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Background: Asprosin is a recently identified adipokine predominantly released by white adipose tissue and plays a role in
gluconeogenesis during fasting. Evidence indicates that adipokines may be involved in endocrine and metabolic control; however, their

significance in thyroid dysfunction is still unclear.

Objective: This study aimed to assess circulating asprosin levels in patients with Graves' disease (GD) and subclinical hyperthyroidism
(SCH), as well as determine its potential diagnostic use as a biomarker for thyroid disorders.

Methods: This age-, sex-, and BMI-matched case-control study included 40 patients with Graves’ disease (GD), 40 with subclinical
hyperthyroidism (SCH), and 80 healthy controls aged 22-59 years. Serum levels of asprosin, thyroid-stimulating hormone (TSH), total
thyroxine (T4), thyroid-stimulating hormone receptor antibodies (TRAb), and lipid profile parameters were measured using standardized

automated assays.

Results: Serum asprosin levels were significantly lower in patients with Graves’ disease and subclinical hyperthyroidism compared
with healthy controls (p < 0.001 for both). Both GD and SCH groups also exhibited significantly reduced levels of TSH and lipid profile
parameters, alongside significantly elevated total T4 and TRAb levels (p < 0.001).

Conclusion: Reduced serum asprosin in Graves’ disease may reflect hyperthyroidism-related metabolic changes and could serve as a

potential biomarker, pending further research.
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Introduction

Thyroid hormones play a critical role in regulating me-
tabolism, growth, and development in humans; thyroid
disorders, such as hyperthyroidism or hypothyroidism, can
impair several critical physiological processes [1]. Graves’
disease (GD) is the most common cause of hyperthyroid-
ism and is characterized by autoimmune stimulation of
the thyroid gland, leading to excessive production of thy-
roid hormones. This systemic autoimmune condition im-
pacts multiple organs, primarily the thyroid, eyes (causing
Graves' ophthalmopathy), and skin (manifesting resulting
in pretibial myxedema) [2]. It primarily occurs between
the ages of 30 and 60, with a prevalence 5 to 10 times
greater in women. Approximately 79% of the risk for GD
is linked to genetic factors, while 21% arises from environ-
mental influences. Approximately 70% of the genes linked

to autoimmune thyroid diseases are related to T-cell func-
tion [3]. Subclinical hyperthyroidism (SCH) is a disorder
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characterized by decreased blood levels of thyroid-stimu-
lating hormone (TSH) while maintaining normal circulat-
ing levels of free thyroxine (fT) and free triiodothyronine
(fT3). It is marked by normal thyroid hormone levels, un-
like overt hyperthyroidism, and often exhibits few clinical
signs [4].

Asprosin is a newly identified hormone stimulated by
fasting, primarily secreted by white adipose tissue. First de-
scribed in 2016 as the C-terminal cleavage derivative of
profibrillin-1, it is encoded by the FBN1 gene located on
chromosome 15g21.1. After post-translational modifica-
tion, circulating human asprosin has an approximated mo-
lecular weight of 30 kDa [5].

Asprosin is physiologically vital in regulating energy
balance during fasting phases. During its release from
adipocytes into the bloodstream, it interacts with the ol-
factory receptor OLFR734 in the liver, thereby stimulat-
ing the G protein—cyclic AMP (cAMP)—protein kinase A
(PKA) signaling cascade. This cascade promotes hepatic
gluconeogenesis and glycogenolysis, resulting in elevated
glucose release into the bloodstream and the maintenance
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of normal glycemic levels during energy deficiency. Be-
sides its peripheral metabolic effects, asprosin passes the
blood-brain barrier and activates orexigenic neurons in
the hypothalamus, thus increasing appetite and enhancing
adaptive responses to fasting [6]. In addition to its physi-
ological function, asprosin has been associated with many
metabolic and inflammatory disorders. Increased circulat-
ing levels have been related to insulin resistance, obesity,
polycystic ovarian syndrome, type 2 diabetes mellitus, and
cardiovascular disease [7]. In contrast, asprosin deficiency
due to FBN1 mutations has been associated with hypogly-
cemia and diminished appetite in patients with neonatal
progeroid (Wiedemann—Rautenstrauch) syndrome [8].

