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Objective: Obesity and autoimmune thyroid disease (AITD) are both common disorders in the general population, which are major
drivers for adverse medical conditions. While an interaction between thyroid function and visceral obesity is thought to exist, but very
few studies have examined the relationship between AITD and visceral obesity, especially in the patients with type 2 diabetes mellitus
(T2DM). In the present study, we investigated the association between elevated thyroid peroxidase antibody (TPOAb) titer and visceral
fat area in T2DM patients.
Methods: A total of 390 T2DM patients who met the criteria for admission and joined the National Metabolic Management Center
(MMC) in the Zhejiang Provincial People’s Hospital from April 2020 to December 2020 were enrolled in this study. The participants
were divided into two groups based on visceral obesity. Thyroid function, thyroid associated antibody and other metabolic indicators
were measured by blood tests. The visceral fat area (VFA) and the subcutaneous fat area (SFA) were measured by bioelectrical
impedance analysis.
Results: There were 185 participants (47.4%) had visceral obesity. The positive rate of TPOAb was significantly higher in T2DM
patients with visceral obesity (12.97% vs 5.37%, p < 0.01). Free triiodothyronine (FT3) and thyroid-stimulating hormone (TSH) were
both significantly higher in T2DM patients with visceral obesity (p < 0.05). The increased TPOAb titer was significantly positively
correlated with visceral fat area (r = 0.175, p < 0.01). Binary logistic analysis showed that the positive rate of TPOAb was associated
with an increased risk of visceral obesity [(OR) 4.258, 95% confidence interval (CI) 1.594, 11.375, p = 0.004].
Conclusion: TPOAb-positive is more common in T2DM patients with visceral obesity, which has some effects on visceral obesity
independent of thyroid function. This suggests that elevated TPOAb titer is a predictor of visceral obesity in T2DM patients.
Keywords: type 2 diabetes mellitus, visceral obesity, autoimmune thyroid disease, thyroid peroxidase antibody

Introduction
Obesity, especially visceral obesity, is closely related to many diseases, which pose serious health threats to the human.1

According to the distribution in the body, fat can be divided into visceral fat and subcutaneous fat, among which visceral
fat is considered to be the main cause of metabolic diseases.2 It is common to see that type 2 diabetes mellitus (T2DM)
with visceral obesity in clinical practice. Studies suggest that visceral obesity may induce adipose tissue dysfunction,
adipocytokine secretion impaired, which causes the interaction between oxidative stress and inflammatory response, and
ultimately induces insulin resistance and T2DM.3–5

Thyroid diseases are the main comorbidity of diabetes mellitus, which mainly include thyroid dysfunction and
autoimmune thyroid diseases.6 Many studies have suggested that thyroid diseases are related to the fat distribution.7–12 It
is generally believed that thyroid hormone can not only regulate basal metabolism and heat production in the body but
also play an important role in lipid metabolism, glucose metabolism and fat oxidation, so it can affect the fat distribution
in the body to a certain extent.10,13,14 Some previous studies have found that even in those euthyroid populations, the
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body mass index (BMI), waist circumference (WC), fat percentage (fat%), and visceral fat area (VFA) were significantly
associated with changes in thyroid-stimulating hormone (TSH).12,15–17 Moreover, there was study pointed out that
visceral obesity was not only associated with changes in thyroid hormone levels but may also be significantly associated
with changes in AITD-related antibodies, such as TPOAb.18

Autoimmune thyroid diseases (AITDs) are characterized by autoantibodies against thyroid antigens, such as thyroid
peroxidase antibody (TPOAb), thyroglobulin antibody (TGAb) and TSH receptor antibody (TRAb). Previous studies
have shown that elevated thyroid autoantibodies are common in patients with T1DM and are generally considered to be
possibly associated with autoimmune and inflammatory mechanisms.19,20 However, in recent years, studies have shown
that the elevated levels of thyroid autoantibodies are more common in T2DM population, such as in patients with T2DM
and NAFLD.21–24

Based on these conclusions, we hypothesized that thyroid autoimmunity is associated with type 2 diabetes mellitus
complicated with visceral obesity, and may be a predictor of it. However, the relationship between autoimmune thyroid
disease and visceral obesity in T2DM has not been reported. Therefore, we design this research to analyze the relation-
ship between positive thyroid autoantibodies and the visceral fat area in T2DM patients to explore whether it is
a predictor of the visceral obesity in patients with T2DM.

