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Abstract: Body composition, especially an increased amount of fat mass and decreased lean body
mass, is connected with metabolic complications. Thyroid hormones can influence body composition
pattern. To date, scarce data defining the relationships between thyroid hormones and parameters
of body composition using dual-energy X-ray absorptiometry (DXA), especially in cohort studies,
are available. Therefore, the aim of the present study was to investigate the relationships among
serum concentrations of (thyroid-stimulating hormone (TSH), thyroid hormones, and distribution of
fat tissue assessed using the DXA method in a euthyroid cohort from the Białystok PLUS study. We
examined 582 euthyroid subjects who were divided into lean (body mass index (BMI) < 25 kg/m2)
and overweight/obese (BMI ≥ 25 kg/m2) (84 lean men, 182 overweight/obese men, 160 lean women,
and 156 overweight/obese women). Serum concentrations of TSH, free T3 (fT3), and free T4 (fT4)
were assessed, and DXA was performed. We observed lower serum levels of fT4 (p = 0.03) and higher
serum levels of fT3 (p = 0.04) in overweight/obese vs. lean men, whereas serum levels of TSH did
not differ between these groups (p = 0.38). In lean men, we only observed a relationship between
serum levels of TSH and visceral adipose tissue (VAT) (r = −0.24, p = 0.02). In overweight/obese men,
we found that serum levels of fT3 were positively connected with total fat mass (r = 0.16, p = 0.02),
android fat mass (r = 0.15, p = 0.03), and gynoid fat mass (r = 0.17, p = 0.01), but not with VAT (r = 0.03,
p = 0.63). We did not observe differences in serum levels of TSH, fT3, and fT4 between lean and
overweight/obese women. Additionally, we did not notice relationships between serum levels of
thyroid hormones and fat in different regions estimated by DXA in lean and overweight/obese
women (all p > 0.05). We concluded that the serum concentration of TSH is connected with VAT in
lean men, whereas, in overweight/obese men, higher fT3 is connected with an increased fat amount.
These associations are absent in women.

Keywords: body composition; thyroid hormones; cohort study

1. Introduction

The growing prevalence of overweight and obesity is becoming an increasingly impor-
tant health problem all over the world. It is well established that overweight and obesity
are risk factors for diabetes, hypertension, cardiovascular diseases, and some types of
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cancer [1]. In particular, body composition, especially increased amount of fat mass and de-
creased lean body mass, is connected with many metabolic complications [1]. Additionally,
it has been demonstrated that visceral adipose tissue (VAT) is metabolically more active
than subcutaneous adipose tissue, and that an increased amount of VAT is associated with
higher risk of metabolic disturbances, e.g., hypertension, dyslipidemia, insulin resistance,
and type 2 diabetes [2]. Moreover, the wellbeing of women is mainly associated with the
distribution of adipose tissue [3].

Thyroid hormones play an important role in determining body mass, as well as body
composition [4]. There is evidence that thyroid hormones are connected with cardiovas-
cular risk factors and events not only in hyper- or hypothyroidism, but also within the
reference range [4,5]. However, in the euthyroid range of thyroid status, it is unclear
whether changes in markers of thyroid function precede changes in weight or vice versa,
and obtained results are not consistent [6–8]. In subjects without thyroid disease, some
studies have reported correlations between thyroid-stimulating hormone (TSH), free T4
(fT4), and free T3 (fT3) in the normal reference range and body mass, body composition,
weight gain, or energy expenditure. However, the correlations were in different directions,
while other studies failed to find relationships between thyroid function and these out-
comes [9–11]. It has been shown that body mass index (BMI) and waist circumference are
positively associated with levels of serum TSH and fT3 among euthyroid adults, and that
every one-quartile increase in BMI is associated with an increase in serum fT3 and TSH
levels in euthyroid men and women [9]. In the Framingham Offspring Study (n = 2407),
it was shown that an increase in serum concentration of TSH within the reference range
could be connected with weight gain [7]. In another study, in obese euthyroid subjects,
TSH was positively associated with the percentage of body fat measured by electrical
bioimpedance [12], whereas it was demonstrated that decreases in TSH were associated
with weight loss [13]. However, the obtained results are inconsistent; therefore, this issue
needs more explanation [6–8]. Accordingly, in the euthyroid range of thyroid status, it is
unclear whether changes in markers of thyroid function precede changes in weight, or vice
versa. To date, several cohort studies defining the parameters of body composition using
dual-energy X-ray absorptiometry (DXA) method have been performed [14,15]. With this
method, the assessment of fat and lean mass in the android and gynoid region and of VAT
mass can be performed. Nevertheless, cohort studies focused on thyroid function and body
composition are limited.

