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8. After adjusting for BMI and age, hypothyroid patients had significantly
ver visfatin (adjusted LS mean: 11.04+1.56 vs 19.36+1.59 ng/mL, p<0.001)
and adiponectin (10.77+2.04 vs 23.61+2.09 ng/mL, p<0.001) compared to
controls and exhibited atherogenic dyslipidemia (all p<0.001). A strong positive
correlation was observed between visfatin and adiponectin (p=0.533 and
p<0.001). Regression analysis revealed significant interactions in the hypothyroid
group: visfatinxHEGF was associated with an increased LDL-C ($=0.1306,
p=0.0188), while adiponectinxHEGF was associated with decreased LDL-C
(=-0.0919, p=0.0062). Adiponectin showed a good screening for metabolic risk
in hypothyroidism (AUC=0.80) compared to visfatin (AUC=0.68).

Conclusion: Hypothyroidism is associated with altered adipokine levels and
a specific interplay with HEGF that influences LDL-C. Adiponectin shows
promise as adjunctive marker for assessing metabolic dysfunction severity
in hypothyroidism, and the HEGF-adipokine network represents a potential
pathophysiological mechanism worthy of further investigation.
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used to diagnose the condition based on biochemical
criteria.? Thyroid hormones affect many aspects of
lipid metabolism, including synthesis, mobilization,
and degradation.® However, the precise mechanisms
linking thyroid dysfunction to metabolic disturbances,
particularly through adipokine-mediated pathways,
remain incompletely understood.

Thyroid hormones act through both genomic and
non-genomic pathways to modulate the expression
and activity of key enzymes and receptors. Crucially, it
upregulates the activity of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMGCR), cholesteryl ester
transferprotein (CETP), hepaticlipase (HL), and lecithin-
cholesterol acyltransferase (LCAT), furthermore,
simultaneously increasing the expression of LDL
receptors (LDL-R) via the activation of sterol regulatory
element-binding protein 2 (SREBP-2), enhancing
cholesterol clearance.* Thyroid hormone is critical for
enhancing pB-oxidation via the induction of hepatocyte
autophagy.® Consequently, in primary hypothyroidisg
the level of thyroid hormones is reduced or deid

Owing to their 3 anti-inflammatory properties,
adipokines play a Vital role in coordinating the immune
response and systemic metabolism.® The balance
between pro- and anti-inflammatory adipokines is
maintained in individuals with normal metabolic
functions. However, when adipose tissue accumulates in
obese individuals, this balance shifts towards pro-in-
flammatory mediators.”® Given the well-established
link between hypothyroidism and altered adipose tissue
function.

Visfatin, a pro-inflammatory adipokine, is most
likely generated and released by white adipose
tissue, namely the visceral white adipose tissue
(VWAT). Visfatin exists in two forms: intracellular and
extracellular visfatin, also known as nicotinamide
phosphoribosyltransferase (NAMPT). Both intracellular
(iINAMPT), which is crucial for the biosynthesis of
nicotinamide adenine dinucleotide (NAD'), and
extracellular(eNAMPT) pathwaysarelinkedtonumerous
hormone-like signaling pathways and intracellular

signaling cascades." According to previous studies,
plasma visfatin levels are high in both hyperthyroid
and hypothyroid conditions, but significantly normalize
once euthyroid is achieved. This implies that visfatin
can dynamically react to changes in thyroid hormone
levels. Research suggests that visfatin may help
stabilize the effects of thyroid hormones without
affecting anthropometric or inflammatory factors.?
Adiponectin is an adipokine secreted by white
adipose tissue and has pleiotropic effects on several
physiological processes.' After therapy, adiponectin

NA, thereby altering cellular sensitivity to growth
factors.’™ Conversely, long-term exposure to EGF can
attenuate thyroid hormone responses by decreasing
the concentration of specific nuclear thyroid hormone
receptors.’” This interplay suggests that EGF may
mediate some of the developmental and metabolic
actions of thyroid hormones. We hypothesized that
HEGF may be involved in the relationship between
adipokines and dyslipidemia in the hypothyroid state.
Adipokines are thought to mediate metabolic disorders
associated with hypothyroidism, such as dyslipidemia
and insulin resistance. Elevated TSH levels are linked
to enhanced insulin resistance, and alterations in
adipokines may be associated with these effects.?®
Clinical investigations have connected adipokine
level alterations to lipid disorders among individuals
with hypothyroidism, indicating that they play a role
in their pathogenesis. Despite growing evidence, the
direct causal involvement of adipokines in metabolic
diseases associated with thyroid dysfunction remains
unclear. In contrast, adiponectin and visfatin levels in
hypothyroidism reflect systematic variance, which is
complicated by an overlap with obesity, inflammation,
insulin resistance, and possible differences in local
versus systemic adipokine effects.’