Methods
Study Design and Participants
This was a cross-sectional study designed to analyze the relationship between elevated TPOAb titer and visceral obesity.
The study population eventually consisted of 390 patients with T2DM who met the criteria for admission as follows, and
joined the National Metabolic Management Center (MMC) in the Zhejiang Provincial People’s Hospital from April 2020
to December 2020. All participants received complete questionnaires, physical examination and laboratory examination.
According to the result of bioelectrical impedance analysis for visceral fat, the patients were divided into the visceral
obesity group and the control group.

Inclusion criteria: 1. Age ≥ 18 years old; 2. The diagnosis of T2DM refers to the Standards of Medical Care in
Diabetes issued by the American Diabetes association (ADA) in 2020. 3. Normal thyroid function.

Exclusion criteria: 1. Acute complications of diabetes, such as ketoacidosis, hyperosmolar hyperglycemia, acute
infection; 2. History of thyroid disease using a thyroxine supplement or anti-thyroid therapy; 3. History of thyroid
surgery; 4. Taking sex hormones, glucocorticoids, amiodarone or lithium; 5. Abnormal thyroid function; 6. History of
malignant tumors; 7. Severe heart, liver, and kidney dysfunction; 8. Pregnant or lactating women.

Ethics Clearance
This study was conducted in accordance with the declaration of Helsinki. The Ethics Committee of Zhejiang Provincial
People’s Hospital approved the study, and each patient gave informed written consent to participate in the study.

Data Collection
A standard questionnaire was used to obtain information on personal and family medical history. General data of the
subjects were obtained in detail, such as the age, gender, duration of T2DM, risk factors in daily lives, previous medical
history and medication history. Height, weight, waist circumference, hip circumference and arterial blood pressure were
measured on the first day of admission by the same nurse. BMI was calculated as the body weight (kg) divided by the
height squared (m2).

All subjects were submitted to venous blood after an 8-h fast in the morning. Thyroid antibodies and thyroid
hormones including thyroid peroxidase antibody (TPOAb), thyroglobulin antibody (TGAb), free thyroxine (FT4), free
triiodothyronine (FT3), thyroid stimulating hormone (TSH) were measured by chemiluminescent immunoassay (DXI800,
Beckman-Coulter, USA). The total number of white blood cells (WBC), fasting plasma glucose (FPG), fasting insulin
(FINS), glycosylated hemoglobin (HbA1c), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), alanine aminotransferase (ALT), γ-glutamyltransferase (γGT),
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and aspartate aminotransferase (AST) were measured by standardized high-performance liquid chromatography assay
(D100, Bio-Rad, USA) or chemiluminescence immunoassay (AU5800, Beckman-Coulter, USA). All assessments were
done in the same lab. Homeostasis model assessment of insulin resistance (HOMA-IR) which was used to evaluate the
individual level was calculated using the following formula: HOMA-IR = fasting serum insulin (mU/L) × fasting plasma
glucose (mmol/L)/22.5.

The visceral fat area (VFA) and the subcutaneous fat area (SFA) were measured by bioelectrical impedance analysis using
DUALSCAN HDS-2000. The measurement method is as follows: (1) The subjects were asked to fast at 20:00 the day before
the examination. (2) Inform the subjects to lie down in supine position, bare their ankles, wrists and abdominal skin, and
breathe calmly. At the end of calm expiratory breath, inform the patients to hold their breath, and then measure the horizontal
umbilical and abdominal cross-sectional area. (3) Then install abdominal electrode belt and hand and foot electrode clamps to
instruct subjects to breathe calmly. At the end of calm exhalation, tell the patients to hold their breath. At that time, the VFA
and SFAwere measured.

Definition
The normal reference range for TSH, FT3, FT4 were 0.34–5.60 mIU/L, 2.14–4.21 ng/L, 5.90–12.50 ng/L, respectively.
Normal thyroid function was defined as serum TSH, FT3 and FT4 within the reference range. TPOAb positive (serum
level ≥ 9.00 IU/mL) and/or TGAb positive (serum level ≥ 4.00 IU/mL) were considered as the presence of thyroid
autoimmunity. VFA ≥ 100 cm2 was defined as visceral obesity.