In face of the fact that the impact of the serum concentration of thyroid hormones on
fat distribution is not clear, we assessed the relationship between serum concentration of
thyroid hormones and body composition using the DXA method in a euthyroid cohort
from general population—Białystok PLUS study (Polish Longitudinal University Study
(Bialystok+)).

2. Materials and Methods
2.1. Subjects

The study was performed in 2017–2020 in a representative sample of area residents
at the age of 20 to 80. According to the 2017 Central Statistical Office data, the number of
residents in Bialystok was 297,300. Randomly selected residents (994) from the mayor’s
office database were invited to participate in the study. All the subjects participating
in the study were Caucasians. Subjects were excluded for the intake of any medication
that might affect thyroid status or a history of thyroid diseases, including diagnosed
overt hyperthyroidism or hypothyroidism, thyroid cancer, or thyroid surgery. Finally,
582 euthyroid individuals including 266 males and 316 females were considered eligible
for this study. Euthyroid was defined as a serum level of TSH, fT3 and fT4 within the
normal range.
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2.2. Study Protocol

The subjects’ medical records were obtained from the questionnaires filled at the time
of entry. All study participants underwent physical examination and laboratory assessment.
BMI was calculated as body weight in kilograms divided by height in meters squared
(kg/m2). Waist circumference was measured in the standing position, at the smallest
circumference between the rib cage and the iliac crest. Hip circumference was measured in
the standing position. Waist–hip ratio (WHR) was calculated as the waist circumference
(cm) divided by hip circumference (cm). Normal weight was defined as BMI < 25 kg/m2,
and overweight/obesity was defined as BMI ≥ 25 kg/m2.

2.3. Biochemical Analyses

Peripheral fasting blood samples were collected in the morning on a visit day. Blood
samples were stored at −80 ◦C until the analyses of TSH, fT3, fT4, and serum insulin
concentrations. Serum TSH concentration was estimated using the electrochemilumi-
nescence method (ECLIA) (Cobas e411, ROCHE Diagnostic Ltd., Rotkreuz, Switzerland)
(sensitivity: 0.005 µIU/mL; intra-assay CV: 3.95%; inter-assay CV: 1.45%). Serum fT3 (sensi-
tivity: 1.5 pmol/L; intra-assay CV: 2.75%; inter-assay CV: 1.65%), serum fT4 (sensitivity:
0.8 pg/mL; intra-assay CV: 3.2%, inter-assay CV: 1.85%), and serum insulin concentrations
(sensitivity: 0.2 µU/mL, intra-assay CV: 3.60%; inter-assay CV: 1.25%) were estimated
using the electrochemiluminescence method (ECLIA) (Cobas e411, ROCHE Diagnostic
Ltd., Rotkreuz, Switzerland). Plasma glucose levels and concentrations of serum total
cholesterol, high-density lipoprotein cholesterol (HDLcholesterol), and triglycerides were
measured immediately after the blood was collected. Plasma glucose levels were assessed
by the hexokinase method, and concentrations of serum total cholesterol, HDL-cholesterol,
and triglycerides were measured using the enzymatic colorimetric method (Cobas c111,
Roche Diagnostic Ltd., Rotkreuz, Switzerland). Serum low-density lipoprotein cholesterol
(LDL cholesterol) concentration was calculated using Friedewald’s formula.

2.4. Body Composition Analysis

Body composition analysis was conducted using DXA (GE Healthcare, Chicago, IL,
USA, Lunar iDXA) by qualified physicians at the Clinical Research Center, Medical Univer-
sity of Bialystok. The equipment was calibrated before every examination. The patients
were positioned on the examination table in a supine position, with their feet secured to-
gether with an adjustable strap and hands lying flat adjacent to the sides of the body. Each
examination took approximately 8 min. With this method, body composition consisting
of body fat (kg) and lean mass was estimated. For each region of the whole body (head,
trunk, arms, and legs), lean and fat body mass was determined. On the basis of the scans,
CoreScan software estimated VAT within the android region. DXA assessed fat mass with
a precision and coefficient of variation of 2.0% and 8.0%, respectively.

2.5. Calculations

The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated
as fasting insulin (µIU/mL) × fasting plasma glucose (mmol/L)/22.5 [16].

