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Introduction

An increase in the number of overweight and obese chil-
dren and adolescents over the past 30 years has led to high-
er incidence of metabolic and hemodynamic disturbances. 
This is a serious global health problem as cardiovascular 
diseases (CVD) are the main causes of morbidity and mor-
tality in the world. Fat mass accumulation also leads to 
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Abstract
Objective: Moderately elevated level of thyroid-stimulating hormone accompanied by normal 
serum concentrations of free thyroxine, suggesting subclinical hypothyroidism, is the most 
common hormonal abnormality in obese children. Controversy remains, whether a thyroid 
dysfunction related to obesity has an influence on the cardiovascular risk factors. The aim of 
the study was to assess correlation between thyroid-stimulating hormone and free thyroxine 
and chosen atherogenic lipid indicators, and carotid intima media thickness in obese chil-
dren and adolescents. Methods: A study group consisted of 110 obese children (11.5 ± 2.9 
years) and 38 healthy children (13.4 ± 2.6 years). Obesity was defined using International 
Obesity Task Force criteria. In each patient anthropometric measurements, thyroid-stimula-
ting hormone, free thyroxine, a lipid profile were evaluated. Carotid intima-media thickness 
was measured in 74 obese children and 28 lean children. The resulting data were used to 
calculate indicators of atherogenesis: total cholesterol to HDL cholesterol ratio; triglyceri-
des to HDL cholesterol ratio and LDL cholesterol to HDL cholesterol ratio. Results: Obese 
children had higher mean serum thyroid-stimulating hormone levels compared to their lean 
peers and an adverse atherogenic lipid profile. Serum free thyroxine concentrations were 
comparable between the groups. Serum thyroid-stimulating hormone values correlated with 
total cholesterol to HDL cholesterol ratio; triglycerides to HDL cholesterol ratio, LDL cho-
lesterol to HDL cholesterol ratio, and intima-media thickness. In a multivariate regression 
analysis, thyroid-stimulating hormone weakly correlated only with intima-media thickness 
after adjustment for age, gender and Body Mass Index (β = 0.249, p = 0.04). This relation-
ship weakened after considering a lipid profile (β = 0.242, p = 0.058). No relationship was 
found for free thyroxine. Conclusion: Serum level of thyroid-stimulating hormone in obese 
children did not seem to impact atherogenic lipid indicators and carotid intima-media thick-
ness. Therefore, an adverse lipid profile should still be considered the main risk factor for 
development of cardiovascular diseases in obese children. 
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a mild thyroid dysfunction. Thyroid–stimulating hormone 
(TSH) at the upper limit of normal range or slightly el-
evated with a normal level of serum free thyroxine (fT4) 
and normal or moderately increased free triiodothyronine 
(fT3) is a relatively frequent finding in obese children and 
adolescents(1). According to the study by Ghergherehchi 
and Hazhir(2), the prevalence of subclinical hypothyroid-
ism (SCH) in children with obesity was significantly higher 
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hip circumference (cm), thickness of 2 skinfolds (mm) 
were analyzed. Based on these measurements, BMI (Body 
Mass Index), waist to hip ratio (WHR), waist to height ra-
tio (WHtR) were calculated. Body fat percentage (%FAT) 
was calculated using the Slaughter equations(18). Cole’s 
least mean square method was used to calculate standard 
deviation score of BMI (SDS BMI) expressing degree of 
obesity(19). 

We also analyzed a  lipid profile and thyroid function pa-
rameters. Serum thyroid-stimulating hormone (TSH, μIU/
ml) and free thyroxine (fT4, ng/dl) levels were measured 
by a  microparticle immunoenzymatic assay (MEIA) us-
ing AXYM analyzer. In 5 patients with serum TSH levels 
>4 μIU/ml anti-thyroid peroxidase (TPO-Ab) antibodies 
and anti-thyroglobulin (TG-Ab) antibodies were evaluated. 
A fasting lipid profile including total cholesterol (TC, mg/dl),  
triglycerides (TG, mg/dl) and high-density lipoprotein cho-
lesterol (HDL-C, mg/dl) was assessed using commercially 
available kits. Low-density lipoprotein cholesterol (LDL-C, 
mg/dl) was calculated using the Friedewald formula (LDL-C  
= TC – TG/5 + HDL-C). The resulting data were used to 
calculate TC/HDL-C, TG/HDL-C, LDL-C/HDL-C ratios. 
Values of a lipid profile were interpreted according to the 
2007 American Heart Association (AHA) recommenda-
tions(20). Normal values of TC/HDL-C ratio were <5, TG/
HDL-C <3, LDL-C/HDL-C <3(21,22).

