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Abstract

Background: This study aimed to explore the associations of thyroid hormones with body fat content and lipid
metabolism in euthyroid male patients with type 2 diabetes mellitus (T2DM).

Methods: In January 2017, a cross sectional study, 66 male patients with T2DM who met the World Health
Organization diagnostic criteria of 1999 who were 2 18.0 years and had normal thyroid function were recruited at a
tertiary hospital. The categories of thyroid hormones (free triiodothyronine [FT3], free thyroxine [FT4], and thyroid-
stimulating hormone [TSH]) were divided into three groups according to tertiles of thyroid hormones.

Results: The mean FT3, FT4, and TSH of the patients were 2.56 pg/mL, 1.03 ng/dL, and 1.50 plU/mL, respectively.
Increased FT3 were associated with higher body mass index (BMI) (P < 0.001), body fat percentage (BFP) (P=0.008),
visceral fat content (VFC) (P=0.019), adiponectin (P=0.037), tumor necrosis factor alpha (TNF-a) (P < 0.001), and
interleukin 6 (IL-6) (P=0.015). There were significant differences among the different FT4 categories for BMI (P=
0.033), waist-hip ratio (WHR) (P =0.030), low-density lipoprotein cholesterol (LDL-C) (P=0.014), and IL-6 (P=0.009).
Increased TSH could increase the total cholesterol (TC) (P=0.005) and high-density lipoprotein cholesterol (HDL-C)
(P=0.010). FT3 was positively correlated with BMI (r=0.45; P < 0.001), WHR (r=0.27;, P=0.028), BFP (r=033; P=
0.007), VFC (r=0.30; P=0.014), adiponectin (r=0.25; P=0.045), TNF-a (r=0.47; P< 0.001), and IL-6 (r=0.32; P=
0.008). FT4 was positively correlated with HDL-C (r=0.26; P=0.038), LDL-C (r=0.26; P=0.036), and adiponectin (r=
0.28; P=0.023). TSH was positively correlated with TC (r=0.36; P=0.003).

Conclusion: This study found that the changes in thyroid hormones are associated with various body fat content
and lipid metabolism in euthyroid male patients with T2DM.
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Background approximately 415 million cases globally, and the preva-
The prevalence of type 2 diabetes mellitus (T2DM) is a  lence of T2DM is predicted to increase to 642 million in
prominent global public health problem, accounting for 2040 [1]. T2DM could induce excessive risks of cardio-

vascular disease, neuropathy, nephropathy, retinopathy,
. and microvascular complications. Moreover, the eco-
ettt e 10 burden of diaetes globally was $1.31 trlion an
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China mestic product [2]. Studies showed that insulin
Full list of author information is available at the end of the article

© The Author(s). 2021 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 licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence 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 licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.



http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-021-00903-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sunls007@126.com

Sun et al. BMC Endocrine Disorders (2021) 21:241

resistance was common in T2DM and metabolic syn-
drome [3, 4]. Insulin resistance was a risk factor for
stroke and end-stage renal disease [5]. Obesity is the
basis of insulin resistance because of the harmful effects
of excess fat accumulation on glucose metabolism,
which causes functional impairments in metabolic path-
ways of several areas such as adipose tissue and periph-
eral organs, like the liver, heart, pancreas, and muscles
[6].

Thyroid hormones, including thyroxine and triiodo-
thyronine, regulate the synthesis, mobilization, and
breakdown of lipids. Thyroid hormones are closely re-
lated to obesity, and slight changes in serum thyroid
hormone level can cause local fat accumulation and in-
creased 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 bind dir-
ectly to TSHR in tissues outside the thyroid to exert ex-
ternal 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 (SCH) in obesity. Among patients with
obesity but with normal thyroid function, thyroid hor-
mones, especially TSH, are significantly different from
that of people of healthy weight. This manifests as
higher TSH, free triiodothyronine (T3), and free thyrox-
ine (T4) levels in obese patients than those in healthy
people [11, 12]. The incidence of thyroid diseases in pa-
tients with T2DM is significantly increased, especially
SCH, and is more common in women than men [13,
14]. However, the relationship among TSH, FT3, FT4,
body fat content, and lipid metabolism in T2DM pa-
tients with normal thyroid function has not been re-
ported. Therefore, in this study, we aimed to explore the
association of thyroid hormone levels with body fat con-
tent and lipid metabolism in euthyroid male patients
with T2DM.

