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Relationship between thyroid stimulating hormone and metabolic syndrome 

in overweight/obese children 
 

Abstract: 

Background: Background: Obesity, especially central obesity is related to many 

endocrine abnormalities, such as thyroid dysfunctions. Elevated levels of thyroid 

stimulating hormone (TSH) is common in obese children, however, it is not clear if 

such condition is associated with increased cardiovascular risk factors. The study 

aimed to determine the association between levels of TSH in overweight and obese 

children with components of metabolic syndrome (Mets). 

Methods: The study sample included 197 overweight/obese 6-7 year old children 

in Tehran, Iran. Anthropometric (weight, waist circumference and height), 

metabolic (high-density lipoprotein cholesterol, triglycerides and fasting blood 

glucose) and hormonal (TSH) variables, as well as blood pressure were measured. 

Mets was defined according to Cook definition. 

Results: Totally, 20.3% and 79.7% of children were overweight and obese, 

respectively. Elevated levels of TSH were diagnosed in 10 subjects (5.1%), while 

Mets was seen in 35.4%. The most frequent component of Mets was abdominal 

obesity (72.5%). A weak positive correlation between BMI for age, Z scores and 

TSH level (r =0.11, P value= 0.123) was observed only in girls (r=0.2, P value= 

0.034). TSH was not associated with components of Mets. 

Conclusion: Elevated TSH levels may be found in obese children; however, the 

association between TSH elevation and cardiovascular disease risk factors, 

including components of metabolic syndrome needs further investigation. 

Key Words: Hypothyroidism, Overweight, Metabolic Syndrome, Cardio Vascular 

Risk Factor 

 

 

 

 

 

 

Introduction: 

Childhood obesity is a worldwide health problem and its prevalence has 

increased from 4.2% in 1990 to 6.7% in 2010 and is expected to reach 9.1% or 60 

million by 2020 
[1]

. In Iran, based on the latest report, the prevalence of overweight 

and obesity among school-age children is 7.9% and 5.6%, respectively 
[2]

. Obesity 

is associated with an increased risk of chronic disease, metabolic syndrome (Mets) 

and all-cause mortality in children 
[3, 4]

. There have been attempts to investigate 

different factors contributing to obesity. One of the factors that has been evaluated 

in this regard is thyroid function in obese children because the adverse effects of 

thyroid dysfunction on lipid profile, insulin sensitivity and other components of 

Mets (Cook et al. definition) 
[5]

 may lead to cardiovascular diseases. Obesity, 

especially central obesity is linked to many endocrine abnormalities, including 

thyroid dysfunctions 
[6, 7]

. This is not surprising since triiodothyronine )T3) 

regulates energy metabolism, thermogenesis and plays a critical role in glucose and 

lipid metabolism, food intake and oxidation of fatty acids. It is well documented 

that hyperthyroidism can lead to weight loss and hypothyroidism is associated with  
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weight gain; however, changes in thyroid homeostasis 

occurring in obesity are controversial 
[8, 9]

. Ozer et al. 

reported significantly higher TSH level in obese 

children with Mets as compared to their non-obese 

counterparts (p = 0.045) 
[10]

. Several factors have been 

suggested as contributing to elevated thyroid 

stimulating hormone (TSH) levels in obesity, including 

iodine deficiency or autoimmune thyroiditis, 

derangement in the hypothalamic-pituitary axis and 

thyroid hormone resistance 
[11]

. 

Elevated levels of TSH are common seen in obese 

children, but it is not clear whether such condition is 

associated with cardiovascular risk factors 
[12]

. The aim 

of this study was to investigate the association between 

TSH level and components of Mets in overweight/obese 

children aged 6–7 years.  

 

 

Methods: 

The study was conducted as the baseline analysis of 

a primary health care-based trial on 197 overweight/ 

obese 6-7-year-old students, under the coverage of 5 

public health care centers in the city of Tehran. At the 

initial assessment, children with systemic disease, 

multiple endocrine disorders, epilepsy, history of 

medication and congenital or acquired hypothyroidism, 

as well as those on a special diet were excluded from 

the study. All subjects signed a written informed 

consent. The study protocol was approved by the ethics 

committee of the National Nutrition and Food 

Technology Research Institute (approval code: 4965-

521 date: 10/24/2013). 

