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Background: The relationship between thyroid hormones and body anthropometric measures in type 2 diabetes mellitus
(T2DM) patients with normal thyroid function is unclear. The purpose of this study was to evaluate the asso-
ciation between thyroid hormones and body composition in euthyroid T2DM patients in men and women.

Material/Methods: This was a cross-sectional study that included 561 euthyroid T2DM patients. Fasting venous blood was col-
lected to test laboratory indexes. Bioelectric impedance analysis (BIA) was used to measure body composition.
Propensity score matching (PSM) was used to enroll patients with similar baseline characteristics. The least
absolute shrinkage and selection operator (LASSO) algorithm was used to establish a linear regression model
of thyroid hormone and body composition. PSM was performed to match 159 men and 159 women.

Results: The LASSO regression analysis suggested that thyroid-stimulating hormone (TSH) level was not correlated with
body composition parameters in females. In females, free triiodothyronine (FT3) level was positively correlated
with body mass index (BMI), fat-free mass index (FFMI), and skeletal muscle index (SMI), and was negatively
correlated with extracellular water fraction (EWF). In males, FT3 level was positively correlated with waist cir-
cumference (WC) and SMI and negatively correlated with EWF. Free thyroxine (FT4) level in both women and
men was positively correlated with body fat mass (BFM) and left lower-limb muscle mass (LLLMM). Moreover,
in males, FT4 level was correlated with more body composition parameters. In euthyroid T2DM patients, FT3
level was positively correlated with SMI and negatively correlated with EWF, while FT4 level was positively cor-
related with BFM and LLLMM.

Conclusions: Thyroid function can affect body composition in euthyroid T2DM patients. Thyroid function is more likely to
affect the fat and muscle distribution of males than females.

MeSH Keywords: Body Composition ¢ Body Water ¢ Diabetes Mellitus, Type 2 ¢ Muscle, Skeletal ¢ Thyroid Hormones ¢
Thyrotropin
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Background

Thyroid hormones play a key role in controlling energy homeo-
stasis, thermogenesis, oxygen consumption, and lipid and glu-
cose metabolism, thus affecting body composition [1]. Skeletal
muscle is the main target of thyroid hormone signal trans-
duction [2]. Skeletal muscles contain type 2 (DIO2) and type
3 (DI03) iodothyronine deiodinases [3]. Triiodothyronine (T3)
can be produced by thyroxine under the action of DIO2 and
can be inactivated under the action of DIO3. T3 binds to the
thyroid hormone nuclear receptor to regulate gene transcrip-
tion and protein expression to achieve the development, ho-
meostasis, and regeneration of skeletal muscles [4]. Both fat
synthesis and lipolysis are reported to be closely related to
thyroid hormones. The main reason for that is the upregula-
tion of metabolic pathways relevant to resting energy expen-
diture (REE). Thyroid hormones are reported to affect the un-
coupling of cellular metabolism from adenosine triphosphate
synthesis and can change the efficiency of metabolic process-
es downstream from the mitochondria [5,6]. To sum up, thy-
roid hormones can affect both skeletal and fat distribution.

Over the past decades, much research has focused on the as-
sociation between thyroid function and anthropometric mea-
surements in euthyroid subjects. Positive associations between
serum thyroid-stimulating hormone (TSH) levels and fat param-
eters, including body mass index (BMI), body weight, waist cir-
cumference (WC), waist-to-hip ratio (WHR), subcutaneous fat,
and preperitoneal fat, were found in euthyroid subjects [7-9].
BMI, WC, hip circumference (HC), WHR, and percentage of
body fat (PBF) were found to increase with the elevation of
free triiodothyronine (FT3) levels in euthyroid subjects [10,11].
Free thyroxine (FT4) was reported to be positively correlated
with body fat mass (BFM), abdominal subcutaneous fat, and
cross-sectional muscle area in a euthyroid population [12,13].