Each obese child’s blood pressure was measured at the 
right arm after a 10-minute rest in supine position using 
sphygmomanometer, and the average of three measure-
ments was taken for analysis. The cuff size was based on 
the length and circumference of the upper arm and was 
chosen individually. 

In 74 obese children and 28 children from the control 
group, thickness of carotid intima–media (IMT, mm) was 
evaluated at the Department of Pediatric Radiology. At the 
far wall of common carotid artery about 1 cm from the bi-
furcation, the distance between lumen-intima and media-

Fig. 1. Measurement of intima-media thickness (IMT) at the far wall 
of a common carotid artery about 1 cm from the bifurcation

compared to non-obese children (14.7% vs. 6.8%). It is be-
lieved that changes in TSH are a result of the adaptation 
process to excess of fat tissue and normalized after weight 
loss(1). 

In literature, there are a  lot of studies in adult popula-
tion investigating the relationship between subclinical 
hypothyroidism (SCH) and higher risk of cardiovascular 
diseases but their results are inconsistent(3,4). Some stud-
ies showed association of SCH with impaired diastolic left 
ventricular function, reduced systolic function during ex-
ercise and also increased peripheral vascular resistance, 
arterial stiffness, and endothelial dysfunction(4,5). Patients 
with SCH had higher prevalence of aortic atherosclerosis 
and myocardial infarction(6), increased thickness of ca-
rotid intima-media wall(7–9) and impaired flow-dependent 
vasodilatation of brachial artery(10). The negative impact of 
an adverse lipid profile and changes of glucose homeosta-
sis on an endothelium structure and function is augmented 
by concurrent SCH(9,11–13). 

Given the cited data, the question arises to what extent an 
elevated serum TSH level augments the adverse impact of 
an altered lipid status on atherosclerosis process in obese 
children and adolescents. The number of studies concern-
ing this topic is scarce(14). In our previous study, we found 
that a serum TSH level correlated with total cholesterol, 
LDL cholesterol and triglycerides, even after adjustment 
for BMI or SDS BMI, but not with HDL cholesterol, fasting 
glucose and insulin resistance index HOMA (Homeostasis 
Model Assessment)(15). Using data from the same group of 
obese children and adolescents now we investigate the re-
lationship between serum TSH levels and atherogenic li-
pid indicators and endothelial remodeling by examining 
carotid intima-media thickness (IMT). The measurement 
of IMT by ultrasound is an important marker of an early 
stage of atherosclerosis, correlates well with cardiovascu-
lar risk factors and predicts the occurrence of myocardial 
infarction and stroke(16).

Material and methods

A retrospective analysis was carried out on the basis of the 
medical history of 148 children, aged 5-18 years, hospital-
ized at the Department of Pediatrics and Endocrinology of 
the Medical University of Warsaw. All patients had a nega-
tive family history of thyroid disease and did not take any 
medication. The study group consisted of 110 children (48 
girls, 62 boys, mean age 11.5 ± 2.9 years) found to be obese 
according to Body Mass Index (BMI) cut-off points for 
age and gender included in the International Obesity Task 
Force (IOTF) criteria(17). Patients with secondary causes of 
obesity and systemic inflammatory diseases were exclud-
ed. The control group consisted of 38 healthy individuals 
(21 girls, 17 boys, mean age 13.4 ± 2.6 years) with normal 
somatic parameters. The project received approval of the 
Ethical Committee at the Medical University of Warsaw.