2.6. Statistical Analysis

The statistical analyses were performed using Statistica 13.3 package (Statsoft, Cracow,
Poland). The variables were tested for normal distribution using the Shapiro–Wilk test.
Due to non-normal distribution of the data, nonparametric tests were applied, and all
values were expressed as the median and interquartile range. The Spearman test was used
for correlation analysis. A p-value <0.05 was considered statistically significant.
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3. Results

The clinical and biochemical characteristics of the studied women are presented in
Table 1. Lean women were younger in comparison to overweight/obese women (p = 0.01).
In accordance with the assumption of the study, we observed differences in BMI, WHR,
HOMA-IR, serum lipids, and fat and lean mass between lean and overweight/obese
women (all p < 0.05). However, we did not notice differences among serum levels of TSH,
fT3, and fT4 between lean and overweight/obese women (all p > 0.05) (Table 1).

Table 1. Clinical and biochemical characteristics and body composition estimated with DXA method
in lean and overweight/obese women.

Lean Women (n = 160) Overweight/Obese
Women (n = 156) p

Age (years) 44.5 (36.5–59) 52 (42–60) 0.01
BMI (kg/m2) 22.3 (20.4–23.4) 28.9 (26.8–32.3) <0.01
WHR 0.78 (0.75–0.83) 0.83 (0.8–0.88) <0.01
Total cholesterol (mg/dL) 187 (161–210) 193 (173–222) 0.04
HDL cholesterol (mg/dL) 72 (61–80) 61 (53–71) <0.01
LDL cholesterol (mg/dL) 115 (95–139) 128 (104–153) <0.01
Triglycerides (mg/dL) 74 (58–97) 102 (72–139) <0.01
TSH (uIU/mL) 1.61 (1.1–2.16) 1.63 (1.09–2.21) 0.89
fT4 (pmol/L) 16.8 (15.1–18.5) 16.6 (15.1–17.9) 0.19
fT3 (pg/mL) 4.85 (4.25–5.33) 4.84 (4.24–5.35) 0.92
Total fat mass (kg) 19.5 (16.2–21.6) 31.3 (27.8–37.7) <0.01
Gynoid fat mass (kg) 3.4 (2.9–3.9) 5.2 (4.6–6.1) <0.01
Android fat mass (kg) 1.3 (0.9–1.7) 2.8 (2.3–3.5) <0.01
Total lean mass (kg) 38.5 (36.2–41.2) 43 (41–47) <0.01
Android lean mass (kg) 2.7 (2.5–2.9) 3.0 (2.8–3.3) <0.01
Gynoid lean mass (kg) 3.4 (3.0–3.9) 6.5 (6.1–7.1) <0.01
VAT mass (g) 302 (182–500) 1187 (703–1594) <0.01
HOMA-IR 1.74 (1.39–2.34) 2.96 (2.17–4.02) <0.01

Values are expressed as the median (interquartile range). Abbreviations: HDL cholesterol, high-density lipoprotein
cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; BMI, body mass index; WHR, waist-to-hip
ratio; TSH, thyroid-stimulating hormone; fT4, free T4; fT3, free T3; DXA, dual-energy X-ray absorptiometry; VAT,
visceral adipose tissue; HOMA-IR, homeostasis model assessment of insulin resistance.

The clinical and biochemical characteristics of the studied men are presented in Table 2.
Lean men were younger in comparison to overweight/obese men (p = 0.02). In accordance
with the assumption of the study, we observed differences in BMI, WHR, HOMA-IR, serum
HDL cholesterol, LDL cholesterol, triglycerides, and fat and lean mass between lean and
overweight/obese men (all p < 0.05). We did not notice differences between serum levels of
TSH between lean and overweight/obese men (all p = 0.38), although we noticed lower
serum levels of fT4 (p = 0.03) and higher serum levels of fT3 (p = 0.04) in overweight/obese
vs. lean men (Table 2).

We did not notice relationships of serum levels of TSH, fT4, and fT3 with total fat
mass, gynoid fat mass, android fat mass, or VAT in lean and overweight/obese women (all
p > 0.05) (Table 3).

We did not notice a relationship between HOMA-IR and serum levels of TSH in
overweight/obese (r = 0.06, p = 0.4) or in lean women (r = −0.05, p = 0.5). We also did
not observe a relationship between HOMA-IR and serum concentration of fT3 and fT4 in
overweight/obese women (r = 0.08, p = 0.3; r = −0.08, p = 0.29, respectively) or in lean
women (r = 0.06, p = 0.4; r = 0.24, p = 0.3, respectively).
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Table 2. Clinical and biochemical characteristics and body composition estimated with DXA method
in lean and overweight/obese men.

