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Abstract
Background: This study compared the relationship between thyroid hormones and lipid metabolism/body fat content
in euthyroid male patients with type 2 diabetes mellitus (T2DM) in China. Methods: A total of 64 male patients who
were diagnosed as T2DM and 64 non-diabetic males who underwent health examination were matched according to
age at a 1:1 ratio. Results: The 32 subjects in each sub-group showed differences in age, body mass index (BMI),
mean arterial pressure, waist circumference, visceral fat content, body fat percentage, HbA1c, HOMA-IR, FT3, TSH,
HDL-c, adiponectin, leptin, visfatin and TNF-α (all P < 0.05). In the overall population, FT3 was positively correlated
with body fat percentage (r=0.21, P=0.02), and negatively correlated with HOMA-IR (r=-0.18, P=0.04) and visfatin
(r=-0.47, P <0.01); TSH was positively correlated with body fat percentage (r=0.23, P=0.01). In the T2DM-OB group
FT3 was positively correlated with BMI (r=0.45, P <0.05), visceral fat content (r=0.50, P <0.05), and body fat
percentage (r=0.44, P <0.05); FT4 was positively correlated with visceral fat content (r=0.38, P <0.05); and TSH was
positively correlated with HOMA-IR (r=0.39, P <0.05). Conclusion: TSH increased in obese people and FT3 was lower
in patients with T2DM.

Background
In recent years, the prevalence of diabetes mellitus (DM) has been rising rapidly and it has become a prominent
global public health problem. Currently, around 415 million people worldwide have diabetes, this accounts for 9% of
the population, and this number is predicted to increase even further [1].

Insulin resistance is common in the pathogenesis of type 2 diabetes mellitus (T2DM) and metabolic syndrome [2, 3].
Metabolic syndrome is an accumulation of factors that increase the risk of disease, approximately 2-fold for
cardiovascular disease and 5-fold or more for T2DM [4]. Insulin resistance is also a risk factor for stroke and other
diseases such as end-stage renal disease [5]. Obesity is the basis of insulin resistance because of the destructive
effects of excess fat accumulation on glucose metabolism, which causes functional impairments in metabolic
pathways of several areas such as adipose tissue and peripheral organs, like liver, heart, pancreas and muscle [6].

Thyroid hormones, including thyroxine and triiodothyronine, regulate the synthesis, mobilization, and breakdown of
lipids. Therefore, thyroid hormones are closely related to obesity, and slight changes of serum thyroid hormone level
can cause local fat accumulation and increased body mass [7, 8]. The thyrotropin receptor (TSHR) has long been
considered as a key regulator of thyroid function [9]. Recent studies have shown that thyroid stimulating hormone
(TSH) can also directly bind to TSHR in tissues outside the thyroid to exert external effects, such as in the adipose
tissue and liver [10].

The role of thyroid function in energy metabolism has been extensively studied, but traditional viewpoints only
emphasize the role of hypothyroidism or subclinical hypothyroidism in obesity. Among patients with obesity but
normal thyroid function, thyroid hormones, especially TSH, are signi�cantly different from that of people of healthy
weight. This manifests as the TSH, free triiodothyronine (FT3), and free thyroxine (FT4) of obese patients being
higher than that of healthy people [11, 12]. The incidence of thyroid diseases in patients with T2DM is signi�cantly
increased, especially subclinical hypothyroidism (SCH), and is more common in women than men [13, 14]. However,
the relationship between TSH, FT3, FT4 and adipocytokines and lipid metabolism in T2DM patients with normal
thyroid function and people with normal blood glucose has not been reported.

The purpose of this study was to explore the changes in thyroid hormones in patients with T2DM and normal thyroid
function, compared with people with normal blood glucose. We then studied the correlation between thyroid hormone
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and lipid metabolism/body fat content.

Methods

Study design and subjects
This study was a prospective cross-sectional study, which included T2DM patients hospitalized in Lishui Central
Hospital from January 2017 to June 2017. The inclusion criteria were: 1) older than 17 years old; 2) male; 3) normal
thyroid function; 4) the diagnosis of diabetes met the WHO diagnostic criteria of 1999. The exclusion criteria were: 1)
acute complications of diabetes mellitus; 2) pulmonary and heart diseases; 3) liver and kidney dysfunction; 4) clinical
and subclinical thyroid diseases. Non-diabetic males who underwent a health examination from January 2017 to
May 2017 in the physical examination center of our hospital were selected and matched according to age with the
T2DM group at a 1:1 ratio. Diabetes mellitus, impaired glucose tolerance (IGT) and impaired fasting blood glucose
(IFG) were excluded in the control group by oral glucose tolerance test (OGTT).