In each patient anthropometric measurements, i.e. body 
height (cm), body weight (kg), waist circumference and 
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adventica interferences was measured using 12–15 MHz 
ultrasound high resolution linear vascular probe on ATL 
3000 HDL (Bothell, Washington DC, Fig. 1). The average 
of three measurements on both sides was considered the 
final carotid IMT value.

All statistical calculations were performed using SPPS 19 
software. Data are expressed as mean and standard devia-
tion (SD) or median with minimum and maximum values. 
For comparison of anthropometric and biochemical meas-
urements between the obese and the control (lean) groups, 
the T-test was used for parameters in normal distribution, 
in the case of non-normal distribution the Mann–Whitney 
test was used. The correlations between the measured vari-
ables were calculated using the Spearman coefficient. For 
better assessment of the relationship between TSH and 
IMT, multivariate linear regression models were used.  
A p value <0.05 was considered as indicator of statistical 
significance.

Results

The mean BMI of the obese children was 29.36 ± 4.9 kg/m2,  
the mean SDS BMI was 2.78 ± 0.49. All the children had 
high body fat percentage, averaging 33.91 ± 4.71%. The 
mean waist circumference was 89.94 ± 12.31 cm. The 
mean BMI of the lean children was 18.86 ± 2.79 kg/m2, 
SDS BMI - 0.03 ± 0.89. Mean heights of children from 

Variable Non-obese children
(n = 38)

Obese children

Total
(n = 110)

TSH ≤4 μIU/ml
(n = 104)

TSH >4 μIU/ml
(n = 5)

TC (mg/dl) 156.77 ± 23.85 177.47 ± 29.52*** 176.4 ± 29.18 196.0 ± 31.79 

HDL-C (mg/dl) 54 (33–92) 42 (25–92)*** 42 (25–92) 49.5 (30–58)

LDL-C (mg/dl) 84.26 ± 25.64 106.31 ± 27.19*** 105.58 ± 27.01 119.0 ± 29.66 

TG (mg/dl) 73 (23–167) 124 (39–458)*** 123 (39–458) 162.5 (106–219)

TG/HDL-C 1.29 (0.33–4.28) 2,99 (0.53–14.31)*** 2.99 (0.53–14.31) 3.75 (2.0–6,1)

LDL C/HDL C 1.56 (0.09–3.03) 2.47 (0.7–6.76)*** 2.44 (0.7–6.76) 2.64 (1,71–5.0)

TC/HDL-C 2.94 (1.36–4.87) 4.16 (2.0–10.32)*** 4.16 (2.0–10.32) 4.29 (3.29–7.23)

IMT 0.58 (0.25–0.73) 0.6 (0.22–1.4) 0.6 (0.22–1.4) 0.65 (0.5–0.7)

Data are presented as mean ± standard deviation (SD) or median with minimum and maximum values as appropriate
TSH – thyroid stimulating hormone; 
TC – total cholesterol; 
HDL-C – high-density lipoprotein cholesterol; 
LDL-C – low-density lipoprotein cholesterol; 
TG – triglycerides; 
TC/HDL-C – total cholesterol to HDL cholesterol ratio; 
TG/HDL-C – triglycerides to HDL cholesterol ratio; 
LDL-C/HDL-C – LDL cholesterol to HDL cholesterol ratio; 
IMT – intima media thickness
*** p <0,001, 
** p <0,01, 
* p <0,05 (comparison: non obese children vs. obese children)

Tab. 1. �The comparison of lipid profiles, atherogenic lipid indicates and carotid intima-media thickness in the non-obese children and the 
obese children divided according to the value of TSH level

both groups were comparable (152.76 ± 16,62 cm in the 
obese group, 157.47 ± 12.94 cm in the lean group). 

