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Abstract

Background: Due to the increasing worldwide prevalence of obesity, it is essential to determine the prevalence of
obesity-related thyroid dysfunctions. The purpose of this study was to investigate the prevalence of thyroid
dysfunctions, namely hypothyroidism and hyperthyroidism, and their association with BMI among adult Iranian
overweight and obese individuals.

Method: This cross-sectional study was carried out within the framework of the Tehran Thyroid Study (TTS); 5353
participants (57.5% female) entered our study. Anthropometric measurements were performed. Serum levels of
thyroid-stimulating hormone (TSH), free thyroxine (FT4), and thyroid peroxidase antibody (TPOAb) were assayed. We
categorized individuals into 3 BMI groups (normal-weight, overweight and obese), then calculated prevalence rate,
odds ratio (OR), and 95% confidence interval (CI) for outcomes in overweight and obese groups. The normal-weight
group was used as the control group.

Results: We found a higher prevalence of hypothyroidism (11.6% vs 8.2% Total, 4.0% vs 1.1% overt and 7.6% vs
7.1% subclinical, P < 0.001) and TPOAb positivity (17.3% vs 11.6%, P < 0.001) in obese participants compared with
normal-weight participants. Hyperthyroidism’s overall prevalence was 4.2, 5.7, and 4.9% in obese, overweight, and
normal-weight groups, respectively. Obesity was associated with higher odds of overt hypothyroidism (OR: 2.0, 95%
CI: 1.15–3.49, P < 0.05) and TPOAb positivity (OR: 1.29, 95% CI: 1.04–1.60, P < 0.05) after adjusting for confounding
variables. In contrast, no association was observed between the overweight group and the odds of hypothyroidism
and TPOAb positivity in the adjusted results.

Conclusions: Obesity was associated with an increased risk of overt hypothyroidism and TPOAb positivity.
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Background
Obesity and overweight are major risk factors for
disability-adjusted life-years (DALY) and mortality; obes-
ity was linked to 4 million deaths and 120 million
DALYs, 7.1 and 4.9% of all global deaths and DALYs, in
2015. The prevalence of obesity has drastically increased
in the past three decades around the world. The global
prevalence of obesity in adults was estimated to be 12%,
with a higher prevalence rate in women than men [1, 2].
Obesity has become a significant public health concern
in many countries, including Iran; the prevalence of
obesity and overweight among the Iranian population
above 18 has been estimated to be around 21 and 39%,
respectively [3, 4].
Thyroid dysfunctions, after diabetes, are the second

most prevalent metabolic disorders in the world. Many
elements, including biological and geographical factors,
affect thyroid dysfunction prevalence rates among vari-
ous world regions. Among the Iranian population, a
prevalence of 0.69% for overt hyperthyroidism and
1.52% for subclinical hyperthyroidism have been re-
ported [5]. Moreover, the prevalence of overt and sub-
clinical hypothyroidism in Iran is estimated to be 2.0
and 5.5%, respectively [6].
Obesity is accompanied by various physiological and

pathological changes in body organs, including the thy-
roid gland [7]. Many studies have investigated the rela-
tionship between obesity and thyroid dysfunction, but
the results of these studies are still inconsistent. Most
studies have shown that body mass index (BMI) is posi-
tively associated with serum thyrotropin (TSH) and the
prevalence of hypothyroidism in obese individuals [8–
12]. However, results regarding the relation between
BMI and serum-free thyroid hormone levels are contro-
versial. While several studies have reported that BMI is
negatively associated with free thyroxine (FT4), others
have found positive or no association between BMI and
FT4 [10, 13–16].
With the increasing frequency of obesity, determining

the prevalence of obesity-related thyroid dysfunctions is
essential for designing precise community-based health
guidelines. To the best of our knowledge, few studies
have explored the prevalence of thyroid dysfunctions
among obese individuals in a Middle Eastern population.
The aim of this population-based, cross-sectional study
was to investigate the prevalence of thyroid dysfunctions,
namely hypothyroidism and hyperthyroidism, and their
association with BMI among overweight and obese indi-
viduals in an adult Iranian population.

Materials and methods
Study setting
The present study was carried out within the framework
of the Tehran Thyroid Study (TTS) retrospective cohort

study in the Iranian city of Tehran, which is considered
an iodine sufficient region. The TTS study was con-
ducted as a part of the Tehran Lipid and Glucose Study
(TLGS), which is a long-term ongoing community-based
study for the identification and prevention of non-
communicable disorders among the Iranian population
living in district No.13 (population toll: 276,027, Iran
National Census, 2010) located in the eastern parts of
Tehran; this district is under the coverage of Shahid
Beheshti University of Medical Sciences and Health
Services. The population of the above-mentioned area
represents the overall population of Tehran (Iran
National Census, 1996) [17].

Study population
Fifteen thousand five (15,005) individuals aged ≥3 years
were selected to participate in the TLGS study using
multistage stratified cluster sampling. Baseline measure-
ments were documented, and every 3 years, participants
were invited for follow-up assessments. From 10,368
TLGS participants aged ≥20 y., 5783 individuals who
had serum samples for measuring thyroid function tests
at baseline (February 1999–August 2001) were randomly
selected Between March 1997 and December 2004 to
participate in the TTS study.
In this study, all participants from the baseline TTS

study were included. Exclusion criteria (Fig. 1) for this
study were a history of thyroid cancer (n: 22), a history
of thyroid surgery (n: 62), current pregnancy (n: 50), cor-
ticosteroid usage (n: 93), levothyroxine or thyrostatics
treatment (n = 84), and having incomplete laboratory or
missing data (n: 119). As a result, 430 individuals were
excluded, and 5353 participants remained in our study.