Lean Men (n = 84) Overweight/Obese
Men (n = 182) p

Age (years) 38.5 (30–57) 45.5 (36–59) 0.02
BMI (kg/m2) 22.9 (21.6–24.2) 28.7 (26.6–30.9) <0.01
WHR 0.88 (0.85–0.92) 0.96 (0.92–1) <0.01
Total cholesterol (mg/dL) 180 (154–206) 188 (167–218) 0.05
HDL cholesterol (mg/dL) 59 (52–69) 49 (42–59) <0.01
LDL cholesterol (mg/dL) 115 (92–141) 128 (108–149) <0.01
Triglycerides (mg/dL) 86 (58–100) 118 (80–166) <0.01
TSH (uIU/mL) 1.44 (1.08–2.08) 1.54 (1.12–2.13) 0.38
fT4 (pmol/L) 17.49 (16.12–18.83) 16.98 (15.35–18.21) 0.03
fT3 (pg/mL) 5.28 (4.56–5.79) 5.42 (4.98–5.82) 0.04
Total fat mass (kg) 16.1 (12.4–19.4) 27.9 (23.4–33.1) <0.01
Gynoid fat mass (kg) 2.4 (1.9–2.9) 3.8 (3.1–4.5) <0.01
Android fat mass (kg) 1.2 (0.8–1.8) 3.1 (2.3–3.9) <0.01
Total lean mass (kg) 52.5 (49–58.9) 60.5 (56–65.2) <0.01
Android lean mass (kg) 3.6 (3.3–3.9) 4.0 (3.8–4.4) <0.01
Gynoid lean mass (kg) 7.8 (7.2–8.6) 9.0 (8.3–9.8) <0.01
VAT mass (g) 619 (330–1024) 1922 (1314–2646) <0.01
HOMA-IR 1.76 (1.29–2.27) 3.33 (2.22–5.04) <0.01

Values are expressed as the median (interquartile range). Abbreviations: HDL cholesterol, high-density lipoprotein
cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; BMI, body mass index; WHR, waist-to-hip
ratio; TSH, thyroid-stimulating hormone; fT4, free T4; fT3, free T3; DXA, dual-energy X-ray absorptiometry; VAT,
visceral adipose tissue; HOMA-IR, homeostasis model assessment of insulin resistance.

Table 3. Relationships between serum TSH, fT4, and fT3 concentrations and body composition
parameters estimated with DXA in lean and overweight/obese women.

Lean Women (n = 160) Overweight/Obese Women
(n = 156)

TSH fT3 fT4 TSH fT4 fT3

Total fat mass (kg) r = −0.01,
p = 0.8

r = −0.11,
p = 0.16

r = 0.1,
p = 0.19

r = 0.04,
p = 0.5

r = −0.09,
p = 0.22

r = −0.04,
p = 0.54

Gynoid fat mass (kg) r = −0.02,
p = 0.7

r = −0.09,
p = 0.22

r = 0.03,
p = 0.62

r = 0.05,
p = 0.5

r = −0.12,
p = 0.11

r = −0.02,
p = 0.77

Android fat mass (kg) r = 0.01,
p = 0.8

r = −0.08,
p = 0.28

r = 0.11,
p = 0.14

r = −0.02,
p = 0.7

r = −0.05,
p = 0.50

r = −0.08,
p = 0.29

VAT mass (g) r = −0.03,
p = 0.6

r < 0.01,
p = 0.92

r = 0.1,
p = 0.19

r = −0.07,
p = 0.3

r < −0.01,
p = 0.96

r = 0.01,
p = 0.83

Abbreviations: DXA, dual-energy X-ray absorptiometry; fT4, free T4; fT3, free T3; TSH, thyroid-stimulating
hormone; VAT, visceral adipose tissue.

We performed an additional analysis in the subgroup of women with similar age but
different BMI. Similarly, as shown previously, we did not observe differences in serum
levels of TSH, fT3, and fT4 between overweight/obese women (n = 149) and lean women
(n = 160) (all p > 0.05) (Figure 1).

Additionally, we did not notice relationships between serum levels of TSH or thyroid
hormones and fat in different regions estimated by DXA in lean and overweight/obese
women (all p > 0.05).
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Figure 1. Serum levels of TSH (a), fT3 (b), and fT4 (c) in overweight/obese women (n = 149) and lean
(n = 160) women.

In lean men, we did not notice a relationship between serum levels of fT3 and fT4
and the parameters estimated by DXA (all p > 0.05), although we observed a relationship
between serum levels of TSH and VAT (r = −0.24, p = 0.02). In overweight/obese men,
we found that serum levels of fT3 were positively connected with total fat mass (r = 0.16,
p = 0.02), android fat mass (r = 0.15, p = 0.03) and gynoid fat mass (r = 0.17, p = 0.01), but not
with VAT (r = 0.03, p = 0.63) (Table 4).

