DOI: 10.24938/kutfd.1807235
Original Article

Kirikkale Universitesi Tip Fakiiltesi Dergisi 2025;27(3):386-391

zgiin Arastirma

TSH LEVELS AND BODY COMPOSITION IN OBESITY
Obezitede TSH diizeyleri ve Viicut Kompozisyonu

Fatma Zehra AGAN!

Cigdem CINDOGLU'

Derya ABUSKA 2

! Department of Internal Medicine, Faculty of Medicine, Harran University, SANLIURFA, TURKIYE
2 Clinic of Emergency, Istanbul Training and Research Hospital, ISTANBUL, TURKIYE

ABSTRACT

Objective: This study aimed to compare serum thyroid-
stimulating hormone (TSH) levels across body mass index
(BMI) categories in euthyroid adults and to investigate the
associations between TSH and detailed body composition
parameters, including visceral fat rating, metabolic age, fluid
percentage, and muscle mass.

Material and Methods: This retrospective cross-sectional
study included 119 euthyroid adults who attended the internal
medicine outpatient clinic of a university hospital in 2024. BMI
was calculated using measured height and weight and
categorized as underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and obese (=30
kg/m?). Body composition parameters: visceral fat rating,
metabolic age, fluid percentage, and muscle mass; were
assessed using a Tanita BC-418 bioelectrical impedance
analyzer. Group comparisons were performed using one-way
ANOVA with post-hoc Tukey tests. Associations between TSH
and body composition were analyzed using Spearman rank
correlation.

Results:The mean age of participants was 32.5+13.7 years, and
63.9% were female. Mean BMI was 25.5+5.6 kg/m?, and mean
TSH was 1.71+0.99 plU/mL. TSH increased across BMI
groups: 1.25+0.48 plU/mL in underweight, 1.49+0.70 plU/mL
in normal weight, 1.91+1.11 pIlU/mL in overweight, and
2.21+£1.29 plU/mL  in obese individuals (ANOVA
F(3,115)=4.20, p=0.007). Post-hoc analyses showed higher TSH
in obese individuals than underweight (p=0.033) and normal-
weight participants (p=0.027). Spearman analyses showed
positive correlations between TSH and visceral fat rating
(p=0.24, p=0.008), metabolic age (p=0.24, p=0.011), muscle
mass (p=0.18, p=0.047), and a negative correlation with fluid
percentage (p=—0.23, p=0.011).

Conclusion: Higher TSH levels within the reference range are
associated with obesity and unfavourable body composition
parameters, including increased visceral adiposity, higher
metabolic age, lower fluid percentage, and reduced muscle
mass. These findings suggest that body composition may
provide insight beyond BMI when interpreting TSH levels in
euthyroid adults and highlight the clinical relevance of
incorporating detailed composition metrics into metabolic and
endocrine assessments.
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(074
Amac: Bu caligma,eutiroid yetiskinlerde viicut kitle
indeksi(VKI) kategorileri arasinda serum tiroid uyarict hormon
(TSH) diizeylerini karsilastirmayr ve TSH ile viseral
yagderecesi, metabolik yas, sivi yiizdesi ve kas kiitlesi gibi
ayrintili  viicut  kompozisyonu parametreleri  arasindaki
iliskileriarastirmay1 amaglamustir.

Gerec ve Yontem: Buretrospektif kesitsel ¢alisma, 2024 yilinda
bir tiniversite hastanesinini¢ hastaliklar poliklinigine basvuran
119 otiroid yetiskini igermektedir. BMIblgiilen boy ve kilo
kullanilarak hesapland1 ve zayif(<18,5 kg/m?), normal kilo
(18,5-24,9 kg/m?), fazla kilo (25-29,9 kg/m?*)ve obez (=30
kg/m?)  olarak  smiflandirildi.  Viieut  kompozisyonu
parametreleri; viseral yag derecesi,metabolik yas, sivi yiizdesi
ve kas kiitlesi; TanitaBC-418 biyoelektrik empedans analizorii
kullanilarak ~ degerlendirildi. Serum TSH ve laboratuvar
parametrelerihastane elektronik kayitlarindan alindi.  Grup
karsilastirmalaritek yonli ANOVA ve post-hoc Tukey testleri
kullanilarak yapildi. TSH ve viicut kompozisyonu arasindaki
iliskiler Spearman siralama korelasyonu kullanilarak analiz
edildi.