To address these gaps, this study focuses on two
main objectives. Primary (confirmatory) aims were 1) to
compare circulating levels of visfatin and adiponectin
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between patients with overt, treatment-naive
hypothyroidism and age- and sex-matched euthyroid
controls, and 2) to characterize the lipid profile (total
cholesterol, LDL-C, HDL-C, triglycerides, VLDL) in
hypothyroid patients compared to controls. Secondary
(exploratory) aims were 1) to investigate whether
HEGF levels differ between groups and whether HEGF
interacts with visfatin and adiponectin to associate with
lipid parameters, particularly LDL-C, and 2) to assess
the potential of adipokines as adjunctive markers for
metabolic dysfunction.

Materials and methods
Study population

This case-control study recruited participants
(aged 16 to 65 years) who were then classified into
two groups based on their thyroid function status: a
hypothyroid group (N=71) and a euthyroid control group
(N=67). The hypothyroid group (N=71) consisted of
patients newly diagnosed with primary hypothyroidi
(confirmed by elevated TSH (>5 mIU/L) and lo

attending routine healt
confirmed to have TSk

ck-ups,

d thyroid horrg

respectively. ThyrOtd hormones (TSH, T3, T4) were
measured using a Chemiluminescent Immunoassay
(CLIA) on an SNIBE Maglumi 800 analyzer, and lipids
(Total Cholesterol, BIOLABO 80106; Triglycerides,
LP80019) were assayed by enzymatic methods. HDL
was measured directly; LDL and very low-density
lipoprotein (VLDL) levels were calculated using the
Friedewald formula (LDL=Total Cholesterol-HDL-
(Triglycerides/5), and VLDL=Triglycerides/5).

Statistical framework
All statistical analyses were performed using

GraphPad Prism 10.5 for descriptive statistics, non-
parametric tests, correlation analyses, and ROC curve
analysis. Data were assessed for normality using
the Shapiro-Wilk test. Normally distributed data are
represented as mean=SD. Non-normally distributed
data are presented as median (range). Categorical
variables are presented as counts (percentages).
Group comparisons for continuous variables were
made using the independent t-test or Mann-Whitney
U test. To account for significant differences in BMI
between groups, we additionally performed Analysis
of Covariance (ANCOVA) as the fixed
factor and BMI and age 23 Adjusted least-

mizing the Youden Index. Pairwise comparisons of
AUCs were performed using DeLong’s test.

To investigate effect modification, multiple linear
regression models were constructed with LDL-C as the
dependent variable. Models included main effects and
their two-way interaction terms, with adjustment for
age, sex, and BMI. A p<0.05 was considered significant.

Results
Baseline characteristics and thyroid hormone profiles
The clinical characteristics of the study participants
are shown in Table 1. The control group was frequency-
matched to the hypothyroid group for age and sex,
as confirmed by the non-significant differences in
these variables (p>0.05), However, Body Mass Index
(BMI) was significantly higher in the hypothyroid group
(25.95+4.63 kg/m?®) compared to the control group
(24.20+3.36 kg/mZ, p=0.027). Therefore, all subsequent
group comparisons were adjusted for BMI and age
using ANCOVA to isolate the effects of thyroid status
from those of adiposity.
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Table 1. Demographic and clinical characteristics of participants.

Variable Hypothyroid patients Healthy controls p value* 95% CI
(N=71) (N=67)
Age (years) Median (IQR) 43 (35-52.5) 36(33-46.2) 0.078
Sex 0.857
e Male 15 15
* Female 56 52
BMI (Mean=SD) 25.95 +4.63 24.20+3.36 0.027 0.198-3.287
ally distributed

Note: Data are presented as median (IQR) for non-normally distributed variables (age), mean+SD fg
variables (BMI), and counts (%) for categorical variables (sex). The p values were calculated ys
for age, the unpaired t-test for BMI, and the Chi-square test for sex.