Methods

Study design and subjects

This cross-sectional study recruited euthyroid male pa-
tients with T2DM admitted in a tertiary hospital on
January 2017. This study was approved by the ethics
committee of Lishui Municipal Central Hospital (ethics
no. 2016-26). All patients provided informed consent
for the inclusion in the study. Male patients with T2DM
who met the World Health Organization diagnostic cri-
teria of 1999 who were > 18.0 years and with normal thy-
roid function were included. Patients with diabetes with
acute complications, pulmonary and cardiac diseases,
liver and kidney disorder, or clinical and subclinical
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thyroid diseases were excluded. Finally, 66 patients were
included in the final analysis.

Data collection

Baseline characteristics

Baseline data was collected from all participants, includ-
ing age, anthropometric, and laboratory measurements.
Blood pressure was recorded, with the systolic and dia-
stolic blood pressure measured at sitting position, and
mean blood pressure was calculated. After 12 h of fasting
overnight, blood from the elbow vein was collected into
two sample tubes. The serum was centrifuged from one
tube within 2 h, and hematological parameters were de-
termined immediately. Fasting blood glucose (FBG) was
detected by hexokinase (Abbott, Abbott Park, IL, USA),
fasting insulin (FIns) by chemiluminescence (Abbott),
and glycosylated hemoglobin (HbA1C) by ion chroma-
tography (Tosoh, Tokyo, Japan). The insulin resistance
index (Homeostatic Model Assessment of Insulin Resist-
ance [HOMA-IR]) was calculated by the minimum
homeostasis model. The formula was FBG*FINS/22.5.

Thyroid hormones

Blood TSH, FT3, and FT4 were detected by chemilumin-
escence (Abbott) (normal reference ranges: TSH, 0.34—
5.60 plU/mL; FT3, 1.71-3.71 pg/mL; FT4, 0.70-1.48 ng/
dL). The TSH, FT3, and FT4 were divided into 3 groups
based on the tertiles of thyroid hormones, and each
group included 22 patients.

Body fat content

Height (m), weight (kg), waist circumference, and body
mass index (BML kg/m?®) were measured by uniformly
trained nurses for all subjects. Body fat percentage (BFP)
and visceral fat content (VFC) were measured by direct
segmental impedance measurement (InBody 720 human
body composition analyzer; Baisibeisi Medical Equip-
ment Trading Co., Ltd.,, Shanghai, China).

Lipid metabolism

After 12h of fasting overnight, total cholesterol (TC)
was measured by CHOD-PAP (Zhongya Company,
Hangzhou, China), triglyceride (TG) by GPO-PAP
(Zhongya Company), and high- and low-density lipopro-
tein (HDL-C and LDL-C, respectively) by homogeneous
direct method (Zhongya Company). After adding anti-
coagulant to the other tube, the plasma was centrifuged
and preserved at — 70 °C for the determination of adipo-
nectin, leptin, visfatin, and tumor necrosis factor alpha
(TNF-a). Shanghai Enzyme-linked Biotechnology Co.,
Ltd. (Shanghai, China) performed the laboratory deter-
mination. The standard curves were 0.156—10 ng/mL for
plasma adiponectin, 0—50 ng/mL for leptin, 0.1-1000 ng/
mL for visfatin, and 2.5-80 pg/mL for plasma TNF-a.
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Statistical analysis

All data were processed by SPSS version 21.0 statistical
software (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were first tested for normality. Normally distributed
continuous variables were expressed by mean + standard
deviation, and multigroup comparison was conducted by
analysis of variance and post-test (Student—Newman—Keuls
q value). Linear correlation analysis was used for the associ-
ations of thyroid hormones with body fat content and lipid
metabolism in euthyroid male patients with T2DM. All re-
ported P values are two-sided, and P values <0.05 were
considered statistically significant.

Patient and public involvement
Patient and public involvement were not involved in the
study design.

Results

Baseline characteristics

Of 66 included patients, the mean age was 49.70 years.
Moreover, the mean FT3, FT4, and TSH levels of the pa-
tients were 2.56+0.43 pg/mL, 1.03+0.14ng/dL, and
1.50 £ 0.74 plU/mL, respectively. The mean FBG, Flns,
HOMA-IR, and HbAlc of patients were 10.07 +4.69
mmol/L, 8.32+6.14uU/mL, 3.21+1.97, and 9.74% +
2.23%, respectively. The body fat content and lipid me-
tabolism of the patients are summarized in Table 1.