Body composition and pattern of distribution of body fat and
muscle are both risk factors for and the cause of type 2 diabe-
tes mellitus (T2DM) [14]. People with T2DM have more ecto-
pic fat at the expense of skeletal muscle, both quantitatively
and qualitatively [15]. A population-based prospective cohort
study, which included 8452 participants, reported a higher
risk for T2DM in patients with higher TSH levels in the nor-
mal range [16]. In euthyroid adults, diabetes was found to be
associated with an increased FT4/FT3 ratio [17]. Thus, the as-
sociation between thyroid function and anthropometric mea-
surements in euthyroid T2DM patients is different from that
in euthyroid subjects without T2DM.

However, to the best of our knowledge, few studies have inves-
tigated the relationship between thyroid hormones and body
composition in T2DM patients with normal thyroid function.
Moreover, most previous studies on thyroid hormones and

Chen L etal.:
Role of sex in thyroid function and body composition in T2DM
© Med Sci Monit, 2021; 27: €927440

anthropometric measurements were focused on simple obe-
sity parameters, including BMI, WC, HC, and WHR [7-11,13],
and only a few studies measured parameters of body fat and
body muscle [12]. Simple parameters cannot provide an accu-
rate measurement of an individual’s specific body composition.

Therefore, in this study, we analyzed the association between

thyroid hormones and 26 body composition parameters in
T2DM patients with normal thyroid function.

Material and Methods

Research subjects

This was a cross-sectional study. We enrolled 561 T2DM pa-
tients hospitalized in the Department of Endocrinology and
Metabolism of Changzhou First People’s Hospital from February
2016 to August 2018, including 331 men and 230 women. The
diagnosis of T2DM was based on: (1) Fasting blood glucose
>7.0 mmol/l; (2) Random blood glucose >11.1 mmol/|, or stim-
ulated glucose level of above 11.1 mmol/L following a stan-
dard oral glucose tolerance test (OGTT); and (3) Hemoglobin
Alc (HbA1lc) greater than 6.5%. We excluded people with the
following conditions: TIDM (positive auto-antibodies and/or
persisting insulin requirement from diagnosis), monogenic di-
abetes, diabetes developing in a person with a known diabe-
tes-associated syndrome such as Prader-Willi or Bardet-Bied|
syndromes, diagnosis of diabetes while on medical therapy
with a known diabetogenic medication, pancreatic failure, or
cystic fibrosis-related diabetes [18]. We also excluded peo-
ple with the following: (1) TSH level outside the normal range
(0.3-5.5 plu/ml); (2) history of hyperthyroidism, hypothyroid-
ism, thyroid surgery, and family history of thyroid disease; (3)
took thyroid hormone medicines or antithyroid medicines; (4)
took medicines that affect thyroid function (e.g., contracep-
tives, estrogen, amiodarone, and other iodine-containing drugs,
and lithium agents); (5) malignant tumors; and (6) pregnant
women. This study was conducted following the principles of
the Declaration of Helsinki and was approved by the Ethics
Committee of Changzhou First People’s Hospital. Written in-
formed consent was obtained from all enrolled patients.

Research methods

Age and disease course of the patients were recorded. Height,
body weight, WC, and HC were measured. BMI was calculated
as the ratio of body weight (kg) and squared height (m?). WHR
was calculated as the ratio of WC (cm) and HC (cm). Blood pres-
sure was measured. Fasting venous blood was collected early
in the morning to detect fasting blood glucose, uric acid, total
cholesterol, triacylglycerol, high-density lipoprotein, and low-
density lipoprotein (AU5831 automatic biochemical analyzer,
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Table 1. Comparison of general data between male and female groups before propensity score matching.

Female group Male group

Group N=230 N=331 P value
Age (years) 59.2+12.3 56.4+12.3 0.009
CHeight(m) 1592148 17L1s4 woo1
Cweighte) 621s115 7513 woo1
Cemikgm) ua39 73 034
Systolic pressure (mmHg) 13874187 1354xl66 0029
Diastolic pressure (mmHg) 824196 gazsio8 0033
Disease course years) 0077 7364 0003
Fasting blood glucose (mmol) gse25 g6r25 0834
Fasting C-peptide pmol) o1 20812 0412
Modified HOMAR 3as11 3513 0302
 Modified HOMAdSlet mre87 aaa7s 01
WA o6r24 99143 0349
Curcadd gmoly 27081878 3166914 woor
Total cholesterol (mmol) a7e11 as12 0031
Tacylgycerol (nmol) 20819 25026 0237
Highdensity lipoprotein (mmolt) Li03 002 0ol
Lowdensity lipoprotein (mmolt) 25007 23008 o010

