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Abstract:

The Metabolic Syndrome is becoming a more significant global public health condition, and look for reliable, sensitive biomarkers
that may be used as diagnostic tools to identify metabolic syndrome. Therefore, it is of interest to correlate the serum adiponectin
with thyroid profile in metabolic syndrome patients with and without hypothyroidism. This is a cross-sectional study that included
total 120 metabolic syndromes with and without hypothyroidism and 30 healthy controls. The analysis of biochemical and
experimental parameters was done. The serum adiponectin was significant and drastically decreased levels was observed in
metabolic syndrome patients with and without hypothyroidism and healthy controls (P = 0.001**). It was observed that serum
adiponectin was negatively correlated with blood sugars, lipid profile, MDA, TSH and positively correlated with FRAP (P = 0.001**).
Thus, we show significantly decreased levels of serum adiponectin among metabolic syndrome patients with and without

hypothyroidism might be useful for identify complications like type 2 diabetes mellitus and cardiovascular diseases.

Keywords: Adiponectin, ferric reducing ability of plasma, malondialdehyde, metabolic syndrome.
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Background:
Metabolic Syndrome (Met S) is becoming a more significant
global public health condition and the risk factors of it are
obesity, dyslipidemia, increased blood pressure and blood
sugars [1-2]. Recent studies are reporting that the Met S is a
pandemic affecting a wide range of people, so it is imperative to
look into the mechanisms underlying the condition and look for
reliable, sensitive biomarkers that may be used as diagnostic
tools to identify metabolic syndrome [3-4]. According to the
International Diabetic Federation, central obesity, additional two
or more risk factors were used for diagnosis of Met S [5]. Since
obesity is becoming an epidemic on a global scale, it has been
observed that almost 1.4 billion people have Met S. The
International Diabetic Federation (IDF) estimates that 25% of the
world's population has Met S [6-7]. In the western population,
the prevalence of Met S in adults is approximately 20%. In India,
the study population's Met S prevalence is 23.2% based on the
WHO, 18.3% in relation to the NCEP: ATP III therefore, and
25.8% according to the IDF definition [8]. Met S has been linked
to thyroid malfunction, specifically subclinical hypothyroidism
(SCH), in numerous epidemiological studies. According to
research, thyroid hormone has a crucial role in the proliferation
and differentiation of adipocytes, two processes that are
necessary for adipocytes to operate normally physiologically [9-
10]. The regulation of adipocytes' release of adipokines is linked
to normal thyroid function. Consequently, any change in thyroid
function may result in anomalies in adipokine homeostasis and
consequently related comorbidities such as type II diabetes in
Met S. It is currently uncertain what precise mechanism connects

. S
type II diabetes, Met S and thyroid disorders [11-12].
Adiponectin is the hormone synthesized from adipose tissue and
involved in improves insulin sensitivity, act against atherogenic
and inflammatory molecules [13]. It is involved in carbohydrate,
lipid metabolism and also plays an essential role in homeostasis
of cardiac muscles [14]. Increased obesity leads to decreased
levels of adiponectin resulting in insulin resistance, improper
functions of thyroid gland in Met S patients [15]. Therefore, it is
of interest to analyse the Correlation of serum adiponectin with
thyroid profile in metabolic syndrome patients with and without
hypothyroidism.

Materials and Methods:

This is a cross-sectional study which was conducted in the
Department of Biochemistry, in collaboration with the
Department of Medicine, at PES University Institute of Medical
Sciences, Bangalore, India from Sep 2024- June 2025. Approval
from the Institutional Ethics Committee (IEC) was obtained, and
informed consent was collected from all respondents. A total of
60 patients with metabolic syndrome were diagnosed according
to IDF criteria and divided into two groups on the basis of the
presence or absence of hypothyroidism. Additionally, 30 healthy
controls, were included in the study (who were matched for
Body Mass Index (BMI), gender and age) shown in Table 1.

