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Abstract

Background: Childhood obesity is becoming an increasingly pressing issue on a global
scale. This study aimed to explore the relationship between thyroid hormone levels and
body mass index (BMI) in obese children and adolescents, an area with limited research,
particularly in Bangladesh. Methods: This cross-sectional study was undertaken in Banga-
bandhu Sheikh Mujib Medical University, Bangladesh, from August 2018 to January 2020.
We included 105 participants aged 10–18 years, divided into obese (n = 69) and normal-
weight (n = 36) groups based on the CDC BMI percentiles. We conducted chi-square tests,
Pearson correlation, and linear regression analyses. Results: Obese participants exhibited
significantly higher mean levels of TSH (4.40 ± 3.20 µIU/mL vs. 2.26 ± 0.97 µIU/mL,
p-value 0.0002) and FT3 (3.52 ± 0.71 pg/mL vs. 3.02 ± 0.48 pg/mL, p-value < 0.001) and
lower FT4 levels (1.23 ± 0.21 ng/dL vs. 1.38 ± 0.30 ng/dL, p-value 0.0002) compared to
normal-weight participants. We observed a positive correlation between BMI and TSH
(p-value 0.002) and FT3 (p-value < 0.001), and a negative correlation between BMI and FT4
(p-value 0.003). Most of the obese children were euthyroid (71.01%), with 27.54% show-
ing subclinical hypothyroidism and 1.45% showing overt hypothyroidism. Multivariable
linear regression analysis revealed that with a one unit increase in BMI, FT3 increased by
0.032 ± 0.011 pg/mL (p-value 0.004), FT4 decreased by 0.010 ± 0.004 (p-value 0.017 ng/dL,
and TSH increased by 0.104 ± 0.044 µIU/mL (p-value 0.020). Conclusions: The significant
association between BMI and thyroid hormone levels underscores the necessity for routine
thyroid function monitoring in obese paediatric populations. The early detection and
management of thyroid dysfunction may enhance health and well-being outcomes in obese
children and adolescents.
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1. Introduction
Childhood obesity is becoming an increasingly pressing issue on a global scale with

its prevalence rising dramatically in recent decades [1]. The global prevalence of obesity
among children was increased from 2% in 1990 to 8% in 2022 [2]. Although the prevalence
in the Southeast Asian region remains among the lowest by global comparison, childhood
obesity has been on the rise in the last 10–15 years [3]. Around 38.4 million children
between the ages of 5–19 were overweight in 2020 [3]. In Bangladesh, a rise in obesity
among children and adolescents has been observed from 5.8% in 2011 to 9.2% in 2022 [4].
Additionally, the prevalence of the morbid obesity among this population rose from 0.9%
to 1.8% during the same period [4].

Recently, the growing focus on thyroid function in obese pediatric patients have led to
numerous studies exploring their connection [1,5,6]. Thyroid hormones (FT3 and FT4) play
a significant role in metabolic processes, energy expenditure, and appetite regulation; an
increase in thyroid hormone levels increases basal metabolic rate, thermogenesis, and lipol-
ysis, which collectively help reduce body weight. Conversely, a reduction in these hormone
levels over time can have the opposite effect in weight gain [7–13]. Iodine deficiency is a
leading global cause of thyroid dysfunction in children. However, according to the most
recent national micronutrient survey, iodine intake in Bangladesh is currently adequate
among children and women of reproductive age, as indicated by median urinary iodine
concentration. Therefore, iodine deficiency is unlikely to confound the observed patterns
of thyroid dysfunction in this population. Studies have shown a positive relationship
between BMI and TSH, as well as between BMI and FT3, while a negative association with
FT4 has been observed [14,15]. The pathophysiology of obesity and its association with
thyroid hormone dysregulation are well established in the literature [8]. Adipose tissues
release cytokines and adipokines that influence thyroid function. In excess adipose tissue,
leptin (an adipokine) is secreted and stimulates the hypothalamic-pituitary-thyroid axis,
potentially leading to increased TRH, TSH, and FT3 levels [16]. Elevated TSH levels may
also be attributed to reduced negative feedback between peripheral thyroid hormones and
TSH in obese patients, resulting from a decreased number of T3 receptors and pituitary
resistance to FT3 [7]. This leads to heightened TSH and FT3 levels [7].