Results in the table: Mean+SD/N (%).BMI — body mass index; HOMA-IR — homeostasis model assessment for insulin resistance;
HOMA-islet — homeostasis model assessment for islet beta-cell function; HbAlc — hemoglobin Alc.

Beckman Coulter Life Sciences, USA). HbAlc was determined by
high-performance liquid chromatography (HPLC) (D-10 system,
Bio-Rad, USA) and was expressed in National Glycohemoglobin
Standardization Program (NGSP) units (%). The fasting C-peptide,
TSH, FT4, and FT3 were determined using electrochemilumi-
nescence immunoassay (ECLIA). The modified formula used to
evaluate insulin resistance and islet function with C-peptide
was as follows. The modified HOMA-IR (homeostasis model as-
sessment for insulin resistance) was calculated according to the
following formula: 1.5+fasting blood glucose (mmol/L)xfasting
C-peptide (pmol/L)/2800. The modified HOMA-islet (homeosta-
sis model assessment for islet beta-cell function) was calculat-
ed according to the following formula: 0.27xfasting C-peptide
(pmol/L)/[fasting blood glucose (mmol/L)-3.5] [19].

All patients fasted for at least 8 h, and body composition was
measured using BIA (Inbody 770 body composition analyzer,
BioSpace, Seoul, Korea) [20]. All BIAs were performed by the
same nutritionist. Measurements included extracellular wa-
ter (EW), BFM, fat-free mass (FFM), total body muscle mass
(TBMM), lean body mass (LBM), skeletal muscle mass (SMM),

PBF, X50HZ phase angle, basal metabolic rate (BMR), right up-
per-limb muscle mass (RULMM), left upper-limb muscle mass
(LULMM), trunk muscle mass (TMM), right lower-limb muscle
mass (RLLMM), left lower-limb muscle mass (LLLMM), extra-
cellular water fraction (EWF), visceral fat area (VFA), body cell
mass (BCM), and total body water (TBW). The fat-free mass
index (FFMI) was calculated as FFM/body height? (kg/m?). The
percentage of fat-free mass (PFFM) was calculated by FFM/body
weight. The skeletal muscle index (SMI) was calculated by
SMM/body height? (kg/m?). The percentage of skeletal mus-
cle mass (PSMM) was calculated as SMM/body weight. The fat
mass index (FMI) was calculated by BFM/body height? (kg/m?).
X50HZ phase angle is a parameter of overall nutritional sta-
tus; it has been shown to reflect disease-related outcomes,
including hospitalization and mortality, and it was treated as
a continuous variable in statistical analysis [21].

Statistical analysis

Considering the difference of baseline characteristics between
the 2 groups (Table 1), propensity score matching (PSM) was
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used to form a group of patients with similar baseline char-
acteristics. The propensity score is the conditional probability
of having a specific exposure given a set of covariates mea-
sured at baseline. The propensity score was estimated using
a non-parsimonious multivariate logistic regression model,
with sex as a grouping variable and all baseline features list-
ed in Table 1 as covariates. The greedy-matching algorithm
was used to generate one-to-one matched pairings without re-
placement, and the difference of the propensity score between
the 2 groups was allowed to be within 0.1 [22].

Continuous variables were expressed as the mean+SD or the
median (Q1-Q3), while categorical variables were expressed
as frequency (%). The independent samples t test or Mann-
Whitney U test was used to compare continuous variables,
while the chi-square test was used to compare categorical vari-
ables. The categorical variables were tested using the Pearson
chi-square test and Fisher exact test. Spearman’s rank correla-
tion analysis was used to construct the correlation heat map
among body composition parameters.