Statistical Analysis
All analyses were performed using SPSS version 22.0 (IBM, USA) and the value of P < 0.05 was considered statistically
significant. The distribution of the index was assessed by the Kolmogorov–Smirnov test. Normally distributed data were
descriptive by mean and standard deviation (SD), median and quartile were used to descriptive for the non-normally
distributed data. Student’s t-test or the nonparametric Mann–Whitney U-test was also performed to determine any
difference between the two groups. Chi-square tests were used to compare differences in categorical variables,
respectively. Pearson correlation analysis was used for correlating variables. Independent risk factors associated with
visceral obesity were determined using a binary logistic regression model.

Results
Clinical Characteristics of the Subjects
An overview of the study characteristics of the two groups is shown in Table 1. Compared with the T2DM without
visceral obesity group, indicators such as blood pressure, HOMA-IR, BMI, WC, TG, ALT, γGT and AST of patients were
significantly increased in the T2DM with visceral obesity group (p < 0.05). Other clinical data such as age, duration of
diabetes, HbA1c, TC and LDL-C were not significantly different in the two groups (p > 0.05).

Visceral Obesity and Thyroid Antibodies
In the group of T2DM with visceral obesity, 24 (12.97%) were TPOAb-positive and 12 (6.49%) were TGAb-positive.
While in the group of T2DM without visceral obesity, 11 (5.37%) were TPOAb-positive and 9 (4.39%) were TGAb-
positive. The positive rate of TPOAb was significantly different between the two groups (12.97% vs 5.37%, p < 0.01),
while the positive rate of TGAb was not significantly different (6.49% vs 4.39%, p > 0.05). FT3 and TSH levels were
significantly higher in T2DM patients with visceral obesity (p < 0.05) (shown in Table 2).

Correlations Between Thyroid Indicators and Visceral Fat Area
To further assess the relationship between thyroid diseases and visceral obesity, the correlation between VFA and TPOAb
titer was analyzed using both Pearson’s correlation analysis and linear correlation analysis. In this study, TSH, FT3 and
FT4 levels were within the normal reference range for all participants in both groups. Pearson’s correlation analysis
suggested that the increased TPOAb titer was significantly positively correlated with VFA (r = 0.175, p < 0.01) and SFA
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(r = 0.184, p < 0.01) (shown in Table 3). Besides, we can see from Table 3, FT3 and TSH levels were also significantly
positively correlated with VFA (r = 0.179, p < 0.01; r = 0.145, p < 0.01). Therefore, when we adjusted for the effect of
TSH, the increased TPOAb titer was still significantly associated with visceral fat area. Linear correlation analysis also
suggested the same results (shown in Figures 1 and Figure 2).

Association of the TPOAb and Visceral Fat Area in T2DM Patients
We performed a binary logistic regression analysis of the factors that may affect visceral fat area in T2DM patients. After
full adjustment for age, duration, TSH, FT4, FT3, hyperglycemia and hyperlipidemia, binary logistic analysis showed
that TPOAb-positive was associated with an increased risk of visceral obesity in T2DM patients [odds ratio (OR) 4.258,
95% confidence interval (CI) 1.594, 11.375, p = 0.004] (shown in Table 4).

Discussion
The high prevalence of autoimmune thyroid disease in T1DM patients has been reported before.19 However, this in
T2DM is a less explored field, especially in T2DM with obesity. The current study is the first research to evaluate the

Table 1 Clinical Characteristics of T2DM Patients with and without Visceral Obesity

Variables Visceral Obesity (n = 185) Normal (n = 205) P value

Age 50.19(36.62–63.76) 52.77(40.47–65.08) 0.05
Duration of T2DM 39(0–122) 37(0–122) 0.68

Female, n 28 85 <0.001*

SBP 132.85(117.65–148.05) 126.90(110.68–143.12) <0.001*
DBP 81.19(71.46–90.92) 78.27(67.82–88.72) 0.005*

BMI 26.73(23.26–30.20) 23.02(20.40–25.65) <0.001*

WC 96.58(86.36–106.80) 85.48(77.01–93.95) <0.001*
HbA1c 9.20(7.06–11.35) 9.32(6.97–11.66) 0.622

FPG 7.23(4.35–10.11) 6.94(4.17–9.72) 0.316
HOMA-IR 2.2(1–3.9) 1.5(0.6–2.85) <0.001*

TG 1.72(1.29–2.61) 1.31(0.94–1.97) <0.001*

TC 4.99(3.47–6.51) 4.82(2.95–6.69) 0.325
LDL-C 2.81(1.95–3.67) 2.73(1.89–3.58) 0.367

HDL-C 0.97(0.75–1.20) 1.08(0.83–1.33) <0.001*

ALT 35(22–57.5) 22(15–35) <0.001*
AST 34.27(12.25–56.29) 24.46(8.67–40.25) <0.001*

γGT 35(25–67) 27(18–39) <0.001*

UA 365.29(273.61–456.97) 310.50(234.33–386.67) <0.001*
WBC 6.89(4.96–8.83) 6.44(4.85–8.04) 0.013*

Hcy 14.10(7.68–20.53) 12.01(9.48–14.53) <0.001*

Note: *p value less than 0.05.