Studies by H. Stichel et al. and Robabeh G et al. supported this by reporting elevated
TSH and FT3 levels and a decrease in the FT4 levels among overweight and obese children
compared to those with normal weight [1,14].

Obesity can result in hormonal and metabolic disorders which resolve after body
weight normalization [7]. This is proven by some studies where abnormal thyroid function
has shown subsequent improvement or resolution of subclinical hypothyroidism following
weight loss by diet modification or bariatric surgery, suggesting that pharmacological
therapy may not be required in all cases [17,18].

Few studies in Bangladesh have focused on thyroid hormone dysfunction and obesity
among the paediatric population, and a study conducted by S Mahbuba et al. investigating
the pattern of endocrine disorders in children revealed that 25% of the subjects presented
with thyroid disorders and 25.9% had simple obesity [19]. The association between obesity
and thyroid hormone levels on the adult population of Bangladesh have already researched
but few studies have been surveyed this association in pediatric population [9,20]. There-
fore, this cross-sectional study of obese paediatric patients was conducted in a tertiary care
hospital in Bangladesh to determine the prevalence of thyroid dysfunction among obese
children in Bangladesh and compare it with normal-weight peers.
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2. Methods
2.1. Study Design and Participants

This prospective cross-sectional study was undertaken in the Department of Paedi-
atrics, Endocrinology and Metabolism Division, Bangabandhu Sheikh Mujib Medical Uni-
versity (BSMMU) from August 2018 to January 2020. The study population were allocated
into two groups in accordance with the age and sex-specific BMI criteria provided by the
Centers for Disease Control and Prevention (CDC) [21]. Group A (obese group) comprised
obese children, whose BMI was ≥95th centile, while Group B (normal weight group) com-
prised children with a normal BMI, ranging from the 5th to less than the 85th centile [21].

The sample size was determined using the formula n = z2 pq
d2 . Based on the findings of

Ozer et al. (2015), who reported a 25.7% prevalence of thyroid disorders among obese
adolescents, this figure was used as the estimated prevalence (p) for the calculation [22]. A
total of 72 children in the obese group met all inclusion criteria (Supplementary Figure S1).
Additionally, 36 children with normal weight were included, considering logistical and
economic constraints. Of the 108 participants initially enrolled, 72 were obese; however,
3 children from the obese group were excluded due to the presence of thyroid autoantibodies.
As a result, the final sample comprised 69 obese and 36 normal-weight children.

2.2. Procedures

All anthropometric measurements were conducted by physicians who received train-
ing and supervision in standardized measurement procedures, following WHO guidelines,
to ensure consistency and accuracy throughout the data collection period. Physicians of
the BSMMU obtained a detailed history of the study participants and performed physical
examinations, including measurements of anthropometric indices, using a structured ques-
tionnaire. The measurement of weight was obtained using an electronic-weighing scale
(Tanita, Japan) and recorded to the nearest 100 g. The weight of the study participants was
measured barefoot and in light clothing. Measurements of standing height were obtained
using a stadiometer, with readings taken close to 0.1 cm. Body mass index was determined
by weight-to-height ratio, where weight was expressed in kg and height in meters.