Accordingly, we noticed a relationship between HOMA-IR and serum levels of fT3 in
overweight/obese men (r = 0.25, p < 0.01) but not in lean men (r = 0.13, p = 0.2). Moreover,
we observed a negative relationship between HOMA-IR and serum concentration of fT4 in
overweight/obese men (r = −0.23, p < 0.01) but not in lean men (r = 0.09, p = 0.4).

We performed additional analyses in the subgroup of men with similar age but
different BMI. Similarly, as shown previously, in the subgroup analysis, we observed lower
serum levels of fT4 (p = 0.04) and higher serum levels of fT3 (p = 0.04) in overweight/obese
(n = 175) vs. lean men (n = 84), whereas serum levels of TSH did not differ between these
groups (p = 0.38) (Figure 2).
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Table 4. Relationships between serum TSH and fT3 concentrations and body composition parameters
estimated with DXA in lean and overweight/obese men.

Lean Men (n = 84) Overweight/Obese
Men (n = 182)

TSH fT3 fT4 TSH fT3 fT4

Total fat mass (kg) r = −0.09,
p = 0.37

r = 0.01,
p = 0.88

r = 0.09,
p = 0.3

r = 0.05,
p = 0.42

r = 0.16,
p = 0.02

r = −0.04,
p = 0.5

Gynoid fat mass (kg) r = 0.01,
p = 0.91

r < 0.01,
p = 0.97

r = 0.2,
p = 0.05

r = 0.12,
p = 0.08

r = 0.17,
p = 0.01

r = −0.04,
p = 0.5

Android fat mass (kg) r = −0.20,
p = 0.06

r = 0.02,
p = 0.85

r = 0.07,
p = 0.4

r = 0.02,
p = 0.70

r = 0.15,
p = 0.03

r = −0.05,
p = 0.4

VAT mass (g) r = −0.24,
p = 0.02

r < −0.01,
p = 0.98

r = 0.03,
p = 0.7

r = −0.08,
p = 0.26

r = 0.03,
p = 0.63

r = −0.09,
p = 0.2

Abbreviations: DXA, dual-energy X-ray absorptiometry; TSH, thyroid-stimulating hormone; fT3, free T3; fT4, free
T4; VAT, visceral adipose tissue.
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Figure 2. Serum levels of TSH (a), fT4 (b), and fT3 (c) in lean (n = 84) vs. overweight/obese men
(n = 175).

In lean men, we observed a relationship between serum levels of TSH and VAT
(r = −0.24, p = 0.02). In overweight/obese men, we found that serum levels of fT3 were
positively connected with total fat mass (r = 0.18, p = 0.02), android fat mass (r = 0.16,
p = 0.02), and gynoid fat mass (r = 0.18, p = 0.01), but not with VAT (r = 0.05, p = 0.5).
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4. Discussion

In the present investigation of a large, representative sample from the Białystok
PLUS study, we observed lower serum levels of fT4 and higher serum levels of fT3 in
overweight/obese vs. lean men. We also found a negative relationship between serum
levels of TSH and VAT in lean men, whereas, in overweight/obese men, we observed that
serum levels of fT3 were positively connected with total, android, and gynoid fat mass,
but not with VAT. Interestingly, we observed a positive relationship between HOMA-IR
and serum levels of fT3 in overweight/obese men and a negative relationship between
HOMA-IR and serum concentration of fT4 in overweight/obese men. However, we did not
notice relationships of serum levels of TSH, fT3, and fT4 with total, gynoid, and android fat
mass and VAT in lean and overweight/obese women. In a previous study it was shown
that estrogens induced an increase in total thyroxine (TT4) and total triiodothyronine
(TT3) values [17], whereas deficiency of these hormones promotes metabolic dysfunction
predisposing to obesity in women [18]. Therefore, this may explain the correlations between
thyroid hormones and fat mass and HOMA-IR observed in our study, present in men but
not in women.