Table 2 Comparison of Thyroid Indicators of T2DM Patients with and without Visceral Obesity

Variables Visceral Obesity (n = 185) Normal (n = 205) P value

TPOAb(+), n (%) 24(12.97%) 11(5.37%) 0.009*

TGAb(+), n (%) 12(6.49%) 9(4.39%) 0.360

TPOAb and TGAb(+), n (%) 9(4.87%) 4(1.95%) 0.154
TSH 1.90(0.94–2.86) 1.70(0.77–2.63) 0.032*

FT3 3.17(2.74–3.61) 3.05(2.64–3.46) 0.004*

FT4 9.50(8.04–10.96) 9.38(7.70–11.06) 0.443

Note: *p value less than 0.05.
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direct relationship between visceral obesity and thyroid autoimmunity in a Chinese population with T2DM. We
demonstrated an independently positive association between the visceral obesity and thyroid autoimmunity among the
subjects with T2DM and normal thyroid function.

Obesity and thyroid diseases are two common conditions of the endocrine system. Previous studies suggest that the
prevalence of thyroid diseases is significantly higher in the T2DM patients.21,25 We all know that T1DM patients are
more likely to have autoimmune thyroid diseases than T2DM patients due to the associated autoimmunity and common
genetic basis.20,26 However, it has also been found that there are more T2DM patients complicated with autoimmune
thyroid disease, not just thyroid dysfunction, and the pathogenesis may be more complex. Some studies have reported
that obesity was significantly related to Hashimoto thyroiditis (HT) and positive-TPOAb in normal population.22,27 Our
results also support this opinion in T2DM patients.

Our results suggest that the positive rate of TPOAb in the T2DM combined visceral obesity group was higher
compared with the T2DM only group. This conclusion is consistent with the previous studies in healthy people. Tamer
et al found that levels of anti-thyroid peroxidase antibody correlated with triglyceride levels and waist circumference.18

Table 3 Association of TPOAb and VFA with Other Indicators in T2DM Patients

TPOAb VFA

R value P value R value P value

Age −0.037 0.467 −0.129 0.011*

Gender 0.035 0.494 −0.291 <0.001*
Duration of T2DM −0.058 0.255 −0.084 0.099

VFA 0.175 0.001* Null Null

SFA 0.184 <0.001* 0.731 <0.001*
TPOAb Null Null 0.175 0.001*

TSH 0.199 <0.001* 0.145 0.004*

FT3 0.073 0.152 0.179 <0.001*
FT4 −0.113 0.025* 0.021 0.677

HOMA-IR 0.016 0.759 0.236 <0.001*

Note: *p value less than 0.05.

Figure 1 Association between TPOAb titer and VFA. Linear correlation analysis showed an obviously positive correlation of VFA with TPOAb titer in T2DM patients (r =
0.175, p < 0.001).
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In addition, studies showed that elevated TPOAb is indeed predominant in T2DM patients with thyroid autoimmunity
disease.25,28 These conclusions may confirm the involvement of autoimmunity in the pathogenesis of diabetes with
visceral obesity. We hypothesize that the TPOAb-positive is a risk factor for T2DM patients with visceral obesity.

The result showed that TPOAb titer was significantly positively correlated with visceral fat area and subcutaneous fat
area. Based on the result, we make two assumptions. On the one hand, we consider that patients with high TPOAb, whose
thyroid function is susceptible to such effects as hypothyroidism, which increases the risk of T2DM and visceral obesity. We
did find that FT3 and TSH levels were significantly higher in the patients with T2DM and visceral obesity, which were also
significantly positively correlated with visceral fat area, which was consistent with previous studies.8,9,29 The hypothesis for
correlation is that TSH is involved in the differentiation of pre-adipocytes and induced adipogenesis. The previous study has
found that TSH may infect the visceral fat through TSH receptor, which can be expressed in adipocyte precursor cells and
participate in adipocyte differentiation and adipogenesis.30 Another hypothesis is the leptin hypothesis. And a positive

Figure 2 Association between TPOAb titer and SFA. Linear correlation analysis showed an obviously positive correlation of SFA with TPOAb titer in T2DM patients (r =
0.184, p < 0.001).