We used the least absolute shrinkage and selection operator
(LASSO) algorithm to select the best prediction feature among
the 18 selected indexes [23]. The LASSO algorithm added L1
regularization to the least-squares algorithm to avoid over-fit-
ting. The linear regression model between the thyroid func-
tion index and the body composition was established using
logistic regression.

All analyses were performed using software R, version 3.4.3
(http://www.R-project.org). P<0.05 was considered statistical-
ly significant. Patients with missing key variables were ex-
cluded from the analysis, and their data were not estimated.

Results

Before PSM, there were differences between the 2 groups in
baseline variables (Table 1). PSM was performed to match the
159 men and 159 women, after which, there were no signifi-
cant differences in age, disease course, blood pressure, fasting
blood glucose, fasting C-peptide, modified HOMA-IR, modified
HOMA-islet, HbA1c, uric acid, total cholesterol, triacylglycerol,
high-density lipoprotein and low-density lipoprotein between
the 2 groups (P>0.1) (Table 2).

Comparison of thyroid function between the 2 groups
after matching

The levels of TSH, FT3, and FT4, were different between the
2 groups (P<0.05). The mean serum TSH level was 2.50+1.24
plU/mlin women and 2.22+1.05 plU/mlin men. The mean FT3
level was 4.10+0.53 pmol/L in women and 4.37+0.67 pmol/L
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in men. The mean FT4 level was 16.05+2.19 pmol/L in wom-
en and 16.94+2.34 pmol/L in men (Table 2).

Comparison of body composition parameters between the
2 groups after matching

There was no difference in BMI and WC between the 2 groups
(P>0.05), but there were significant differences in HC and WHR
(P<0.05). There were significant differences between men and
women in EW, BFM, TBMM, LBM, SMM, PBF, FFMI, PFFM, SMI,
PSMM, FMI, X50HZ phase angle, BMR, RULMM, LULMM, TMM,
RLLMM, LLLMM, EWF, VFA, BCM, and TBW (P<0.05) (Table 2).

Heat map analysis of the correlation between human body
compositions in the 2 groups

The heat map showed that the body composition parameters
of men and women were mostly positively correlated with
each other (Figure 1).

Correlation analysis of thyroid function and body
composition in the 2 groups

Correlation analysis of TSH and body composition in the 2
groups

The results of LASSO regression analysis showed that in T2DM
women, TSH was not correlated with BMI, WC, HC, WHR, EW,
BFM, TBMM, LBM, SMM, PBF, FFMI, PFFM, SMI, PSMM, FMI,
X50HZ phase angle, BMR, RULMM, LULMM, TMM, RLLMM,
LLLMM, EWF, VFA, BCM, and TBW. TSH level in men with T2DM
was positively correlated with BMI, PBF, and EWF, and nega-
tively correlated with WHR (Figure 2).

Correlation analysis of FT3 level and body composition in the
2 groups

The results of LASSO regression analysis suggested that the
level of FT3 in women was positively correlated with BMI, FFMI,
and SMI, but negatively correlated with EWF. FT3 level in men
was positively correlated with the WC and SMI and negative-
ly correlated with EWF (Figure 3).

Correlation analysis between FT4 level and body composition
in the 2 groups

LASSO regression analysis results showed that FT4 level in wom-
en was positively correlated with BFM and LLLMM. FT4 level in
men was positively correlated with WHR, BFM, PBF, PFFM, SMI,
RLLMM, LLLMM, VFA, and BCM, but negatively correlated with
EW, X50HZ phase angle, RULMM, TMM, and EWF (Figure 4).
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Table 2. Comparison of general data and body composition parameters between male and female groups after propensity score

matching.
Female group Male group
Group N=1590 N=150 P value
Age (years) 57.63+12.12 56.98+12.99 0.6460
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Table 2 continued. Comparison of general data and body composition parameters between male and female groups after propensity
score matching.