Clinical evaluation
All participants were referred to health centers for
clinical evaluations; trained physicians performed clin-
ical evaluations in every step of this study. Partici-
pants were surveyed to obtain information regarding
past medical history, current medication, radioiodine
intake, and smoking habits. Anthropometric measure-
ments were taken without shoes with participants
wearing light clothing; weight and height were mea-
sured using a digital electronic weighing scale (Seca
707; range 0.1–150 kg; Seca, Hanover, MD) with an
accuracy of up to 100 g (checked regularly for preci-
sion every ten measurements) and a tape meter stadi-
ometer respectively. Waist circumference (WC) was
measured at the narrowest level over light clothing,
using an upstretched tape meter, without any pressure
to the body surface. The measured values were
rounded to have a precision of 1 cm. Body mass index
(BMI) was calculated by dividing the weight in kilo-
grams by the square of height in meters.
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Laboratory measurements
Study participants were asked to fast overnight to ensure
accurate lab results. Blood samples were collected be-
tween 7:00 AM and 9:00 AM after 12 to 14 h of
overnight fasting. The electrochemiluminescence im-
munoassay (ECLIA) method was used on − 70 °C stored
serum samples to measure TSH and FT4 using Roche
Diagnostics kits & Roche/Hitachi Cobas e-411 analyzer
(GmbH, Mannheim, Germany). Lyophilized quality con-
trol substance (Lyphochek Immunoassay plus Control,
Bio-Rad Laboratories) was utilized to assess the assay’s
accuracy. The intra- and interassay Coefficients of
Variability (CVs)were 1.5 and 4.5% for TSH and 1.3 and
3.7% for FT4 determinations, respectively. Thyroid
peroxidase antibody (TPOAb) was measured by the
immunoenzymometric assay (IEMA), using an appropri-
ate kit (Monobind, Costa Mesa, CA, USA) and the
Sunrise ELISA reader (Tecan Co., Salzburg, Austria); in-
ter- and intra-assay CVs were 3.9 and 4.7%, respectively.
All lab analysis procedures were performed at the re-
search laboratory of the Research Institute for Endocrine
Sciences (RIES).

Definition of variables
We categorized individuals into three groups based on
their BMI; participants with BMI ranging from 18.5 kg/
m2 to 24.9 kg/m2 were classified as normal-weight (nor-
mal BMI), individuals with BMI between 25 kg/m2 to
29.9 kg/m2 and equal or greater than 30 kg/m2 were
classified as overweight and obese, respectively. Further-
more, we also defined sex-specific female and male BMI
groups to separately investigate the effects of obesity on

the thyroid function of each gender. Euthyroidism
was defined as serum TSH and FT4 within the nor-
mal reference range of the study population (TSH:
0.32–5.06 mIU/L; FT4: 0.91–1.55 ng/dL); furthermore,
we divided thyroid dysfunction as outcome into 4 cat-
egories: 1) subclinical hyperthyroidism (defined as
TSH < 0.32 and 0.91 ≤ FT4 ≤ 1.55) 2) overt hyperthy-
roidism (defined as TSH < 0.32 and FT4 > 1.55) 3)
subclinical hypothyroidism (defined as TSH > 5.06 and
0.91 ≤ FT4 ≤ 1.55) 4) overt hypothyroidism (defined as
TSH > 5.06 and FT4 < 0.91); we applied population-
specific TSH and FT4 reference ranges based on results
obtained from a previous study on TTS participants. Re-
garding TPOAb, we used an estimated cutoff value of
32.8 IU/mL in males and 35.0 IU/mL in females [18]. We
classified individuals with serum TPOAb levels above the
cutoff values as TPOAb positive. A value of 90 cm, ob-
tained from previous studies on the Iranian population,
was used as the cutoff point to denote abnormal WC in
both men and women [19].
Regarding the smoking status, participants were di-

vided into ever smoker and never smoker groups. Ever
smoker was defined as an individual who has smoked
100 cigarettes in his or her lifetime and is also currently
smoking cigarettes, regularly or irregularly. A never-
smoker individual was defined as a person who has
never smoked or smoked less than 100 cigarettes in his
or her lifetime.

Data analysis
Normally distributed variables were expressed as mean ±
SD. Furthermore, continuous variables with skewed

Fig. 1 Flowchart of the study population sampling
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distribution were expressed as median with IQR, and
categorical variables were presented as frequencies (%).
Kruskal-Wallis Test and chi-square tests were used to
compare continuous and categorical variables,
respectively.
Since in our modeling more than two thyroid function

states as outcomes were present, multinomial logistic re-
gression was utilized to model our data and subse-
quently calculate odds ratios (OR) and 95% confidence
intervals (CI) for different outcome groups. Additionally,
we used normal-weight participants as the control group
to calculate OR in our logistic models. Since TPOAb
positivity had a binary outcome, positive or negative, we
used binary logistic regression to model and calculate
OR and 95% CI for TPOAb positivity. To further assess
the impact of obesity on thyroid disorders, we utilized
Spearman’s rank correlation coefficient and linear re-
gression modeling to analyze the correlation and associ-
ation between thyroid parameters (TSH, FT4, and
TPOAb level) and BMI. To simplify the interpretation of
results from our linear models, natural log transform-
ation was used for parameters that had skewed distribu-
tion. As a result, the percent of changes shown in
Table 3 are expressed as 100*(exp (coefficient)-1).
We classified age, sex, TPOAb positivity, and smoking

as confounding factors for calculating adjusted outcomes
from our regression analysis. All statistical analyses were
performed by SPSS 23.0 software.