Table 4 Association of the TPOAb with Visceral Fat Area: Binary Logistic Regression

Variables B OR P value 95% Confidence Interval

Lower Limit Upper Limit

Age 0.013 1.013 0.298 0.989 1.037

Gender −1.077 0.341 0.001* 0.181 0.641
Duration of T2DM 0.003 1.003 0.188 0.999 1.006

TSH 0.193 1.213 0.176 0.917 1.604

FT3 0.464 1.590 0.178 0.809 3.125
FT4 0.115 1.122 0.210 0.937 1.342

TPOAb 1.449 4.258 0.004* 1.594 11.375

TG 0.113 1.120 0.107 0.976 1.285
TC −0.036 0.965 0.717 0.795 1.171

HOMA-IR 0.085 1.089 0.016* 1.016 1.167

HbA1c −0.020 0.980 0.753 0.864 1.111
WC 0.144 1.155 <0.001* 1.113 1.199

Note: *p value less than 0.05.
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correlation between leptin and TSH has been demonstrated.11 On the other hand, we suppose that the elevated TPOAb may
cause increased visceral fat through autoimmunity itself, not only through affecting thyroid function. Therefore, we adjusted
for the effect of TSH, and the result told us that even if we controlled for TSH, TPOAb titer was still significantly correlated
with visceral fat area. Moreover, the result of binary logistic regression analysis showed that when the patient had TPOAb-
positive, the risk of visceral obesity will be 4 times higher (OR 4.258). This result also confirmed that TPOAb-positive was
a risk factor for visceral obesity independent of thyroid function in T2DM patients.

The mechanisms of AITD are based on the reaction to the deregulated immune system, but the exact mechanisms are
not completely clear. There are some opinions that antibodies secreted by B cells are deposited in the basal membrane of
the thyroid follicle, activate complement system, and thereby induce necrosis. Increased levels of the cytokines IFN-γ
and IL-12 (Th1 cytokines) induce TNF-α, IL-1β, IL-2, and CD40L, which cause apoptosis of thyrocytes.31 In HT it is
possible that increased IFN-γ and TNF-α may cause obesity without elevated TSH levels.18 It is also believed that insulin
resistance will arise when B cells and other immune cells react against the self-antigens. TPOAb is an inductor of
oxidative stress evidenced by decreased antioxidant potential, advanced glycosylation products, and oxygen metabolites
in the blood.32 This has a similar pathophysiological basis in T2DM and obesity as we know it. Immune cells are
important factors in the regulation of adipose tissue function, and the dysfunction of adipose tissue caused by the
imbalance of immune homeostasis is an important pathological and physiological mechanism of obesity.5 Therefore, we
hypothesized that obesity, T2DM and AITDs might share some common pathways. There is also further work we will do
to explore how thyroid autoimmunity affects obesity and visceral obesity.

There are some limitations to our study. First, magnetic resonance imaging (MRI) and computerized tomography are
precise methods to measure visceral fat area and are internationally recognized.33 However, its application is limited due
to the defects of exposure to radiation, long testing time and high testing cost. Study has shown that the bioelectrical
impedance analysis, which is simpler, has a high correlation with the detection of CT, and is convenient for large-scale
clinical applications.34 Moreover, for the definition of visceral obesity, there is no unified definition in China at present.
Our study refers to the standard of Japan.35 Secondly, patients included in this paper were from Zhejiang province in
China, which was influenced by race, living habits and other factors. Finally, due to the cross-sectional study design, we
are still unable to determine the causality between thyroid autoimmunity and T2DM, visceral obesity. It requires
prospective studies to further explore the deeper relationships and related mechanisms.

Conclusion
Elevated TPOAb was positively associated with the visceral fat area, which may be independent of thyroid function,
suggesting that thyroid autoimmunity may effect the autoimmune development in T2DM patients with visceral obesity.
Therefore, we suggest that routine screening for thyroid disease in patients with T2DM, especially the patients with
obesity, for early detection and reasonable intervention, which may be beneficial in improving insulin resistance and
reducing related cardiovascular events.
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