In obese children, serum TSH levels were between 0.44–4.9 
μIU/ml. Mean values of serum TSH were significantly high-
er compared to those in their lean peers (2.14 ± 0.97 μIU/ml  
vs. 1.47 ± 0.63 μIU/ml, p = <0.001). TSH levels 4 μIU/ml  
were found only in 5 patients. Serum fT4 was within nor-
mal range and did not differ when compared to the control 
group. Obese children had a significantly adverse lipid pro-
file. Elevated serum total cholesterol level (TC ≥200 mg/dl) 
and LDL cholesterol level (LDL-C ≥130 mg/dl) were found 
in 24 (21.8%) and 17 (15.5%) obese children, respectively. 
Increased values of triglycerides (≥110 mg/dl) were detect-
ed in 73 (66.4%) patients. Forty (36.4%) obese children had 
low (<40 mg/dl) levels of HDL-C. Increased values of TC/
HDL-C ≥5 , TG/HDL-C ≥3, LDL-C/HDL-C ≥3 were found 
in 22 (20%), 55 (50%), 25 (22.7%) obese children, respec-
tively. After dividing the group of obese children according 
to TSH level we observed higher mean or median values 
of TC, LDL-C, TG and atherogenic indicators in children 
with serum TSH >4 μIU/ml, but because of the low num-
ber of patients, a statistical analysis cannot be performed. 
Likewise, these groups of children had the highest median 
carotid IMT value (Tab. 1, Fig. 2). These two subgroups 
of obese children did not differ with respect to BMI, SDS 
BMI, waist circumference and %FAT. The characteristics 
of a  lipid status and IMT of obese children and control 
groups are presented in Table 1. Median systolic blood 
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pressure (SBP) in obese children was 114 mmHg, median 
diastolic blood pressure (DBP) was 70 mmHg and did not 
differ between the subgroups with higher and lower serum 
TSH levels. 

In Spearman correlation serum TSH values correlated 
with TC/HDL-C (r = 0.286, p <0.001), TG/HDL-C (r = 
0.236, p = 0.004), LDL-C/HDL-C (r = 0.281, p = 0.001), 
and carotid IMT (r = 0.290, p = 0.003), but not with SBP 
and DBP. In multivariate linear regression analysis, after 
adjustment for age, gender and SDS BMI, TSH correlated 
weakly only with IMT. Furthermore, this relationship was 
weaker after considering a lipid profile (Tab. 2). No rela-
tionship was found for fT4.

Discussion 

It is well known that atherosclerosis can start in childhood 
and is mainly caused by accumulation of fat mass and obe-
sity-related development of metabolic and hemodynamic 
disturbances such as dyslipidemia, insulin resistance, 
impaired glucose tolerance or hypertension. Obesity also 
leads to slightly elevated serum TSH levels accompanied 
by a normal level of free thyroxine (fT4), suggesting sub-
clinical hypothyroidism (SCH). Recently, the association 
between SCH and a higher risk of atherosclerotic diseases 
has been the subject of many studies in adult population. 
Their results are not clear, but some meta-analysis has con-
firmed such a  link(23). Also, considering multidirectional 
action of thyroid hormone, the question arises what role 
elevated TSH plays in the onset of atherosclerosis in obese 
children. We analyzed the measurements of carotid intima 
media thickness as a useful tool in evaluation of subclinical 
atherogenesis.

The meta-analysis by Gao et al.(12) based on 8 observational 
studies including 3602 adult patients confirmed the associ-
ation between SCH and increased IMT, which may be a re-
sult of elevated TSH, dyslipidemia and hypertension. In 
other studies(8,9) authors point out that this relationship is 
independent from traditional risk factors. Data regarding 
this problem in pediatric population are limited. Isik-Balci 
et al.(24) and Ünal et al.(13) found higher thickness of carot-
id IMT in children with SCH than in control groups. In 
a study including 81 overweight and obese children, Schiel 
et al.(25) showed that IMT correlated with selected anthro-
pometric parameters describing obesity, blood pressure 
and also with TSH. In another study, in a group of 58 obese 
children with nonalcoholic fatty liver disease (NASH), Sert 
et al.(26) demonstrated a negative impact of subclinical hy-
pothyroidism on cardiovascular risk factors. Twenty-five 
individuals with TSH >4 μIU/ml had higher thickness of 
carotid IMT, higher left ventricular mass (LVM) and also 
a more unfavorable lipid profile and glucose metabolism 
parameters compared to obese peers without diagnosed 
SCH. In a multivariate regression analysis TSH correlated 
positively with IMT, after adjustment for age, gender, BMI, 
blood pressure, a lipid profile, fasting glucose, fasting insu-
lin and HOMA. Another study not only confirmed impaired 
cardiac function as a reduced diastolic function and a lon-