In the present study, we did not observe differences between serum levels of TSH, fT3,
and fT4 in lean vs. overweight/obese women, although, in men, serum concentration of fT4
was lower, while that of fT3 was higher in overweight/obese vs. lean participants. These
findings are consistent with the reports by Ren et al., who showed elevated serum levels of
fT3 in overweight and obese subjects compared with normal-weight subjects [19]. Addition-
ally, other studies found an elevated serum level of fT3 (although in the upper limit of the
normal range) in overweight/obese subjects in comparison to normal-weight subjects [20].
However, in another study, the authors did not observe differences in serum levels of
fT4 between subjects with BMI in the reference norm and with overweight/obesity [19],
which may be attributed to the fact that women and men were examined together, whereas,
in our study, we analyzed men and women separately. In the euthyroid state, it is not
clear if changes in thyroid hormones precede changes in weight, or changes in weight
impact the pituitary–thyroid axis. It can be speculated that normal serum levels of T3
seem to be important to maintain body weight by attempting to regain a zero energy
balance [10]. Therefore, our results could indicate that, in overweight/obese men, there
is increased conversion of T4 to T3. These findings may be explained by increased serum
leptin levels in the overweight/obese state [21] and its impact on an increased activity
of type 1 deiodinase, which is responsible for the conversion of T4 to T3 [22]. Another
explanation of our findings could be connected with the insulin resistance presented in
obesity [23] and the stimulating effect of insulin on type 2 deiodinase activity, as shown
in rat brown adipocytes [24]. As mentioned previously, we noticed a positive relationship
between HOMA- IR and serum levels of fT3 in overweight/obese men and a negative
connection between HOMA-IR and serum concentration of fT4 in overweight/obese men.
Therefore, increased activity of specific deiodinases in obesity could be an adaptive process
to stop further weight gain by increasing energy expenditure to avoid the accumulation
of fat [10]. Consequently, in our study, we observed positive relationships between serum
levels of fT3 and parameters of body fat composition, e.g., total, android, and gynoid fat
mass. On the basis of this observation, we can assume that an increase in fat amount is
connected with increased serum levels of fT3 in overweight/obese men. However, we did
not observe these relationships in overweight/obese women. It was shown that single-
nucleotide polymorphism Thr92Ala in the coding region type 2 iodothyronine deiodinase,
encoded by DIO2, is associated with insulin resistance [25]. In our study, we did not notice
a relationship between HOMA-IR and serum levels of fT4 and fT3 in overweight/obese
women, as observed in overweight/obese men. Therefore, we can speculate that, in women
with higher insulin resistance, differences in serum levels of thyroid hormones could prob-
ably be observed. On the other hand, it is possible that our sample size is still too small
for a potential association. In the previous study conducted by Ren et al., it was shown
that serum concentration of fT3 was associated with fat mass estimated by bioelectrical
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impedance in euthyroid subjects [19]. Similar to our results observed in overweight/obese
men, Samuels et al. showed that serum fT3 levels were directly correlated with body fat
mass estimated using DXA in levothyroxine (L-T4)-treated men and women [26]. Addi-
tionally, the authors observed a relationship between serum levels of fT3 and VAT. This
relationship is difficult to explain because T3 stimulates lipolysis and decreases body fat in
animal models [5]. In our study, we did not observe relationships between fT3 and VAT in
men and women, although we excluded subjects treated with L-T4; thus, it is difficult to
compare the obtained results.

The presented results do not indicate whether the disturbances in serum concentrations
of thyroid hormones in overweight/obese vs. lean men contribute to obesity or are its
consequence per se. In our study, we showed that, in euthyroid men, an increase in fat
mass (total, android, gynoid) is associated with disturbances in the concentrations of
thyroid hormones. Therefore, as our results indicate that excess fat mass may contribute
to changes in thyroid function in men, even in the euthyroid state, weight reduction may
also be important in this group to achieve balance in thyroid function. On the other hand,
disturbances in thyroid hormones may contribute to metabolic complications of excess
body fat and associated insulin resistance in overweight/obese men. In order to clarify
this issue, we conducted the Białystok PLUS study assessing individual parameters after
5 years, which may help in answering the question posed. As mentioned in Section 1,
VAT is metabolically more active than subcutaneous adipose tissue, and an increased
amount of VAT is associated with a higher risk of metabolic disturbances [2]. Additionally,
it has been shown that VAT could be a predictor of TSH [27]. Obviously, in our study,
overweight/obese women and men had a higher content of VAT vs. lean women and men,
but this was not related to the serum concentration of TSH. Therefore, in the euthyroid
state, thyroid hormones are not connected with higher VAT mass in overweight/obese
women and men.

In previous studies, it was demonstrated that serum levels of TSH are slightly increased
in obese subjects as compared to normal-weight humans as a consequence of obesity [10].
In our study, we did not confirm this observation. This could be connected with the
characteristics of the studied groups because, in most studies, the mean BMI of subjects
was higher than in our study. Additionally, in most studies, subjects with thyroid disease
were not excluded. However, we observed a negative relationship between serum levels of
TSH and VAT in lean men but not in overweight/obese subjects. In the study conducted
by Muscogiuri et al., using computed tomography scans to determine VAT, the authors
showed that VAT was the most powerful predictor of TSH [27]. Contrary to these findings,
in the study conducted on a sample of 1021 women and 956 men in the population-based
Study of Health in Pomerania Trend (SHIPTrend), no relationship was observed between
serum levels of TSH and VAT [28], although the authors did not stratify the groups by
BMI and gender and did not exclude subjects with thyroid disease, as we did. On the
other hand, they assessed VAT using gold-standard methods, e.g., whole-body magnetic
resonance imaging. On the basis of our results, we can speculate that serum levels of TSH
in lean men may be connected with an increase in visceral fat in the future.

