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KEYWORDS Abstract

Fetuin-A,

Background: Recent evidence highlights significant associations between fetuin-A and, adiponectin,

Adiponectin, characterized by hyperglycemia, central obesity, and insulin resistance. Notably, these two proteins
Type 2 Diabetes exhibit opposing biological functions.

Mellitus, HbAlc,

Objective: To assess prospective correlations between Fetuin-A, Adiponectin, and

\CNRI.’,tInsuhn, metabolic/inflammatory markers in T2DM patients.
ais
Circumference Methods: The present prospective case-control study was conducted over 160 newly diagnosed

T2DM patients and compare with age-matched apparently 160 healthy subjects. Insulin levels were
quantitated by the electrochemiluminescence method. Serum C-reactive protein (CRP) concentrations
were detected by the rate nephelometry assay. Serum levels of fetuin-A and adiponectin were
determined by an ELISA method. Unpaired #-test was employed for the numerical investigational data,
chi-squared test for categorical data, and Pearson’s correlation for the correlation analysis.
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Results: The mean age of cases (53.77 = 9.40 years) was significantly higher than that of controls
(52.4249.30 years) (p =0.198). Cases had higher levels of CRP (5.46 + 2.00 mg/L), Fetuin-A (812.24
+ 100.54 pg/mL), and Fetuin-A/Adiponectin ratio (163.14 + 41.51) compared to controls (2.54 + 1.00
mg/L, 650.81 + 82.61 pg/mL, and 74.83 + 16.67, respectively) (p < 0.001 for all). Conversely,
Adiponectin levels were significantly lower in cases (5.21 = 1.12 pg/mL) compared to controls (8.95
+1.41 pg/mL) (p <0.001). Adiponectin showed strong negative correlations with waist circumference
(r = -0.462), HbAlc (r = -0.750), insulin (r = -0.550), and CRP (r = -0.548) (p < 0.001 for all). In
contrast, fetuin-A and the fetuin-A/adiponectin ratio showed positive correlations with these markers,
with fetuin-A/adiponectin ratio having the strongest correlation with HbAlc (r = 0.732) and CRP (r =
0.561).

Conclusion: The strong correlations between adiponectin and fetuin-A with HbAlc, CRP, insulin,
and waist circumference underscore the potential role of these biomarkers in predicting and managing
type 2 diabetes and its complications.

Introduction

Diabetes mellitus (DM) is defined as a heterogeneous
group of diseases, characterized by a state of chronic
hyperglycemia, resulting from a diversity of etiologies,
environmental and genetic, acting jointly. The
underlying cause of diabetes is the defective production
or action of insulin, a hormone that controls glucose, fat,
and amino acid metabolism.'

Insulin resistance is a multifaceted syndrome responsible
for the future development of type-2 diabetes, obesity,
hypertension,  dyslipidaemia and atherosclerotic
cardiovascular diseases (CVD).2 There is increasing
evidence supporting the fact that by the time glucose
tolerance or, fasting glucose levels become impaired,
appreciable p-Cell destruction may have already
occurred.® Thus, it seems likely that attempts to prevent
type-2 diabetes will be more successful if intervention is
commenced when blood glucose levels are still in the
normal range.

There are, however, patterns of diabetes incidence that
are related to the geographical distribution of diabetes in
India. Rough estimates show that the prevalence of
diabetes in rural populations is one-quarter that of urban
population for India and other Indian sub-continent
countries such as Bangladesh, Nepal, Bhutan, and Sri
Lanka.*’ Preliminary results from a large community
study conducted by the Indian Council of Medical
research (ICMR) revealed that a lower proportion of the
population is affected in states of Northern India
(Chandigarh 0.12 million, Jharkhand 0.96 million) as
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compared to Maharashtra (9.2 million) and Tamil Nadu
(4.8 million).*