In hyperthyroid states, regardless of the underlying
cause, elevated thyroid hormone levels increase the basal
metabolic rate and enhance substrate utilization. This im-
pact is partially mediated by the increase of K-adrenergic
receptor density and sensitivity in adipocytes, which en-
hances catecholamine-stimulated adenylate cyclase activ-
ity and results in activation of the cAMP-PKA pathway.
The phosphorylation and activation of adipose triglyceride
lipase and hormone-sensitive lipase facilitate lipolysis, re-
sulting in the release of glycerol and free fatty acids into the
bloodstream to meet elevated peripheral energy require-
ments [9].

Circulating asprosin levels are tightly associated with
adipose tissue mass and metabolic activity; thus, the hyper-
metabolic and catabolic condition typical of hyperthyroid-
ism may affect its release. Increased lipolysis and a gradual
decrease in adipocyte size may diminish substrate avail-
ability and limit the generation of adipocyte-derived hor-
mones, potentially resulting in lowered circulating asprosin
levels. Therefore, variations in asprosin levels in hyperthy-
roid states may indicate complex relationships among ex-
cess thyroid hormones, adipose tissue reconfiguration, and
overall energy equilibrium [10]. This study aimed to inves-
tigate serum asprosin levels in patients with GD and their
correlation with thyroid-stimulating hormone receptor
antibodies (TRAD), lipid profile parameters, and thyroid
hormone levels, including further examination in SCH.
Therefore, this study aims to investigate whether serum as-
prosin can be used as a biomarker to differentiate GD from
healthy controls, and to explore its potential role in SCH.

Methods

Study design and subjects

The present case—control study was conducted from July
2025 to January 2026. Sample collection and laboratory
analyses were performed at affiliated clinical and academic
institutions. Institutional details were omitted to preserve
the double-blind peer review process.

Ethical approval
The study protocol was approved by the Research Ethics
Committee / Institutional Review Board (IRB) of a univer-
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sity medical institution (Ref. No. 217/3/2; Date: 10 March
2025). Oral informed consent was obtained from all par-
ticipants prior to enrollment.

Participants

A total of 160 participants aged 22 to 59 years were en-
rolled in the study. The study included 40 patients with
GD and 40 with SCH, determined by a specialist endocri-
nologist based on clinical assessment and biochemical thy-
roid function tests. SCH cases included in this study were
not classified according to a specific underlying etiology. In
addition, 80 apparently healthy euthyroid individuals were
included as a control group.

Inclusion criteria

Participants were eligible for inclusion if they matched the

following criteria:

e Individuals aged 22 to 59 years.

*  GD was diagnosed based on suppressed TSH levels, el-
evated total thyroxine (T4), and positive TRAb. Only
patients presenting with overt hyperthyroidism at the
time of evaluation were included. All cases were newly
diagnosed and had not received any prior treatment.

* SCH is characterized by suppressed TSH levels with
total T4 within the laboratory reference range and
clinical signs and symptoms. In the present study,
SCH was classified based on TSH and total T4 due
to resource limitations and the unavailability of free
thyroid hormone measurements. All included patients
were newly diagnosed and had not received any prior
treatment at the time of enrollment.

*  The control group exhibited normal thyroid function
testing, with TSH and T4 levels within reference lim-
its, and no known thyroid disease.

Exclusion Criteria

Participants were excluded if they had diabetes mellitus,
obesity, or other endocrine disorders; autoimmune diseases
excluding thyroid disorders; chronic inflammatory, pulmo-
nary (e.g., COPD), cardiac, renal, or hepatic diseases; ma-
lignancy or a history of thyroid cancer; pregnancy; current
use of antithyroid, immunosuppressive, anti-inflammatory
medications, or mineral supplements; or an inability to
provide informed consent.

Sample Size Calculation

The sample size was calculated a priori using G*Power soft-
ware (version 3.1.9.4; Heinrich Heine University Diissel-
dorf, Germany) [11]. A one-way ANOVA (fixed effects,
omnibus) was conducted, considering a modest effect size
(f=0.30) in accordance with Cohen’s guidelines [12]. The
required minimum sample size, with a significance level
0f 0.05 and 90% statistical power, was 144 people. To ac-
count for any dropouts and absent data, an extra 10% was
included, giving a final target sample of 160 participants.
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Sample Collection

Following an overnight fast of 10—12 hours, 5 mL of
venous blood was collected from each participant in gel
separator tubes. Samples were allowed to clot and then
centrifuged at 3000 rpm for 10 minutes to obtain serum.
Serum aliquots were distributed as follows: 1 mL was used
for lipid profile analysis, and 1.5 mL was allocated for thy-
roid function assessment, including TSH, T4, and TRAbD.
The remaining serum was aliquoted into sterile Eppendorf
tubes and stored at ~20°C until further biochemical analy-
sis.