FT3

The distribution of the body fat content and lipid metab-
olism according to FT3 are shown in Table 2. There
were significant differences in BMI (P< 0.001), BFP
(P=0.008), VFC (P=0.019), adiponectin (P =0.037),
TNEF-a (P < 0.001), and IL-6 (P =0.015) among the FT3
categories, but there were no significant differences in
waist—hip ratio (WHR) (P=0.125), TG (P=0.184), TC
(P =0.383), HDL-C (P = 0.082), LDL-C (P = 0.336), leptin
(P =0.123), visfatin (P = 0.566), homocysteine (P =0.951),
or uric acid (P=0.869). The pairwise comparison
showed the following: the lowest category of FT3 was as-
sociated with lower BMI, as compared with the middle
(mean difference [MD], —2.76; 95% confidence interval
[CI], — 4.64 to - 0.89; P<0.05) and highest categories of
FT3 (MD, - 3.60; 95% CI, - 5.43 to — 1.76; P < 0.05); the
lowest (MD, -4.84; 95% CI, —8.10 to —1.57; P<0.05)
and middle categories of FT3 (MD, -4.19; 95% CI, -
7.49 to - 0.88; P < 0.05) were associated with lower BFP,
as compared with the highest category of FT3; the low-
est (MD, -21.51; 95% CI, -37.02 to -6.00; P<0.05)
and middle categories of FT3 (MD, -16.39; 95% CI, -
32.09 to -0.69; P<0.05) were associated with lower
VEC, as compared with the highest category of FT3; the
lowest category of FT3 was associated with lower adipo-
nectin, as compared with the middle (MD, - 0.52; 95%
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Table 1 Baseline characteristics of included patients

Parameter Baseline
Age 49.70 £ 945
TSH 150 + 0.74
FT3 256 £ 043
FT4 1.03 £ 0.14
FPG 10.07 + 4.69
Fasting insulin 832+ 6.14
HOMA-IR 321 +197
GGT 48.09 £ 3961
HbA1c% 974 £2.23
MAP 97.83 £ 1281
BMI 2529 + 340
WHR 0.93 £ 0.05
BFP 23.74 £ 582
VFC 110.67 + 27.28
TG 200 + 157
TC 472 £ 130
HDL 1.03 £ 0.25
LDL 272 £ 096
Adiponectin 535+ 072
Leptin 317 £036
Visfatin 29.14 £ 3.16
TNF-a 1799 + 252
IL-6 1159 + 146
Homocysteine 930+ 195
UA 32594 + 88.21

*BFP body fat percentage, BMI body mass index, FBG fasting blood glucose,
HDL high-density lipoprotein, LDL low-density lipoprotein, MAP mean arterial
pressure, WHR waist-hip ratio, TC total cholesterol, TG triglyceride, UA uric acid,
VFC visceral fat content

CL, -0.95 to —0.10; P<0.05) and highest categories of
FT3 (MD, - 0.43; 95% CI, — 0.84 to — 0.01; P < 0.05); the
lowest category of FT3 was associated with lower TNF-
a, as compared with the middle (MD, - 2.36; 95% CI, -
3.72 to - 1.00; P<0.05) and highest categories of FT3
(MD, -2.79; 95% CI, - 4.12 to - 1.46; P < 0.05); the low-
est category of FT3 was associated with lower IL-6, as
compared with the middle (MD, -0.91; 95% CI, - 1.76
to —0.06; P<0.05) and highest categories of FT3 (MD,
-1.20; 95% CI, —2.02 to — 0.37; P<0.05). Furthermore,
we noted that FT3 was positively correlated with BMI
(r=0.45; P<0.001), WHR (r=0.27; P=0.028), BFP (r=
0.33; P=0.007), VEC (r=0.30; P=0.014), adiponectin
(r=0.25; P =0.045), TNF-a (r = 0.47; P <0.001), and IL-6
(r=0.32; P=0.008) (Table 3).