The detailed distribution of thyroid hormone levels
is provided in Table 2. As expected, the hypothyroid
group had significantly higher median [IQR] of TSH

levels (22.00 [11.00-43.00] mIU/L) and significantly

lower Mean=SD of T4 levels 31.38+19.49 nmol/L

compared
@€ 00] mIU/L), 14
all p<0.00

the t . s are

Hormone

TSH (mIU/L)
T4 (nmol/

Table 3). V
13.0 ng/mL

females, values n were 15.4 ng/mL (6.6-88.9)
versus 10.25 ng/mL (6.1-28.1) (p=0.0002), in controls
and patients respectively. Similarly, adiponectin levels
were reduced in patients: males had 14.7 ng/mL (6.8-36.1)
versus 9.1 ng/mL (5.8-25.8) (p=0.0464); females showed
19.2 ng/mL (6.0-135.8) versus 8.6 ng/mL (2.3-80.7)

Table 3. Sex-stratified analysis of adipokine levels.

<0.0001
<0.0001
<0.0001

(p<0.0001). In contrast, no significant differences in
adipokine levels were observed between males and
females within either the hypothyroid or control groups
(p>0.7, our unpublished data), indicating that the
hypothyroid state, not biological sex, was the primary
factor associated with adipokine dysregulation.
Sex-stratified analysis using unadjusted data showed
similar patterns in both males and females. After
adjusting for BMI and age in the main ANCOVA
models (Table 4), the overall differences between
groups remained significant, though the study was not
powered for sex-stratified adjusted analyses.

Biomarker Sex Healthy controls Hypothyroid patients p value
(N=67) Median (range) (N=71) Median (range)

Visfatin (ng/mL) Male (N=15/15) 13.0(7.4-33.7) 10.5(7.2-16.3) 0.0268

Female (N=52/56) 15.4 (6.6-88.9) 10.25 (6.1-28.1) 0.0002

Adiponectin (ng/mL) Male (N=15/15) 14.7 (6.8-36.1) 9.1 (5.8-25.8) 0.0464

Female (N=52/56) 19.2 (6.0-135.8) 8.6 (2.3-80.7) <0.0001

Note: Data are presented as median (range). The p values were calculated using the Mann-Whitney U test with p<0.05 compared
to same-sex controls. No significant differences were observed between males and females within the same group (all p>0.05).
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Comparative analysis of biomarkers and lipid
profiles

To account for the significant difference in BMI
between groups, we performed ANCOVA adjusting for
BMI and age. The fully adjusted results are presented
in Table 4. After adjustment, the hypothyroid group
maintained significantly lower levels of both visfatin
and adiponectin. Hypothyroid patients had an adjusted
least-squares (LS) mean visfatin concentration of
11.04£1.59 ng/mL compared to 19.36+1.59 ng/mL
in controls (adjusted mean difference [B]=-8.32,
FDR-adjusted p<0.001). Similarly, adiponectin remained
significantly lower in the hypothyroid group (10.77+2.04
vs. 23.61£2.09 ng/mL; f=-12.84, FDR-adjusted p<0.001).
The partial r]2 values (0.092 and 0.124, respectively)
indicate moderate effect sizes, suggesting that
thyroid dysfunction itself, rather than differences

Table 4. ANCOVA-adjusted comparison of biomarkers be

in adiposity, is a primary driver of these adipokine
alterations. Interestingly, HEGF levels were modestly
but significantly elevated in the hypothyroid group after
adjustment (47.96+2.10 vs. 41.73+2.14 pg/mL, p=6.23,
FDR-adjusted p=0.043). The lipid profile remained
markedly atherogenic in hypothyroid patients even after
controlling for BMI and age. Compared to controls, the
hypothyroid group showed significantly higher adjusted
LS means for total cholesterol (202.84+6.58 vs
148.63+6.73 mg/dL, B=54.22, FDR-adjusted p<0.001),
triglycerides (186.45+8.34 vs 106.75+8.53 mg/dL,
$=79.69, FDR-adjusted p<0.0Q C (137.89+6.10

Parameter Control group Hypothyroid g
LS
Mean+SE*

(N=67)

Adjusted

mea

Adipokines and growth factg

Visfatin (ng/mL) 0.092 <0.001

Adiponectin 0.124 <0.001

41 14 0.043 0.030 0.043

er 63 54.218 9.565 <0.001 0.195 <0.001

Triglyceri 6.75%8.53 79.694 12.117 <0.001 0.245 <0.001
(mg/dL)