According to body mass index (BMI), the patients were divided into normal control group (NC, BMI < 25 kg/m2), pure
obesity group (SOB, BMI 25 kg/m2), non-obesity diabetic group (T2DM-NOB), and diabetic obesity group (T2DM-OB).

This study was approved by the Ethics Committee of Lishui Central Hospital (Ethics No. 2016-26). All patients
provided informed consent for inclusion in the study.

Data collection
Baseline data was collected from all participants, including age, T2DM disease course, anthropometric, and
laboratory measurements.

Anthropometric measurements
Height (m), weight (kg), waist circumference and BMI (kg/m2) were measured by uniformly trained nurses for all
subjects. Body fat percentage and visceral fat content were measured by direct segmental-impedance measurement
(InBody 720 human body composition analyzer, Shanghai baisibeisi medical equipment trading co., LTD. China).
Blood pressure was recorded, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured at
sitting position, and mean blood pressure (MBP) was calculated.

Laboratory tests
After 12 hours of fasting overnight, blood from the elbow vein was collected into two sample tubes. The serum was
centrifuged from one tube within 2 hours, and hematological parameters were determined immediately. Fasting blood
glucose was detected by hexokinase (Abbott, USA), total cholesterol (TC) by CHOD-PAP (Zhongya Company, China),
triglyceride (TG) by GPO-PAP (Zhongya Company), high density lipoprotein (HDL-C) and low density lipoprotein (LDL-
C) by homogeneous direct method (Zhongya Company), fasting insulin (FIns) by chemiluminescence method
(Abbott, USA), and glycosylated hemoglobin (HbA1C) by ion chromatography (TOSOH, Japan). Blood TSH, FT3 and
FT4 were detected by chemiluminescence (Abbott, USA), and the normal reference ranges of TSH were 0.34–5.60
uIU/ml, FT3 1.71–3.71 pg/ml and FT4 0.70–1.48 ng/dl, respectively.

After adding anticoagulant to the other tube, the plasma was centrifuged and preserved at − 70 ℃ for the
determination of adiponectin, leptin, visfatin and tumor necrosis factor alpha (TNF-α). The laboratory determination
was by Shanghai Enzyme-linked Biotechnology Co., Ltd., China. The standard curve of plasma adiponectin was
0.156-10 ng/ml, leptin was 0–50 ng/ml, visfatin was 0.1–1000 ng/ml, and plasma TNF-α was 2.5–80 pg/mL.
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The insulin resistance index (HOMA-IR) was calculated by the minimum homeostasis model. The formula was
FPG*FINS/22.5.

Statistical analysis
All data were processed by SPSS 21.0 (IBM Corp., Armonk, NY, USA) statistical software. Continuous variables were
�rst tested for normality. Normally distributed continuous variables were expressed by mean ± SD and multi-group
comparison was conducted by analysis of variance (ANOVA) and post-test (SNK-q). Non-normally distributed
continuous variables were expressed by median (range) and multi-group comparison was conducted by Kruskal-
Wallis H test. Linear correlation analysis was used for univariate analysis and multiple linear regression analysis was
used for multivariate analysis. P < 0.05 was considered statistically signi�cant.

Results

Baseline characteristics
A total of 128 male patients were enrolled, including NC, SOB, T2DM-NOB and T2DM-OB groups with 32 subjects in
each group. There were statistical differences in age, BMI, mean arterial pressure (MAP), waist circumference, visceral
fat content and body fat percentage among the four groups (all P < 0.05). Post-hoc comparison between pairs of
groups showed that the SOB group was signi�cantly different to the NC group in BMI, MAP, waist circumference,
visceral fat content and body fat percentage (all P < 0.05). The T2DM-NOB group was signi�cantly different to the NC
and SOB groups in age, BMI, waist circumference and visceral fat content (all P < 0.05)., but only signi�cantly
different to the NC group in MAP and the SOB group in body fat percentage. BMI, waist circumference, visceral fat
content and body fat percentage were signi�cantly different between the T2DM-NOB group and T2DM-OB group (all
P < 0.05). There was no statistically signi�cant difference in age, course of diabetes mellitus (P = 0.49) and MAP
between the T2DM-NOB and T2DM-OB group (Table 1).
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Table 1
Baseline characteristics