Female group Male group
Group N=159 N=159 P value
TMM (kg) 18.75+£2.40 23.94+2.83 <0.0001

FT4 (pmol/l) 16.05 + 2.19 16.94 + 2.34 0.0008

Results in the table: Mean+SD/N (%). HbAlc — hemoglobin Alc; HOMA-IR — homeostasis model assessment for insulin resistance;
HOMA-islet — homeostasis model assessment for islet beta-cell function; BMI — body mass index; WC — waist circumference; HC — hip
circumference; WHR — waist-to-hip ratio; EW — extracellular water; BFM — body fat mass; TBMM — total body muscle mass; LBM — lean
body mass; SMM — skeletal muscle mass; PBF — percentage of body fat; FFMI — fat-free mass index; PFFM — percentage of fat-free
mass; SMI — skeletal muscle index; PSMM — percentage of skeletal muscle mass; FMI — fat mass index; BMR — basal metabolic rate;
RULMM - right upper-limb muscle mass; LULMM — left upper-limb muscle mass; TMM — trunk muscle mass; RLLMM - right lower-limb
muscle mass; LLLMM — left lower-limb muscle mass; EWF — extracellular water fraction; VFA — visceral fat area; BCM — body cell mass;
TBW - total body water; TSH — thyrotropin; FT4 — free thyroxine; FT3 — free triiodothyronine.

Color key and histogram Color key and histogram
200

Count
Count

Women

TBW
TBMM

Figure 1. (A, B) The correlation heat map among body composition parameters established by the Spearman’s rank correlation
analysis. The color key and histogram bar in the upper left corner indicated the correlation between each body composition
parameters. A correlation equal to 0 indicated the best independence in the corresponding body composition parameters,
while a correlation equal to 1 or -1 indicated a complete correlation.
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Figure 2. The LASSO algorithm and 10-fold cross-validation were used to extract the best subset of body composition parameters
related to male TSH. (A) Scatterplot of the predicted and observed values (r=0.28). (B) The best body composition parameters
selected based on regression coefficients. (C) LASSO coefficient curve of 26 body composition parameters. LASSO — least
absolute shrinkage and selection operator; TSH — thyroid-stimulating hormone.
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Figure 3. The LASSO algorithm and 10-fold cross-validation were used to extract the best subsets of body composition parameters

related to female and male FT3. (A) Scatterplot of predicted and observed values in female group (r=0.40). (B) The best body
composition parameters selected based on regression coefficients in female group. (C) LASSO coefficient curve in female
group. (D) Scatterplot in male group (r=0.48). (E) The best body composition parameters selected in male group. (F) LASSO
coefficient curve in male group. LASSO — least absolute shrinkage and selection operator; FT3 — free triiodothyronine.
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Figure 4. The LASSO algorithm and 10-fold cross-validation were used to extract the best subsets of body composition parameters
related to female and male FT4. (A) Scatterplot of predicted and observed values in female group (r=0.17). (B) The best body
composition parameters selected based on regression coefficients in female group. (C) LASSO coefficient curve of 26 body
composition parameters in female group. (D) Scatterplot in male group (r=0.43). (E) The best body composition parameters
selected in male group. (F) LASSO coefficient curve in male group. LASSO - least absolute shrinkage and selection operator;

FT4 - free thyroxine.

Discussion

In the current study, we demonstrated that thyroid function
is associated with body composition parameters in euthyroid
T2DM patients. We observe strong associations between thy-
roid hormones and body anthropometric measures in male
patients. We found that higher FT3 levels are associated with
healthier body composition (with higher muscle mass and low-
er fat) in female euthyroid T2DM patients.