HDL-C (mg/a 35.1 27.65%£1.10 -7.500 1.593  <0.001 0.143 <0.001

LDL-C (mg/dL) 137.89+6.10 45.768 8.859  <0.001 0.167 <0.001

VLDL (mg/dL) 21.35%1.71 37.30%1.67 15.951 2.423  <0.001 0.246 <0.001

Note: LS Mean=SE: Least-squares mean and standard error from ANCOVA, adjusting for age and BMI. *B, SE, and p value. Adjusted
mean difference, its standard error, and raw significance for the group effect. *Partial n2: Effect size (proportion of variance
associated with thyroid status independent of covariates). 'FDR-adjusted p value: False discovery rate g-value via Benjamini-
Hochberg procedure (significance at<0.05), LS: least-squares, SE: standard error, FDR: false discovery rate, TSH: thyroid-
stimulating hormone, HEGF: human epidermal growth factor, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density
lipoprotein cholesterol, VLDL: very low-density lipoprotein, BMI: body mass index, ANCOVA: analysis of covariance.

Correlation analysis

After adjusting for BMI and age using partial
correlation, a strong positive association was observed
between circulating visfatin and adiponectin
concentrations (Spearman’s p=0.533, p<0.001) in the
hypothyroid group (Table 5). This alignment suggests
concurrent alteration of these adipokines during

thyroid dysfunction. No significant correlations were
detected between TSH and any of the investigated
adipokines or HEGF (all p>0.05). HEGF itself showed
no significant correlation with other biomarkers (all
p=0.071), suggesting its signaling pathways operate
independently within the adipokine-thyroid axis in this
context.
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Table 5. Correlation matrix of study variables in the hypothyroid group (N=71).

Variable TSH Visfatin HEGF Adiponectin Age
TSH -
Visfatin 0.140 -
(0.245)
HEGF -0.145 0.176 -
(0.220) (0.141)
Adiponectin -0.030 0.533* 0.107 -
(0.805) (<0.001) (0.376)
Age 0.060 -0.126 -0.167
(0.618) (0.295) (0.163)

Note: Values represent Spearman’s correlation coefficient (p) with tf

in parentheses.

As shown in Table 6, TSH demonstrated significant
positive correlations with atherogenic lipid parame-
ters, total cholesterol (p=0.243, p=0.041), and LDL-
(p=0.298, p=0.012). A distinct inverse relatiog

-0.027

0.012*  (0.822)

0.008 -0.270

(0.945)  0.022*

0.119 0.067

(0.321)  (0.574)

-0.094 -0.226

(0.432)  (0.057)

0.251 0.187 0.138

p value 0.034* (0.243) (0.599) (0.117)  (0.248)

Diagnostic performance (ROC analysis)

The discriminative ability of adiponectin and
visfatin for differentiating hypothyroid patients from
euthyroid controls is presented in Table 7. Adiponectin
demonstrated the highest overall discriminative ability,
with an Area Under the Curve (AUC) of 0.80 (95% CI:
0.72-0.87, p<0.0001) (Figure 1). At its optimal cut-off

Table 7. ROC analysis for adipokine discriminative ability

value of <14.50 ng/mL, determined by maximizing the
Youden Index, adiponectin achieved a sensitivity of
81.69% and a specificity of 68.66%. Visfatin exhibited
more modest discriminative power with an AUC of 0.68
(95% CI: 0.59-0.77, p<0.001). At its optimal cut-off of
12.35, visfatin achieved a sensitivity of 75.00% and a
specificity of 62.69%.

Biomarker AUC Optimal Sensitivity 95% ClI Specificity 95% ClI Youden
Cut-off Index

Adiponectin 0.80 <14.50 81.69% 71.15%-88.98% 68.66% 56.80%-78.49% 50.35

Visfatin 0.68 12.35 75% 0.6345-0.8332 62.69% 0.5072-0.7328 37%

Note: AUC values are interpreted as: 0.90-1.00=excellent; 0.80-0.90=good, 0.70-0.80=fair, 0.60-0.70=poor; <0.60=fail.
Adiponectin demonstrated good discriminative ability (AUC=0.80), while visfatin showed poor discriminative ability (AUC=0.68).
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1.0