Ethics statement
The protocol for the TTS study was approved by the
Ethics Committee of the Research Institute for Endo-
crine Sciences (RIES) of Shahid Beheshti University of
Medical Sciences; the study was conducted in accord-
ance with the Declaration of Helsinki. Participants re-
ceived ample information about the aim and steps of the
TTS study. Afterward, all individuals willing to partici-
pate were asked to fill a written informed consent and
were informed of their right to leave the study at any
stage.

Results
Characteristics of the study population
A total number of 5353 individuals (42.5% male, 57.5%
female) were included in this study. The mean age was
40 ± 14 (SD), 42 ± 15, and 39 ± 14 years for the total
study population, male participants and female partici-
pants, respectively. The mean BMI of the study popula-
tion was 26.5 ± 4.6 kg/m2. The prevalence of obesity was
significantly higher among female participants than male
individuals (26.5% vs. 14.5%, P < 0.001), and men had
higher rates of overweight than women (42.0% vs. 38.8%,
P < 0.001). Analysis of WC revealed the presence of ab-
normal WC in 44.6% of the study population (40.4%

female, and 50.4% male). Median WC was 88 (17), 86
(18), and 90 (16) cm for the general, female, and male
population, respectively (Table 1). Regarding smoking
status, 792 participants (14.8%) had a positive, and
4561 (85.2%) had a negative history of smoking. Detailed
clinical and biochemical characteristics of our study
population are presented in Table 1.

Prevalence of thyroid dysfunction
The overall prevalence of hypothyroidism and hyperthy-
roidism in the study population was 9.2 and 5.1%, re-
spectively. We found a significantly higher prevalence of
hypothyroidism in obese individuals (11.6, 4.0% overt,
and 7.6% subclinical) than individuals with normal BMI
(8.2, 1.1% overt, and 7.1% subclinical). Regarding hyper-
thyroidism, the obese category showed a slightly lower
prevalence of total hyperthyroidism than normal weight
(4.2% vs. 4.9%, P < 0.001). In contrast, the overweight
group displayed a higher prevalence of total hyperthy-
roidism than the normal weight category (5.7% vs. 4.9%,
P < 0.001) (Table 1). Additionally, sex-specific results
showed that the prevalence of overt hypothyroidism was
noticeably higher among obese women than normal-
weight ones (5.0% vs. 1.9, P < 0.05). Furthermore, the
prevalence of total hyperthyroidism was lower in obese
(4.1% vs. 5.3%, P < 0.05) and higher in overweight (6.1%
vs. 5.3%, P < 0.05) female categories than the normal
weight female group. In contrast, no statistically signifi-
cant difference in the prevalence of hypothyroidism and
hyperthyroidism was observed between different classes
of BMI in men (Table 1).
Unadjusted logistic regression results showed that the

odds of overt hypothyroidism were positively associated
with obese (OR: 3.71, 95% CI: 2.24–6.16, P < 0.05) and
overweight (OR: 2.03, 95% CI: 1.23–3.35, P < 0.05) BMI
categories; this positive association was observed in
obese (OR: 2.73, 95% CI: 1.58–4.70, P < 0.05) and over-
weight (OR: 1.77, 95% CI: 1.03–3.06, P < 0.05) female
participants. Likewise, male overweight (OR: 3.14,
95%CI: 0.85–11.62, P < 0.05) and obese groups (OR:
5.03, 95% CI: 1.19–21.17, P < 0.05) also showed a statis-
tically significant association with overt hypothyroidism
in unadjusted results (Table 2). After adjusting the
model for age, sex, TPOAb positivity, and smoking as
confounding factors, only obese total (OR: 2.0, 95% CI:
1.15–3.49, P < 0.05), obese female (OR: 1.71, 95%CI:
0.94–3.11, P < 0.05) and obese male (OR: 4.55, 95% CI:
1.04–19.87, P < 0.05) groups had significant positive as-
sociations with the odds of overt hypothyroidism. We
found no statistically significant association between
subclinical hypothyroidism and BMI categories in our
adjusted or unadjusted models (Table 2). We also ob-
served a positive association between subclinical hyper-
thyroidism and the overweight group in our unadjusted
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Table 1 Clinical and Biochemical Characteristics of the Study Population

TOTAL Normal BMI Overweight (BMI ≥ 25) Obese (BMI ≥ 30) p-value+

(n, %) (2057, 38.4%) (2152, 40.2%) (1144, 21.4%)

Age (year) 36 ± 14 42 ± 14 45 ± 13 < 0.001

TSH (mU/L) 1.56 (1.68) 1.59 (1.66) 1.69 (1.81) < 0.001

FT4 (ng/dL) 1.25 (0.24) 1.20 (0.24) 1.17 (0.24) < 0.001

TPOAb (IU/ml) 5.43 (7.94) 5.60 (8.60) 6.34 (12.11) < 0.001

Waist Circumference < 0.001

WC 77.0 (11.0) 90 (10) 101 (9)

Abnormal WC ratio 6.8% 55.5% 92.3%

Smoking Status < 0.001

Ever 358 (17.4%) 313 (14.5%) 121 (10.6%)

Never 1699 (82.6%) 1839 (85.5%) 1023 (89.4%)

TPOAb positivity < 0.001

Yes 239 (11.6%) 1818 299 (13.9%) 198 (17.3%)

NO (88.4%) 1853 (86.1%) 946 (82.7%)