Bulgular: Katilimcilarin ortalama yas1 32,5+13,7 idi ve
%63,9'u kadindi. Genel ortalama BMI 25,5+5,6 kg/m?> ve
ortalama TSH 1,71+£0,99 plU/mL idi. TSH diizeyleri BMI
gruplar1 arasinda kademeli olarak artmistir: zayif grupta
1,25+0,48 plU/mL, normal kilo grubunda 1,49+0,70 plU/mL,
1,91£1,11  plU/mL, obez grupta 2,21+1,29 ulU/mL
(ANOVAF(3,115)=4,20, p=0,007). Post-hoc analizler, obez
bireylerde zayif (p=0,033) ve normal kilolu katilimcilara
(p=0,027) kiyasla anlamli olarak daha yiiksek TSH diizeyleri
oldugunu gostermistir. Spearman korelasyon analizleri, TSH ile
viseral yag derecesi (p=0,24, p=0,008), metabolik yas (p=0,24,
p=0,011) ve kas kiitlesi (p=0,18, p=0,047) ile pozitif bir iliski
oldugunu ve sivi yiizdesi (p=—0,23, p=0,011) ile negatif bir
iliski oldugunu ortaya koydu.

Sonug: Referans aralig i¢indeki yiiksek TSH diizeyleri, obezite
ve artmis viseral yaglanma, yiiksek metabolik yas, diisiik sivi
ylizdesi ve azalmis kas kiitlesi gibi olumsuz viicut
kompozisyonu parametreleri ile iliskilidir. Bu bulgular, &tiroid
yetiskinlerde =~ TSH  diizeylerini  yorumlarken  viicut
kompozisyonunun BMI'nin Otesinde ek bilgiler
saglayabilecegini goOstermekte ve ayrmtili  kompozisyon
Olciitlerinin  metabolik ve endokrin degerlendirmelere dahil
edilmesinin potansiyel klinik 6nemini vurgulamaktadir.

Anahtar Kelimeler: Obezite, tiroid hormonlari, metabolik yas
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INTRODUCTION

Obesity is a rapidly growing public health problem
associated with numerous complications, including type
2 diabetes, cardiovascular disease, osteoarthritis,
obstructive sleep apnoea, and various cancers
(endometrial, colorectal, postmenopausal breast cancer,
etc.).! Body mass index (BMI) is widely used to assess
obesity; however, it may not provide an accurate
estimate of metabolic risks, particularly due to its failure
to account for visceral fat accumulation and fat
distribution. Recent studies have highlighted that BMI
is insufficient for determining cardiovascular and
metabolic risks; instead, imaging techniques or
anthropometric measurements indicating fat/muscle
ratio should be used in conjunction with assessments for
more accurate results.>* This approach reflects the fact
that obesity increases disease risks not only based on
body weight but also on fat distribution. Thyroid
function, particularly thyroid-stimulating hormone
(TSH) levels, plays a central role in energy metabolism.
Mild elevations in TSH can lead to a decrease in basal
metabolic rate and mild weight gain; in fact, even in
euthyroid individuals, a 5-10% change in TSH can result
in a few kilograms of weight change per year.>”’

The levels of TSH have been examined in obese
individuals in relation to metabolic syndrome
components (insulin resistance, dyslipidemia and
hypertension), and it has been suggested that high-
normal TSH levels may increase the prevalence of
metabolic syndrome. Similarly, a similar relationship
between BMI and TSH has been observed in individuals
who are not obese but have subclinical hypothyroidism.®
Additionally, low-grade chronic inflammation and
adipocyte-derived cytokines (IL-6, TNF-a) in obesity
may affect thyroid cell function. Following weight loss
achieved through bariatric surgery or calorie-restricted
diets, significant decreases in TSH and FT3 levels were
observed; it was noted that these changes were largely
reversible.® This study aims to compare serum TSH
levels according to BMI groups in euthyroid adults. Our
study is planned to contribute to filling the knowledge
gap in this field by supporting the data in the literature
on the relationship between obesity and TSH.
Additionally, it is aimed that the data obtained will serve
as a guide for physicians who evaluate TSH in clinical
practice.

Previous studies have mostly focused on the relationship
between BMI and TSH, while the relationship between
TSH and detailed body composition parameters (e.g.,
visceral fat, muscle mass, metabolic age, fluid
percentage) has been investigated in a limited number of
studies. The originality of this study lies in its
examination of the connection between TSH levels and
body composition in euthyroid individuals, going
beyond the classic BMI criteria. Therefore, this study

aimed to compare serum thyroid-stimulating hormone
(TSH) levels across World Health Organization BMI
categories in euthyroid adults and to examine the
associations between TSH and detailed body
composition parameters, including visceral fat rating,
metabolic age, fluid percentage, and muscle mass. We
hypothesized that individuals with higher BMI and
unfavourable body composition profiles; characterized
by greater visceral adiposity, higher metabolic age,
lower fluid percentage, and reduced muscle mass, would
exhibit higher TSH levels within the reference range.