T2DM usually develops gradually—the early stages of
the disease may be asymptomatic and undetected for
several years. Initial symptoms commonly include
polydipsia, polyuria, polyphagia, and eventually, weight
loss. This chronic disease triggers a series of
complications with a high degree of morbidity and
mortality, resulting in a significant number of medical
consultations, hospitalizations, disabilities, and deaths.
Examples of these multisystemic complications include
microvascular events, such as retinopathy, nephropathy,
and neuropathy, and macrovascular events, including
ischemic heart disease, stroke, and peripheral vascular
disease.® A significant fraction of T2DM patients often
present advanced complications that can be difficult to
manage and costly to treat. In this context, the high
incidence of T2DM presents a heavy burden on
worldwide public health systems. Screening strategies
have a positive impact on the quality of life and reduction
of health costs since they allow early diagnosis lowering
the prevalence of underdiagnosis, thus reducing the
generation of complications, which in the long run
decreases the pressure on health systems.”®

Currently, there are several challenges in the
management of T2DM that need to be addressed. On the
technical side, there is a need for novel, more
comprehensive strategies for optimal screening, early
diagnosis, and adequate management of T2DM.
Approaches combining the use of resources for risk
assessment, such as Finnish Diabetes Risk Score
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(FINDRISC),? along with more effective biomarkers for
screening and progression T2DM, have a higher
probability of success in managing the global diabetes
epidemic.

Adiponectin, the most abundant anti-atherogenic and
anti-inflammatory adipocytokine found in circulation
has direct effects on glucose and lipid metabolism,
improves insulin sensitivity and central fat distribution. '°
Adiponectin levels are inversely correlated with visceral
adiposity.'' A lower level of adiponectin is associated
with insulin resistance, obesity, metabolic syndrome
(MetS) MetS and CVD."? Low level of circulating
adiponectin may be used as a possible biomarker for
MetS. !

Lower levels of adiponectin were observed in patients
with high blood pressure, hyperglycaemia, low HDL-C,
and hypertriglyceridemia, also in obese patients with
MetS.!* Adiponectin increases the sensitivity to insulin
through several mechanisms. AdipoR1 and AdipoR2 are
transmembrane receptors, whose carboxyl terminal
group(C-terminal) is located outside the membrane, and
the amino terminal group (N-terminal) inside.'> When
adiponectin attaches to its receptor it activates adenosine
mono phosphate (AMP) kinase,'® promoting so glucose
uptake by muscles via intracellular translocation of the
GLUT4 transporters. Simultaneously, it hampers
gluconeogenesis by inhibiting the hepatic enzyme
phosphoenolpyruvate carboxylase, inhibits the synthesis
of fatty acids and stimulates their oxidation.!”

Fetuin-A, known as alpha-2-Heremans—Schmid
glycoprotein, has a multifunctional effect on human
health, especially in adulthood, and has roles in the
pathogenesis of many different chronic diseases.!® The
literature on the relationship between serum fetuin-A and
obesity has yielded conflicting results.!® It is indicated
that obese individuals often exhibit higher serum fetuin-
A levels.’ Zhang et al. found a positive association
between serum fetuin-A levels and waist circumference
(cm).?' El-shaer et al. concluded that serum fetuin-A
levels are directly proportional to the degree of obesity
and its complications and that exercise may play a
protective role by reducing fetuin-A levels.?? However,
the relationship between fetuin-A and obesity and the
mechanisms underlying this relationship have not yet
been fully clarified.”> Some potential mechanisms have
been proposed for how fetuin-A increases the risk of
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developing obesity. One of these potential mechanisms
is that fetuin-A may increase the risk of obesity by
inhibiting endogenous insulin receptor tyrosine kinase
and decreasing hepatic insulin sensitivity.?*

Therefore, fetuin-A and adiponectin are speculated to
work together in the metabolic balance, and fetuin-
A/adiponectin ratio (F/A ratio) is expected to show more
sensitive performance in assessing metabolic disorder
than fetuin-A or adiponectin alone. In this study, we
attempt to Fetuin-A and Adiponectin level in Type 2
Diabetes Mellitus and Correlations with HbAlc, C-
Reactive Protein, Insulin, and Waist Circumference.

Materials and Methods

Subject Selection: The present prospective case-control
study was included a total 320 subjects. In which, 160 of
newly diagnosed T2DM and 160 of age-matched healthy
controls individuals aged 18-70 years were enrolled from
the Out Patient Department of Medicine, Medical
College of University. Subjects aged between 18-
70years.