Biochemical and Hormonal Analyses

Serum asprosin concentrations were quantified using a
commercially available sandwich enzyme-linked immuno-
sorbent assay (ELISA) kit (MyBioSource, USA), following
the manufacturer’s instructions. The assay had a detection
range of 0.156-10 ng/mL, with a minimum detectable
concentration of 0.062 ng/mL. The intra-assay and inter-
assay coefficients of variation (CVs) were < 10% and <
12%, respectively. Thyroid function parameters, including
TSH and T4, were measured using the VIDAS automated
immunoassay system (bioMérieux, France). TRAb was
determined using the Roche Cobas e411 analyzer (Roche
Diagnostics, Germany). Lipid profile parameters, includ-
ing total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and very-low-density lipoprotein
cholesterol (VLDL-C), were analyzed by enzymatic colori-
metric methods using the Roche Cobas ¢111 automated
chemistry analyzer (Roche Diagnostics, Germany). All as-
says were performed in accordance with standardized labo-
ratory procedures, and internal quality control measures
were applied throughout the study period. The reference
ranges applied in this study were TSH from 0.27 to 4.20
mIU/L, total T4 from 66 to 181 nmol/L, and TRAb from
0 to 1.75 IU/L, in accordance with the manufacturer’s in-
structions and the laboratory’s standard reference values,
and for lipid profile parameters TC less than 200 mg/dL,
TG less than 150 mg/dL, HDL-C at least 40 mg/dL for
men and at least 50 mg/dL for women, LDL-C less than
100 mg/dL, and VLDL-C 5 to 40 mg/dL according to
standard laboratory reference values.

Serum asprosin levels were measured using a commer-
cially available ELISA kit according to the manufacturer’s
instructions. Currently, no universally established refer-
ence ranges for circulating asprosin exist, particularly in
the context of thyroid disorders. Therefore, in the present
study, the control group was used as a comparative refer-
ence to interpret relative differences across study groups.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics (version 25.0; IBM Corp., Armonk, NY, USA). Data
distribution normality was assessed using the Shapiro—
Wilk test. Continuous variables were expressed as mean
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+ standard deviation (SD) for normally distributed data.
Comparisons among the three study groups (GD, SCH,
and healthy controls) were conducted using one-way anal-
ysis of variance (ANOVA) for parametric variables, fol-
lowed by Tukey’s post hoc test for multiple comparisons
where appropriate. Spearman’s rank correlation coefhicient
(r) was used to evaluate associations between serum aspros-
in levels and other clinical and biochemical parameters.
Receiver operating characteristic (ROC) curve analysis was
performed to assess the diagnostic performance of serum
asprosin in differentiating patients with GD and SCH
from healthy controls. The area under the curve (AUC),
optimal cutoff value, sensitivity, and specificity were deter-
mined. A two-tailed p-value < 0.05 was considered statisti-
cally significant.

Results
As shown in Table 1, there were no statistically significant

differences in age, sex, and BMI distribution between the
GD and SCH and control groups (P > 0.05).

Table I. — Baseline clinical characteristics of GD, SCH, and control

groups
Parameter GD (n = 40) SCH (n =40) Control (n = 80) P-value
Sex (M/F) 19/21 18/22 34/46 0.98
Age (years) 39.2+8.1 41.4+83 39.8 +10.8 0.975
BMI (kg/m?) 239+28 242 +3.1 23.7+29 0.68

Serum asprosin levels were significantly lower in pa-
tients with GD and SCH compared to controls (p < 0.001
for both). The GD and SCH groups did not differ signifi-
cantly. Detailed results are presented in Table 2 and illus-
trated in Figure 1.

Table Il. - Comparison of serum asprosin levels among GD, SCH,
and control groups

Group Asprosin (ng/mL) p-value vs Control
GD 0.56 + 0.31 < 0.001

SCH 0.65 + 0.37 < 0.001
Control 2.63 £ 0.52

Table 3 illustrates that thyroid function parameters
showed significant differences among the study groups
(p < 0.001). Patients with GD demonstrated significant-
ly decreased TSH levels and significantly higher total T4
concentrations in comparison to patients with SCH and
healthy controls. Moreover, TRAb levels were significantly
elevated in the GD group compared to the other groups.

