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Abstract
Purpose Obese individuals have an increased risk of hypothyroidism. This study investigated the sex-specific association
between obesity phenotypes and the development of hypothyroidism.
Methods The study population was derived from a health management cohort in Shandong Provincial Hospital from 2012 to
2016. In total, 9011 baseline euthyroid adults were included and classified into four groups according to obesity phenotype:
metabolically healthy nonobese (MHNO), metabolically healthy obese (MHO), metabolically unhealthy nonobese (MUNO),
and metabolically unhealthy obese (MUO). The median follow-up time was 1.92 (1.00–2.17) years. Incidence density was
evaluated and a generalized estimation equation method was used to investigate the associations between obesity phenotypes
and the development of hypothyroidism.
Results The incidence densities of hypothyroidism in males with a consistent obesity phenotype were 12.19 (8.62–16.76),
15.87 (11.39–21.56), 14.52 (6.74–27.57), and 19.88 (14.06–27.34) per 1000 person-years in the MHNO, MHO, MUNO,
and MUO groups, respectively. After adjusting for confounding factors, compared with the MHNO phenotype, the MHO,
MUNO, and MUO phenotypes were independent risk factors for developing hypothyroidism in males. In the subgroup
analysis, the MHO and MUO phenotypes were independent risk factors for developing hypothyroidism in males under
55 years, while the MUNO phenotype was an independent risk factor in males over 55 years. The MHO, MUNO, and MUO
phenotypes were not independent risk factors for hypothyroidism in females.
Conclusion Both obesity and metabolic abnormities are associated with a higher risk of hypothyroidism in males.
The underlying mechanism of the sex and age differences in this association needs further investigation.
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Introduction

Hypothyroidism refers to the common pathological condi-
tion of thyroid hormone deficiency and includes overt
hypothyroidism and subclinical hypothyroidism [1]. In
China, the prevalence of overt hypothyroidism is 1.02%,
and the prevalence of subclinical hypothyroidism increased
from 3.21% in 1999 to 12.93% in 2017 [2]. Many studies
have found that subclinical hypothyroidism is associated
with an increased risk of cardiovascular disease events and
mortality [3, 4]. These facts highlight the need to identify
the risk factors for hypothyroidism to prevent the increase in
its incidence.

Obesity is also a global health problem, with growing
incidence worldwide and serious adverse health effects. In
recent years, the relationship between obesity and thyroid
dysfunction has drawn increased attention, and it has been
suggested that obesity might not be only the result but also
the cause of thyroid dysfunction [5–7]. A meta-analysis
including 22 studies showed that the obese population had
increased risks of both overt hypothyroidism and sub-
clinical hypothyroidism [8]. Obesity is typically associated
with a constellation of metabolic abnormities, such as
dyslipidemia, hypertension, and hyperglycemia. A pro-
spective cohort study found that participants with meta-
bolic syndrome at baseline had an increased risk of
developing subclinical hypothyroidism [9].

Although the deleterious metabolic effects of obesity are
well recognized, metabolic responses to obesity differ at
the individual level [10]. Approximately 10–30% of obese
individuals are associated with metabolically healthy obese
(MHO) phenotype [11–13]. In addition, there is a subgroup
of individuals with abnormal metabolic parameters who
are not obese, called metabolically unhealthy nonobese
(MUNO) or metabolically obese normal weight (MONW)
[14, 15]. Combining obesity with different metabolic pro-
files, obesity phenotypes are better predictors of cardio-
vascular disease and mortality than obesity per se [16].
Different obesity phenotypes may also help us to under-
stand whether obesity per se or coexisting metabolic
abnormalities can increase the risk of hypothyroidism.

Only a few previous studies have investigated whether
thyroid function could identify obesity phenotypes in
euthyroid subjects [17–20]. However, no cohort studies
have investigated the relationship between different obesity
phenotypes and the development of hypothyroidism.
In addition, since thyroid function and disorders often
present differently in different sex and age groups, whether
this relationship is modified by sex and age is also worth
investigating. In the present study, we aimed to assess the
sex-specific association between different obesity pheno-
types and the development of hypothyroidism, as well as
the modifying role of age.

Materials and methods

Study population

This was a retrospective cohort study. The study popula-
tion was derived from the health management cohort
composed of individuals who underwent a comprehensive
health examination in Shandong Provincial Hospital.
The inclusion criteria were as follows: (1) adults aged 18 or
older; (2) participants who had at least two visits with
thyroid function tests between 2012 and 2016; and (3)
participants with normal thyroid function at baseline. Of
97,679 participants who underwent health examination in
Shandong Provincial Hospital between 2012 and 2016,
11,190 individuals fulfilling the inclusion criteria were
examined for eligibility. Our exclusion criteria were as
follows: (1) missing vital data, such as age and data
necessary for categorization of obesity phenotype; (2) self-
reported history of thyroid disease, use of medication that
influences thyroid function, radioactive iodine therapy, or
thyroidectomy; and (3) conditions that affect thyroid status
during the study period, such as pregnancy, severe hepatic
or renal dysfunctions, or malignant tumor. Ultimately,
6081 males and 2930 females were included in our study
(Fig. 1). This study was approved by the ethics committee
of Shandong Provincial Hospital Affiliated to Shandong
University (LCYJ: NO. 2019-002).

Clinical and laboratory measurements

The data were collected from the health management
database in Shandong Provincial Hospital. Information on
medical history and lifestyle was gathered by a standardized
questionnaire. After an overnight fast of at least 10 h, each
subject underwent a standardized medical examination,
including anthropometric and laboratory tests. Height and

11190 participants fufilling the inclusion criteria

9011 participants included in analysis   

2179 were excluded 
-- 1647 missed vital data 
-- 293 had history of thyroid disease or treatment 
-- 239 had conditions that affect thyroid status 

6081 male participants 2930 female participants 

97679 participants assessed for eligibility

Inclusion criteria
-- adults aged 18 or older 
-- participants who had at least two visits with
   thyroid function tests between 2012 and 2016 
-- participants who were euthyroid at baseline

Fig. 1 The flow chart of enrollment
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weight were measured after participants removed their
shoes and heavy clothing. Body mass index (BMI) was
calculated as weight (kg)/height squared (m2). Blood pres-
sure was measured twice after a 5–15 min rest period and
the mean values were reported. Thyroid-stimulating hor-
mone (TSH), free thyroxine (FT4), and free triiodothyr-
onine (FT3) were measured by chemiluminescent methods
(Cobas E601; Roche, Basel, Switzerland). Thyroperoxidase
antibodies (TPO-Ab) were measured using ADVIA Centaur
XP (Siemens, Germany). Laboratory tests also included
serum glucose, lipid profile, hepatic function, and renal
function measured by the ARCHITECT ci16200 Integrated
System (Abbott, Illinois, USA).

Definitions

Obesity was defined as BMI ≥ 25 kg/m2, which has been
recommended as a more reasonable threshold to define
obesity for Asians [21–23]. According to the diagnostic
criteria for metabolic syndrome of the Chinese Diabetes
Society [24], metabolically unhealthy was defined as having
at least two of the following four metabolic syndrome
components: (1) fasting plasma glucose (FPG) ≥ 6.1 mmol/
L; (2) systolic blood pressure (SBP) ≥ 130 mmHg or dia-
stolic blood pressure (DBP) ≥ 85 mmHg; (3) triglycerides
(TGs) ≥ 1.7 mmol/L; and (4) high-density lipoprotein cho-
lesterol (HDL-C) < 1.0 mmol/L. Waist circumference was
excluded from the definitions of metabolically unhealthy
status due to its high multicollinearity with BMI [20].
According to their obesity and metabolic statuses, indivi-
duals were classified into four different obesity phenotypes:
(1) metabolically healthy nonobese (MHNO): BMI < 25 kg/
m2 and fewer than two metabolic syndrome components;
(2) MHO: BMI ≥ 25 kg/m2 and fewer than two metabolic
syndrome components; (3) MUNO: BMI < 25 kg/m2 and at
least two metabolic syndrome components; and (4) meta-
bolically unhealthy obese (MUO): BMI ≥ 25 kg/m2 and at
least two metabolic syndrome components.