Blood samples were taken from patients in the study, and serum TSH, FT3, and FT4
were measured in obese and non-obese adolescents using a chemiluminescent immunoas-
say on a Siemens ADIVA Centaur machine (Siemens Healthineers Headquarters Siemens
Healthcare GmbH, Henkestr. 127 91052 Erlangen, Germany). When there was an elevated
level, Anti TPO and Anti TG were measured by chemiluminescent immunoassay using
Immulite (Siemens Healthcare Diagnostics Inc. Specialty Lab Solutions, 511 Benedict Av-
enue, Tarrytown, NY 10591-5005, USA). Thyroid antibody-positive (any one of thyroid
antibodies) cases were excluded from the study. These investigations were performed at
the Department of Microbiology, Bangabandhu Sheikh Mujib Medical University. TSH
value 0.70–5.70 µIU/mL, FT3 value 1.40–4.20 pg/mL, and FT4 value 0.80–1.80 ng/dL were
considered normal (21). All thyroid hormone (TSH, FT3, FT4) assays were conducted in a
single accredited laboratory using standardised chemiluminescent immunoassay protocols.
Internal quality control samples and calibration procedures were performed with each
batch in accordance with manufacturer instructions to ensure accuracy and reproducibility.

Thyroid status was categorized as euthyroid if normal TSH and FT4 levels, subclinical
hypothyroid if high TSH, normal FT4 levels and overt hypothyroid if high TSH, low
FT4 levels.

Statistical analyses were conducted using STATA version 15.0 (StataCorp. 2017. Stata
Statistical Software: Release 15, College Station, TX: StataCorp LLC). For continuous
variables, data are presented as mean ± standard deviation (SD); for categorical variables,
as frequency and percentage. Group comparisons for continuous variables (e.g., BMI, TSH,
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FT3, FT4) were performed using independent sample t-tests, as the distribution of key
variables was consistent with approximate normality based on descriptive statistics and
sample size. Categorical variables were compared using the chi-square test. Associations
between continuous variables were examined using Pearson correlation coefficients. Linear
regression analysis, adjusting for potential confounders, was used to assess the relationship
between BMI and thyroid hormone levels. Statistical significance was defined as a two-
sided p-value < 0.05.

2.3. Ethical Consideration

Acquisition of written consent from the guardians and assent from the adolescents
took place prior to data collection.

3. Results
The study population comprised 105 individuals aged 10 to 18 years. In Table 1 the

background characteristics of the study participants can be observed. Around 66% of
10–13 years, 65% of 14–18 years, 69% of males, 63% of females, 56% of rural residents and
74% of urban residents were obese. No statistically significant differences were observed in
the background characteristics between normal weight and obesity.

Table 1. Background characteristics of the study participants.

Normal Obese
p-Value

n % n %

Age (years)

10–13 27 34.18 52 65.82
0.967

14–18 9 34.62 17 65.38

Sex

Male 16 31.37 35 68.63
0.541

Female 20 37.04 34 62.96

Residence

Rural 20 43.48 26 56.52
0.059

Urban 15 25.86 43 74.14

Table 2 presents anthropometric measurements of the study participants and their
parents and thyroid hormone levels of the children and adolescents. The mean values
of weight (Obese group: 62.29 ± 14.42 kg vs. Normal weight group: 37.80 ± 7.29 kg;
p-value < 0.001), BMI (Obese group: 27.92 ± 3.72 kg/m2 vs. Normal weight group:
18.13 ± 3.72 kg/m2; p-value < 0.001), waist circumference (Obese group: 91.71 ± 9.41 cm
vs. Normal weight group: 71.21 ± 7.05 cm; p-value < 0.001) and mother’s BMI (Obese
group: 26.65 ± 4.04 kg/m2 vs. Normal weight group: 23.90 ± 3.44 kg/m2; p-value < 0.001)
were statistically significantly different between two groups. TSH and FT3 levels were
higher in the obese group than the normal weight group (4.40 ± 3.20 µIU/mL vs.
2.26 ± 0.97 µIU/mL, p value 0.0002 and 3.52 ± 0.71 142 pg/mL vs. 3.02 ± 0.48 pg/mL,
p value < 0.001, respectively). But FT4 levels were lower in the obese group than the normal
weight group (1.23 ± 0.21 ng/dL vs. 1.38 ± 0.30 ng/dL, p value 0.0002).
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Table 2. Anthropometric measurements of the study participants and their parents and thyroid
hormone levels of the children.