Thyroid Status < 0.001

Euthyroid 1787 (86.9%) 1837 (85.5%) 963 (84.2%)

Subclinical hypothyroidism 146 (7.1%) 144 (6.7%) 87 (7.6%)

overt hypothyroidism 23 (1.1%) 48 (2.2%) 46 (4.0%)

Total hypothyroidism 169 (8.2%) 192 (8.8%) 133 (11.6%)

Subclinical hyperthyroidism 57 (2.8%) 85 (3.9%) 31 (2.7%)

overt hyperthyroidism 44 (2.1%) 38 (1.8%) 17 (1.5%)

Total hyperthyroidism 101 (4.9%) 123 (5.7%) 48 (4.2%)

FEMALE (3079, 57.5%) (1068, 34.7%) (1196, 38.8%) (815, 26.5%)

Age (year) 33 ± 12 41 ± 13 45 ± 12 < 0.001

TSH (mU/L) 1.78 (1.99) 1.87 (2.16) 1.85 (2.07) 0.497

FT4 (ng/dL) 1.20 (0.22) 1.15 (0.23) 1.14 (0.24) < 0.001

TPOAb (IU/ml) 5.81 (10.52) 6.33 (12.64) 6.86 (17.25) < 0.001

Waist Circumference < 0.001

WC 75 (10) 87 (11) 100 (12)

Abnormal WC ratio 3.9% 39.4% 89.7%

Smoking Status 0.875

Ever smoker 36 (3.4%) 45 (3.8%) 30 (3.7%)

Never smoker 1032 (96.6%) 1151 (96.2%) 785 (96.3%)

TPOAb positivity 0.004

Yes 154 (14.4%) 209 (17.5%) 165 (20.2%)

NO 914 (85.6%) 987 (82.5%) 650 (79.8%)

Thyroid Status 0.008

Euthyroid 882 (82.6%) 971 (81.2%) 663 (81.3%)

Subclinical hypothyroidism 110 (10.3%) 113 (9.4%) 78 (9.6%)

Overt hypothyroidism 20 (1.9%) 39 (3.3%) 41 (5.0%)

Total hypothyroidism 130 (12.2%) 152 (12.7%) 120 (14.6%)

Subclinical hyperthyroidism 33 (3.1%) 51 (4.3%) 20 (2.5%)

Overt hyperthyroidism 23 (2.2%) 22 (1.8%) 13 (1.6%)

Total hyperthyroidism 56 (5.3%) 73 (6.1%) 33 (4.1%)
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results (OR: 1.45, 95% CI: 1.03–2.04, P < 0.05). How-
ever, this association was not observed in adjusted
results or other BMI groups. Furthermore, no associ-
ation was found between overt hyperthyroidism and
BMI categories in adjusted or unadjusted results
(Table 2).

TPOAb positivity
The results revealed that 736 (13.7%) participants were
tested positive, and 4617 (86.3%) were tested negative
for TPOAb (Table 1). The Obese group had a signifi-
cantly higher prevalence of TPOAb positivity than the
normal-weight group (17.3% vs. 11.6%, P < 0.001). Fur-
thermore, the prevalence of TPOAb positivity in women
was nearly twice that in men (17.1% vs. 9.1%, P < 0.05)
(Table 1).
We observed a positive association between the odds

of TPOAb positivity and BMI group; obese (OR: 1.59,
95% CI: 1.30–1.95, P < 0.05) and overweight (OR: 1.23,
95% CI: 1.02–1.47, P < 0.05) groups had increased odds

of TPOAb positivity compared to the normal-BMI
group. However, after adjustments for confounding fac-
tors, only the obese participants displayed a statistically
significant positive association between the BMI group
and the prevalence of TPOAb positivity (OR: 1.29, 95%
CI: 1.04–1.60, P < 0.05) (Table 2). Unadjusted results
from the sex-specific analysis showed that the odds of
TPOAb positivity were positively associated with female
overweight (OR: 1.26, 95% CI: 1.002–1.58, P < 0.05) and
obese (OR: 1.51, 95% CI: 1.18–1.92, P < 0.05) BMI
groups. However, after adjusting our results, only obese
females showed a positive association with TPOAb posi-
tivity (OR: 1.37, 95% CI: 1.06–1.78, P < 0.05). No associ-
ation was found between TPO positivity and different
male BMI categories in our adjusted or unadjusted re-
sults. (Table 2). Moreover, we found a positive correl-
ation between BMI and TPOAb level (r: 0.06, 95% CI:
0.03–0.08, P < 0.05); this positive correlation was also
observed in women (r: 0.06, 95% CI: 0.03–0.10, P < 0.05),
but not in men (Table 3).

Table 1 Clinical and Biochemical Characteristics of the Study Population (Continued)

TOTAL Normal BMI Overweight (BMI ≥ 25) Obese (BMI ≥ 30) p-value+

(n, %) (2057, 38.4%) (2152, 40.2%) (1144, 21.4%)

MALE (2274, 42.5%) (989, 43.5%) (956, 42.0%) (329, 14.5%)

Age (year) 39 ± 16 44 ± 14 43 ± 14 < 0.001

TSH (mU/L) 1.41 (1.29) 1.38 (1.21) 1.46 (1.36) 0.570

FT4 (ng/dL) 1.29 (0.25) 1.25 (0.23) 1.24 (0.25) < 0.001

TPOAb (IU/ml) 5.24 (6.45) 5.08 (5.67) 5.08 (7.80) 0.845

Waist Circumference < 0.001

WC 80 (10) 94 (8) 104 (9)