The reference ranges were 0.27–4.2 mIU/L for TSH,
12–22 pmol/L for FT4, 3.1–6.8 pmol/L for FT3, and
0–60 IU/L for TPO-Ab. Euthyroidism was defined as serum
TSH, FT4, and FT3 levels within the reference ranges.
Hypothyroidism was defined as TSH > 4.2 mIU/L and FT4 <
12 pmol/L (overt hypothyroidism) or TSH > 4.2 mIU/L and
FT4 levels within the reference range (subclinical
hypothyroidism).

Statistical analysis

Continuous variables with a normal distribution are pre-
sented as the mean (standard deviation), and continuous
variables with a skewed distribution were presented as the
median [25th percentile, 75th percentile]. Categorical

variables are presented as numbers (percentages). Differ-
ences in continuous variables were compared by using
one-way analysis of variance or Kruskal–Wallis one-way
analysis of variance. Bonferroni correction was applied to
all multiple comparisons. For categorical variables, the
chi-square test or Fisher’s exact test was used for group
comparisons. The incidence density of hypothyroidism
was calculated using the number of incident cases of
hypothyroidism and person-years of follow-up in each
group. A mid-P exact test was applied to calculate 95%
confidence intervals (CIs) and compare incidence densities
between groups.

The generalized estimation equation (GEE) method was
used to investigate the associations between different
metabolic obesity phenotypes and the development of
hypothyroidism, which is an extension of the generalized
linear model to allow for analysis of repeated measurements
or other correlated observations [25]. First introduced by
Liang and Zeger, GEE is a widely used and flexible esti-
mation method for longitudinal data, allowing the use of all
available information [26]. Instead of using only baseline
and outcome information, we make full use of obesity
phenotype at each time point by using GEE method. Sen-
sitivity analyses were conducted by excluding participants
with positive TPO-Ab at baseline. The odds ratios (ORs)
and 95% CIs for different metabolic obesity phenotypes in
association with hypothyroidism were reported. A two-
tailed p value < 0.05 was considered statistically significant.
All statistical analyses were performed in RStudio (version
1.0.143) with R (version 4.0.0).

Results

Baseline characteristics of males and females based
on obesity phenotype

Of the 97,679 participants who underwent health exam-
ination in Shandong Provincial Hospital between 2012 and
2016, 11,190 adults who were euthyroid at baseline and
had thyroid function tests at each visit were examined
for eligibility. A total of 9011 participants were included
in the final analysis, of whom 6081 were men (Fig. 1). The
median follow-up time was 1.92 (1.00–2.17) years. Based
on obesity phenotype at baseline, in both males and
females, the MHNO group was the largest group of the
four obesity phenotype groups (Supplementary Fig. 1a).
The proportions of MHO, MUNO, and MUO were higher
in males than in females (all p < 0.001) (Supplementary
Fig. 1a). The proportions of the MUNO and MUO phe-
notypes were higher in older males than in younger males
(cutoff of 55 years, all p < 0.001) (Supplementary Fig. 1b).
In older females, the proportions of the MHO, MUNO, and
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MUO phenotypes were higher than those in younger
females (cutoff of 55 years all p < 0.001) (Supplementary
Fig. 1c). The numbers of participants with the different
obesity phenotypes during follow-up are shown in Sup-
plementary Fig. 2.

The baseline characteristics of males (N= 6081) based
on obesity phenotypes are summarized in Table 1. The
average age of males was 50.53 (14.11) years. Individuals
with the MUNO and MUO phenotypes had significantly
higher TGs, SBP, DBP, and FPG, and lower HDL-C than
individuals with the MHNO and MHO phenotypes (all p <
0.05). Individuals with the MHO and MUO phenotypes
had higher BMI and alanine aminotransferase (ALT)
levels than individuals with the MHNO and MUNO phe-
notypes (all p < 0.001). Regarding thyroid function, base-
line serum TSH levels, FT4 levels, and TPO-Ab positivity
were comparable between the four groups, while indivi-
duals with the MHO and MUO phenotypes had sig-
nificantly higher FT3 than the MHNO participants (all p <
0.05). In addition, baseline TC, LDL-C, aspartate amino-
transferase (AST), creatinine (Cr), estimated glomerular

filtration rate (eGFR), and smoking were also significantly
different between groups (all p < 0.001).

Baseline characteristics of females (N= 2930) based on
obesity phenotypes are summarized in Supplementary Table
1. The average age of females was 46.56 (14.24) years. TC,
TGs, LDL-C, SBP, DBP, FPG, and AST in the MUNO and
MUO groups were significantly higher than those in the
MHNO and MHO groups, while BMI was higher in the
MHO and MUO groups (all p < 0.05). Baseline serum TSH
levels, FT4 levels, and FT3 levels were comparable between
the four groups. In addition, there were significant differ-
ences in baseline TPO-Ab positivity, HDL-C, ALT, Cr,
eGFR, and smoking between groups (all p < 0.05).

The non-MHNO group had a significantly higher
incidence density of hypothyroidism than the
MHNO group in males

As the follow-up time was different between groups,
we utilized incidence density to assess the number of
incident hypothyroidism per unit time in different groups.

Table 1 Baseline characteristics of male participants based on different metabolic obesity phenotypes

Overall (N= 6081) MHNO (N= 2001) MHO (N= 1989) MUNO (N= 551) MUO (N= 1540) p value

Age (years) 50.53 (14.11) 49.06 (15.15) 48.95 (12.42) 57.15 (15.25)ab 52.12 (13.50)abc <0.001

BMI (kg/m2) 25.69 (2.97) 22.87 (1.65) 27.31 (1.90)a 23.52 (1.17)ab 28.03 (2.29)abc <0.001

TC (mmol/L) 5.23 (0.93) 5.11 (0.90) 5.25 (0.88)a 5.25 (0.94)a 5.35 (1.00)ab <0.001

TG (mmol/L) 1.40 [0.99, 2.00] 1.07 [0.82, 1.41] 1.29 [1.00, 1.63]a 1.95 [1.39, 2.52]ab 2.09 [1.65, 2.80]abc <0.001

HDL-C (mmol/L) 1.26 (0.29) 1.38 (0.30) 1.27 (0.23)a 1.17 (0.31)ab 1.11 (0.25)abc <0.001

LDL-C (mmol/L) 3.03 (0.76) 2.93 (0.75) 3.13 (0.73)a 2.97 (0.77)b 3.05 (0.82)ab <0.001

SBP (mmHg) 127.57 (17.19) 119.96 (15.04) 124.78 (14.63)a 135.97 (17.15)ab 138.05 (16.45)abc <0.001

DBP (mmHg) 74.26 (11.26) 69.40 (9.81) 73.79 (10.20)a 76.16 (11.13)ab 80.49 (11.24)abc <0.001