MATERIALS AND METHODS
Study Design and Population
This retrospective cross-sectional study was conducted
at the Internal Medicine outpatient clinic of Harran
University Hospital in 2024. The study protocol was
approved by the Harran University Clinical Research
Ethics Committee (Date: 01.09.2025, No: 25.14.12). As
a retrospective study using anonymised clinical data,
informed consent was waived according to institutional
policy.
A total of 119 adults were included in the analysis. The
inclusion criteria were: (1) age >18 years, (2)
availability of serum TSH, FT3 and FT4 measurements,
(3) euthyroid status (FT3 and FT4 within reference
ranges), and (4) completion of a body composition
assessment on the same day as the laboratory tests.
Exclusion criteria included: known thyroid disease
(hypothyroidism, hyperthyroidism, thyroid nodules),
use of thyroid hormone or antithyroid medications,
pregnancy, malignancy, chronic systemic disease, acute
infection, and a history of bariatric surgery.
Anthropometric Measurements and BMI Classification
Height (cm) and weight (kg) were measured using
standard clinical procedures, and body mass index
(BMI) was calculated as weight divided by height
squared (kg/m?). Participants were categorized into four
groups according to World Health Organization criteria:
underweight (<18.5 kg/m?), normal weight (18.5-24.9
kg/m?), overweight (25-29.9 kg/m?), and obese (=30
kg/m2).
Body Composition Analysis
Body composition parameters were assessed using a
Tanita BC418 segmental bioelectrical impedance
analyzer (BIA). All measurements were performed in
the outpatient clinic with participants barefoot, wearing
light clothing and free of metal accessories.
Measurements were obtained after bladder emptying, at
similar daytime hours, and in a resting, non-exercised
state in accordance with manufacturer
recommendations. The device provided the following
parameters: visceral fat rating, metabolic age, fluid
percentage, and muscle mass (kg). These measurements

KUTFD | 387



Agan FZ et al.
TSH Levels in Obese Adults

KU Tip Fak Derg 2025;27(3):386-391
Doi: 10.24938/kutfd. 1807235

were recorded on the same day as venous blood
sampling.

Laboratory Measurements

Venous blood samples were analyzed in the hospital’s
central laboratory. Serum thyroid-stimulating hormone
(TSH), free triiodothyronine (FT3), and free thyroxine
(FT4) were measured using chemiluminescent
immunoassay  methods.  Additional  laboratory
parameters included C-reactive protein (CRP), glucose,
creatinine, liver enzymes (ALT, AST), lipid profile
(HDL, LDL, triglycerides), and complete blood count
indices. The reference range for TSH was accepted as
0.2-4.5 mIUJ/L.

Statistical Analysis

Data analyses were performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean =*
standard deviation (SD) or median (interquartile range)
depending on distribution, and categorical variables as
numbers and percentages. Normality of numerical
variables was assessed using the Shapiro-Wilk test.
Comparisons of TSH levels among BMI categories were
performed using one-way analysis of variance
(ANOVA), followed by post-hoc Tukey HSD tests for
pairwise comparisons. Because TSH, visceral fat rating,
metabolic age, and muscle mass were not normally
distributed, the associations between TSH and body
composition parameters were analyzed using Spearman
rank correlation (p). Correlation coefficients (p) and p-
values were reported. A two-tailed p-value <0.05 was
considered statistically significant.

RESULTS

A total of 119 individuals were included in the study.
The mean age of the participants was 32.55+13.65 years,
with 63.9% being female (n=76) and 36.1% being male
(n=43). Participants were divided into four groups based
on BMI: low BMI 10.1% (n=12), normal weight 42%
(n=50), overweight 31.9% (n=38), and obese 16%
(n=19).

Laboratory findings for the patients were as follows:
white blood cell count (WBC) 7.17+£2.24 1073/uL,
haemoglobin (Hgb) 14.3+1.9 g/dL, glucose 91.7+19.2
mg/dL, creatinine 0.79+0.1 mg/dL, alanine
aminotransferase (ALT) 21.65+35.74 U/L, aspartate
aminotransferase (AST) 21.3£11.86 U/L, sodium (Na)
140.65+1.9 mmol/L, potassium (K) 4.3+0.3 mmol/L, C-
reactive protein (CRP) 9.740.4 mg/L, TSH 1.71+0.98
MIU/mL, T3 3.4+0.5 pg/mL, T4 1.22+0.1 ng/dL, vitamin
D 11.02+8.1 ng/mL, LDL cholesterol 108.67+36.38
mg/dL, and HDL cholesterol 50.7+13.5 mg/dL were
determined (Table 1).