Inclusion criteria:

All participants were required to be between 30 and 70 years of
age. The healthy controls were free from any illnesses, and the
metabolic syndrome (Met S) patients were diagnosed following
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the IDF guidelines. The thyroid stimulating hormone greater
than 8 pIU/mL considered as hypothyroidism.

Exclusion criteria:

The study excluded pregnant and lactating women, individuals
with acute or chronic infectious diseases, liver or kidney
diseases, cardiac conditions, hyperthyroidism, urinary tract
infections, and those unwilling to participate. Blood sample
collection: A fasting blood sample of five (5) milliliters (mL) was
collected from each participant and distributed as follows: 1 mL
into a fluoride tube, 2 mL into an Ethylene Diamine Tetra Acetic
Acid (EDTA) tube, and the remaining 3 mL into a plain tube.
Plasma and serum were separated through centrifugation, and
the resulting aliquots were properly labeled and stored at -50°C
until analysis. Routine laboratory tests like fasting blood sugar
(FBS), triglycerides (TGL), total cholesterol (TC), and high-
density lipoprotein (HDL), were performed using standard
laboratory methods. Glycated hemoglobin (HbAlc) was
measured by the immunoturbidometric method, while serum
malonaldehyde (MDA) and ferric reducing ability of plasma
(FRAP) were assessed using commercially available kits. Total

Table 2: Comparison of study variables between the cases and controls

©Biomedical Informatics (2025)

T4, Total T3, adiponectin levels, and thyroid-stimulating
hormone (TSH) were determined through Enzyme-Linked
Immunosorbent Assay (ELISA) using the Chem Ultra-Euro Fully
automatic analyzer, Mindray CL-1200i, and Immuno Assay
Automatic Analyzer.

Statistical analysis:

Kolmogorov-Smirnov test was used to analyse the distribution
of data, which was then expressed as mean + standard deviation
(SD). Analysis of variance (ANOVA) was used for comparisons
between groups, while the correlation between serum
adiponectin and other variables among the study subjects was
analyzed using Pearson’s correlation. A p value of less than 0.05
was considered to be statistically significant. Statistical Package
for the Social Sciences (SPSS) and Microsoft Office Excel were
used for all statistical analyses.

Table 1: Study subjects

Group Subjects No. of Subjects
Group-1  Controls 30
Group-2  Metabolic Syndrome without hypothyroidism 30
Group-3  Metabolic Syndrome with hypothyroidism 30

Parameter Controls Metabolic Syndrome  P-Value
Age (Years) 3887 + 525 46.57 2 750  0.001**

Weight (Years) 5487 + 9.58 10097 +  27.36 0.001**
BMI (kg/m?) 2132+ 299 37.38 + 8.48 0.001**
SBP (mmHg) 125.03 + 5.33 158.52  + 7.71 0.001**
DBP (mmHg) 7553 + 345 92.10 2 7.92 0.001**
FBS (mg/dL) 8473 + 6.07 13292+ 2295 0.001**
PPBS (mg/dL) 133.77 + 592 171.88 + 2453 0.001**
TGL (mg/dL) 11587 + 11.75 30355 + 3282 0.001**
TC (mg/dL) 151.07 + 1261 31138 +  35.88 0.001**
HDL (mg/dL) 5730 + 477 28.73 + 2.77 0.001**
VLDL (mg/dL) 2317 + 235 60.71 + 6.56 0.001**
LDL (mg/dL) 70.59 1195  221.94 35.90 0.001**
T3 (ng/dL) 9847 + 2747 9590 + 2672 0.001**
T4 (ng/dL) 7.03 + 1.64 7.07 + 1.74 0.001**
TSH (uIU/mL) 2.38 + 117 6.70 + 5.23 0.001**
Serum MDA (nmol/mL) 5.08 + 097 25.88 7.33 0.001**
Serum FRAP (mmol/L) 2.53 + 083 2.32 i 0.31 0.001**
Serum Adiponectin (mg/L) 3463 + 8.88 15.34 + 7.48 0.001**