FPG (mmol/L) 5.35 [4.98, 5.89] 5.16 [4.85, 5.52] 5.24 [4.93, 5.60]a 5.93 [5.30, 6.86]ab 5.96 [5.27, 6.90]ab <0.001

TSH (IU/mL) 1.76 [1.29, 2.37] 1.74 [1.27, 2.34] 1.79 [1.31, 2.37] 1.82 [1.27, 2.40] 1.75 [1.30, 2.41] 0.329

FT4 (pmol/L) 16.63 (1.97) 16.68 (1.96) 16.60 (2.00) 16.54 (1.91) 16.63 (1.96) 0.407

FT3 (pmol/L) 5.19 (0.52) 5.16 (0.51) 5.23 (0.51)a 5.11 (0.55)b 5.21 (0.52)ac <0.001

TPO-Ab positive (%) 480 (7.9) 147 (7.3) 163 (8.2) 48 (8.7) 122 (7.9) 0.664

ALT (IU/L) 23 [17, 31] 20 [15, 26] 24 [18, 32]a 22 [17, 28]ab 26 [19, 36]abc <0.001

AST (IU/L) 22 [19, 26] 21 [19, 25] 22 [19, 26]a 22 [19, 26]a 23 [19, 28]abc <0.001

Cr (μmol/L) 87.46 (13.10) 87.37 (13.03) 88.89 (12.62)a 85.00 (13.36)ab 86.60 (13.48)b <0.001

eGFR (mL/min/
1.73m2)

87.80 [77.56,
102.47]

88.22 [78.38,
103.68]

86.57 [76.53,
99.51]a

89.59 [78.90,
103.75]b

88.54 [77.37,
103.34]b

<0.001

Smoking (%) 2264 (37.2) 669 (33.4) 763 (38.4)a 208 (37.7) 624 (40.5)a <0.001

MHNO metabolically healthy nonobese, MHO metabolically healthy obese, MUNO metabolically unhealthy nonobese, MUO metabolically
unhealthy obese, BMI body mass index, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, TSH thyroid-stimulating hormone,
FT4 free thyroxine, FT3 free triiodothyronine, TPO-Ab thyroid peroxidase antibody, ALT alanine aminotransferase, AST aspartate
aminotransferase, Cr creatinine, eGFR estimated glomerular filtration rate, SD standard deviation

Values with normal distribution are presented as mean (SD), and values without normal distribution are presented as median [25th percentile, 75th
percentile]; categorical variables are presented as N (%). Statistically significant differences are shown with superscript letters: aSignificant
difference compared with MHNO phenotype. bSignificant difference compared with MHO phenotype. cSignificant difference compared with
MUNO phenotype
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The incidence densities of hypothyroidism in males
with consistent obesity phenotypes during follow-up
were 12.19 (8.62–16.76), 15.87 (11.39–21.56), 14.52
(6.74–27.57), and 19.88 (14.06–27.34) per 1000 person-
years in the MHNO, MHO, MUNO, and MUO groups,
respectively (Fig. 2a). Considering the participants with
changes in obesity phenotypes during follow-up, we fur-
ther analyzed the incidence density of hypothyroidism
in different groups based on the change in obesity phe-
notypes. The incidence densities of hypothyroidism
were 22.35 (13.86–34.26), 9.67 (4.71–17.74), and 17.91
(14.93–21.32) per 1000 person-years in the MHNO to
non-MHNO (MHO, MUNO, or MUO), non-MHNO to
MHNO, and non-MHNO to non-MHNO groups, respec-
tively (Fig. 2b). Compared with the MHNO group, the
MUO, MHNO to non-MHNO, and non-MHNO to non-
MHNO groups had significantly higher incidence den-
sities (all p < 0.05).

The incidence density of hypothyroidism in females was
significantly higher than that in males (p < 0.001). Among
females with consistent obesity phenotypes, the incidence
densities of hypothyroidism were 35.66 (29.70–42.49),
33.52 (20.49–51.95), 63.64 (27.83–125.90), and 65.00
(36.15–108.40) per 1000 person-years in the MHNO,
MHO, MUNO, and MUO groups, respectively (Fig. 2c).
According to the change in obesity phenotypes during fol-
low-up, the incidence densities of hypothyroidism were
37.62 (20.38–63.95), 33.33 (16.26–61.17), and 42.37
(31.59–55.70) per 1000 person-years in the MHNO to non-
MHNO, non-MHNO to MHNO, and non-MHNO to

non-MHNO groups, respectively (Fig. 2d). In contrast to
males, although a trend exists, there was no significant
difference between the non-MHNO groups and the MHNO
group in females. In summary, the non-MHNO group had a
significantly higher incidence density of hypothyroidism
than the MHNO group in males.

MHO, MUNO, and MUO phenotypes were
independent risk factors for the development of
hypothyroidism compared with the MHNO
phenotype in males

Considering the change in the obesity phenotype during
follow-up and the potential confounding factors associated
with thyroid function such as age and TPO-Ab, we utilized
GEE analysis to further evaluate the relationship between
obesity phenotypes and hypothyroidism in this cohort
study. The results of GEE analysis for developing hypo-
thyroidism based on different obesity phenotypes during
follow-up according to sex are presented in Table 2 and
Fig. 3. These results showed that in males, the MHO,
MUNO, and MUO phenotypes were all risk factors for
developing hypothyroidism compared with the MHNO
phenotype. In the unadjusted model, participants with the
MHO phenotype had a 1.52-fold increased odds of devel-
oping hypothyroidism (p= 0.028), while participants with
the MUNO and MUO phenotypes had 2.03-fold (p=
0.007) and 1.91-fold (p= 0.001) increased odds of devel-
oping hypothyroidism, respectively (Table 2). Further
adjusting for the potential confounders of age, follow-up

a

c

b

d

0 10 20 30

MHNO

MHO

MUNO

MUO

Incidence Density in Male
(cases/1000 person-years)

*

0 50 100 150

MHNO

MHO

MUNO

MUO

Incidence Density in Female
(cases/1000 person-years)

0 10 20 30 40

 MHNO

MHNO to non-MHNO

non-MHNO to MHNO

non-MHNO to non-MHNO

MHNO

MHNO to non-MHNO

non-MHNO to MHNO

non-MHNO to non-MHNO

Incidence Density in Male
(cases/1000 person-years)

*

*

0 20 40 60 80
Incidence Density in Female
(cases/1000 person-years)

Fig. 2 The incidence density and 95% CI of hypothyroidism based on
different obesity phenotypes in male and female participants. a The
incidence density of hypothyroidism in male participants with con-
sistent obesity phenotypes during follow-up. b The incidence density
of hypothyroidism based on the change of obesity phenotypes during
follow-up in all male participants. c The incidence density of hypo-
thyroidism in female participants with consistent obesity phenotypes

during follow-up. d The incidence density of hypothyroidism based on
the change of obesity phenotypes during follow-up in all female par-
ticipants. *p < 0.05 compared with MHNO group. MHNO metaboli-
cally healthy nonobese, MHO metabolically healthy obese, MUNO
metabolically unhealthy nonobese, MUO metabolically unhealthy
obese, non-MHNO obesity phenotypes except MHNO (including
MHO, MUNO, and MUO)
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time, TPO-Ab, ALT, Cr, and smoking did not change this
association (Table 2, Fig. 3a).