 

Anthropometric measurement: 

Weight, waist circumference (WC) and standing 

height were measured using standard methods 
[13]

. 

Weight were measured on a Seca robusta 813, digital 

floor scale with children wearing light clothes and no 

shoes, and standing height was measured by Seca 

stadiometer with an accuracy of tenth of a centimeter. 

To measure waist circumference (WC), subjects were 

asked to stand relaxed with arms at the sides, feet 

positioned close together and weight evenly distributed 

across feet. WC was measured midway between the 

lowest rib and the superior border of iliac crest at the 

end of normal expiration with a stretch-resistant 

measuring tape. Body mass index (BMI) was 

calculated and Z scores of BMI for age were calculated 

by WHO AnthroPlus2007 software. Overweight was 

defined as BMI Z score ≥1 SD <2 from the median and 

obesity as BMI Z score ≥ 2 SD more than the median 

for age and sex group based on WHO criteria 
[14]

.  

Biochemical measurement: 

After an overnight fast (at least 12 hours), 5 cc 

blood samples were obtained and serum levels of total 

cholesterol, high-density lipoprotein cholesterol (HDL-

C), triglycerides and glucose were measured with the 

Roche Hitachi 717 Chemistry Analyzer. Results were 

expressed based on mg/dl. TSH was measured using an 

electrochemiluminescence immunoassay (Elecsys 

2010) method as screening for thyroid dysfunctions. 

The reference ranges for TSH were considered 0.6–5.1 

for girls and 0.7–5.4 for boys 
[15]

. Values above 5.1 

IU/ml in girls and ≥5 IU/ml in boys were considered as 

elevated level.  For those with TSH levels above 5 

IU/ml, TSH measurement was repeated.  

 

Blood pressure: 

 Blood pressure was measured by a trained 

physician in the health center using a standard 

sphygmomanometer (Aneroid, HS-20C, made in 

China) on the right arm with the child in the seated 

position after at least 15 min of rest and recorded as 

mmHg. All measurements were randomly overseen by 

study team.  

Mets and its components, including hyperglycemia, 

hypertension, low level of HDL_C  and elevated level 

of triglyceride were measured and defined according to 

Cook et al 
[5]

.  

 

Statistical Analysis: 

 In order to compare qualitative variables, chi-

square test was used. To compare the mean and 

standard deviations of components of Mets in children 

with normal and elevated TSH levels, ANCOVA 

adjusted for BMI Z-score was applied. Data were 

statistically analyzed using SPSS16. P<0.05 was 

statistically considered significant.  

 

 

Results: 

The study sample included 92 boys and 105 girls 

with mean BMI of 21.24±2.54 kg/m². Among them, 

20.3% and 79.7% were overweight and obese, 

respectively. Frequency of  overweight and obesity in 

girls was 21% and 79%, respectively, compared to 

19.6% overweight and 80.4% obesity in boys (p>0.05). 

In obese children, the mean and standard deviation of 

TSH levels were 2.92±1.48 IU/ml, which was higher 

than those of overweight’s (2.56±1.29 IU/ml) but not 

significant. Elevated levels of TSH were observed in 

5.1% of children. TSH levels of children based on their 

sex and weight status are presented in table 1. 
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Mets was seen in 35.4% of children. The most 

frequent component of Mets was abdominal obesity 

(72.5%). There was no abnormal glucose level. No 

significant correlation was observed between the 

components of Mets and levels of TSH (Table 2). BMI 

for age Z-score and TSH level were weakly associated 

with each other (r=0.11, P value=0.123); however, this 

relationship was only significant in girls (r=0.2,  

P-value=0.034). Significant positive but weak 

correlation was found between TSH and WC (r =0.14, 

P-value=0.047), which was not significant after 

adjusting for BMI for age Z-score. TSH levels were not 

correlated with lipid profile and FBS. 