FT4
The distribution of body fat content and lipid metabol-
ism according to FT4 are shown in Table 2. We
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Table 2 The body fat content and lipid metabolism according to free T3, free T4, and TSH

Parameter Free T3 P Free T4 P TSH P
(<237) (239-  (22.76) value (596)  (097-  (>1.09) VAU® (c109) (11— (z1.88)  Value

2.74) 1.07) 1.75)

BMI 23.16 2592 26.75 (3.86)7 < 24.19 26.77 2492 0.033 2425 2542 26.20 0.163
(2.38) (2.72)° 0.001 (2.93) (3.59)° (3.26) (2.55) (4.04) (3.32)

WHR 091 (0.05) 0.93 (0.05) 0.95 (0.05) 0.125 092 (0.04) 095 092 0.030 091 (0.05) 093 (0.05) 0.94 (005 0.163

(0.06)° (0.05)°

BFP 2185 22.50 26.69 0.008 21.99 24.83 2440 0.221 2266 22.88 25.69 0.158
(4.97) (5.46) (5.95)2F (5.29) (5.91) 6.10) (5.63) (6.04) (5.56)

VFC 101.54 106.66 123.05 0.019 104.20 122.16 105.64 0.050 106.66 11045 114.89 0613
(20.25) (26.34) (30.29)*° (20.65) (29.07) (28.70) (23.35) (31.19) (27.39)

TG 1.55(0.87) 201 (1.65) 241 (1.94) 0.184 235(204) 1.71(1.26) 192 (1.31) 0393 191 (1.73) 167 (1.12) 241 (1.77) 0291

TC 472 (147) 443 (098) 498 (1.37) 0383 454 (1.14) 438(1.04) 523 (1.56) 0069 4.04(0.75) 4.85 5.26 0.005

(1.28)° (148)°
HDL 099 (0.22) 097 (0.21) 1.12(0.30) 0.082 1.00(0.21) 095(0.24) 1.13(0.28) 0.068 090 (0.19) 1.12 1.06 0.010
(0.23)° (0.28)°
LDL 293 (1.26) 249 (0.65) 2.74 (0.86) 0336 241 (0.75) 257 (068) 3.20 . 0014 239 (0.74) 2.81(0.83) 298 (1.19) 0.105
(1.22)*
Adiponectin 503 (067) 556 546 (0.72° 0037 505(062) 556(0.77) 543 (0.70) 0052 522(0.76) 533 (0.71) 550 (0.71) 0425
0.71)

Leptin 3.04 (0.33) 3.25(0.36) 3.22(0.38) 0.123 3.07(034) 329(035) 3.15(038) 0.129 3.08 (040) 3.20 (0.35) 3.23 (0.34) 0.339

Visfatin 29.58 2856 29.26 (282) 0.566 29.98 27.86 29.59 0.058 29.29 29.13 29.01 0.959
(3.59) (3.10) (3.67) (2.73) 2.71) (3.45) (2.49) (3.59)

TNF-a 16.26 18.63 1906 (2.16)* < 17.01 18.76 18.20 0062 1724 1831 1842 0234
(2.32) (2.21)° 0.001 (2.26) (2.68) (2.40) (2.83) (2.32) (2.32)

IL-6 10.88 11.79 1208 (1.11)* 0015 11.04 12.32 1140 0.009 1145 11.39 11.92 0423
(1.57) (147) (1.57) (1.37)° (1 .17)b (143) (1.55) (1.47)

Homocysteine 9.32 (2.52) 9.19 (1.36) 9.37 (1.87) 0951 954 (235) 872(136) 963 (197) 0237 887 (1.03) 933 (201) 969 (2.51) 0.381

UA 32545 33367 319.35 0869 33573 307.73 33436 0501 31041 338.18 329.23 0574
(93.30) (94.55) (80.30) (99.80) (89.73) (74.49) (98.37) (90.82) (75.74)