Contrasting the findings among male participants, non-
MHNO phenotypes were not independent risk factors for
the development of hypothyroidism in female participants.
Although female participants with the MUNO and MUO
phenotypes showed a trend toward being more likely to
develop hypothyroidism in the unadjusted model, the
association no longer remained after adjustment for con-
founders (Table 2, Fig. 3b). Sensitivity analyses showed
that findings remained unchanged when participants with
positive TPO-Ab at baseline were excluded (Supplementary
Fig. 3). In summary, the MHO, MUNO, and MUO phe-
notypes were independent risk factors for the development
of hypothyroidism compared with the MHNO phenotype in
males, while such an association was not found in females.

The relationship between obesity phenotypes and
hypothyroidism differs according to age groups in
males

As previous studies have found that thyroid function
changes with age and the association between thyroid
dysfunction and metabolic abnormalities differs according
to age [27, 28], we examined the relationship between
obesity phenotypes and hypothyroidism in younger and
older participants separately (cutoff of 55 years). Among
younger males, the MHO and MUO phenotypes were
associated with a higher risk of developing hypothyroidism

than the MHNO phenotype (MHO: OR 1.79, 95% CI
1.12–2.88; MUO: OR 2.11, 95% CI 1.24–3.57). The
association remained in different models adjusting for
potential confounding factors (Table 3, Fig. 3a).

In contrast to younger males, only the MUNO pheno-
type was accompanied by a twofold increased risk of
developing hypothyroidism among older males in the
unadjusted model (OR 2.30, 95% CI 1.18–4.47). Further
adjusting for potential confounders did not change this
association (Table 3, Fig. 3a). In addition, participants with
the MUO phenotype also showed a trend toward an
increased risk of developing hypothyroidism (OR 1.77,
95% CI 0.96–3.25). We also performed subgroup analyses
in females according to age. Nevertheless, non-MHNO
phenotypes were not independent risk factors for devel-
oping hypothyroidism in either younger or older females
(Supplementary Table 2, Fig. 3b). Sensitivity analyses
showed that findings remained unchanged when partici-
pants with positive TPO-Ab at baseline were excluded
(Supplementary Fig. 3). Thus, age modifies the relationship
between obesity phenotypes and hypothyroidism in males.

Discussion

The present cohort study demonstrated that the non-MHNO
group had a significantly higher incidence density of
hypothyroidism than the MHNO group in males, and the
MHO, MUNO, and MUO phenotypes were independent

Table 2 Results of GEE analysis
for developing hypothyroidism
based on different obesity
phenotype during follow-up in
male and female participants

Unadjusted model Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Male

MHNO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

MHO 1.52
(1.05–2.21)

0.028 1.54
(1.06–2.23)

0.022 1.54
(1.06–2.23)

0.023 1.53
(1.05–2.21)

0.026

MUNO 2.03
(1.21–3.41)

0.007 1.82
(1.09–3.02)

0.021 1.82
(1.09–3.02)

0.022 1.81
(1.08–3.02)

0.023

MUO 1.91
(1.28–2.84)

0.001 1.87
(1.25–2.78)

0.002 1.87
(1.26–2.79)

0.002 1.85
(1.24–2.77)

0.003

Female

MHNO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

MHO 1.03
(0.69–1.52)

0.902 0.97
(0.64–1.47)

0.897 0.97
(0.64–1.47)

0.893 0.93
(0.62–1.40)

0.727

MUNO 1.59
(0.95–2.66)

0.076 1.32
(0.78–2.26)

0.302 1.34
(0.78–2.29)

0.284 1.25
(0.73–2.15)

0.421

MUO 1.50
(0.93–2.41)

0.093 1.36
(0.80–2.30)

0.257 1.38
(0.82–2.32)

0.232 1.26
(0.74–2.13)

0.393

Model 1: adjustment for age and follow-up time. Model 2: adjustment for age, follow-up time and TPO-Ab.
Model 3: adjustment for age, follow-up time, TPO-Ab, ALT, Cr, and smoking

MHNO metabolically healthy nonobese, MHO metabolically healthy obese, MUNO metabolically unhealthy
nonobese, MUO metabolically unhealthy obese, TPO-Ab thyroid peroxidase antibody, GEE generalized
estimating equations, OR odds ratio, CI confidence interval
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risk factors for the development of hypothyroidism com-
pared with the MHNO phenotype in males but not in
females. In addition, age modifies the relationship between
obesity phenotypes and hypothyroidism in males. Com-
pared with the MHNO phenotype, the MHO and MUO
phenotypes were independent risk factors for the develop-
ment of hypothyroidism in younger males, while the
MUNO phenotype was an independent risk factor in
older males.

To the best of our knowledge, this is the first cohort
study investigating the association between different obesity
phenotypes and the incidence of hypothyroidism focusing
on sex and age differences. A few previous studies have

investigated the relationship between thyroid function
within the reference range and different obesity phenotypes
[18–20]. As there are no universally accepted criteria of
obesity phenotypes, we adopted the definition previously
used in the Chinese population [20]. However, previous
studies in China and Korea were cross-sectional studies
[19, 20]. In the only longitudinal study conducted in Teh-
ran, the authors aimed to explore the relationship between
thyroid function within the reference range and the devel-
opment of different obesity phenotypes, which was different
from our objective [18]. In addition, the sex and age dif-
ferences in the association between obesity phenotypes and
hypothyroidism are also worth investigating. Our study
found that the MHO, MUNO, and MUO phenotypes were
independent risk factors for developing hypothyroidism
compared with the MHNO phenotype in males, while such
an association was not found in females. In addition, we
found that age modifies the relationship between obesity
phenotypes and hypothyroidism in males.

The most common cause of hypothyroidism in iodine-
sufficient areas is chronic autoimmune thyroiditis [1].
However, a clear clinical association between obesity and
thyroid autoimmunity has not been established to date [7].
A previous study on subjects without thyroid autoimmunity
at baseline found no significant association between the
baseline abdominal obesity phenotype and the development
of TPO-Ab positivity [29]. Our study also found that the
relationship between obesity phenotypes and hypothyroid-
ism was independent of TPO-Ab positivity. Although the
mechanisms underlying the association between the obesity
phenotype and hypothyroidism have not yet been eluci-
dated, some explanations have been proposed. In obese
subjects, a chronic low-grade inflammatory state is present.
The increase in inflammatory cytokines such as interleukin-
1 (IL-1), IL-6, and tumor necrosis factor-alpha can inhibit
the expression of sodium-iodide symporter (NIS) and
influence iodide uptake activity, and may contribute to
morphological changes in the thyroid [30, 31]. Leptin may
also play a role in suppressing TSH-induced thyroid func-
tion in individuals with obesity [32]. In addition, chronic
inflammation may also affect thyroid function by mod-
ulating deiodinase [33, 34]. Another possible explanation is
that the thyroid might be a target organ affected by lipo-
toxicity [35–39]. Our previous study found that palmitic
acid could downregulate the expression and activity of three
key molecules in thyroid hormone synthesis (NIS, thyr-
oglobulin, and thyroperoxidase) in human primary thyr-
ocytes [36]. Endoplasmic reticulum stress might play a role
in high-fat diet-induced hypothyroidism [38].