  NC group SOB group T2DM-NOB
group

T2DM-OB
group

P

No. 32 32 32 32  

Age, years, mean ± SD 44.34 ± 
7.53

43.41 ± 6.94 51.47 ± 10.32
a,b

47.81 ± 8.36 < 
0.05

Course of diabetes mellitus, years,
mean ± SD

- - 4.59 ± 4.58 5.37 ± 4.36 0.49

BMI, Kg/m2, mean ± SD 21.42 ± 
1.90

27.15 ± 1.76
a

22.58 ± 1.78
a,b

27.89 ± 2.51
a,c

< 
0.05

MAP, mmHg, mean ± SD 88.21 ± 
10.00

94.21 ± 9.05
a

96.15 ± 11.81
a

99.06 ± 13.75
a

< 
0.05

Waist circumference, mm 79.59 ± 
6.13

91.42 ± 5.67
a

84.23 ± 6.16
a,b

94.44 ± 8.23
a,c

< 
0.05

Visceral fat content, %, mean ± SD 78.41 ± 
20.00

118.09 ± 
14.39 a

96.52 ± 21.08
a,b

123.56 ± 
25.29 a,c

< 
0.05

Body fat percentage, %, mean ± SD 18.31 ± 
5.08

28.41 ± 3.37
a

20.36 ± 4.74 b 26.42 ± 6.09
a,c

< 
0.05

NC: normal weight control group; SOB: simple obesity group; T2DM-NOB: non-obesity diabetic group; T2DM-OB:
diabetic obesity group; SD: standard deviation; BMI: body mass index; MAP: mean arterial pressure.

aVs NC group, P < 0.05

bVs SOB group, P < 0.05

cVs T2DM-NOB, P < 0.05

Laboratory test results
There were signi�cant differences in HbA1c, HOMA-IR, FT3, TSH, HDL-c, adiponectin, leptin, visfatin and TNF-α (all P 
< 0.05) and no signi�cant difference in FT4, TC, TG, and LDL-C (all P > 0.05) among the four groups. Post-hoc
comparison between the two groups showed that the SOB group was signi�cantly different from the NC group in
HOMA-IR, TSH, leptin, visfatin and TNF-α (all P < 0.05). The two T2DM groups were signi�cantly different from the NC
group in HBA1c%, HOMA-IR, FT3 HDL-C and visfatin; while only the T2DM-NOB group was signi�cantly different to
the NC group in terms of TNF-α and only the T2DM-OB group was signi�cantly different in terms of leptin and
adiponectin (all P < 0.05). The T2DM groups were signi�cantly different from the SOB group in HbA1c%, FT3, leptin,
visfatin and TNF-α, while only the T2DM-NOB group was signi�cantly different in terms of TSH and only the T2DM-
OB group was signi�cantly different in HDL-C and adiponectin (all P < 0.05). FT3, TSH, adiponectin, leptin and TNF-α
were signi�cantly different in the T2DM-NOB and T2DM-OB groups (all P < 0.05). There was no signi�cant difference
in fasting blood glucose (P = 0.61) and fasting insulin (P = 0.81) between the T2DM-NOB and T2DM-OB group
(Table 2).
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Table 2
Comparison of laboratory tests in four groups