Table Ill. — The thyroid function parameters and TRAbD levels
among GD, SCH, and control groups

Parameter GD SCH Control p-value
TSH (mIU/L) 0.020 + 0.010 0.149 +0.035 2.280 +0.733 < 0.001
Total T4 (nmol/L) 204.0+17.2 147.5+10.2  81.5+9.1 < 0.001
TRAD (IU/L) 11.78 £ 5.76 2.33 +£0.52 0.54 + 0.33 < 0.001




116 Acta Marisiensis - Seria Medica 2026;72(2)

35 [ 1
| kkk

3.0

25

2.0

Asprosin (ng/mL)

0.5

oo I I
GD SCH

|
Control

Figure 1. Serum Asprosin Levels in GD, SCH, and Control Groups

Data are presented as mean + SD. Serum asprosin levels were significantly lower in GD and SCH com-
pared with controls (highly significant, p < 0.001), with no significant difference between GD and SCH.

Table V. - Multivariate logistic regression analysis of factors as-
sociated with disease status

Table 4 illustrates that lipid profile parameters indicated
significant differences among the study groups (p < 0.001

for all comparisons). Patients with GD and SCH dem- Variable (unit) B(Coefficient)  SE OR 95% Clfor OR p-value
L. Asprosin (ng/mL) -0.534 0.120 0.586 0.46-0.74 <0.001

nstr: ignificantly lower levels of TC, TG, HDL-
onstrated s gnihca ty. owe evc: s of TG, TG, G, T4 (nmol/L) 0.557 0.130 1.745  1.35-2.25 <0.001
LDL-C, and VLDL-C in comparison to the control group. TSH (mIU/L) 0875 0200 0417  028-0.62  <0.001
TRAb (IU/L) 0.171 0.040 1.186  1.10-1.28 <0.001

Table IV. - Lipid profile parameters among GD, SCH, and control
Groups

Parameter GD SCH Control p-value
TC (mg/dL) 160.6 + 8.9 166.8 +6.7 194.0+17.4  <0.001
TG (mg/dL) 92.6 +11.3 98.4 + 6.1 114.7 +16.7 < 0.001
HDL-C (mg/dL) 38.7 +4.0 415+ 3.1 51.8+5.8 < 0.001
LDL-C (mg/dL) 105.3+12.2 108.1+7.7 1242 +8.3 < 0.001
VLDL-C (mg/dL) 13.8+1.0 19.6+1.3 23.0+34 < 0.001

Table 5 illustrates that multivariate logistic regression
analysis identified serum asprosin, T4, TSH, and TRAb as
independent predictors of disease state (p < 0.001 for all).
Asprosin and TSH showed inverse correlation with disease

risk, but T4 and TRAb demonstrated significant positive
correlations.
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Serum asprosin exhibited significant differentiation ca-
pacity for GD (Figure 2A), with an AUC of 0.938 (95%
CI: 0.824-1.000; p < 0.0001). The cutoff value (< 1.48
ng/mL) produced 87.5% sensitivity and 87.5% specificity.
Serum asprosin showed significant distinguishing capacity
for detecting SCH (Figure 2B), with an AUC of 0.902 (p <
0.0001). With a cutoff value of < 1.56 ng/mL, the sensitiv-
ity and specificity were 90.0% and 81.25%, respectively.
Despite this strong performance, these results should be
interpreted with caution and require validation in larger,
independent cohorts.

100

Asprosin (ng/mL)

80,

60,

Sensitivity

40,

20,

AUC =0.902
P <0.001
e T

0 20 40 60 80
100-Specificity

100

Figure 2. Receiver operating characteristic (ROC) curves of serum asprosin levels.
(A) Differentiation of GD from healthy controls (AUC = 0.938, p < 0.001).
(B) Differentiation of SCH from healthy controls (AUC = 0.902, p < 0.001).
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Correlation Analysis

Spearman’s rank correlation analysis revealed no statisti-
cally significant correlations between serum asprosin lev-
els and thyroid function parameters (TSH, total T4, or
TRAD) nor with lipid profile components in patients with
GD or SCH (p > 0.05 for all comparisons).

Discussions

The present study investigated circulating asprosin levels
in patients with GD and SCH relative to healthy controls.
The results revealed significant changes in serum asprosin
levels across the examined groups, indicating a possible
link between thyroid dysfunction and asprosin regulation.
The findings suggest that alterations in thyroid hormone
levels may affect the secretion or control of metabolic adi-
pokines, including asprosin.

Multivariate analysis further showed that asprosin re-
mained significantly associated with disease status after ad-
justment for key thyroid-related variables. Although BMI
was not included in the regression model, it did not dif-
fer significantly between groups, which may have partially
mitigated its confounding effect.