Table 3: The comparison of variables and its characteristics between the groups

Parameter Controls Met S without hypothyroidism  Met S with hypothyroidism  P-Value
Age (Years) 3887 + 525 48.10 + 9.56 45.03 + 4.25 0.001**
Weight (Years) 5487 + 9.58 123.77 + 17.91 78.17 + 11.27 0.001**
BMI (kg/m?) 2132+ 299 43.60 it 6.71 31.16 it 4.59 0.001**
SBP (mmHg) 125.03 + 533 152.30 + 4.24 164.73 + 4.78 0.001**
DBP (mmHg) 7553 + 345 95.33 + 2.72 88.87 + 9.94 0.001**
FBS (mg/dL) 8473 =  6.07 135.37 + 18.38 130.47 + 26.86 0.001**
PPBS (mg/dL) 13377 + 592 165.63 it 452 178.13 it 33.51 0.001**
TGL (mg/dL) 11587 + 11.75 304.63 + 40.83 302.47 + 22.86 0.001**
TC (mg/dL) 151.07 + 1261 312.90 + 31.50 309.87 + 40.27 0.001**
HDL (mg/dL) 5730 = 477 28.60 + 3.02 28.87 + 2.54 0.001**
VLDL (mg/dL) 2317 + 235 60.93 + 8.17 60.49 + 4.57 0.001**
LDL (mg/dL) 7059 + 11.95 223.37 + 31.80 220.51 + 40.07 0.001**
T3 (ng/dL) 9847 = 2747 93.80 + 24.63 98.00 + 28.93 0.764**
T4 (ug/dL) 7.03 +  1.64 7.13 + 1.58 7.00 + 1.91 0.954**
TSH (uIU/mL) 2.38 + 117 1.99 + 1.31 11.41 + 2.84 0.001**
Serum MDA (nmol/mL) 5.08 + 097 19.49 + 2.46 32.28 + 4.30 0.001**
Serum FRAP (mmol/L) 2.53 + 083 2.32 + 0.30 2.31 + 0.33 0.221**
Serum Adiponectin (mg/L)  34.63 + 8.88 21.63 + 4.95 9.05 + 2.70 0.001**

2973



ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 21(9): 2971-2976 (2025)

Table 4: The comparison of study variables in between the groups by using post
hoc analysis

Parameter Group1l Groupl Group2
Vs Vs Vs
Group2 Group3 Group3

Age (Years) 0.001** 0.002* 0.190
Weight (Years) 0.001** 0.001** 0.001**
BMI (kg/m?) 0.001** 0.001** 0.001**
SBP (mmHg) 0.001** 0.001** 0.001**
PPBS (mg/dL) 0.001** 0.001** 0.043*
DBP (mmHg) 0.001** 0.001** 0.001**
FBS (mg/dL) 0.001** 0.001** 0.583
HDL (mg/dL) 0.001** 0.001** 0.955
VLDL (mg/dL) 0.001** 0.001** 0.951
LDL (mg/dL) 0.001** 0.001** 0.929
TGL (mg/dL) 0.001** 0.001** 0.951
TC (mg/dL) 0.001** 0.001** 0.921
T3 (ng/dL) 0.783 0.998 0.820
T4 (ng/dL) 0.972 0.997 0.954
TSH (uIU/mL) 0.720 0.001** 0.001**
Serum MDA (nmol/mL) 0.001** 0.001** 0.001**
Serum FRAP (mmol/L) 0.281 0.296 0.999
Serum Adiponectin (mg/L)  0.001** 0.001** 0.001**

Table 5: The Pearson’s correlation analysis between serum adiponectin and other
variables