  NC SOB T2DM-NOB T2DM-OB P

No. 32 32 32 32  

Fasting blood glucose     10.21 ± 5.17 9.57 ± 4.64 0.61

Fasting Insulin     8.22 ± 7.05 8,61 ± 5.32 0.81

HbA1c% 5.44 ± 0.28 5.45 ± 0.32 9.05 ± 3.82 a,b 9.54 ± 1.95 a,b < 0.05

HOMA-IR 1.42 ± 0.79 2.70 ± 1.23 a 3.02 ± 1.86 a 3.43 ± 2.11 a < 0.05

FT3, pg/ml 3.05 ± 0.37 3.15 ± 0.20 2.40 ± 0.42 a,b 2.71 ± 0.38 a,b,c < 0.05

FT4, ng/dl 1.07 ± 0.09 1.19 ± 0.84 1.00 ± 0.14 1.04 ± 0.13 0.35

TSH, uiu/m 1.55 ± 0.45 1.95 ± 0.74 a 1.29 ± 0.58 b 1.80 ± 0.57 c < 0.05

TC, mmol/L 4.85 ± 0.83 5.18 ± 0.82 4.69 ± 1.39 4.84 ± 1.18 0.33

TG, mmol/L 1.59 ± 0.89 2.16 ± 1.28 1.68 ± 1.42 2.39 ± 1.68 0.06

HDL-c, mmol/L 1.26 ± 0.24 1.17 ± 0.28 1.06 ± 0.27 a 1.00 ± 0.23 a,b < 0.05

LDL-c, mmol/L 2.83 ± 0.58 3.12 ± 0.64 2.81 ± 1.18 2.68 ± 0.69 0.18

Adiponectin, ug/mL 4.92 ± 0.62 5.11 ± 0.63 4.89 ± 0.60 5.77 ± 0.54 a,b,c < 0.05

Leptin, ng/mL 2.92 ± 0.27 3.12 ± 0.30 a 2.91 ± 0.24 b 3.40 ± 0.29 a,b,c < 0.05

Visfatin, ng/mL 23.71 ± 2.58 19.89 ± 2.86 a 29.71 ± 3.65 a,b 28.60 ± 2.55 a,b < 0.05

TNF-α, pg/mL 20.48 ± 1.70 14.43 ± 1.72 a 16.10 ± 1.85 a,b 19.76 ± 1.62 b,c < 0.05

NC: normal weight control group; SOB: simple obesity group; T2DM-NOB: non-obesity diabetic group; T2DM-OB:
diabetic obesity group; TSH: thyroid stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine; TC: total
cholesterol; TG: triglyceride; HDL-C: high density lipoprotein; LDL-C: low density lipoprotein; HbA1C: glycosylated
hemoglobin; HOMA-IR: insulin resistance index; TNF-α: tumor necrosis factor-alpha.

aVs NC group, P < 0.05

bVs SOB group, P < 0.05

cVs T2DM-NOB, P < 0.05

Correlation analysis
In the overall population, after adjustment for age, MAP, and waist circumference, FT3 was positively correlated with
body fat percentage (r = 0.21, P = 0.02), and negatively correlated with HOMA-IR (r=-0.18, P = 0.04) and visfatin
(r=-0.47, P < 0.01). There was no signi�cant correlation between FT4 and fat distribution/metabolism. TSH was
positively correlated with body fat percentage (r = 0.23, P = 0.01). (Table 3)
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Table 3
Partial correlation analysis of thyroid hormone and fat metabolism/distribution in the whole population

  FT3 FT4 TSH

r P value r P value r P value

BMI 0.06 0.50 0.11 0.21 0.12 0.15

Visceral fat content 0.16 0.07 0.06 0.51 0.10 0.26

Body fat percentage 0.21 0.02 0.11 0.23 0.23 0.01

HOMA-IR -0.18 0.04 -0.05 0.57 0.10 0.24

Adiponectin -0.07 0.40 0.04 0.67 0.04 0.65

Leptin -0.04 0.61 0.11 0.21 0.11 0.23

Visfatin -0.47 < 0.01 -0.06 0.49 -0.17 0.06

TNF-α 0.13 0.15 0.02 0.86 0.09 0.31

Adjusted for age, MAP and waist circumference

TSH: thyroid stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine; HOMA-IR: insulin resistance
index; TNF-α: tumor necrosis factor-alpha; BMI: body mass index; MAP: mean arterial pressure.

Subgroup analysis showed that in the T2DM-OB group FT3 was positively correlated with BMI (r = 0.45, P < 0.05),
visceral fat content (r = 0.50, P < 0.05), and body fat percentage (r = 0.44, P < 0.05); FT4 was positively correlated with
visceral fat content (r = 0.38, P < 0.05); and TSH was positively correlated with HOMA-IR (r = 0.39, P < 0.05) (Table 4).
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Table 4
Partial correlation analysis of thyroid hormone and fat metabolism/distribution in each subgroup

  NC SOB T2DM- NOB T2DM- OB

FT3 FT4 TSH FT3 FT4 TSH FT3 FT4 TSH FT3 FT4 TSH

r r r r r r r r r r r r

BMI -0.18 -0.24 0.21 0.19 0.23 -0.03 0.04 -0.09 -0.18 0.45* 0.36 -0.12

Visceral fat
content

-0.10 -0.03 0.13 0.19 0.06 0.02 -0.24 -0.04 0.11 0.50* 0.38* -0.24

Body fat
percentage

-0.06 -0.09 0.30 0.36 0.11 0.24 -0.26 0.14 0.22 0.44* 0.33 -0.12

HOMA-IR 0.14 -0.35 0.26 -0.21 0.11 0.27 -0.09 -0.03 -0.09 0.16 0.11 0.39*

Adiponectin -0.08 0.24 -0.01 -0.05 -0.09 -0.13 -0.02 0.27 0.01 0.18 0.26 0.08

Leptin 0.24 -0.01 -0.21 -0.01 0.14 0.03 -0.02 0.28 0.30 -0.23 -0.06 0.12

Visfatin -0.01 -0.11 0.08 -0.05 0.07 -0.08 -0.19 -0.05 -0.05 0.13 0.14 0.25

TNF-α 0.05 0.24 0.16 0.06 0.23 0.32 0.34 0.11 0.24 0.31 0.21 -0.05

Adjusted for age, MAP and waist circumference

* the correlation was signi�cant (P < 0.05).