Abnormal WC ratio 9.8% 75.6% 98.8%

Smoking Status 0.058

Ever smoker 322 (32.6%) 268 (28.0%) 91 (27.7%)

Never smoker 667 (67.4%) 688 (72.0%) 238 (72.3%)

TPOAb positivity 0.686

Yes 85 (8.6%) 90 (9.4%) 33 (10.0%)

NO 904 (91.4%) 866 (90.6%) 296 (90.0%)

Thyroid Status 0.275

Euthyroid 905 (91.5%) 866 (90.6%) 300 (91.2%)

Subclinical hypothyroidism 36 (3.6%) 31 (3.2%) 9 (2.7%)

Overt hypothyroidism 3 (0.3%) 9 (0.9%) 5 (1.5%)

Total hypothyroidism 39 (3.9%) 40 (4.21%) 14 (4.3%)

Subclinical hyperthyroidism 24 (2.4%) 34 (3.6%) 11 (3.3%)

Overt hyperthyroidism 21 (2.1%) 16 (1.7%) 4 (1.2%)

Total hyperthyroidism 45 (4.5%) 50 (5.3%) 15 (4.6%)

Normally distributed variables were expressed as mean ± SD, non-normally distributed variables as median with IQR, and categorical variables as numbers with
percentages (%).+ Kruskal Wallis Test and chi-square test were used for intergroup comparison of Continuous and categorical variables, respectively. P-values less than
0.05 were considered statistically significant. Abnormal WC ratio displays the percentage of individuals within each BMI group with an abnormal waist circumference.
BMI body mass index, TSH thyroid-stimulating hormone, TPOAb thyroid peroxidase antibody, FT4 free thyroxine, WC waist circumference

Mahdavi et al. BMC Endocrine Disorders           (2021) 21:89 Page 6 of 12



Ta
b
le

2
Co

m
pa
ris
on

of
O
dd
s
Ra
tio
s
of

Th
yr
oi
d
D
ys
fu
nc
tio
ns

Am
on

g
D
iff
er
en
t
BM

IC
at
eg
or
ie
s

O
ve

rt
hy

p
ot
hy

ro
id
is
m

a
Su

b
cl
in
ic
al

hy
p
ot
hy

ro
id
is
m

a
O
ve

rt
hy

p
er
th
yr
oi
d
is
m

a
su
b
cl
in
ic
al

hy
p
er
th
yr
oi
d
is
m

a
TP

O
A
b

p
os
it
iv
it
yb

O
ve

rt
hy

p
ot
hy

ro
id
is
m

a
Su

b
cl
in
ic
al

hy
p
ot
hy

ro
id
is
m

a
O
ve

rt
hy

p
er
th
yr
oi
d
is
m

a
su
b
cl
in
ic
al

hy
p
er
th
yr
oi
d
is
m

a
TP

O
A
b

p
os
it
iv
it
yb

C
ru
d
e
O
R
(C
I)

A
d
ju
st
ed

c
O
R
(C
I)

TO
TA

L

O
ve
r

w
ei
gh

t
2.
03

*
(1
.2
3,
3.
35
)

0.
96

(0
.7
5,
1.
22
)

0.
84

(0
.5
4,
1.
30
)

1.
45

*
(1
.0
3,
2.
04
)

1.
23

*
(1
.0
2,

1.
47
)

1.
53

(0
.9
1,
2.
60
)

0.
93

(0
.7
2,
1.
21
)

0.
79

(0
.5
0,
1.
25
)

1.
27

(0
.8
9,
1.
79
)

1.
13

(0
.9
4,

1.
36
)

O
be

se
3.
71

*
(2
.2
4,
6.
16
)

1.
11

(0
.8
4,
1.
46
)

0.
72

(0
.4
1,
1.
26
)

1.
01

(0
.6
5,
1.
57
)

1.
59

*
(1
.3
0,

1.
95
)

2.
00

*
(1
.1
5,
3.
49
)

0.
90

(0
.6
6,
1.
22
)

0.
62

(0
.3
4,
1.
12
)

0.
81

(0
.5
1,
1.
28
)

1.
29

*
(1
.0
4,

1.
60
)

FE
M
A
LE

O
ve
r

w
ei
gh

t
1.
77

*
(1
.0
3,
3.
06
)

0.
94

(0
.7
1,
1.
24
)

0.
87

(0
.4
8,
1.
57
)

1.
40

(0
.9
0,
2.
20
)

1.
26

*
(1
.0
02
,

1.
58
)

1.
29

(0
.7
2,
2.
31
)

0.
93

(0
.6
9,
1.
25
)

0.
77

(0
.4
1,
1.
43
)

1.
23

(0
.7
7,
1.
96
)

1.
18

(0
.9
3,

1.
49
)

O
be

se
2.
73

*
(1
.5
8,
4.
70
)

0.
96

(0
.7
1,
1.
30
)

0.
75

(0
.3
8,
1.
49
)

0.
81

(0
.4
6,
1.
42
)

1.
51

*
(1
.1
8,

1.
92
)

1.
71

*
(0
.9
4,
3.
11
)

0.
93

(0
.6
6,
1.
30
)

0.
62

(0
.2
9,
1.
29
)

0.
67

(0
.3
7,
1.
21
)

1.
37

*
(1
.0
6,

1.
78
)

M
A
LE O
ve
r

w
ei
gh

t
3.
14

*
(0
.8
5,
11
.6
2)

0.
90

(0
.5
5,
1.
47
)

0.
80

(0
.4
1,
1.
54
)