To the best of our knowledge, few studies have exam-
ined circulating asprosin levels in thyroid dysfunction, and
none have directly compared GD, SCH, and healthy con-
trols. Consequently, the present findings provide prelimi-
nary clinical evidence of a potential link between thyroid
function and asprosin.

Asprosin is an adipokine produced throughout fasting,
mostly secreted by white adipose tissue, essential for meta-
bolic homeostasis by enhancing hepatic glucose release and
regulating appetite. Thyroid hormones are crucial regula-
tors of energy metabolism, influencing glucose use, lipid
metabolism, and basal metabolic rate. Thus, fluctuations
in thyroid hormone levels may affect the secretion or regu-
lation of adipokines such asprosin, potentially elucidating
the discrepancies in circulating asprosin levels noted in this
study.

Hyperthyroidism induces hypermetabolism, elevating
the basal metabolic rate, lipolysis, and gluconeogenesis,
often resulting in weight loss despite heightened appetite
[13]. These metabolic changes may reduce the mass of as-
prosin-secreting adipose tissue [14]. Moreover, hyperthy-
roidism-induced increases in sympathetic tone and insulin
sensitivity may suppress asprosin synthesis and secretion,
thus reducing hepatic glucose production [15, 16]. These
mechanisms likely elucidate the diminished circulating as-
prosin observed in hyperthyroid patients. The findings of
this study should be interpreted in the context of GD pa-
tients presenting with overt hyperthyroidism, as included
in our cohort.

Serum asprosin is not proposed as a replacement for es-
tablished diagnostic markers such as TSH or TRAb. Rath-
er, it may represent a potential supportive biomarker re-
flecting metabolic alterations associated with hyperthyroid
states. However, its clinical utility remains uncertain and
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is currently limited to research settings. It may be consid-
ered, in future studies, as an adjunct exploratory marker in
the evaluation of metabolic aspects of thyroid dysfunction.
This study is exploratory in nature and provides prelimi-
nary evidence regarding the behavior of asprosin in thyroid
dysfunction, without implying clinical applicability at this
stage.

Study limitations

This study has several limitations. Firstly, the sample size
was limited, and the cross-sectional design prevents causal
inferences regarding thyroid function and circulating as-
prosin. Secondly, potential confounding variables, includ-
ing nutrition, physical activity, and body composition, were
not sufficiently controlled. Significantly, body composition
parameters, including fat percentage, were not evaluated,
despite asprosin functioning as an adipomyokine and po-
tentially being influenced by metabolic tissue distribution.

Body composition analysis and comprehensive meta-
bolic profiling were not performed due to resource limita-
tions. Instead, BMI was used as a surrogate marker; how-
ever, it does not fully reflect adiposity or metabolic status.
Importantly, no statistically significant differences in BMI
were observed between the study groups, which may par-
tially reduce the potential confounding effect related to
differences in adiposity.

Third, only serum asprosin and limited thyroid function
parameters were assessed. Free thyroid hormones (fT4 and
fT3) were not measured due to laboratory and resource
constraints, and only total T4 was available, which may
limit the precise assessment of thyroid functional status.
In particular, the absence of fT'3 may reduce the ability to
identify conditions such as T3-toxicosis or subtle thyro-
toxic states.

However, the diagnosis of GD and SCH was based on
a combination of clinical assessment and TRAb measure-
ments, which strengthens the diagnostic classification of
the study groups.

Fourth, only serum asprosin was evaluated, without ex-
amining tissue-level expression or downstream metabolic
effects, thus limiting mechanistic interpretation. The quan-
tification of asprosin relied on a single commercial ELISA
kit without inter-assay calibration against a standardized
reference, which may introduce methodological variability.
Additionally, no previous studies have evaluated asprosin
levels in patients with thyroid dysfunction for direct com-
parison, further limiting external validation. The absolute
values obtained may therefore vary if measured using dif-
ferent assays or in different laboratories, which should be
considered when interpreting the results.

Fifth, clinical variables, including disease duration and
severity, were not available and therefore could not be as-
sessed. The absence of these data may influence metabolic
interpretation and represents a limitation of the present
study.

Therefore, due to these limitations, larger longitudinal
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studies incorporating comprehensive thyroid profiling (in-
cluding fT4 and fT3), detailed metabolic and body com-
position assessments, and standardized validated measure-
ment techniques are necessary to confirm and extend these

findings.