Parameter Serum Adiponectin
r P Value
BMI (kg/m?2) -0.365 0.001**
SBP (mmHg) -0.814 0.001**
PPBS (mg/dL) -0.568 0.001**
TGL (mg/dL) -0.706 0.001**
TC (mg/dL) -0.705 0.001**
HDL (mg/dL) 0.730 0.001**
VLDL (mg/dL) -0.706 0.001**
LDL (mg/dL) -0.703 0.001**
DBP (mmHg) -0.455 0.001**
FBS (mg/dL) -0.530 0.001**
T3 (ng/dL) -0.004 0.967
T4 (ng/dL) -0.056 0.601
TSH (uIU/mL) -0.698 0.810
Serum MDA (nmol/mL)  -0.836 0.001**
Serum FRAP (mmol/L) 0.068 0.068
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Figure 1: The mean concentrations of malondialdehyde in
between the groups

Results:

Table 2 illustrates clinical, biochemical, and demographic
characteristics of the participants. The weight, height, age,
Diastolic Blood Pressure (DBP), Systolic Blood Pressure (SBP),

©Biomedical Informatics (2025)

and Body Mass Index (BMI) were significantly high in subjects
with Met S as compared to controls (P = 0.001**). The mean + SD
of FBS, PPBS, Lipid profile were significantly elevated in Met S
as compared to controls (P = 0.001**). The thyroid profile
showed statistical significance as compared to controls (P
=0.001**). Additionally, we also found MDA and adiponectin
levels was significantly higher in Met S patients as compared to
controls (P = 0.001**) (Figure 1). Furthermore, The FRAP and
adiponectin levels was significantly decreased in Met S with
hypothyroidism and without hypothyroidism and controls (P =
0.001**) (Figures 2 and 3). The age, height, weight, BMI, SBP and
DBP shows the significantly elevated levels in patients with Met
S with hypothyroidism and without hypothyroidism as
compared to healthy controls (P = 0.001**). The Met S patients
with hypothyroidism shown very high significant levels of FBS,
PPBS, TGL, TC, HDL, VLDL, and LDL when compared to Met S
without hypothyroidism and controls (P=0.001**). The TSH
levels were also significantly elevated in patients with Met S
with hypothyroidism than Met S without hypothyroidism and
controls (P = 0.001**). No significant levels of FRAP, T3, and T4
were found between the study groups (P=0.764, 0.954 and 0.221).
Additionally, we found serum MDA drastically elevated in Met
S with hypothyroidism, Met S without hypothyroidism and
controls (P = 0.001**). Furthermore, we observed significantly
decreased levels of serum adiponectin in Met S with
hypothyroidism, Met S without hypothyroidism and controls (P
=0.001**) (Table 3).

5.00
4.00-
3.00

=00 i

1.00

FRAP (mmoliL)

=

oo T T
Controls Metabelc Syndrome without
i7

T
Metabolic Syndrame with
pothyroidism H i
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Figure 2: The mean concentrations of FRAP in between the
groups

A statistically significant increase in weight, height, BMI, SBP,
DBP, between the Met S with and without hypothyroidism and
controls (P=0.001**) can be seen in Table 4 and age is not shown
significant between the Met S without hypothyroidism and Met
S with hypothyroidism (P=0.190). The blood sugars and lipid
profile shown high significant between Met S without
hypothyroidism and controls (P=0.001**) and there was no
significance between Met S with and without hypothyroidism
(P>0.05). Additionally, T3, T4 and FRAP levels also not shown
any significance between Met S with and without
hypothyroidism and controls (P=0.001**). There was a
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statistically significant increased levels of MDA and adiponectin
in Met S with and without hypothyroidism compared to controls
(P=0.001**). Pearson’s correlation analysis done between the
serum adiponectin and other various variables of the study
shown in Table 5. The serum adiponectin was found to have
significant negative correlation with BMI, FBS, PPBS, TGL, TC,
VLDL, LDL, MDA, TSH (P = 0.001**) and significant positive
correlation with HDL (0.001**). Additionally, we also observed
there is the adiponectin shown no significant negative
correlation with T3, T4 was observed.
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20.00-
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Figure 3: The mean concentrations of serum adiponectin in
between the groups