0.8 1

Sensitivity

positively predicted adiponectin levels across all
ubjects (B=0.0328, p<0.0001), reinforcing the strong
association observed in the correlation analysis. The
absence of these significant interactions in the control
group (all p>0.05) underscores the disease-specific nature
of this novel signaling network in hypothyroidism (Table 8).

positive 3-8
that the cor\@inati i vels of both factors



Table 8. Multiple linear regression and interaction analyses for adipokines and lipid parameter,

Analysis type Group Predictor/interaction B-coeffici lue 95% CI for B
Multivariate regression Combined? TSH g -
Linear regression Combined"’ Visfatin Adiponectin 28 ( <0.0001 @p? 1 to 0.045

Interaction analysis Combined? VisfatinxHEGE, Adipone -
Interaction analysis Hypothyroidism -C 0.1306 (0.052) 0.028t0 0.233
Interaction analysis Hypothyroidis 0.0062 -0.155t0-0.029
Interaction analysis L-C NS -
Interaction analysis LDL-C - NS -
Note: Values represent unstan ndard errors (S @rentheses, p values, and 95% confidence intervals (Cl) for statistically
significant associations. Allmod Ml unless otherwj ecified. Interaction terms were created by multiplying the centered values of
the two variables of interest. Stati. ant) indicates p=0.05. 'TCombined group includes both hypothyroid patients and

22-01 :(£)6S ‘9Z0T S90UBI0S 182IPB|A PB1RIDOSSY JO 1BUINO[ Ay ANYS-1y pue Y wileN
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Discussion

This case-control study examined the associations
of visfatin and adiponectin with metabolic dysfunction
in overt, treatment-naive hypothyroidism. Our main
observations are threefold. Firstly, patients with
hypothyroidism had significantly lower circulating
levels of both visfatin and adiponectin than euthyroid
controls, accompanied by a pronounced atherogenic
lipid profile (elevated total cholesterol, LDL-C,
triglycerides, and VLDL, and reduced HDL-C). Secondly,
we observed a strong positive correlation between
visfatin and adiponectin specifically in the hypothyroid
group, contrasting with the inverse relationship
typically reported in obesity and diabetes. Thirdly,
exploratory interaction analyses revealed disease-specific
associations between HEGF and both adipokines in
relation to LDL-C metabolism: the visfatinxHEGF
interaction was positively associated with LDL-C, while
the adiponectinxHEGF interaction was negatively
associated with LDL-C. These findings provide ng
insights into the complex adipokine-HEGF-lipid
hypothyroidism.

Our observation of reduced
hypothyroidism aligns with some

Pgonectin in
grts but contrast

ile the conflicting
a et al., visfatin levels
in hypothyroid are influenced by both the
presence of auto une diseases and the levels of
free thyroid hormones.?®

In hypothyroidism, changes in visfatin and
adiponectin levels are associated with metabolic
dysfunction (dyslipidemia), which is shown by elevated
total cholesterol, triglycerides, LDL, VLDL, and
reduced HDL levels in hypothyroid individuals. Low
visfatin levels could adversely affect NAD* dependent
energy metabolism, aggravating lipid buildup, whereas
reduced adiponectin impairs high-density lipoprotein(
HDL) production and fatty acid oxidation." Adiponectin
decreases plasma triglyceride (TG) level by promoting
the breakdown of triglyceride-rich lipoproteins by
upregulating the expression of very low density
lipoprotein (VLDL) receptors and skeletal muscle
lipoprotein lipase (LPL), which in turn results in very
low density lipoprotein and triglyceride catabolism.?®
This mechanism aligns directly with our findings in
the hypothyroid group; the ANCOVA-adjusted results

literature. Acd

(Table 4) confirmed that hypothyroid patients have
significantly higher triglycerides and VLDL alongside
reduced visfatin and adiponectin, independent of BMI
and age. The negative correlation we observed between
adiponectin and both TG and VLDL further supports
this relationship, although it did not reach statistical
significance, possibly due to sample size limitations.
Similarly, visfatin showed a significant negative
correlation with both TG and VLDL (p<0.05, Table 6),
suggesting that reduced levels of both adipokines
enic dyslipidemia

SH and adipokines suggests
ne alterations in hypothyroidism

ypothyroid state, including changes in adipose
tissue biology and insulin sensitivity. In contrast to the
negative association commonly found in patients with
obesity and type 2 diabetes.®® Our hypothyroid group
showed a significant positive correlation between
visfatin and adiponectin levels (p=0.533, p<0.001). This
is counterintuitive, as visfatin is largely considered pro-
inflammatory while adiponectin is anti-inflammatory;
they are often inversely correlated.*® However,
coordinated reduction and strong correlation suggest
a potential common upstream regulator. This finding
suggests that in the unique metabolic environment of
hypothyroidism, these two adipokines may be subject
to common regulatory influences rather than existing in
a simple pro-inflammatory or anti-inflammatory.