1.
48

(0
.8
7,
2.
52
)

1.
11

(0
.8
1,

1.
51
)

2.
94

(0
.7
7,
11
.1
7)

0.
97

(0
.5
7,
1.
64
)

0.
81

(0
.4
1,
1.
58
)

1.
33

(0
.7
8,
2.
28
)

1.
06

(0
.7
8,

1.
46
)

O
be

se
5.
03

*
(1
.1
9,
21
.1
7)

0.
75

(0
.3
6,
1.
58
)

0.
57

(0
.1
9,
1.
69
)

1.
38

(0
.6
7,
2.
88
)

1.
19

(0
.7
8,

1.
80
)

4.
55

*
(1
.0
4,
19
.8
7)

0.
83

(0
.3
8,
1.
80
)

0.
58

(0
.1
9,
1.
73
)

1.
29

(0
.6
2,
2.
68
)

1.
15

(0
.7
5,

1.
76
)

a m
ul
tin

om
ia
ll
og

is
tic

m
od

el
;b

bi
na

ry
lo
gi
st
ic
m
od

el
;c

Co
nf
ou

nd
in
g
fa
ct
or
s
in

th
e
m
ul
tip

le
re
gr
es
si
on

an
al
ys
is
in
cl
ud

ed
ag

e,
se
x,
sm

ok
in
g,

an
d
TP
O
A
b
(o
nl
y
in

m
ul
tin

om
ia
ll
og

is
tic
).
N
or
m
al

BM
Ig

ro
up

is
us
ed

as
re
fe
re
nc
e.
O
R,

od
ds

ra
tio

;9
5%

CI
,9
5%

co
nf
id
en
ce

in
te
rv
al
.*

St
at
is
tic
al
ly
si
gn

ifi
ca
nt

Mahdavi et al. BMC Endocrine Disorders           (2021) 21:89 Page 7 of 12



Table 3 Correlation of BMI with Thyroid Hormones and TPOAb

TSH (mIU/L) FT4(ng/dL) TPOAb (IU/ml)

Spearman
correlation
(CI)a

Crude %
change (CI)b

Adjusted
% change
(CI)c

Spearman
correlation
(CI)a

Crude %
change (CI)b

Adjusted
% change
(CI)c

Spearman
correlation
(CI)a

Crude %
change (CI)b

Adjusted
% change
(CI)c

Total

BMI
(kg/m2)

0.04*

(0.01,0.07)
0.90*

(0.20,1.60)
0.82*

(0.11, 1.55)
−0.18*

(− 0.21,−0.16)
−0.69*

(− 0.81,−0.58)
−0.39*

(− 0.51, − 0.27)
0.06*

(0.03,0.08)
2.35*

(1.52, 3.19)
1.08*

(0.23, 1.95)

FEMALE

BMI
(kg/m2)

0.03
(− 0.01,0.06)

0.71
(− 0.25,1.67)

0.84
(− 0.17,1.86)

−0.16*

(− 0.19,−0.12)
−0.56*

(− 0.70,− 0.41)
-0.41*

(− 0.57,−0.26)
0.06*

(0.03,0,10)
2.45*

(1.32, 3.58)
1.62*

(0.42, 2.84)

MALE

BMI
(kg/m2)

0.01
(− 0.04,0.05)

0.33
(− 0.67,1.35)

0.62
(− 0.38,1.63)

−0.14*

(− 0.18,−0.10)
−0.60*

(− 0.79,−0.40)
− 0.44*

(− 0.63,−0.25)
0.01
(− 0.03,0.05)

0.58
(− 0.62, 1.79)

0.16
(− 1.04,1.37)

a 95% CI based on 1000 bootstrap samples, b univariate linear regression model, c multiple linear regression model. *Statistically significant. P-values less than 0.05 were
considered statistically significant. Confounding factors in the multiple regression analysis included age, sex, and smoking (and TPOAb only for TSH and FT4 outcomes).
Natural log transformations were used for outcomes; as a result, % changes were calculated as 100*(ecoefficient-1); CI, 95% confidence interval

Table 4 Summary of Published Studies on the Association of Obesity with Thyroid Dysfunction

Author, Year and
Country

Study Findings

Meta-analysis

Song et al. 2019 [20] Meta-analysis of 22 studies -Positive association between obesity and overt hypothyroidism
-Positive association between obesity and subclinical hypothyroidism
-Positive association between obesity and TPOAb positivity

Cohort studies

Knudsen et al. 2005
Denmark [21]

n: 4082, aged 18–65 years
Average follow-up: 5 years

-Positive association between TSH and BMI
-Positive association between FT4 and BMI

Gopinath et al.,
Australia 2010 [22]

n: 1768, age: ≥55 years
Follow-up years: 5 years

-Positive association between obesity and overt hypothyroidism
-No significant association between obesity and subclinical hypothyroidism

Soriguer et al. 2011
Spain [23]

F: 479/M: 305, age 18–65 years
Follow-up: 6 years

-Obese participants had higher FT4 levels than control after fallow-up

Bjergved et al. Denmark
2014 [24]

F: 1577/M: 367, age 18–65 years
Average follow-up: 11.2 years

-Positive association between BMI and TSH changes over follow-up
-Negative association between FT4 change and BMI change only in
women

Cross-sectional studies

Manji et al. United
Kingdom 2006 [25]

F: 361/M: 40, mean age 48.2 years -No significant difference between obese and non-obese participants for
TSH and FT4 levels

Rotondi et al. Italy 2009
[12]