Discussion:

The metabolic syndrome, which is typified by a series of
disorders related to metabolism, such as insulin resistance,
dyslipidemia, hypertension, and central obesity, enhances the
risk of developing type II diabetes mellitus and atherosclerotic
cardiovascular illnesses [16]. Three or more of these metabolic
anomalies are required for the diagnosis of metabolic syndrome,
indicating the critical need for early detection and intervention
techniques [17]. The over the last twenty years, there has been a
noticeable rise in the prevalence of metabolic syndrome. The
significant elevation of Met S between 20 and 25 percent of
people worldwide [18]. The Met S patients because adipocytes
and thyroid lead many complications such as hypothyroidism,
type 2 diabetes mellitus and cardio vascular diseases [19]. There
is a significant overlap among the two most prevalent endocrine
illnesses, thyroid dysfunctions and the metabolic syndrome. Due
to their strong associations with morbidity and mortality, both
have a huge global influence on health care [20]. The peripheral
alterations that directly affect body weight management, the
altered metabolism of lipids and glucose, and the control of
blood pressure that are observed in metabolic syndrome are
intricately linked to the previously stated central abnormalities
in autonomic regulation [21]. There have been reports of
elevated levels of thyroid stimulating hormone (TSH) in
individuals with metabolic syndrome compared to healthy
individuals, as well as a higher incidence of metabolic syndrome

©Biomedical Informatics (2025)

in individuals with elevated TSH levels relative to those with
normal TSH levels [22-23].

In this study we found significant increased levels of SBP, DBP,
fasting blood sugars, total cholesterol, triacyl glycerides, very
low-density lipoproteins, low density lipoproteins, and
decreased high density lipoproteins in patients with Met S with
hypothyroidism when compared to Met S without
hypothyroidism and controls. Similarly, previous studies also
reported that significantly increased levels of blood pressure,
fasting blood sugar, dyslipidemia in Met S with and without
hypothyroidism when compared to controls [24-26]. The present
study also observed significantly elevated levels of MDA in
patients Met S with and without hypothyroidism when
compared to controls. The Previous studies also observed
significantly increased levels of serum MDA levels in metabolic
syndrome and healthy controls [27-28]. The serum FRAP levels
also significantly reduced in Met S with and without
hypothyroidism when compared to controls. Similarly, recent
studies also found significantly decreased levels of total
antioxidants (FRAP) in patients with and without Met S and
controls [29-31]. Adiponectin is an adipocytokine has 247 amino
acids and it exhibit in circulation 3 distinct forms low, middle
and high molecular weight. Recent studies are reported that
high molecular weight adiponectin associated with Met S, T2DM
and cardiovascular diseases based on its anti-inflammatory,
antioxidative and anti-atherogenic properties [32]. In the present
study we found thyroid dysfunction in patients with Met S and
also shown there was a significantly decreased levels of serum
adiponectin when compared to Met S without hypothyroidism
and controls. A significant negative correlation was identified
between adiponectin and fasting blood sugars, lipid profile,
blood pressure in Met S patients with hypothyroidism. Similarly,
the previous studies also reported significantly decreased levels
of serum adiponectin and these levels of negatively correlated
with blood sugars, dyslipidemia and blood pressure [32-34]. The
decrease levels of serum adiponectin beneficial for the metabolic
patients with and without hypothyroidism.

Conclusion:

Significantly reduced levels of serum adiponectin might be
useful for to identify complications among metabolic syndrome
patients. Thus, we show continuous monitoring of serum
adiponectin along with the other parameters useful for metabolic
patients with and without hypothyroidism is needed.