Table 1: Demographic and laboratory characteristics of
the study population

Variable Mean £ SD n (%)
Age (years) 32.5+13.7 119
Female sex — 76 (63.9)
Male sex — 43 (36.1)
BMI (kg/m?) 25.545.6 119
Underweight (<18.5) 18.13+2.27 12 (10.1)
Normal weight (18.5- 21.95+2.01 50 (42.0)
24.9)

Overweight (25-29.9) 28.35+2.91 38 (31.9)
Obese (>30) 33.86+3.41 19 (16.0)
WBC (10%/uL) 7.18+2.24 119
Hemoglobin (g/dL) 14.39+1.95 119
Glucose (mg/dL) 91.75+19.21 119
Creatinine (mg/dL) 0.80+0.17 119
ALT (U/L) 21.65+35.74 119
AST (U/L) 21.30+11.86 119
Sodium (mmol/L) 140.65+1.96 119
Potassium (mmol/L) 4.39+0.30 119
CRP (mg/L) 0.43+0.49 117
TSH (uIU/mL) 1.71+0.98 119
T3 (pg/mL) 3.46+0.54 113
T4 (ng/dL) 1.23+0.13 119
Vitamin D (ng/mL) 11.02+8.19 119
LDL cholesterol 108.68+36.38 110
(mg/dL)

HDL cholesterol 50.78+13.55 110
(mg/dL)

BMI: Body mass index, WBC: White blood cell, Na: Sodium,
K: Potassium, CRP: C-reaktive protein, TSH: Thyroid
stimulating hormone, LDL: Low-density lipoprotein, HDL:
High-density lipoprotein

When TSH levels were examined according to BMI
groups; the mean TSH level was 1.25+0.4 plU/mL in
the low BMI group, 1.48+0.69 plU/mL in the normal
weight group, 1.95+1.1 plU/mL in the overweight
group, and 2.2+1.2 pulU/mL in the obese group. In the
one-way ANOVA analysis, a statistically significant
difference was found between BMI groups in terms of
TSH levels (F (3,115)= 4.202, p= 0.007). Post hoc
(Tukey) tests revealed that TSH levels in obese
individuals were significantly higher than those in the
low BMI group (p=0.033) and the normal BMI group
(p=0.027) (Table 2).

Table 2: TSH levels according to BMI groups

BMI Group TSH (uIU/mL) Mean + SD  p-value
Low BMI 1.25+0.4 0.008
Normal 1.48+0.69 0.011
Overweight 1.95+1.1 0.011
Obese 2.2+1.2 0.047

ANOVA (F/p)  F(3.115)=4.202 / p=0.007

BMI: Body mass index, TSH: Thyroid-stimulating hormone
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When correlation analyses were performed on all
participants together, a positive and significant
relationship was found between TSH levels and visceral
fat percentage (p=0.007). In addition, a significant
correlation was found between metabolic age and TSH
levels (p=0.01). A negative correlation was observed
between fluid percentage and TSH (p=0.007). A
statistically borderline significant correlation was
detected between TSH levels and muscle mass (p=0.05)
(Table 3).

Table 3: Spearman correlations between TSH and body

composition
Variable Spearman p  p-value
Visceral fat rating 0.24 0.008
Metabolic age (years) 0.24 0.011
Fluid percentage (%) -0.23 0.011
Muscle mass (kg) 0.18 0.047

The fact that slight increases in TSH levels are more
frequently observed in obese individuals suggests that
there may be a complex relationship between these two
conditions. Various studies have reported that serum
TSH levels tend to be higher in individuals with
increased body mass index, which may be related to
metabolic adaptations or leptin-mediated central
mechanisms.'"13 Furthermore, it has been proposed that
obesity might influence thyroid function, and that mild
elevations in TSH could be associated with alterations
in energy metabolism observed in obesity.'* However,
the direction and causality of this relationship have not
yet been clearly established, and there are conflicting
findings in the literature on this subject. In this study, the
relationship between BMI and serum TSH levels in
euthyroid individuals was investigated; it was found that
TSH levels were statistically significantly higher in the
obese group. Additionally, a positive correlation was
found between visceral fat percentage and metabolic age
and TSH levels, while a negative correlation was found
with fluid percentage. These findings suggest that
obesity is associated with thyroid function not only
through direct hormonal effects but also through indirect
metabolic and inflammatory effects.