F: 256/M: 94, mean age 46.2 ± 12.2 years -Obese participants had lower FT4 and higher TSH levels, no correlation
was seen between TSH and FT4 with BMI

Ambrosi et al. Italy 2010
[13]

Only overweight and obese individuals,
F: 436/M: 145, mean age: 39.8 ± 13.7 years

-TSH was positively correlated with BMI

Sakurai et al. Japan
2014 [26]

F: 993/M: 1044, age 36–55 years -Positive association between BMI and TSH only in men

Bétry et al. France 2015
[8]

Only included obese participants, F: 554/M:
246, mean age: 44 ± 0.5

-BMI and leptin were positively associated with TSH

Al-Musa et al. Saudi
Arabia 2017 [16]

n:278, F: 48.2% M: 51.8% -Positive correlation between BMI and TSH
-BMI had no statistically significant correlation with FT4

Valdés et al., 2017 Spain
[27]

n: 3928, age: 18–93 F: 54% M: 46% -Positive association between BMI and TSH levels

F Female, M Male, n Number of participants

Mahdavi et al. BMC Endocrine Disorders           (2021) 21:89 Page 8 of 12



Thyroid hormones and BMI association
We observed significantly higher TSH (1.69 (1.81) mU/L
vs. 1.56 (1.68) mU/L, P < 0.001) and noticeable lower
FT4 (1.17 (0.24) ng/dL vs. 1.25 (0.24) ng/dL, P < 0.001)
serum levels in the obese group compared to the normal
weight group (Table 1). In our linear regression analysis,
BMI showed a positive and negative correlation with
levels of serum TSH (r: 0.04, 95% CI: 0.01–0.07,
P < 0.05) and FT4 (r: -0.18, 95% CI: -0.21 – -0.16,
P < 0.05) respectively. The sex-specific analysis showed
that both men (r: -0.14, 95% CI: -0.18 – -0.10, P < 0.05)
and women (r: -0.16, 95% CI: -0.19 – -0.12, P < 0.05)
had a negative correlation between BMI and FT4, in
contrast, neither men nor women showed a statistically
significant correlation between TSH and BMI (Table 3).

Discussion
The important results of this study are as follows: (1) the
prevalence of hypothyroidism, both overt and subclin-
ical, was higher in the obese group than the normal-
weight group. (2) Obesity was associated with higher
odds of overt hypothyroidism before and after adjust-
ments for confounding factors; no association was
observed between BMI categories and subclinical
hypothyroidism. (3) Obesity was associated with in-
creased odds of TPOAb positivity. (4) BMI was posi-
tively correlated with TSH and TPOAb serum levels and
negatively correlated with serum FT4 levels.
Results regarding the association between obesity and

thyroid function are still conflicting (Table 4). A recent
meta-analysis performed by Song et al. using 22 studies
found a positive association between obesity and risk of
hypothyroidism (OR: 1.86; 95% CI: 1.63–2.11, P < 0.001);
moreover, an increased odds of overt (OR: 3.21, 95% CI:
2.12–4.86, P < 0.001) and subclinical (OR: 1.70, 95% CI:
1.42–2.03, P < 0.001) hypothyroidism was observed in
obese individuals. However, no association was found
between obesity and hyperthyroidism [20]. Although
most of our results are in agreement with this meta-
analysis study, we found no association between subclin-
ical hypothyroidism and obesity. A cross-sectional study
conducted on 27,097 Norwegian individuals above 40
years found that obesity was positively associated with
odds of subclinical and overt hypothyroidism. Further-
more, a positive correlation between BMI and TSH in
both smoker and non-smoker participants was observed
[28]. “The Blue Mountains Eye” cohort study conducted
by Gopinath et al. on 1768 Australian individuals above
55 years old found a positive association between obesity
and overt hypothyroidism; however, similar to our study,
no significant association between obesity and preva-
lence of subclinical hypothyroidism was observed [22].
We observed a positive association between subclinical
hyperthyroidism and the overweight group in our

unadjusted results. However, this association was not
seen in adjusted results or other BMI groups. Although
a study by Holm et al. reported that obesity was associ-
ated with decreased risk of Graves’ hyperthyroidism [29],
more studies are necessary to clarify the impact of obes-
ity on hyperthyroidism.
We found that BMI had a positive correlation with

TSH and TPOAb and a negative correlation with FT4
levels. A cohort study performed by Knudsen et al. in
Denmark with 4082 participants aged 18–65 and an
average follow-up period of 5 years found that serum
TSH was positively associated with BMI. Furthermore,
lower levels of FT4 were associated with higher BMI
[21]. Valdés et al. reported a positive correlation be-
tween TSH and BMI from a cross-sectional study
performed on 3928 individuals in Spain [27]. Soriguer
et al. reported a controversial finding in a cohort
study on 784 individuals in Spain; in contrast to most
studies and our study, this study reported a positive
association between BMI and FT4 after a six-year
follow-up [23]. A cross-sectional study performed by
Manji et al. on 401 euthyroid individuals in Britain
found no difference between obese and lean partici-
pants regarding TSH and FT4 levels; additionally, no
association was found between BMI and TSH or FT4
[25]. Another cross-sectional study conducted by
Shinkov et al. on 2153 participants in Bulgaria found
no correlation between TSH and BMI [30].
Many mechanisms have been proposed to explain the