Normal
(Mean ± SD)

Obese
(Mean ± SD) p-Value

Weight (kg) 37.80 (±7.29) 62.29 (±14.42) <0.001

Height (cm) 147.68 (±9.30) 148.80 (±10.26) 0.5862

BMI 18.13 (±3.72) 27.92 (±3.72) <0.001

Waist circumference (cm) 71.21 (±7.05) 91.71 (±9.41) <0.001

Father’s BMI 24.59 (±2.64) 25.71 (±2.94) 0.0573

Mother’s BMI 23.90 (±3.44) 26.65 (±4.04) 0.0008

FT3 (pg/mL) 3.02 (±0.48) 3.52 (±0.71) 0.0003

FT4 (ng/dL) 1.38 (±0.30) 1.23 (±0.21) 0.0031

TSH (µIU/mL) 2.26 (±0.97) 4.40 (±3.20) 0.0002

Table 3 shows the thyroid function status categories of obese children. Euthyroid,
subclinical hypothyroid, and overt hypothyroid states were observed in 71.01%, 27.54%,
and 1.45% of the obese children, respectively.

Table 3. Category of thyroid function status categories of obese children.

State of Thyroid Hormone Status Number (n = 69) Percentage (%)

Euthyroid 49 71.01

Subclinical hypothyroid 19 27.54

Overt hypothyroid 01 1.45

Figure 1 demonstrates the correlation of TSH, BMI, FT3, and FT4 values of the study
participants through a scatter plot. Scatter plots revealed significant relationships between
thyroid hormone levels and BMI in children and adolescents. Each panel in Figure 1
displays the relationship between a unique pair of variables (BMI, TSH, FT3, FT4), with
colour-coding and clear labelling provided to facilitate interpretation of all relevant associ-
ations in the study population. There was a positive association between BMI and TSH
(p-value 0.002). TSH was positively associated with FT3 (p-value < 0.001) and negatively
associated with FT4 (p-value 0.003). The BMI was positively associated with FT3 (p = 0.000)
and negatively associated with FT4 (p = 0.010). Additionally, FT3 were negatively associ-
ated with FT4 (p-value 0.001). These results highlight the interconnected role of thyroid
hormones and BMI in children and adolescents.

Table 4 shows the association between BMI and thyroid hormone status among study
participants. With one unit increase in BMI, FT3 increased by 0.032 ± 0.011 pg/mL (p-value
0.004), FT4 decreased by 0.010 ± 0.004 (p-value 0.017) ng/dL and TSH increased by 0.104
± 0.044 µIU/mL (p-value 0.020).

Table 4. Association between BMI and thyroid hormone status among study participants.

FT3 FT4 TSH

Coefficient ± SE p-Value Coefficient ± SE p-Value Coefficient ± SE p-Value

BMI 0.032 ± 0.011 0.004 −0.010 ± 0.004 0.017 0.104 ± 0.044 0.020

Age (ref. 10–13 years)

14–18 years −0.176 ± 0.142 0.218 −0.066 ± 0.056 0.243 −0.551 ± 0.578 0.342
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Table 4. Cont.

FT3 FT4 TSH

Coefficient ± SE p-Value Coefficient ± SE p-Value Coefficient ± SE p-Value

Sex (ref. Male)

Female 0.032 ± 0.126 0.799 −0.021 ± 0.050 0.672 0.842 ± 0.513 0.104

Residence (ref. Rural)

Urban −0.053 ± 0.126 0.675 0.047 ± 0.490 0.340 0.661 ± 0.511 0.199

Mother’s BMI −0.035 ± 0.024 0.154 −0.003 ± 0.010 0.734 0.197 ± 0.099 0.048

Father’s BMI 0.027 ± 0.033 0.414 −0.014 ± 0.013 0.286 0.076 ± 0.136 0.577

Figure 1. Pairwise Scatter Plots Showing the Relationships Between Body Mass Index (BMI) and
Thyroid Hormone Levels (TSH, FT3, FT4) in Children and Adolescents.