gitudinal systolic function assessed by Doppler Echocardi-
ography(14), but also showed alteration of hemorheological 
parameters in children with SCH(24). The study by Özer et 
al.(27), including 260 obese children, found that an elevated 
TSH level is a risk factor for a metabolic syndrome. 

In our study, serum TSH concentration also correlated 
with IMT after adjustment for age, gender and SDS BMI, 
but this relationship was attenuated after considering a li-
pid profile. The results of our analysis suggest that changes 
of a  lipid profile found in obese children had a  greater 
impact on thickness of carotid intima-media and perhaps 
TSH contributes to early atherosclerosis vascular changes 
through an action on lipid metabolism. Akkoca’s et al.(7) 
reached similar conclusions in their study. In 60 non-
obese adults divided into three equal groups with a normal 
thyroid function, subclinical hypothyroidism and clinical 
hypothyroidism, it was found that increased thickness of 
a carotid IMT wall resulted from an adverse lipid status. 

Thyroid hormones regulate synthesis, metabolism and 
mobilization of lipids. They increase cholesterol synthesis 
in the liver and expression of a cell surface LDL–C recep-
tor in the liver and other tissues and decrease intestinal 
cholesterol absorption. Thyroid hormones increase choles-
terol ester transfer protein (CETP) concentration and in-
crease the activity of hepatic lipase and lipoprotein lipase, 
and thus impact HDL-C and triglyceride concentration(11). 
The effect of subclinical hypothyroidism on a serum lipid 
profile is not quite clear. The presence of TSH receptor 
in hepatocytes potentially explains the role of thyrotropin 
in the formation of hypercholesterolemia(28). Some stud-
ies in adult patients have reported a relationship between 
subclinical hypothyroidism and an adverse lipid status(9,11). 
Moreover, the HUNT study including a group of 30656 pa-
tients demonstrated that increased serum TSH levels, but 
still within the normal range, positively correlated with 
total cholesterol, LDL cholesterol and triglycerides and 
negatively correlated with HDL-C(29). The results of these 
studies are supported by research in obese children con-
ducted by Aeberli et al.(30), Pacifico et al.(31) and Shalitin 

Fig. 2. Increased  thickness of carotid intima-media in a 12 years old  
girl from the obese group
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Independent 
variables B SE p-value 95% CI

MODEL 1
Age (years)
Sex (male = 1/ 
female = 2)
SDS BMI
TSH (μIU/ml)

0.008
−0.052

0,.047
0.041

0.007
0.036

0.041
0.020

0.258
0.153

0.259
0.041

−0.006–0.021
−0.124–0.019

−0.034–0.127
0.003–0.080

MODEL 2
Age (years)
Sex (male = 1/ 
female = 2)
SDS BMI
TC (mg/dl)
LDL-C (mg/dl)
TG (mg/dl)
TSH (μIU/ml)

0.008
−0.052

0.049
0.000
0.000
0.000
0.040

0.007
0.038

0.043
0.002
0.002
0.000
0.021

0.282
0.0170

0.255
0.844
0.838
0.878
0.058

−0.006–0.022
−0.126–0.022

−0.035–0.134
−0.004–0.004
−0.005–0.004
−0.001–0.001
−0.001–0.081

SDS BMI – standard deviation score of Body Mass Index; 
TC – total cholesterol; 
HDL-C – high-density lipoprotein cholesterol; 
LDL-C – low-density lipoprotein cholesterol; 
TG – triglycerides; 
TSH – thyroid stimulating hormone; 
B – non-standardized coefficient; 
SE – standard error; 
CI – confidence interval

Tab. 2. �Multivariate regression analysis of intima-media thickness 
(dependent variable)
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