It is well known that the prevalence of hypothyroidism is
significantly higher in females than in males [2]. Our study
also found that females had a significantly higher incidence
density of hypothyroidism than males. In addition, some

Group

All male

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

Male under 55 years old

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

Male over 55 years old

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

OR (95%CI)

1.53 (1.05−2.21)

1.81 (1.08−3.02)

1.85 (1.24−2.77)

1.69 (1.03−2.76)

1.14 (0.48−2.74)

1.95 (1.14−3.35)

1.25 (0.68−2.31)

2.28 (1.16−4.47)

1.77 (0.96−3.25)

p value

0.026

0.023

0.003

0.036

0.766

0.015

0.465

0.017

0.067

0.5  1 1.5  2 2.5  3  3.5
Odds Ratio (OR)

Group

All female

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

Female under 55 years old

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

Female over 55 years old

MHO vs MHNO

MUNO vs MHNO

MUO vs MHNO

OR (95%CI)

0.93 (0.62−1.40)

1.25 (0.73−2.15)

1.26 (0.74−2.13)

0.91 (0.55−1.51)

1.38 (0.56−3.43)

1.14 (0.48−2.74)

0.91 (0.47−1.77)

1.09 (0.54−2.16)

1.28 (0.64−2.55)

p value

0.727

0.421

0.393

0.713

0.489

0.768

0.782

0.815

0.486

0.5  1 1.5  2 2.5  3  3.5
Odds Ratio (OR)

a

b

Fig. 3 Forest plot for the odds ratio of developing hypothyroidism
based on different obesity phenotypes. a In male participants. b In
female participants. Odds ratios (odds of developing hypothyroidism
for participants with unhealthy obesity phenotypes compared with
participants with MHNO phenotype) are after adjustment for baseline
age, follow-up time, TPO-Ab, ALT, Cr, and smoking. MHNO meta-
bolically healthy nonobese, MHO metabolically healthy obese,
MUNO metabolically unhealthy nonobese, MUO metabolically
unhealthy obese
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previous studies have suggested sex differences in the
association of obesity or metabolic abnormalities with
thyroid disease [28, 40–42]. The findings from a cohort
study indicated that obesity and metabolic health may dif-
ferently affect the development of thyroid cancer according
to sex [42], while a longitudinal study on sex differences in
the association of obesity phenotypes with hypothyroidism
is still lacking. Our study found that the MHO, MUNO, and
MUO phenotypes were independent risk factors for the
development of hypothyroidism in males, whereas such an
association was not found in females. Although the
mechanisms underlying the sex difference we found in the
associations of obesity phenotypes with hypothyroidism are
not clear, there are several possible explanations. First, men
are more likely to accumulate visceral adipose tissue than
women, which means that obesity is more hazardous in men
than women [43]. Second, estradiol and testosterone have
different effects in regulating thyroid function [44, 45].
Different obesity phenotypes may cause sex-specific chan-
ges in sex hormones, which may lead to sex differences in
the risk of developing hypothyroidism. Finally, the average
age in females with the MUNO and MUO phenotypes was
more than 60 years, which means that these two groups
were mostly composed of postmenopausal females. The
influence of estrogen might mask the relationship between
obesity phenotypes and thyroid function. In addition, 2124
(72.5%) females in our study population had the MHNO
phenotype, and the sample sizes in the other three groups
were relatively small. Our findings suggested that

maintaining a normal healthy weight was associated with a
lower risk of hypothyroidism in men. Further research is
needed to validate our findings and uncover the underlying
mechanisms.

Previous studies have reported increased serum TSH
levels in older patients and the association between thyroid
dysfunction and lipid profiles differs according to age
[27, 28]. Thus, we further analyzed the association of
obesity phenotypes with hypothyroidism in different age
groups. Our results suggested that in younger males, obesity
per se was an independent risk factor for hypothyroidism,
while in older males only metabolic abnormalities were
associated with an increased risk of developing hypothyr-
oidism. The changes in body composition and muscle loss
associated with aging could be related to the observed age-
specific association. Further studies with body composition
data may help to achieve a better understanding of the
potential mechanism.

Several limitations should be noted when interpreting the
findings from this study. First, this cohort study was an
observational study, which is incapable of inferring causal
relationships. The relationship between obesity and thyroid
function is complex and bidirectional [31]. The thyroid
might be a target organ of lipotoxicity [35–39], while
thyroid hormones also play important roles in regulating
glucose and lipid metabolism [46]. Although we performed
a cohort study among baseline euthyroid participants and
adjusted for confounding factors, we still cannot exclude
potential reverse causation and the influence of unmeasured

Table 3 GEE analysis for
developing hypothyroidism
based on different obesity
phenotype during follow-up in
male participants according to
age (cutoff of 55 years)

Unadjusted model Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Male under 55 years old

MHNO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

MHO 1.79
(1.12–2.88)

0.016 1.76
(1.08–2.86)

0.023 1.74
(1.07–2.83)

0.025 1.69
(1.03–2.76)

0.036

MUNO 1.31
(0.54–3.21)

0.549 1.19
(0.49–2.85)

0.701 1.18
(0.49–2.83)

0.714 1.14
(0.48–2.74)

0.766

MUO 2.11
(1.24–3.57)

0.006 2.06
(1.21–3.51)

0.008 2.05
(1.20–3.50)

0.008 1.95
(1.14–3.35)

0.015

Male over 55 years old

MHNO 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

MHO 1.14
(0.61–2.13)

0.674 1.24
(0.67–2.28)

0.496 1.24
(0.67–2.28)

0.495 1.25
(0.68–2.31)

0.465

MUNO 2.30
(1.18–4.47)

0.014 2.19
(1.12–4.27)

0.022 2.19
(1.12–4.27)

0.022 2.28
(1.16–4.47)

0.017

MUO 1.66
(0.91–3.04)

0.102 1.70
(0.93–3.13)

0.086 1.71
(0.93–3.14)

0.086 1.77
(0.96–3.25)

0.067

Model 1: adjustment for age and follow-up time. Model 2: adjustment for age, follow-up time, and TPO-Ab.
Model 3: adjustment for age, follow-up time, TPO-Ab, ALT, Cr, and smoking

MHNO metabolically healthy nonobese, MHO metabolically healthy obese, MUNO metabolically unhealthy
nonobese, MUO metabolically unhealthy obese, TPO-Ab thyroid peroxidase antibody, GEE generalized
estimating equations, OR odds ratio, CI confidence interval

Endocrine (2021) 72:688–698 695



confounders in the observed relationship. Second, the
diagnosis of obesity in our study was based on BMI. Further
study with body composition data and waist circumference
may give us a better understanding of the association
between obesity phenotypes and hypothyroidism. In addi-
tion, the diagnosis of hypothyroidism was based on the
measured thyroid function at each visit. Last, this cohort
was derived from subjects who participated in health
examinations regularly in China. The generalizability of our
findings to other populations with different characteristics
requires further examination.

Despite some limitations, our study had several
strengths. First, this was the first cohort study investigating
the sex-specific association between different obesity phe-
notypes and the development of hypothyroidism. Second,
our study innovatively found that not only the MUO phe-
notype but also the MHO and MUNO phenotypes were
independent risk factors for the development of hypothyr-
oidism in males, which provides information regarding risk
factors for hypothyroidism in males. As hypothyroidism
occurs more frequently in females, less attention has been
given to males in the past. Our findings suggested that
males with unhealthy obesity phenotypes had a higher risk
of hypothyroidism, which deserves attention in clinical
practice. In addition, we found that the relationship between
obesity phenotypes and hypothyroidism differs in different
age groups among males. Finally, we used the GEE method
for the analysis of the repeated measurements, which makes
full use of each observation at each time point, thus
improving both the accuracy and credibility of the results.