4. Discussion
Our investigation focused on the evaluation of thyroid function in children and

adolescents with obesity at a tertiary healthcare facility in Bangladesh. A significant
association was observed between TSH and BMI, implying that alterations of body weight
were associated with thyroid dysfunction. This suggests that excess energy intake in obese
children leads to elevated TSH and FT3 levels [23]. The results of the present study align
with the result of Kumar et al. and Ali et al., who reported elevated TSH levels in 30% and
35% of the obese children, respectively [24,25]. Different studies have reported varying
frequencies of high TSH levels. Elevated TSH levels in obese children (8.3%) compared to
normal-weight children (5.8%) revealed by YM et al. [26]. Several mechanisms are related
to alterations in thyroid function in patients with obesity. The primary factors contributing
to elevated TSH levels in obesity are influenced by leptin, mitochondrial dysfunction,
thyroid hormone resistance, adaptive processes, and inflammatory conditions associated
with obesity [16,27].

Our study found that 13.04% of obese children had high FT3 levels which is congruent
to the study findings of Marras et al., where 18% of obese children and adolescents had
high FT3 levels [28]. Complicated mechanisms, such as thyroid hormone resistance and
adaptation processes, are responsible for high FT3 levels [16]. Reduced T3 receptors in
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the pituitary gland of obese children lead to impaired negative feedback mechanisms [29].
Variations in FT4 levels were observed among obese children. High FT4 levels were found
in studies by Marras et al. and Ghergherehchi and Hazhir [14,28]. In our study, normal FT4
levels were observed in the majority of the obese children which is similar to the findings
of studies conducted by Stichel et al. and Ekenci et al. [1,30]. Low FT4 level was found in
studies carried out by An YM et al. and Xu et al. [26,31]. In obesity, leptin enhances the
activity of deiodinases, leading to high conversion of FT4 to FT3 [16].

In this study, high TSH (28.99%), high FT3 (13.04%), and low FT4 (1.45%) levels were as-
sociated with obesity. The current study found that TSH was positively correlated with BMI
which was similar to previously published studies, such as Grandone et al., Marras et al.,
Ekenci et al. and Ali et al., but in contrast to Kumar et al., Aeberili et al. [15,24,25,28,30,32].
TSH had positive significant correlation with FT3 which corresponded to findings of Ali
et al., and in the present study, TSH had a significant negative association with FT4 which
agreed with Ali et al. [25]. In the current study FT3 also had a significant positive associa-
tion with BMI which was similar to the results of Grandone et al. and Marras et al. [15,28].
This widespread variability in the results has been attributed in the literature to differences
in ethnicity, dietary patterns (including iodine intake), genetic background, and environ-
mental exposures among study populations. For example, ethnic variation may influence
both the prevalence of obesity and the physiological response of the thyroid axis. Dietary
practices, particularly differences in iodine consumption and nutritional status, as well as
underlying genetic predispositions, have been proposed as contributors to discrepancies in
thyroid function observed across diverse groups of children and adolescents. As primary
data on these factors were not collected in the present study, direct analysis could not be
performed. Nevertheless, these variables have been acknowledged as important sources
of heterogeneity in the international literature, and further research in the Bangladeshi
context is recommended to address these complexities.

The significant positive association observed between FT3 and BMI suggests adapta-
tion of thyroid function to increased body mass. This finding aligns with those of previous
studies that reported similar correlations [16]. The elevation in FT3 levels with BMI may be
related to enhanced peripheral conversion of T4 to T3, particularly in adipose tissue where
deiodinase enzymes are active [23]. This is supported by studies indicating that adiposity
can increase deiodinase activity, thereby promoting the conversion process to meet the
higher metabolic demands associated with greater body mass [24]. This adaptation could
be a physiological mechanism aimed at maintaining energy homeostasis in individuals
with higher BMI.