 

Table1. TSH level and weight status of overweight and obese children by gender 

TSH level 

Overweight 

n (%) 

Obese 

n (%) 

Girls Boys Total Girls Boys Total P value 

Elevated* 1(100) 0(0) 1(100) 2(22.2) 7(70.0) 9(100) 
 

Normal 21(53.8%) 18(46.2%) 39(100) 81(54.7) 67(45.3) 148(100) 

P value 0.36 0.058 0.4 

Chi-Square Test 

*≥5.1 IU/ml in girls, ≥5 IU/ml in boys 

 

Table2. Comparison between mean and standard deviations of components of metabolic syndrome in children 

with normal vs. elevated TSH levels 

Components of Metabolic Syndrome 

TSH levels 

P value* 
Elevated 

n=10 

Mean± SD 

Normal 

n=187 

Mean± SD 

Waist circumference (Cm) 71.83±10.26 69.22±7.35 0.93 

HDL (mg/dl) 42.75±7.83 40.69±9.41 0.39 

Triglycerides (mg/dl) 101.25±36.49 92.7±38.7 0.72 

FBS(mg/dl) 91.75±4.65 92.87±6.39 0.58 

BP(systolic) (mmHg) 115±17.6 112.21±12.68 0.9 

BP(diastolic) (mmHg) 75±10.48 69.79±11 0.43 

*ANCOVA adjusted for BMI Z score 

 

 

Discussion: 

The results imply that elevation of TSH 

concentrations can be expected in obese children; 

however, it is not associated with Mets risk factors. 

Subclinical hypothyroidism was seen in children with 

obesity (14.7%) compared with normal subjects (6.8%, 

p=0.02) in Tabriz 
[16]

, as well as in Danish children 

(10.4% vs. 6.4%, p=0.0001) 
[17]

. Due to not having a 

control group, we were unable to compare the results 

with normal weight children. In the present study, the 

frequency observed for elevated levels of TSH in obese  

children was much lower than that reported by Bouglé 

(5.1% vs. 13%) 
[18]

. This can be attributed to different 

cutoff points, as well as study design.   

In recent years, there has been an increasing focus 

on thyroid function in obese children and its 

association with components of Mets 
[10, 19]

. Based on 

our findings, there was no association between serum 

TSH level and lipid profile, as well as FBS. There have 

been some inconsistent and consistent studies with the 

present results, even with significant relationship 

between TSH and some parameters of lipid profile or 

other components of Mets 
[20-22]

. In a study in Spain, no 

significant difference was observed between 

cardiovascular risk factors in children with elevated 

levels of TSH and those with normal levels 
[23]

. Reinehr 

declared that lipids significantly did not correlate to 

thyroid hormones 
[24]

. HDL_C levels are normal or 

even elevated in severe hypothyroidism because of 

decreased activity of Cholesteryl-Ester Transfer Protein 

and hepatic lipase, which are enzymes regulated by 

thyroid hormones 
[25]

. Also, studies have shown that 

elevation of WC can alter TSH levels 
[26]

. In the current 

study, WC was significantly associated with TSH 

level; however, this correlation was disappeared after 

controlling for BMI Z-scores. Indices of abdominal 

obesity are better discriminators of cardiovascular risk 

factors than BMI in adults, but it is not clear in 

pediatrics 
[27]

. Obese children are at increased 

metabolic risk, because they can present insulin 
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resistance, hypertension or dyslipidemia 
[28]

. We 

demonstrated that obese children with elevated TSH 

levels do not have an increase in their metabolic risk 

factors. 

In conclusions, the results suggest that in obese 

children: (1) a moderate elevation of TSH 

concentrations may be found; (2) increase in TSH is 

not associated to metabolic risk factors. It is important 

for clinicians to check for alterations that occur in 

serum TSH and thyroid hormone values. Future studies 

should clarify whether the changes in TSH levels in 

obese children are cause or consequence of weight 

status and whether these subtle differences merit 

treatment with thyroxin. 

The present study has some limitations. First, we 

did not measure leptin level which can affect TSH 

level. Thyroiditis should always be excluded when 

obese patients show elevated TSH levels. In the present 

study we did not assess thyroiditis. Lack of a control 

group (normal weight children) was another limitation. 

In addition, puberty stage which may affect the results 

was not evaluated. Also, our study design does not 

allow testing for any causal association between 

elevation of TSH and obesity.  
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