In conclusion, our results suggested that in the health
management cohort, both obesity and metabolic abnor-
mities were associated with a higher risk of hypothyroidism
in males. In younger males, excessive adiposity per se was
an independent risk factor for hypothyroidism, while in
older males metabolic abnormalities were associated with
an increased risk of developing hypothyroidism. In contrast
to the findings in males, no association between obesity
phenotypes and hypothyroidism was observed among
females in our population. Our study highlights sex and age
differences in the association between obesity phenotypes
and the development of hypothyroidism in a baseline
euthyroid population, and attention should be paid to males
with unhealthy obesity phenotypes. Further research is
needed to confirm the generalizability of our findings and
elucidate the possible mechanisms underlying the sex and
age differences in the association.

Acknowledgements The authors are grateful to the Health Manage-
ment Center of Shandong Provincial Hospital for support and coop-
eration and people who give valuable suggestions for this study.

Author contributions JZ, LG, MZ, and YW contributed to conception
and design of the study. HL, QL, LGuan, and JL collected the data and

organized the database. YW, ZY, and HG performed the statistical
analysis. YW wrote the first draft of the manuscript.

Funding This research was supported by grants from the National Key
Research and Development Program of China (2017YFC1309800)
and the National Natural Science Foundation (91957209, 81430020,
and 81900793).

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Consent to participate Deidentified retrospective data collected during
the health examination processes were approved by the Ethics Com-
mittee of Shandong Provincial Hospital Affiliated to Shandong
University.

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the Ethics
Committee of Shandong Provincial Hospital Affiliated to Shandong
University (reference number was LCYJ: NO. 2019-002) and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. L. Chaker, A.C. Bianco, J. Jonklaas, R.P. Peeters, Hypothyroid-
ism. Lancet 390(10101), 1550–1562 (2017). https://doi.org/10.
1016/s0140-6736(17)30703-1

2. Y. Li, D. Teng, J. Ba, B. Chen, J. Du, L. He, X. Lai, X. Teng,
X. Shi, Y. Li, H. Chi, E. Liao, C. Liu, L. Liu, G. Qin, Y. Qin,
H. Quan, B. Shi, H. Sun, X. Tang, N. Tong, G. Wang, J.A. Zhang,
Y. Wang, Y. Xue, L. Yan, J. Yang, L. Yang, Y. Yao, Z. Ye,
Q. Zhang, L. Zhang, J. Zhu, M. Zhu, G. Ning, Y. Mu, J. Zhao,
Z. Shan, W. Teng, Efficacy and safety of long-term universal salt
iodization on thyroid disorders: epidemiological evidence from 31
provinces of mainland China. Thyroid 30(4), 568–579 (2020).
https://doi.org/10.1089/thy.2019.0067

3. N. Rodondi, W.P.J. den Elzen, D.C. Bauer, A.R. Cappola, S.
Razvi, J.P. Walsh, B.O. Asvold, G. Iervasi, M. Imaizumi, T.-H.
Collet, A. Bremner, P. Maisonneuve, J.A. Sgarbi, K.-T. Khaw,
M.P.J. Vanderpump, A.B. Newman, J. Cornuz, J.A. Franklyn,
R.G.J. Westendorp, E. Vittinghoff, J. Gussekloo, Subclinical
hypothyroidism and the risk of coronary heart disease and mor-
tality. JAMA 304(12), 1365–1374 (2010). https://doi.org/10.1001/
jama.2010.1361

696 Endocrine (2021) 72:688–698

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0140-6736(17)30703-1
https://doi.org/10.1016/s0140-6736(17)30703-1
https://doi.org/10.1089/thy.2019.0067
https://doi.org/10.1001/jama.2010.1361
https://doi.org/10.1001/jama.2010.1361


4. S. Moon, M.J. Kim, J.M. Yu, H.J. Yoo, Y.J. Park, Subclinical
hypothyroidism and the risk of cardiovascular disease and all-
cause mortality: a meta-analysis of prospective cohort studies.
Thyroid 28(9), 1101–1110 (2018). https://doi.org/10.1089/thy.
2017.0414

5. M.R. Licenziati, G. Valerio, I. Vetrani, G. De Maria, F. Liotta, G.
Radetti, Altered thyroid function and structure in children and
adolescents who are overweight and obese: reversal after weight
loss. J. Clin. Endocrinol. Metab. 104(7), 2757–2765 (2019).
https://doi.org/10.1210/jc.2018-02399

6. M.H. Lee, J.U. Lee, K.H. Joung, Y.K. Kim, M.J. Ryu, S.E. Lee, S.
J. Kim, H.K. Chung, M.J. Choi, J.Y. Chang, S.H. Lee, G.R.
Kweon, H.J. Kim, K.S. Kim, S.M. Kim, Y.S. Jo, J. Park, S.Y.
Cheng, M. Shong, Thyroid dysfunction associated with follicular
cell steatosis in obese male mice and humans. Endocrinology 156
(3), 1181–1193 (2015). https://doi.org/10.1210/en.2014-1670

7. F. Santini, P. Marzullo, M. Rotondi, G. Ceccarini, L. Pagano, S.
Ippolito, L. Chiovato, B. Biondi, Mechanisms in endocrinology:
the crosstalk between thyroid gland and adipose tissue: signal
integration in health and disease. Eur. J. Endocrinol. 171(4),
R137–R152 (2014). https://doi.org/10.1530/EJE-14-0067

8. R.H. Song, B. Wang, Q.M. Yao, Q. Li, X. Jia, J.A. Zhang, The
impact of obesity on thyroid autoimmunity and dysfunction: a
systematic review and meta-analysis. Front. Immunol. 10, 2349
(2019). https://doi.org/10.3389/fimmu.2019.02349

9. C.H. Chang, Y.C. Yeh, J.L. Caffrey, S.R. Shih, L.M. Chuang, Y.
K. Tu, Metabolic syndrome is associated with an increased inci-
dence of subclinical hypothyroidism—a cohort study. Sci. Rep. 7
(1), 6754 (2017). https://doi.org/10.1038/s41598-017-07004-2

10. N. Stefan, H.-U. Häring, F.B. Hu, M.B. Schulze, Metabolically
healthy obesity: epidemiology, mechanisms, and clinical impli-
cations. Lancet Diabetes Endocrinol. 1(2), 152–162 (2013).
https://doi.org/10.1016/s2213-8587(13)70062-7

11. J.V. van Vliet-Ostaptchouk, M.L. Nuotio, S.N. Slagter, D. Doiron,
K. Fischer, L. Foco, A. Gaye, M. Gogele, M. Heier, T. Hiekka-
linna, A. Joensuu, C. Newby, C. Pang, E. Partinen, E. Reischl, C.
Schwienbacher, M.L. Tammesoo, M.A. Swertz, P. Burton, V.
Ferretti, I. Fortier, L. Giepmans, J.R. Harris, H.L. Hillege, J.
Holmen, A. Jula, J.E. Kootstra-Ros, K. Kvaloy, T.L. Holmen, S.
Mannisto, A. Metspalu, K. Midthjell, M.J. Murtagh, A. Peters, P.
P. Pramstaller, T. Saaristo, V. Salomaa, R.P. Stolk, M. Uusitupa,
P. van der Harst, M.M. van der Klauw, M. Waldenberger, M.
Perola, B.H. Wolffenbuttel, The prevalence of metabolic syn-
drome and metabolically healthy obesity in Europe: a collabora-
tive analysis of ten large cohort studies. BMC Endocr. Disord. 14,
9 (2014). https://doi.org/10.1186/1472-6823-14-9