A retrospective cross-sectional study of 36 655 people with
normal thyroid function found that the FT3 level was nega-
tively correlated with SMI and BMI in both men and wom-
en [24]. A cross-sectional study in 941 healthy men suggested
that muscle mass (whole-body lean mass and cross-section-
al muscle area at the level of the radius and the tibia) were
inversely correlated with thyroid hormones [12]. These pre-
vious reports are inconsistent with our results. The possible
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reasons are as follows. First of all, the included populations in
our study were different. We investigated T2DM patients, but
not healthy people. Diabetes patients have a long-term abso-
lute or relative deficiency of insulin, which leads to a decrease
of thyroid iodine uptake and the destruction of thyroid func-
tion and structure [25]. Body composition indicators of WHR,
BFP, and visceral fat area are crucial factors associated with
the incidence of T2DM [26]. T2DM patients have complicated
physiological characteristics, and it is inappropriate to apply
the results of healthy people to T2DM patients. Secondly, the
average age of the patients included in our study was higher
than that of the participants in the above 2 trials. The average
age of female and male patients in the study by Kwon et al.
was 34.7+7.5 years and 38.1+7.7 years, respectively [24]. The
patients included in the study by Roef et al. were all males
age 25-45 years [12]. With the increase of age, the quality
and strength of skeletal muscle consistently change. It is re-
ported that over age 50 years, the quality of skeletal muscle
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decreases by 1-2% per year and muscle strength decreases
by 1.5% per year, and after age 60 years, it decreases by 3%
per year [27]. Older age was also found to affect the thyroid
function through intra-thyroidal chemical elements and thy-
rotropin receptor antibodies [28,29]. The combined effect of
age on body composition and thyroid function might partly
explain the difference.

To the best of our knowledge, the present study is the first to
assess EWF and thyroid function in T2DM patients. EWF is an
index of body fluid retention. In a physiological state, the os-
motic pressure gradient is the main force driving the diffusion
of water molecules in and out of cells [30,31]. We found that
for both male and female T2DM patients with normal thyroid
function, FT3 level was negatively correlated with EWF. T3 af-
fects many organs and tissues throughout the body, and can
increase metabolic rate and protein synthesis [32]. More re-
search is needed to explore whether protein synthesis is re-
lated to colloidal osmotic pressure, and whether it leads to a
decrease of EWF.

Our results suggest that FT4 content is positively correlat-
ed with BFM and LLLMM in euthyroid T2DM patients of both
sexes. In 2009, a cross-sectional study with 303 healthy indi-
viduals showed that FT4 was a predictor of subcutaneous fat,
independent of age, sex, and smoking [13]. In 2012, Roef et
al. reported that the BFM was positively correlated with FT4
in healthy men [12], in agreement with the present results.

Notably, some of our results regarding the correlation between
thyroid hormones and anthropometric markers were inconsis-
tent between men and women. Our results showed higher T3
levels are associated with more favorable body composition
(with higher muscle mass and lower fat) in female T2DM pa-
tients with normal thyroid function. Our results also suggest-
ed that thyroid function is more likely to affect the fat and
muscle distribution of male patients. Several potential mech-
anisms may explain this sex-related difference. It was report-
ed that the sex steroids modulate thyrocyte proliferation and
growth indices in a sex-specific way. Androgens influence the
growth and differentiation of thyrocytes through augmented
expression of androgen receptor (AR), while estrogen imparts

CLINICAL RESEARCH

the sex difference through a manner beyond estrogen recep-
tors [33]. It was reported that oxidative processes might also
be responsible for sexual dimorphism [34]. Further research
is needed to better understand the exact mechanism of sex
differences in the relationship between thyroid function and
body composition in euthyroid T2DM patients.

Our study has some limitations. Firstly, the blood glucose con-
trol in T2DM patients was not very good. The HbA1c levels in
women and men included in the study were 9.59+2.39% and
9.71+2.80%, respectively. Recent fluctuations of blood glucose
may have affected the test results. Secondly, we did not eval-
uate the use of medicines in T2DM patients. As is well known,
some T2DM medicines can affect body composition [35]. Also,
our study was observational. More research was needed in the
future to explore the potential mechanism involved. Finally,
although BIA is a safe, inexpensive, and reliable technique for
human body composition analysis, it has shortcomings com-
pared with other methods; for example, compared with dual-
energy X-ray absorptiometry, BIA tends to overestimate mus-
cle mass [20].

Conclusions

In conclusion, thyroid hormones have pleiotropic effects on
body composition parameters in euthyroid T2DM patients,
and sex differences may affect the association. Thyroid func-
tion is more likely to affect the fat and muscle distribution of
males than females, and higher T3 levels are associated with
healthier body composition (with higher muscle mass and low-
er fat) in female T2DM patients with normal thyroid function.
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