Non-stunting children and 

adolescents had higher waist circumference 

than stunting children and adolescents, but 

insulin concentration was significantly 

higher in stunting. While other MetS 

components showed no significant 

different, except fasting blood glucose, it 

was higher in stunting compared to non-

stunting but there was no significant 

difference (Clemente et al., 2014). Based on 

those studies, in the case of stunting, we 

cannot use waist circumference for 

assessing MetS or insulin resistance. 

Therefore, additional anthropometric 

measurements like the waist-to-hip ratio or 

hip circumference may be helpful. 

Nonetheless, a research found no 

discernible variation in the waist-to-hip 

ratio between stunted and non-stunting 

individuals (Naude et al., 2010; Wilson et 

al., 2011), but waist-to-height ratio was 

significantly higher in stunting children 

(cut-off was 0.5). In adolescents with short 

stature it showed that short stature 

adolescents had larger waist-to-height ratios 

(Fayasari et al., 2019), which indicated 

abdominal obesity (Naude et al., 2010). 

Other study also noted that stunted children 

had higher body fat, waist-to-height ratios 

and BMI (Savanur and Ghugre, 2016). In 

the case of BMI, the study was in line with 

ours. In Maya community children, BMI 

has a strong predictor value to represent 

adiposity indicators, particularly abdominal 

obesity, but sitting height had bad predictors 

(Wilson et al., 2011). Additionally, it was 

discovered that children who were stunted 

at the age of two had a higher BMI at the 

age of seventeen than those who were not  

(Walker et al., 2007). 

A study in stunted orphanage children   

at  adolescence showed that the stunting 

children had higher systolic blood pressure 

(116.9 vs. 106.6 mmHg, p=0.108) (Reid et 

al., 2018), which was in line with this study. 

However, compared to non-stunting, other 

indicators like insulin, triglycerides, total 

cholesterol, low-density lipoprotein 

cholesterol, and HOMA-IR were 

significantly higher  (Reid et al., 2018), 

which was in contrast with this study. It was 

apparent that taller individuals lived longer 

than shorter ones. Height has been linked 

with atherosclerosis-related risks for stroke 

and coronary heart disease (CHD). (Smith 

et al., 2000). Height correlated negatively 

with systolic and diastolic blood pressure  

(Dyer et al., 1990). Shorter height was 

associated with hypertension in adult 

population. Also, it was found that 10 cm 

increment of height, had a protective effect 

against hypertension by 10% (Das Gupta et 

al., 2019). A study in adolescents showed 
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that systolic correlated with weight, while 

height was correlated with diastolic blood 

pressure. However this result was sex 

dependent and correlated with waist 

circumference (Song, 2014).  

This study had many limitations such 

as it did not investigates the role of 

hypoadiponectinemia in MetS pathological 

mechanisms, or other external factors such 

as dietary habits, physical activity, and sleep 

duration. 

 

CONCLUSIONS  

 

Overweight or obese adolescents 

who are stunted have higher BMI compared 

to overweight or obese adolescents who are 

not stunted. Additionally, stunted 

overweight or obese adolescents also have 

higher waist-to-height ratio, hip 

circumference, waist-to-hip ratio, and 

systolic blood pressure compared to non-

stunted overweight or obese adolescents. 

The height-for-age z-score showed a 

correlation with both BMI and waist-to-hip 

ratio. 
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