References:
[1] Hosseini A et al. Phytother Res. 2021 35:5352. [PMID:
34101925]
[21 Fu. Prog Mol Biol Transl Sci. 2014 121:293. [PMID:
24373241]
[3]1 Bajpai A et al. Indian | Pediatr. 2021 88:322. [PMID:
33704684]

[4] Frankenberg A.D.V et al. Arch Endocrinol Metab. 2017
61:614. [PMID: 29412387

2975



ISSN 0973-2063 (online) 0973-8894 (print)

Bioinformation 21(9): 2971-2976 (2025)

[5] Lopez-Jaramillo P et al. Horm Mol Biol Clin Investig. 2014
18:37. [PMID: 25389999]

[6] Btazejewska W et al. Genes (Basel). 2025 16:699 [PMID:
40565591]

[71 Vasura A et al. Vnitr Lek. 2018 63:945. [PMID: 29334743

[8] Scheid M.P & Sweeney G. Rev Endocr Metab Disord. 2014
15:157. [PMID: 24019064]

[9] Kadowaki T et al. J Clin Invest. 2006 116:1784. [PMID:
16823476]

[10] Vasseur F et al. Expert Rev Mol Med. 2006 8:1. [PMID:
17112391]

[11] Zahary M.N et al. Diabetes Metab Syndr. 2019 13:2015.
[PMID: 31235129]

[12] Song Y.M et al. Metab Syndr Relat Disord. 2015 13:312.
[PMID: 25893694]

[13] Hirose H et al. ] Atheroscler Thromb. 2010 17:1201. [PMID:
20948162]

[14] de Luis D et al. ] Diabetes Complications. 2024 38:108706.
[PMID: 38490125]

[15] Ghadge A.A et al. Cytokine Growth Factor Rev. 2018 39:151.
[PMID: 29395659]

[16] Ben Ali S et al. Inflammation. 2012 35:828. [PMID:
21912966]

[17] TangY et al. Immun Inflamm Dis. 2024 12:e70025. [PMID:
39290095]

[18] Vasseur F. Pharmacol Res. 2006 53:478. [PMID: 16678433]

[19] Jang A.Y et al. Cardiovasc Res. 2022 118:2074. [PMID:
34117867]

- I B e

2976

[20]

[21]
[22]

[23]
[24]
[25]

[26]
[27]

[28]
[29]
[30]
[31]
[32]
[33]

[34]

©Biomedical Informatics (2025)

Chen C.C et al. Biomed Res Int. 2021 30:5570827. [PMID:
33997011]

Frithbeck G et al. Sci Rep. 2017 7:6619. [PMID: 28747790]
Marzoog B. Curr Diabetes Rev. 2022 18:e150921196497.
[PMID: 34525924]

Won H et al. Yonsei Med J. 2012 53:91. [PMID: 22187237]
Chen S.J et al. PLoS One. 2012 7:e45693. [PMID: 23029185]
Adejumo E.N et al. Diabetes Metab Syndr. 2019 13:1845.
[PMID: 31235104].

Li P et al. Eur ] Clin Nutr. 2015 69:62. [PMID: 25074391]
Magana Gomez ].A et al. | Clin Res Pediatr Endocrinol. 2020
12:180. [PMID: 31552725]

Engin A. Adv Exp Med Biol. 2017 960:415. [PMID:
28585210]

de Dios O et al. Clin Chem Lab Med. 2021 59:e382. [PMID:
33915612]

Kumari R et al. Diabetes Metab Syndr. 2019 13:2409. [PMID:
31405652]

DeBoer M.D et al. Int ] Obes (Lond). 2016 40:1353. [PMID:
27133621]

Karmeli¢ I et al. Arch Med Res. 2012 43:145. [PMID:
22374249]

Ding Y.S et al. Mediators Inflamm. 2015 2015:607364.
[PMID: 26556958]

Maeda K. Diabetes Res Clin Pract. 2007 77:S17. [PMID:
17481768]