12. C.H. Jung, W.J. Lee, K.H. Song, Metabolically healthy obesity: a
friend or foe? Korean J. Intern. Med. 32(4), 611–621 (2017).
https://doi.org/10.3904/kjim.2016.259

13. L. Geetha, M. Deepa, R.M. Anjana, V. Mohan, Prevalence and
clinical profile of metabolic obesity and phenotypic obesity in
Asian Indians. J. Diabetes Sci. Technol. 5(2), 439–446 (2011).
https://doi.org/10.1177/193229681100500235

14. N.B. Ruderman, S.H. Schneider, P. Berchtold, The “metaboli-
cally-obese,” normal-weight individual. Am. J. Clin. Nutr. 34(8),
1617–1621 (1981). https://doi.org/10.1093/ajcn/34.8.1617

15. M.P. St-Onge, I. Janssen, S.B. Heymsfield, Metabolic syndrome
in normal-weight Americans: new definition of the metabolically
obese, normal-weight individual. Diabetes Care 27(9), 2222–2228
(2004). https://doi.org/10.2337/diacare.27.9.2222

16. J. Arnlov, E. Ingelsson, J. Sundstrom, L. Lind, Impact of body mass
index and the metabolic syndrome on the risk of cardiovascular
disease and death in middle-aged men. Circulation 121(2), 230–236
(2010). https://doi.org/10.1161/CIRCULATIONAHA.109.887521

17. J.A. Shin, E.Y. Mo, E.S. Kim, S.D. Moon, J.H. Han, Association
between lower normal free thyroxine concentrations and obesity

phenotype in healthy euthyroid subjects. Int. J. Endocrinol. 2014,
104318 (2014). https://doi.org/10.1155/2014/104318

18. A. Amouzegar, E. Kazemian, H. Abdi, M.A. Mansournia, M.
Bakhtiyari, M.S. Hosseini, F. Azizi, Association between thyroid
function and development of different obesity phenotypes in
euthyroid adults: a nine-year follow-up. Thyroid 28(4), 458–464
(2018). https://doi.org/10.1089/thy.2017.0454

19. J.M. Kim, B.H. Kim, H. Lee, E.H. Kim, M. Kim, J.H. Kim, Y.K.
Jeon, S.S. Kim, I.J. Kim, Y.K. Kim, The relationship between
thyroid function and different obesity phenotypes in Korean
euthyroid adults. Diabetes Metab. J. 43(6), 867–878 (2019).
https://doi.org/10.4093/dmj.2018.0130

20. X. Nie, X. Ma, Y. Xu, Y. Shen, Y. Wang, Y. Bao, Characteristics
of serum thyroid hormones in different metabolic phenotypes of
obesity. Front. Endocrinol. 11, 68 (2020). https://doi.org/10.3389/
fendo.2020.00068

21. WHO Expert Consultation, Appropriate body-mass index for
Asian populations and its implications for policy and intervention
strategies. Lancet 363(9403), 157–163 (2004). https://doi.org/10.
1016/s0140-6736(03)15268-3

22. W.C. Hsu, M.R. Araneta, A.M. Kanaya, J.L. Chiang, W. Fuji-
moto, BMI cut points to identify at-risk Asian Americans for type
2 diabetes screening. Diabetes Care 38(1), 150–158 (2015).
https://doi.org/10.2337/dc14-2391

23. American Diabetes Association, 2. Classification and diagnosis of
diabetes. Diabetes Care 42(Suppl 1), S13–S28 (2019). https://doi.
org/10.2337/dc19-S002

24. C. D. Society, China T2DM prevention and treatment guideline
(2017). Chin. J. Diabetes Mellitus 10, 4–67 (2018). https://doi.org/
10.3760/cma.j.issn.1674-5809.2018.01.003

25. A. Ziegler, M. Vens, Generalized estimating equations. Notes on
the choice of the working correlation matrix. Methods Inf. Med.
49(5) (2010). https://doi.org/10.3414/ME10-01-0026

26. S.L. Zeger, K.Y. Liang, Longitudinal data analysis for discrete
and continuous outcomes. Biometrics 42(1), 121–130 (1986)

27. X. Zhai, L. Zhang, L. Chen, X. Lian, C. Liu, B. Shi, L. Shi, N.
Tong, S. Wang, J. Weng, J. Zhao, X. Teng, X. Yu, Y. Lai, W.
Wang, C. Li, J. Mao, Y. Li, C. Fan, L. Li, Z. Shan, W. Teng, An
age-specific serum thyrotropin reference range for the diagnosis of
thyroid diseases in older adults: a cross-sectional survey in China.
Thyroid 28(12), 1571–1579 (2018). https://doi.org/10.1089/thy.
2017.0715

28. H.S. Oh, H. Kwon, J. Ahn, E. Song, S. Park, M. Kim, M. Han, M.
J. Jeon, W.G. Kim, W.B. Kim, Y.K. Shong, E.J. Rhee, T.Y. Kim,
Association between thyroid dysfunction and lipid profiles differs
according to age and sex: results from the Korean National Health
and Nutrition Examination Survey. Thyroid 28(7), 849–856
(2018). https://doi.org/10.1089/thy.2017.0656

29. A. Amouzegar, E. Kazemian, H. Abdi, S. Gharibzadeh, M.
Tohidi, F. Azizi, Abdominal obesity phenotypes and incidence
of thyroid autoimmunity: a 9-year follow-up. Endocr. Res. 45
(3), 202–2209 (2020). https://doi.org/10.1080/07435800.2020.
1749847

30. S. Longhi, G. Radetti, Thyroid function and obesity. J. Clin. Res.
Pediatr. Endocrinol. 5(Suppl 1), 40–44 (2013). https://doi.org/10.
4274/jcrpe.856

31. L.C. Fontenelle, M.M. Feitosa, J.S. Severo, T.E. Freitas, J.B.
Morais, F.L. Torres-Leal, G.S. Henriques, D. do Nascimento
Marreiro, Thyroid function in human obesity: underlying
mechanisms. Horm. Metab. Res. 48(12), 787–794 (2016). https://
doi.org/10.1055/s-0042-121421

32. O. Isozaki, T. Tsushima, Y. Nozoe, M. Miyakawa, K. Takano,
Leptin regulation of the thyroids: negative regulation on thyroid
hormone levels in euthyroid subjects and inhibitory effects on
iodide uptake and Na+/I− symporter mRNA expression in rat
FRTL-5 cells. Endocr. J. 51(4), 415–423 (2004)

Endocrine (2021) 72:688–698 697

https://doi.org/10.1089/thy.2017.0414
https://doi.org/10.1089/thy.2017.0414
https://doi.org/10.1210/jc.2018-02399
https://doi.org/10.1210/en.2014-1670
https://doi.org/10.1530/EJE-14-0067
https://doi.org/10.3389/fimmu.2019.02349
https://doi.org/10.1038/s41598-017-07004-2
https://doi.org/10.1016/s2213-8587(13)70062-7
https://doi.org/10.1186/1472-6823-14-9
https://doi.org/10.3904/kjim.2016.259
https://doi.org/10.1177/193229681100500235
https://doi.org/10.1093/ajcn/34.8.1617
https://doi.org/10.2337/diacare.27.9.2222
https://doi.org/10.1161/CIRCULATIONAHA.109.887521
https://doi.org/10.1155/2014/104318
https://doi.org/10.1089/thy.2017.0454
https://doi.org/10.4093/dmj.2018.0130
https://doi.org/10.3389/fendo.2020.00068
https://doi.org/10.3389/fendo.2020.00068
https://doi.org/10.1016/s0140-6736(03)15268-3
https://doi.org/10.1016/s0140-6736(03)15268-3
https://doi.org/10.2337/dc14-2391
https://doi.org/10.2337/dc19-S002
https://doi.org/10.2337/dc19-S002
https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://doi.org/10.3414/ME10-01-0026
https://doi.org/10.1089/thy.2017.0715
https://doi.org/10.1089/thy.2017.0715
https://doi.org/10.1089/thy.2017.0656
https://doi.org/10.1080/07435800.2020.1749847
https://doi.org/10.1080/07435800.2020.1749847
https://doi.org/10.4274/jcrpe.856
https://doi.org/10.4274/jcrpe.856
https://doi.org/10.1055/s-0042-121421
https://doi.org/10.1055/s-0042-121421