TSH: thyroid stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine; HOMA-IR: insulin resistance
index; TNF-α: tumor necrosis factor-alpha; BMI: body mass index; MAP: mean arterial pressure.

Discussion
The aim of this study was to investigate the relationship between thyroid hormones and lipid metabolism/body fat
content in patients with T2DM. We enrolled male patients with T2DM and matched them with control subjects with
normal blood glucose, and then subdivided both populations into those with and without obesity according to their
BMI. The results showed that HbA1c, HOMA-IR, FT3, TSH, HDL-c, adiponectin, leptin, visfatin and TNF-α were
signi�cantly different between the four groups, and pairwise comparison showed many of the measures were
different between groups. Overall, FT3 was positively correlated with body fat percentage, and negatively correlated
with HOMA-IR and visfatin; TSH was positively correlated with body fat percentage. In the T2DM-OB group FT3 was
positively correlated with BMI, visceral fat content, and body fat percentage; FT4 was positively correlated with
visceral fat content; and TSH was positively correlated with HOMA-IR.

Previous studies have shown that thyroid metabolism is closely related to obesity and T2DM even in euthyroid
patients [11–14]. However, the complexity of the mechanism is highlighted by different results depending on the
populations studied. A previous study from China in patients with diabetes showed that TSH was higher in females
than males and that TSH was positively associated with serum TC and LDL-C in women with T2DM [15]. In this study,
all the subjects were males, and the interference of sex hormones on thyroid function and lipid metabolism could be
excluded. Javed A [7] et al. found hyperthyrotrophin (TSH) in obese adolescents with normal thyroid function. In this
study, TSH was positively correlated with body fat percentage in a normal thyroid function population; but there was
no correlation between TSH and lipid metabolism. The results of this study also suggest that in the total population
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FT3 was positively correlated with body fat percentage and negatively correlated with HOMA-IR and visfatin. A
previous study showed that progressive central fat accumulation was associated with an increase in both FT3 and
TSH serum levels in women, but this was independent of insulin resistance [16]. This result merits further
examination in men.

TSHR expression on adipocyte surface is positively correlated with obesity and elevated serum TSH is an important
risk factor for metabolic syndrome and positively correlated with insulin resistance [17, 18]. It has been reported that
thyroid microstructure disorder exists in T2DM patients with normal thyroid hormone levels, and the degree of
disorder is related to blood glucose level and insulin resistance index [19]. In this study, there was a positive
correlation between TSH and HOMA-IR in the T2DM-OB group, which also supported the above opinion, suggesting
that TSH may be involved in the early onset of T2DM, and the increase of TSH may be part of the pathogenesis of
metabolic disorders in the development of early T2DM. However, another study found no signi�cant difference in
HOMA-IR and BMI values among a population including patients with subclinical hypothyroidism who were classi�ed
according to TSH levels [20]. A larger study of 2758 male subjects also suggested a negative association of T4 with
insulin resistance in Iranians [21]. We did not see this association in this study, but a larger sample size may be
needed.

Adipose tissue is an organ that actively participates in the balance of energy metabolism. Adipose tissue can secrete
many adipocytokines to regulate the functions of itself and other tissues, such as adiponectin, leptin, and visfatin. Lu
et al. [18] believed that TSHR was an important regulator of adipocyte differentiation and TSH may act on adipocytes
expressing TSHR, thus changing the growth and differentiation of adipocytes and regulating the secretion of various
adipokines in adipocytes. However, in this study, TSH was not correlated with adipokines, which may be related to the
limitations of the study such as the small number of samples. A larger sample size would allow further quartile
analysis can be conducted.

Conclusions
In conclusion, thyroid hormone is closely related to lipid metabolism and may also be involved in the early onset of
T2DM with normal thyroid function. Changes in thyroid hormone levels, such as increased TSH in obese people and
lower FT3 in T2DM, may be part of the pathogenesis of metabolic disorders. FT3 may be involved in the
pathogenesis of diabetes through adipocytokine mediation and may be involved in the regulation of blood glucose.
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