While some studies have described the increase in TSH
levels as a phenomenon that may contribute to reduced
energy metabolism and subsequent weight gain, other
researchers have suggested that it may represent an
adaptive physiological response to obesity.** In obese
individuals, proinflammatory cytokines such as leptin,
IL-6, and TNF-a have been reported to influence TSH
levels by affecting the hypothalamic-pituitary-thyroid
axis in association with increased adipose tissue.'®
Plei¢ et al. reported that TSH levels are associated with
metabolic syndrome components even when within the
reference range.*® This finding suggests that TSH levels

may be considered not only as an indicator of thyroid
function but also as a potential marker of metabolic
balance.

Another noteworthy finding in our study is the positive
correlation between TSH levels and visceral adiposity.
Visceral fat has been associated with insulin resistance,
dyslipidemia, and inflammation, and it may also be
linked to thyroid function.” Additionally, the observed
relationship between metabolic age and TSH levels may
reflect changes in thyroid function that occur alongside
the age-related decrease in basal metabolic rate.*31° The
negative correlation between fluid ratio and TSH levels
is another notable finding, although this has been
addressed in only a limited number of studies. Research
on the effects of cellular hydration on endocrine
responses is still scarce. Mohamed and colleagues have
suggested that intracellular fluid status might influence
hormonal secretion, particularly in relation to pituitary
hormones.?® Alterations in endocrine parameters
associated with intracellular fluid changes may be
related to subclinical volume variations commonly
observed in obese individuals. This finding suggests that
fluid balance may be associated with the thyroid axis,
indicating that assessment of hydration status may be
considered a relevant parameter that could provide
additional insights into thyroid function analysis.®?*
Although the relationship between TSH levels and BMI
has been demonstrated in numerous studies, data on the
relationship between TSH and metabolic age and fluid
ratio remain limited. Our study contributes new
observations to the literature in this regard. In particular,
the negative correlation between fluid ratio and TSH
may reflect a potential link between hydration status and
the thyroid axis, which may offer additional
perspectives for clinical practice. The observed
relationship between muscle mass and TSH may be
relevant in the context of thyroid hormones and their
potential role in protein metabolism and muscle
function. The literature reports that thyroid hormones
are involved in protein synthesis and protein breakdown
in muscle tissue.?? The association between muscle mass
and TSH levels represents one of the relatively few
pieces of evidence suggesting a link between thyroid
hormones and protein metabolism. This finding may
provide a basis for future larger-scale studies. In this
study, TSH levels were observed to increase with higher
BMI, particularly reaching relatively higher levels in
obese individuals, and these changes may be associated
with variations in body composition. In clinical practice,
not only TSH but also FT3, FT4, visceral fat ratio, and
other body composition parameters may be considered.
Individuals with high-normal TSH levels may be
monitored for potential metabolic risks, and lifestyle
modifications may be suggested as appropriate. Future
larger, multicentre, and longitudinal studies could
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provide further insights into the relationship between
TSH and obesity. Additionally, hormone-level-based
intervention studies are warranted.

This study has several limitations. First, its
retrospective, cross-sectional and single-centre design
limits the ability to infer causality and may reduce
generalisability to broader populations. Second,
although the sample size was adequate for primary
analyses, subgroup comparisons—particularly across
BMI categories—may be underpowered. Third, body
composition was assessed using a bioelectrical
impedance analyzer rather than gold-standard imaging
methods such as DEXA or MRI, which may introduce
measurement variability. Fourth, potential confounding
factors, including insulin resistance, dietary intake,
physical activity level, and detailed inflammatory
markers, were not assessed and may influence both body
composition and thyroid function. Fifth, hydration status
was evaluated using BIA-derived fluid percentage rather
than direct physiological measurements, which may lead
to limited precision. Finally, the study included only
euthyroid individuals, which improves internal validity
but restricts generalisability to populations with thyroid
dysfunction. Future multicentre, prospective, and
mechanistic  studies incorporating comprehensive
metabolic and hormonal profiling are needed to validate
and expand upon these findings.

In conclusion, this study observed that TSH levels tend
to increase with higher BMI and that these changes may
be associated with body composition parameters such as
visceral fat mass, metabolic age, and body fluid ratio.
These findings suggest that TSH may have potential as
a biomarker reflecting metabolic load and energy
balance beyond classical thyroid assessment. This study
contributes to the literature by examining the
relationship between TSH levels and various
components of body composition, not solely BMI. In
particular, the associations between TSH and metabolic
age and fluid ratio are parameters that have been
relatively underexplored in previous studies. In this
context, our findings indicate that TSH may provide
additional insights into metabolic status beyond
traditional thyroid evaluation.
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