Notably, this regulator is unlikely to be TSH
itself, given the absence of significant correlations
between TSH and either adipokine. We hypothesize
that the profound metabolic derangements of overt
hypothyroidism, including altered adipose tissue
biology, insulin sensitivity, and energy metabolism, may
shift the relationship between visfatin and adiponectin
towards coordinated regulation. Similar coordinated
responses have been observed in other distinct
physiological states, such as normal pregnancy.®?
The BMI-adjusted nature of our analysis suggests that
this finding is not merely a consequence of adiposity
differences between groups.
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Adiponectin emerged as the highest discriminative
ability among the biomarkers studied, with an area
under the curve (AUC) of 0.80 (Table 7 and Figure 1).
Evaluating the diagnostic utility of these adipokines, our
results demonstrated a moderate sensitivity of 81.7%
and a modest specificity of 68.7%. While the sensitivity
suggests these markers are reasonably capable of
identifyingmetabolicalterationsinhypothyroidpatients,
the specificity of 68.7% warrants cautious clinical
interpretation. Crucially, this specificity translates
to a false-positive rate of approximately 31.3%. In
a practical clinical setting, utilizing adiponectin as
a standalone diagnostic tool would result in nearly
one-third of euthyroid individuals being incorrectly
flagged for metabolic dysregulation. It should be utilized
as part of a broader, comprehensive screening panel to
aid in metabolic risk stratification alongside standard
thyroid and lipid profiles. Its value likely lies in its ability
to integrate information about thyroid dysfunction with
downstream metabolic sequelae, including insul
resistance and inflammation.3%34

Regression analysis revealed significa

Conversg

Hypothyrgi

VVisfatin

MSH, VT3/T4

between adiponectin and HEGF (3=-0.0919, p=0.0062),
signifying that this combination was correlated with
reduced LDL-C levels (Table 8). A key finding of our
study is the significant, disease-specific interaction
between adipokines and HEGF on LDL-C levels. The
significant interaction terms suggest that HEGF may
influence the relationship between adipokines (both
visfatin and adiponectin) and LDL-C metabolism,
but only in the context of hypothyroidism. This raises
the possibility that HEGF or the pathways it represents
may function as a contextual factor in this setting.® In
the euthyroid state, adipoking interactions are

ypothyroid state

state,

atherogg pid profile.

TSH directly affects lipids

VAdiponectin

HEGF
VisfatinxHEGF AdiponectinxHEGF
B=+0.1306* B=-0.0919*
(*LDL-C) (YLDL-C)
T S 1
o a q nsulin resistance
Atherogenic dyslipidemia <------- -i (assooiated) i

tLDL-C, *TG, *VLDL, vHDL

*p<0.05; interaction effects from multiple linear regression (adjusted for age, sex, BMI).

Figure 2. Proposed schematic mechanism of adipokine-HEGF interactions in hypothyroidism-associated dyslipidemia.
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Limitations

There are several limitations of this study. Firstly,
the case-control design precludes any conclusions
about causality. Secondly, the BMI difference between
groups to address this, we performed ANCOVA
adjusting for BMI and age in all group comparisons
(Table 4), and the significant differences persisted after
adjustment. However, residual confounding cannot
be entirely excluded, and future studies with BMI-
matched controls would provide stronger evidence.
Third, unmeasured confounders (insulin resistance,
inflammation, lifestyle factors). Fourthly, the lack of
interaction analyses for total cholesterol, triglycerides,
and VLDL. Fifthly, the single-center design and
modest sample size. Sixthly, the modest specificity
of adiponectin and its implications; and finally, the
exploratory nature of the HEGF findings and the need
for validation in prospective studies.

Conclusion
In conclusion, this study demonstrates thg

the prognostic valli® of these adipokines and to clarify
the exact mechanistic pathways linking thyroid status,
HEGF, and lipid metabolism.
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