In the present study, we did not notice relationships of serum levels of TSH, fT3,
and fT4 with total, gynoid, and android fat mass and VAT in lean and overweight/obese
women. This is partly consistent with the results obtained by Witte et al. [28]. However,
an Italian study showed a relationship between serum levels of TSH and VAT [27]. One
explanation of these results could be connected with the fact that, in the previous study,
the sample size was small, and the characteristics of the population differed from our
general population sample. The other explanation could be connected with the fact that a
positive association may have been overlooked in specific subgroups due to insufficient
statistical power. On the other hand, it is possible that our sample size is still too small for
a potential association.

The main limitation of the present study is the fact that our results did not allow
us to identify the definite cause-and-effect relationship. Additionally, in some of the
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results, the level of statistical significance was close to 0.05; therefore, the results need to
be corroborated by additional studies. The conducted study was an observational one,
and, in order to prove the cause-and-effect relationship, it would be necessary to perform a
long-term follow-up. However, longitudinal data will be available from the follow-up of the
Białystok PLUS study in five years, and we will be able to verify our results. Additionally,
further methodological research should examine the extent of the representativeness of this
research. The study population was between 20 and 80 years, and the comorbidities of the
patients were not taken into account, which could have biased the results, as low fT3 is
frequently associated with chronic illness. However, we examined subjects without thyroid
diseases and strictly euthyroid subjects with TSH, fT3, and fT4 all in the normal range.
The major strength of this study was its large size, which allowed for a relatively precise
evaluation of the associations of interest. Additionally, DXA was performed in all subjects.

5. Conclusions

We concluded that the serum concentration of TSH is connected with VAT in lean men,
whereas, in overweight/obese men, higher fT3 is connected with increased fat amount.
These associations were absent in women.
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3. Chlabicz, M.; Dubatówka, M.; Jamiołkowski, J.; Sowa, P.; Łapińska, M.; Raczkowski, A.; Łaguna, W.; Moniuszko-Malinowska, A.M.;

Waszkiewicz, N.; Kowalska, I.; et al. Subjective well-being in non-obese individuals depends strongly on body composition.
Sci. Rep. 2021, 11, 21797. [CrossRef] [PubMed]

4. Taylor, P.N.; Razvi, S.; Pearce, S.H.; Dayan, C.M. Clinical review: A review of the clinical consequences of variation in thyroid
function within the reference range. J. Clin. Endocrinol. Metab. 2013, 98, 3562–3571. [CrossRef] [PubMed]

5. McAninch, E.A.; Bianco, A.C. Thyroid hormone signaling in energy homeostasis and energy metabolism. Ann. N. Y. Acad. Sci.
2014, 1311, 77–87. [CrossRef]

6. Knudsen, N.; Laurberg, P.; Rasmussen, L.B.; Bülow, I.; Perrild, H.; Ovesen, L.; Jørgensen, T. Small differences in thyroid function
may be important for body mass index and the occurrence of obesity in the population. J. Clin. Endocrinol. Metab. 2005, 90,
4019–4024. [CrossRef] [PubMed]

http://doi.org/10.1007/s12020-021-02884-x
http://www.ncbi.nlm.nih.gov/pubmed/34625915
http://doi.org/10.1210/edrv.21.6.0415
http://www.ncbi.nlm.nih.gov/pubmed/11133069
http://doi.org/10.1038/s41598-021-01205-6
http://www.ncbi.nlm.nih.gov/pubmed/34750456
http://doi.org/10.1210/jc.2013-1315
http://www.ncbi.nlm.nih.gov/pubmed/23824418
http://doi.org/10.1111/nyas.12374
http://doi.org/10.1210/jc.2004-2225
http://www.ncbi.nlm.nih.gov/pubmed/15870128


J. Clin. Med. 2022, 11, 2118 11 of 11

7. Fox, C.S.; Pencina, M.J.; D’Agostino, R.B.; Murabito, J.M.; Seely, E.W.; Pearce, E.N.; Vasan, R.S. Relations of thyroid function to
body weight: Cross-sectional and longitudinal observations in a community-based sample. Arch. Intern. Med. 2008, 168, 587–592.
[CrossRef]