*a: compared with lowest category of tertile with P < 0.05; b: highest versus middle category of tertile with P < 0.05

observed significant differences in BMI (P =0.033),
WHR (P=0.030), LDL-C (P=0.014), and IL-6 (P=
0.009) among the FT4 categories, but there were no sig-
nificant differences in BFP (P =0.221), VFC (P = 0.050),
TG (P=0.393), TC (P=0.069), HDL-C (P =0.068), adi-
ponectin (P =0.052), leptin (P=0.129), visfatin (P=
0.058), TNF-a (P =0.062), homocysteine (P =0.237), or
uric acid (P=0.501). The pairwise comparison showed
the following: the lowest category of FT4 was associated
with lower BMI, as compared with the middle category
of FT4 (MD, -2.58; 95% CI, - 4.55 to - 0.61; P < 0.05);
the lower category of FT4 was associated with lower
WHR, as compared with the middle category of FT4
(MD, - 0.04; 95% CI, - 0.07 to — 0.01; P < 0.05), whereas
the middle category of FT4 was associated with in-
creased WHR, as compared with the highest category of
FT4 (MD, 0.03; 95% CI, 0.00 to 0.06; P < 0.05); the low-
est (MD, -0.79; 95% CI, - 1.34 to - 0.24; P<0.05) and
middle categories (MD, - 0.63; 95% CI, - 1.18 to — 0.08;
P <0.05) of FT4 were associated with lower LDL-C, as
compared with the highest category of FT4; the lowest

category of FT4 was associated with lower IL-6, as com-
pared with the middle category of FT4 (MD, - 1.29; 95%
CI, -2.12 to -0.45; P<0.05), whereas the middle cat-
egory of FT4 was associated with increased IL-6, as com-
pared with the highest category of FT4 (MD, 0.92; 95%
CI, 0.09 to 1.75; P <0.05). Moreover, we noted that FT4
level was positively correlated with HDL-C (r = 0.26; P =
0.038), LDL-C (r=0.26; P =0.036), and adiponectin (r =
0.28; P =0.023) (Table 3).

TSH

The distribution of body fat content and lipid metabol-
ism according to TSH are shown in Table 2. We noted
significant differences in TC (P=0.005) and HDL-C
(P =0.010) among the TSH categories, but there were no
significant differences in BMI (P =0.163), WHR (P=
0.163), BFP (P =0.158), VEC (P=0.613), TG (P =0.291),
LDL (P=0.105), adiponectin (P=0.425), leptin (P=
0.339), visfatin (P =0.959), TNF-a (P=0.234), IL-6 (P =
0.423), homocysteine (P =0.381), or uric acid (P = 0.574).
The pairwise comparison showed the following: the
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Table 3 Correlation analysis of thyroid hormone and body fat
content and lipid metabolism

Variable TSH Free T3 Free T4
r Pvalue r Pvalue r P value

BMI 019 0127 045 <0001 009 0487
WHR 020  0.100 0.27 0.028 0.04 0.733
BFP 020 0.113 033 0.007 0.18 0.146
VFC 011 0397 030 0014 0.02 0.904
TG 021 0.0% 0.22 0.082 -0.16 0205
TC 036  0.003 0.14 0.271 0.17 0.180
HDL 013 0301 0.19 0.135 0.26 0.038
LDL 019 0.134 0.02 0.892 0.26 0.036
Adiponectin 008 0515 0.25 0.045 0.28 0.023
Leptin 0.16 0204 0.17 0.169 0.16 0202
Visfatin 0.02 0902 -0.12 0333 -001 0920
TNF-a 0.08 0.506 047 < 0.001 0.24 0.056
IL-6 001 0913 032 0.008 0.05 0.696
Homocysteine  0.13  0.300 -005 0675 0.02 0.868
UA 0.07 0.580 0.03 0.827 0.05 0.686

*BFP: body fat percentage; BMI: body mass index; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; WHR: waist-hip ratio; TC: total
cholesterol; TG: triglyceride; UA: uric acid; VFC: visceral fat content

lowest category of TSH was associated with lower TC,
as compared with the middle (MD, -0.81; 95% CI, -
1.54 to - 0.08; P<0.05) and highest categories (MD, —
1.22; 95% CI, - 1.95 to - 0.49; P < 0.05) of TSH; the low-
est category of TSH was associated with lower HDL-C,
as compared with the middle (MD, -0.22; 95% CI, -
0.37 to - 0.08; P<0.05) and highest categories (MD, -
0.16; 95% CI, - 0.30 to — 0.02; P < 0.05) of TSH. Further-
more, the TSH level was positively correlated with TC
(r=0.36; P =0.003).