Conclusion

This study demonstrates that circulating asprosin levels
are decreased in patients with GD and SCH. These find-
ings suggest that serum asprosin may serve as a supportive
biomarker for differentiating GD from healthy individu-
als. Additionally, the observed alterations in asprosin levels
may reflect underlying metabolic changes associated with
hyperthyroidism. However, further large-scale and longi-
tudinal studies are required to validate its clinical utility
and to better understand the relationship between aspros-
in, thyroid function, and metabolic regulation.

Authors' contributions

S.K.A. (Conceptualization; Data curation; Formal analy-
sis; Investigation; Methodology; Project administration;
Resources; Validation; Visualization; Writing — original
draft; Writing — review & editing)

M.LH. (Conceptualization; Formal analysis; Investiga-
tion; Methodology; Supervision; Writing — review & edit-
ing)

M.S.K. (Investigation; Resources; Writing — review &
editing; Supervision)

Acknowledgement
Acknowledgments are withheld for the purpose of double-
blind review.

Conflict of interest
The authors declare no competing interests.

Funding

No external funding was received.

Acta Marisiensis - Seria Medica 2026;72(2)

References

1. Salman AG, Mahdi IA-J, Mukhlef AK, Abd alsattar Mohammad R, Zaghir
MSH, Muatez Wadaa'a N. Physiological aspects of thyroid disorders:
Anatomy, hormones, diagnosis and management. Current Clinical and
Medical Education. 2024;2(05):17-32.

2. Phagoora J, Bakilwal S, Hamzehpour A, Kabariti M, Munarov J, Cho HY,
et al. Graves Disease-A Comprehensive Review. Physician's Journal of
Medicine. 2024;3(1).

3. Antonelli A, Ferrari SM, Ragusa F, Elia G, Paparo SR, Ruffilli I, et al.
Graves’ disease: Epidemiology, genetic and environmental risk
factors and viruses. Best practice & research Clinical endocrinology &
metabolism. 2020;34(1):101387.

4.  Tsai K, Leung AM. Subclinical hyperthyroidism: a review of the clinical
literature. Endocrine Practice. 2021;27(3):254-60.

5. Zinchuk V, Al-Jebur J. Oxygen-Dependent Aspects of Asprosin Action.
Journal of Evolutionary Biochemistry and Physiology. 2024;60(2):818-
28.

6. Kerslake R. Investigation of the role of asprosin and downstream
glycolytic molecules in ovarian cancer: Brunel University London; 2023.

7. Mazur-Bialy Al. Asprosin—a fasting-induced, glucogenic, and
orexigenic adipokine as a new promising player. Will it be a new factor in
the treatment of obesity, diabetes, or infertility? A review of the literature.
Nutrients. 2021;13(2):620.

8. Summers KM. Genetic models of fibrillinopathies.
2024;226(1):iyad189.

9. Mullur R, Liu YY, Brent GA. Thyroid hormone regulation of metabolism.
Physiol Rev. 2014;94(2):355-82.

10. Miao Y, Qin H, Zhong Y, Huang K, Rao C. Novel adipokine asprosin
modulates browning and adipogenesis in white adipose tissue. Journal
of Endocrinology. 2021;249(2):83-93.

11. Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses
using G* Power 3.1: Tests for correlation and regression analyses.
Behavior research methods. 2009;41(4):1149-60.

12. Cohen J. Statistical power analysis for the behavioral sciences.
Lawrence Erlbaum Associates; 1988.

13. Vitale L, Massarini S, Ferrulli A. Study of the Basal Metabolic Rate
in Thyroid Dysfunctions and Diabetes.  Thyroid, Diabetes and
Osteoporosis: The Bermuda Triangle: Springer; 2025. p. 85-107.

14. Steinhoff KG, Krause K, Linder N, Rulmann M, Volke L, Gebhardt C, et
al. Effects of hyperthyroidism on adipose tissue activity and distribution
in adults. Thyroid. 2021;31(3):519-27.

15. Zhang Y, Yang P, Zhang X, Liu S, Lou K. Asprosin: its function as a
novel endocrine factor in metabolic-related diseases. Journal of
Endocrinological Investigation. 2024;47(8):1839-50.

16. Krishnamurthy H, Suresh C, Siriwardhane T, Krishna K, Song
Q, Jayaraman V, et al. Association between thyroid dysfunction
and insulin resistance: a retrospective cohort study. BMJ open.
2025;15(1):e076397.

Genetics.