8. Tiller, D.; Ittermann, T.; Greiser, K.H.; Meisinger, C.; Agger, C.; Hofman, A.; Thuesen, B.; Linneberg, A.; Peeters, R.; Franco, O.; et al.
Association of Serum Thyrotropin with Anthropometric Markers of Obesity in the General Population. Thyroid 2016, 26, 1205–1214.
[CrossRef]

9. Kitahara, C.M.; Platz, E.A.; Ladenson, P.W.; Mondul, A.M.; Menke, A.; Berrington de González, A. Body fatness and markers of
thyroid function among U.S. men and women. PLoS ONE. 2012, 7, e34979. [CrossRef]

10. Reinehr, T. Obesity and thyroid function. Mol. Cell. Endocrinol. 2010, 316, 165–171. [CrossRef]
11. Manji, N.; Boelaert, K.; Sheppard, M.C.; Holder, R.L.; Gough, S.C.; Franklyn, J.A. Lack of association between serum TSH or free

T4 and body mass index in euthyroid subjects. Clin. Endocrinol. 2006, 64, 125–128. [CrossRef] [PubMed]
12. Pinkney, J.H.; Goodrick, S.J.; Katz, J.; Johnson, A.B.; Lightman, S.L.; Coppack, S.W.; Mohamed-Ali, V. Leptin and the pituitary-

thyroid axis: A comparative study in lean, obese, hypothyroid and hyperthyroid subjects. Clin. Endocrinol. 1998, 49, 583–588.
[CrossRef] [PubMed]

13. Chikunguwo, S.; Brethauer, S.; Nirujogi, V.; Pitt, T.; Udomsawaengsup, S.; Chand, B.; Schauer, P. Influence of obesity and surgical
weight loss on thyroid hormone levels. Surg. Obes. Relat. Dis. 2007, 3, 631–635. [CrossRef] [PubMed]

14. Kaenkumchorn, T.K.; Merritt, M.A.; Lim, U.; Le Marchand, L.; Boushey, C.J.; Shepherd, J.A.; Wilkens, L.R.; Ernst, T.; Lampe, J.W.
Diet and Liver Adiposity in Older Adults: The Multiethnic Cohort Adiposity Phenotype Study. J. Nutr. 2021, 151, 3579–3587.
[CrossRef] [PubMed]

15. Prado, C.M.; Siervo, M.; Mire, E.; Heymsfield, S.B.; Stephan, B.C.; Broyles, S.; Smith, S.R.; Wells, J.C.; Katzmarzyk, P.T.
A population-based approach to define body-composition phenotypes. Am. J. Clin. Nutr. 2014, 99, 1369–1377. [CrossRef]
[PubMed]

16. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin
resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419.
[CrossRef]

17. Proces, S.; Delgrange, E.; Vander Borght, T.V.; Jamart, J.; Donckier, J.E. Minor alterations in thyroid-function tests associated with
diabetes mellitus and obesity in outpatients without known thyroid illness. Acta Clin. Belg. 2001, 56, 86–90. [CrossRef]

18. Mauvais-Jarvis, F.; Clegg, D.J.; Hevener, A.L. The role of estrogens in control of energy balance and glucose homeostasis. Endocr.
Rev. 2013, 34, 309–338. [CrossRef]

19. Ren, R.; Jiang, X.; Zhang, X.; Guan, Q.; Yu, C.; Li, Y.; Gao, L.; Zhang, H.; Zhao, J. Association between thyroid hormones and body
fat in euthyroid subjects. Clin. Endocrinol. 2014, 80, 585–590. [CrossRef]

20. Michalaki, M.A.; Vagenakis, A.G.; Leonardou, A.S.; Argentou, M.N.; Habeos, I.G.; Makri, M.G.; Psyrogiannis, A.I.; Kalfarentzos,
F.E.; Kyriazopoulou, V.E. Thyroid function in humans with morbid obesity. Thyroid 2006, 16, 73–78. [CrossRef]

21. Kowalska, I.; Straczkowski, M.; Kinalska, I. Levels of leptin in plasma of patients with type 2 diabetes. Pol. Arch. Med. Wewn.
1998, 99, 470–476. [PubMed]

22. Ortega, F.J.; Jílková, Z.M.; Moreno-Navarrete, J.M.; Pavelka, S.; Rodriguez-Hermosa, J.I.; Kopeck Ygrave, J.; Fernández-Real, J.M.
Type I iodothyronine 5’-deiodinase mRNA and activity is increased in adipose tissue of obese subjects. Int. J. Obes. 2012, 36,
320–324. [CrossRef] [PubMed]

23. Straczkowski, M.; Dzienis-Straczkowska, S.; Szelachowska, M.; Kowalska, I.; Stepień, A.; Kinalska, I. Insulin resistance in obese
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