observed association between obesity and thyroid dys-
function. Several studies have found a positive correl-
ation between increased serum leptin and TSH levels in
obese individuals [8, 31]. Leptin promotes TRH expres-
sion and synthesis in the paraventricular hypothalamic
and arcuate nucleus, which, in turn, can cause an in-
crease in serum TSH levels [32]. Leptin could also in-
crease the conversion of T4 to T3 in peripheral tissues
resulting in decreased levels of T4 that is observed in
many studies. Moreover, this can lead to compensatory
activation of the hypothalamus-pituitary-thyroid axis in
an attempt to maintain serum thyroid hormone levels
within the euthyroid range [33, 34]. Adipocytes of obese
individuals generate a state of peripheral resistance to
thyroid hormones due to their lower-than-normal ex-
pression of TSH receptors, leading to increased plasma
TSH levels as a compensatory mechanism [35]. Al-
though it is not possible to precisely assert whether thy-
roid function changes are primary or secondary to
obesity, several studies suggest obesity to be the primary
factor that triggers thyroid function changes. This con-
clusion is based on the reversion or alleviation of thyroid
dysfunction after weight loss in obese individuals [35,
36]. Indeed, weight loss is proposed to be a key factor in
the restoration of hormonal imbalances observed in
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obesity [37]. It is likely that both states, thyroid dysfunc-
tion primary or secondary to obesity, to some degree,
are involved in all studies.
Regarding the relation between TPOAb and obesity,

there are inconsistencies among studies. Although many
studies have found a positive association between obesity
and TPOAb [20, 38], some have found no association
linking TPOAb and obesity [21, 25]. Hence, more stud-
ies are needed to illuminate the relationship between
TPOAb and obesity.
Adipokines and inflammatory cytokines released by

the adipose tissue in obese individuals might play a role
in altering the thyroid function by inducing chronic low-
grade inflammation in the thyroid tissue of obese indi-
viduals [20, 39]. Moreover, several studies have shown
that leptin can decrease the function of regulatory T
(Treg) cells and increase the percentage of T helper 1
(Th1) cells; these events can, to some extent, explain the
reported positive correlation between obesity and
TPOAb positivity by stating that as a result of altered
immune function, obese individuals are more prone to
autoimmune and inflammatory processes in the thyroid
gland [40, 41].
Sex-specific results of this study showed a positive as-

sociation between male and female obese groups and
overt hypothyroidism. Several theories have been pro-
posed to explain the different effects of obesity on male
and female individuals’ thyroid function. One theory
suggests that different body fat distribution in men and
women could result in distinct peripheral metabolism of
thyroid hormones leading to different obesity-related
changes in thyroid hormone levels. Furthermore, since
various sex hormones such as estradiol and testosterone
have diverse effects on thyroid function, differences in
serum sex hormones between men and women could
play a role in different obesity-induced thyroid dysfunc-
tion patterns observed among men and women [42–44].
One point should be noted for the interpretation of

our results. The association between overweight and the
odds of overt hypothyroidism was no longer significant
after adjusting for confounding factors, such as sex and
age. Furthermore, in women, when the results were ad-
justed, obesity and the risk of overt hypothyroidism were
not significantly associated. Since it is known that the fe-
male gender [45] and older age [46] are positively associ-
ated with hypothyroidism and obesity, the results of this
study should be interpreted with caution.
The findings of this study should be seen in the light

of some limitations. While the cross-sectional study de-
sign is suitable for establishing prevalence, determination
of the observed associations’ causality and temporality
are not possible. Even though the results were adjusted
for several confounding factors, as with all observational
studies, the presence of additional unaccounted

confounding factors might have affected the results.
Moreover, this study does not take into account the
common variability of thyroid function tests in an indi-
vidual; consequently, there is a possibility that some in-
dividuals with temporary thyroid function alterations
might have been misclassified due to the cross-sectional
nature of the survey. The exclusion criteria did not in-
clude the usage of all drugs with potential effects on thy-
roid function. Obesity and overweight were defined
solely based on BMI values. Thyroid examination and
sonography were not fully documented for all partici-
pants. Finally, the analyses did not include other
thyroid-related serum elements such as Free triiodothyr-
onine (FT3) and Anti-TSH receptor antibodies.
This study had several merits. In contrast to many

studies on this subject, our study had a large
community-based sample, which increased statistical
power and accuracy. Furthermore, the population-
specific TSH and FT4 reference ranges of this study
were based on results obtained from a previous survey
of TTS participants to minimize misclassification errors.
BMI was utilized as both a categorical and a continuous
variable to clarify the statistical association between BMI
and thyroid function changes. Additionally, sex-specific
subgroups were used to further investigate the effects of
elevated BMI on thyroid function in different genders.

Conclusion
In conclusion, this study found a higher prevalence of
subclinical and overt hypothyroidism among Iranian
adult obese individuals. Moreover, obesity was positively
associated with increased odds of overt hypothyroidism
and TPOAb positivity in obese participants even after
adjustments for confounding factors. However, no asso-
ciation was found between subclinical hypothyroidism
and obesity. Furthermore, BMI was positively correlated
with serum TSH and TPOAb and negatively correlated
with serum FT4 levels.
Even though several theories have been proposed to

explain the complex relationship between obesity and
thyroid dysfunction, the exact physiological nature of the
association between obesity and thyroid dysfunction is
still unclear. Consequently, further researches are
needed to clarify this relationship. More studies are also
required to uncover the exact mechanism which causes
the impact of obesity on thyroid function to be different
among men and women. Furthermore, Even though
obesity is associated with elevated TSH, some studies
suggest that isolated, moderately elevated TSH levels in
an obese individual, in the absence of autoimmunity and
hypothyroidism signs, could be regarded as normal [12,
27]. However, further researches are needed to test the
accuracy of this statement.
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