Discussion

This study assessed the associations of thyroid hormones
with body fat content and lipid metabolism in euthyroid
male patients with T2DM. This study found significant
differences in BMI, BFP, VFC, adiponectin, TNF-«, and
IL-6 among the different FT3 groups; in BMI, WHR,
LDL-C, and IL-6 among the different FT4 groups; and
in TC and HDL-C among the different TSH groups.
Moreover, FT3 was positively related to BMI, WHR,
BEP, VEC, adiponectin, TNF-«, and IL-6. FT4 was posi-
tively correlated with HDL-C, LDL-C, and adiponectin.
TSH was positively correlated with TC.

Studies have reported that thyroid metabolism is
closely related to obesity and T2DM even in euthyroid
patients [11-14]. However, the complexity of the mech-
anism 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
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female than male patients and that TSH was positively
associated with serum TC and LDL-C in women with
T2DM [15]. In this study, all the subjects were male, and
the interference of sex hormones on thyroid function
and lipid metabolism could be excluded. Javed et al. ob-
served that hyperthyrotrophin was present in obese ado-
lescents with normal thyroid function [7]. A previous
study showed that progressive central fat accumulation
was associated with an increase in both FT3 and TSH in
women, but this was independent of insulin resistance
[16]. This result merits further examination in men.
However, the details of the differences in body fat con-
tent and lipid metabolism among various thyroid hor-
mones in euthyroid male patients with T2DM was
unknown. Therefore, this cross-sectional study was per-
formed to explore any potential role of thyroid hor-
mones on body fat content and lipid metabolism in
euthyroid male patients with T2DM.

We observed that FT3 was positively related to BMI,
WHR, BFP, VFC, adiponectin, TNF-«, and IL-6 in eu-
thyroid male patients with T2DM. Patients with T2DM
presented with long-term absolute or relative insulin de-
ficiency, reduced thyroid iodine uptake, poor thyroid
function, and damaged structure [17]. Moreover, thyrox-
ine under the action of type 2 iodothyronine deiodinases
could produce FT3, and FT3 could inactivated under the
action of type 3 iodothyronine deiodinases. The regulate
gene transcription and protein expression through FT3
binds to the thyroid hormone nuclear receptor could
affect the development, homeostasis, and regeneration of
skeletal muscles [18]. Interesting, we noted the BMI,
WHR, and IL-6 was high in the middle FT4 category,
while the significant difference mainly observed between
middle and lowest FT4 categories. Moreover, our study
found that FT4 was positively correlated with HDL-C,
LDL-C, and adiponectin. The reason for this could be
there was no information on adiposity or muscularity,
which could bias the potential correlation between FT4
and LDL-C [19]. Moreover, the association of FT4 and
lipid metabolism could mediated by intricate sensing
and feedback systems acted at the physiological, meta-
bolic, molecular, and transcriptional levels in liver [20].
Finally, the difference between FT3 and FT4 on body fat
content and lipid metabolism could explained by the
production process of FT3 and FT4, and the potential
role of FT3:FT4 ratio on body fat content and lipid me-
tabolism in euthyroid male patients with T2DM should
be evaluated in further large-scale prospective studies.

Importantly, we noted that TSH was positively corre-
lated with TC, but it was not associated with body fat
content. Thyroid microstructure disorder exists in pa-
tients with T2DM with normal thyroid hormone levels,
and the degree of disorder is related to blood glucose
level and the insulin resistance index [21]. Adipose tissue
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is an organ that actively participates in the balance of
energy metabolism. Adipose tissue can secrete many adi-
pocytokines to regulate its own functions and that of
other tissues, such as adiponectin, leptin, and visfatin.
Lu et al. believed that TSH was an important regulator
of adipocyte differentiation and TSH may act on adipo-
cytes expressing TSH, thus changing the growth and dif-
ferentiation of adipocytes and regulating the secretion of
various adipokines in adipocytes [22]. However, in this
study, TSH was not correlated with body fat content,
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.

Several limitations of this study should be acknowl-
edged. First, this study was cross-sectional, and the caus-
ality associations of thyroid hormones with body fat
content and lipid metabolism could not be established.
Second, the severity of T2DM was not addressed, which
needed further adjustment of the HbAlc levels. Third,
the background treatment strategies for T2DM was not
addressed, which might play an important role on body
fat content and lipid metabolism. Further prospective
study should be performed to verify the causality associ-
ations of thyroid hormones with body fat content and
lipid metabolism in patients with T2DM.

Conclusion

This study found that thyroid hormone was positively
correlated with body fat content and lipid metabolism in
euthyroid male patients with T2DM.
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