33. A. Boelen, E. Fliers, J. Stap, E.M. de Vries, O.V. Surovtseva, J.
Kwakkel, A novel role for the thyroid hormone-activating enzyme
type 2 deiodinase in the inflammatory response of macrophages.
Endocrinology 155(7), 2725–2734 (2014). https://doi.org/10.
1210/en.2013-2066

34. T.C. Jakobs, B. Mentrup, C. Schmutzler, I. Dreher, J. Köhrle,
Proinflammatory cytokines inhibit the expression and function of
human type I 5’-deiodinase in HepG2 hepatocarcinoma cells. Eur.
J. Endocrinol. 146(4), 559–566 (2002)

35. X. Zhang, W. Chen, S. Shao, G. Xu, Y. Song, C. Xu, L. Gao, C.
Hu, J. Zhao, A high-fat diet rich in saturated and mono-
unsaturated fatty acids induces disturbance of thyroid lipid pro-
file and hypothyroxinemia in male rats. Mol. Nutr. Food Res. 62
(6), e1700599 (2018). https://doi.org/10.1002/mnfr.201700599

36. M. Zhao, X. Zhang, L. Gao, Y. Song, C. Xu, C. Yu, S. Shao, J.
Zhao, Palmitic acid downregulates thyroglobulin (Tg), sodium
iodide symporter (NIS), and thyroperoxidase (TPO) in human
primary thyrocytes: a potential mechanism by which lipotoxicity
affects thyroid? Int. J. Endocrinol. 2018, 4215848 (2018). https://
doi.org/10.1155/2018/4215848

37. S. M. El-Sayed, H. M. Ibrahim, Effect of high-fat diet-induced
obesity on thyroid gland structure in female rats and the possible
ameliorating effect of metformin therapy. Folia Morphol. (2019).
https://doi.org/10.5603/FM.a2019.0100

38. X. Zhang, S. Shao, L. Zhao, R. Yang, M. Zhao, L. Fang, M. Li,
W. Chen, Y. Song, C. Xu, X. Zhou, J. Zhao, L. Gao, ER stress
contributes to high-fat diet-induced decrease of thyroglobulin and
hypothyroidism. Am. J. Physiol. Endocrinol. Metab. 316(3),
E510–E518 (2019). https://doi.org/10.1152/ajpendo.00194.2018

39. S.S. Shao, Y.F. Zhao, Y.F. Song, C. Xu, J.M. Yang, S.M. Xuan,
H.L. Yan, C.X. Yu, M. Zhao, J. Xu, J.J. Zhao, Dietary high-fat
lard intake induces thyroid dysfunction and abnormal morphology

in rats. Acta Pharmacol. Sin. 35(11), 1411–1420 (2014). https://
doi.org/10.1038/aps.2014.82

40. B. Wang, R. Song, W. He, Q. Yao, Q. Li, X. Jia, J.A. Zhang, Sex
differences in the associations of obesity with hypothyroidism and
thyroid autoimmunity among Chinese adults. Front. Physiol. 9,
1397 (2018). https://doi.org/10.3389/fphys.2018.01397

41. L. Jiang, J. Du, W. Wu, J. Fang, J. Wang, J. Ding, Sex differences
in subclinical hypothyroidism and associations with metabolic risk
factors: a health examination-based study in mainland China.
BMC Endocr. Disord. 20(1), 100 (2020). https://doi.org/10.1186/
s12902-020-00586-5

42. H. Kwon, Y. Chang, A. Cho, J. Ahn, S.E. Park, C.Y. Park, W.Y.
Lee, K.W. Oh, S.W. Park, H. Shin, S. Ryu, E.J. Rhee, Metabolic
obesity phenotypes and thyroid cancer risk: a cohort study.
Thyroid 29(3), 349–358 (2019). https://doi.org/10.1089/thy.2018.
0327

43. A. Tchernof, J.-P. Després, Pathophysiology of human visceral
obesity: an update. Physiol. Rev. 93(1), 359–404 (2013). https://
doi.org/10.1152/physrev.00033.2011

44. R.S. Fortunato, A.C. Ferreira, F. Hecht, C. Dupuy, D.P. Carvalho,
Sexual dimorphism and thyroid dysfunction: a matter of oxidative
stress? J. Endocrinol. 221(2), R31–R40 (2014). https://doi.org/10.
1530/JOE-13-0588

45. B. Sosic-Jurjevic, B. Filipovic, K. Renko, M. Miler, S. Trifu-
novic, V. Ajdzanovic, J. Khrle, V. Milosevic, Testosterone and
estradiol treatments differently affect pituitary-thyroid axis and
liver deiodinase 1 activity in orchidectomized middle-aged rats.
Exp. Gerontol. 72, 85–98 (2015). https://doi.org/10.1016/j.exger.
2015.09.010

46. R. Mullur, Y.-Y. Liu, G.A. Brent, Thyroid hormone regulation of
metabolism. Physiol. Rev. 94(2), 355–382 (2014). https://doi.org/
10.1152/physrev.00030.2013

698 Endocrine (2021) 72:688–698

https://doi.org/10.1210/en.2013-2066
https://doi.org/10.1210/en.2013-2066
https://doi.org/10.1002/mnfr.201700599
https://doi.org/10.1155/2018/4215848
https://doi.org/10.1155/2018/4215848
https://doi.org/10.5603/FM.a2019.0100
https://doi.org/10.1152/ajpendo.00194.2018
https://doi.org/10.1038/aps.2014.82
https://doi.org/10.1038/aps.2014.82
https://doi.org/10.3389/fphys.2018.01397
https://doi.org/10.1186/s12902-020-00586-5
https://doi.org/10.1186/s12902-020-00586-5
https://doi.org/10.1089/thy.2018.0327
https://doi.org/10.1089/thy.2018.0327
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1530/JOE-13-0588
https://doi.org/10.1530/JOE-13-0588
https://doi.org/10.1016/j.exger.2015.09.010
https://doi.org/10.1016/j.exger.2015.09.010
https://doi.org/10.1152/physrev.00030.2013
https://doi.org/10.1152/physrev.00030.2013

	Association between different obesity phenotypes and hypothyroidism: a study based on a longitudinal health management cohort
	Abstract
	Introduction
	Materials and methods
	Study population
	Clinical and laboratory measurements
	Definitions
	Statistical analysis

	Results
	Baseline characteristics of males and females based on obesity phenotype
	The non-MHNO group had a significantly higher incidence density of hypothyroidism than the MHNO group in males
	MHO, MUNO, and MUO phenotypes were independent risk factors for the development of hypothyroidism compared with the MHNO phenotype in males
	The relationship between obesity phenotypes and hypothyroidism differs according to age groups in males

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