Conversely, the significant negative association between BMI and FT4 levels can be
considered as part of a regulatory feedback mechanism in thyroid hormone metabolism.
As BMI increased, FT4 levels decreased, possibly due to enhanced conversion to FT3,
suggesting a shift in hormone dynamics to support metabolic needs. This relationship
might also involve the dilution of hormones in a larger blood volume, which is a common
occurrence in individuals with higher body mass. The literature on thyroid function in
obesity often highlights such dynamic shifts, indicating a complex interplay between
hormone levels and body weight [26,27].

The finding that TSH levels increase with higher BMI points to potential subclinical
hypothyroidism or a compensatory mechanism by the thyroid gland to address insufficient
thyroid hormone production relative to body needs [28]. Elevated TSH levels could drive
increased hormone production, overcoming inefficiencies in hormone synthesis or secretion
associated with obesity [29]. This is consistent with previous research suggesting that
increased adiposity can be associated with TSH levels, possibly through mechanisms
involving leptin and other adipokines that interact with thyroid function [5,33].
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The significant relationship between maternal BMI and child TSH in children suggests
that environmental and possibly genetic factors linked to the mother’s metabolic state
could be associated with thyroid function in the offspring. The mechanism might involve
prenatal influences where maternal hormones, including thyroid hormones and factors
such as leptin, may affect the development of thyroid regulation in children. Studies have
noted that maternal health, including weight and metabolic status, can have long-lasting
effects on the endocrine profiles of children, indicating transgenerational transmission of
metabolic traits [14]. The cross-sectional design is a significant limitation of our study. As
with all cross-sectional analyses, our data describe statistical associations between obesity
and thyroid dysfunction, but do not permit any inference of causality or the direction of
these associations. Because both exposure (BMI) and outcome (thyroid hormone levels)
were measured at a single point in time, it is not possible to determine whether obesity
precedes thyroid dysfunction or vice versa. Therefore, our findings must be interpreted as
evidence of association only, not causation. In addition, we did not account for all potential
confounding factors, including diet, physical activity, and genetic predisposition. In partic-
ular, it should be noted that important confounding variables, such as diet, physical activity,
detailed socioeconomic status, and other familial or environmental influences, were not
measured, which may have introduced residual confounding and affected the observed
associations. Along with these, the single-center design and modest sample size further
limit the generalizability of our findings. Additionally, we relied primarily on BMI to define
obesity. Although BMI is a practical and widely used index in paediatric epidemiological
research, it does not distinguish between fat mass and lean body mass, and may misclassify
muscular children as overweight or obese. To partially address this limitation, we also
assessed waist circumference as a measure of central adiposity. However, more direct
measures of body fat, such as skinfold thickness, dual-energy X-ray absorptiometry, or
bioelectrical impedance analysis, would provide a more accurate assessment of adiposity
and are recommended for future studies. Furthermore, while we have updated the ref-
erence list to include the recent international literature where possible, relevant studies
from Bangladesh and the wider region remain scarce. Consequently, some older references
have been retained to ensure appropriate scientific context and reflect foundational evi-
dence. This underscores the ongoing evidence gap in local populations and highlights
the importance of the present study. Future research should prioritise prospective cohort
and intervention studies that examine the temporal sequence between obesity and thyroid
dysfunction, as well as the effects of dietary and lifestyle modifications on thyroid status.
Inclusion of more comprehensive measures of adiposity and careful control of confounding
factors are also recommended. For clinical practice, our findings support the recommen-
dation that routine thyroid function screening be considered in the management of obese
children and adolescents. Early identification and management of thyroid dysfunction may
offer potential health benefits for this vulnerable population.

5. Conclusions
Thyroid dysfunction, particularly subclinical hypothyroidism, is prevalent in obese

children. The significant association between BMI and thyroid hormone levels underscores
the necessity for routine thyroid function monitoring in all obese children, both at initial
presentation and at regular intervals during follow-up. Early detection and management
of thyroid dysfunction may enhance health and well-being outcomes in paediatric obesity.
Larger multicenter prospective studies are recommended to assess these associations and
to inform evidence-based screening intervals and management strategies.
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