Cases: Newly diagnosed T2DM subjects (0-1years
disease  duration  without any  microvascular
complications) were defined based on the HbAIc
(>6.5%) (ADA 2025). Individuals with other types of
diabetes, severe co-morbidities and those on medications
affecting adipokine levels were excluded from the study.
Ethical approval from the Institutional Ethical
Committee was secured before initiating the study.
Written informed consent was taken from each study
subject.

Anthropometric Parameters: Waist circumference
(WC) was measured at the umbilicus level. The WC cut-
offs WC for diagnosis of abdominal obesity in Asian
Indian males and females are >90 cm and >80 cm,
respectively.?’

Sample Collection: Blood samples were collected from
patients in morning, after an overnight fasting for at least
10 hours. 4 mL of venous blood (1.5 mL EDTA, 1.5 mL
fluoride, and ImL plain) was withdrawn from the
antecubital vein. To separate plasma, blood samples were
centrifuged at 3000 rpm for 10 minutes.

Laboratory Investigations: Serum C-reactive protein
(CRP) concentrations were detected by the rate
nephelometry assay.?¢ Insulin levels were quantitated by
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the electrochemiluminescence method.?® Serum levels of
fetuin-A and adiponectin were determined by an ELISA
method. The adiponectin-to-fetuin-A ratio was
calculated.?®

Statistical analysis

The SPSS version 23.0; SPSS Inc; Chicago IL, USA was
used to interpret the statistical data. For the descriptive
research data, categorical variables were expressed as
frequency and percentages, whereas continuous
variables were expressed as mean =+ standard
deviation. Unpaired ¢-test was employed for the
numerical investigational data, chi-squared test for
categorical data, and Pearson’s correlation for the
correlation analysis. A p <0.05 level of significance was
applied.

Result

The mean age of cases (53.77 £ 9.40 years) was
insignificantly higher than that of controls (52.42 + 9.30
years) (p =0.198) [Table 1].

Cases had a significantly higher mean waist
circumference (101.10 + 11.94 cm) compared to controls
(86.28 = 10.36 cm) (p < 0.001). Additionally, cases had
significantly higher mean HbAlc levels (8.53 + 1.01%)
and insulin levels (17.65 + 4.92 plU/mL) compared to
controls (5.21 + 0.31% and 10.04 + 2.83 plU/mL,
respectively) (p < 0.001 for both comparisons) [Table 1].

Cases had higher levels of CRP (5.46 = 2.00 mg/L),
Fetuin-A (812.24 + 100.54 pg/mL), and Fetuin-
A/Adiponectin ratio (163.14 + 41.51) compared to
controls (2.54 £ 1.00 mg/L, 650.81 + 82.61 pg/mL, and
74.83 + 16.67, respectively) (p < 0.001 for all).
Conversely, Adiponectin levels were significantly lower
in cases (5.21 + 1.12 ug/mL) compared to controls (8.95
+1.41 pg/mL) (p <0.001) [Table 1].

Adiponectin showed strong negative correlations with
waist circumference (r = -0.462), HbAlc (r = -0.750),
insulin (r = -0.550), and CRP (r = -0.548) (p < 0.001 for
all). In contrast, fetuin-A and the fetuin-A/adiponectin
ratio showed positive correlations with these markers,
with fetuin-A/adiponectin ratio having the strongest
correlation with HbAlc (r = 0.732) and CRP (r =0.561)
[Table 2].
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Discussion

Type 2 diabetes is characterized by inadequate insulin
secretion and insulin resistance in the target tissues.
Insulin mediates its action through phosphorylation of
the insulin receptor. Fetuin-A inhibits insulin receptor
autophosphorylation.?’ In present study was conducted to
find the associations between fetuin-A, adiponectin, and
F/A ratio, were correlated with HbA 1c, CRP, insulin, and
waist circumference in newly diagnosed T2DM patients.

The cases had an insignificantly higher mean age (53.77
+ 9.40 years) compared to controls (52.42 + 9.30 years)
(p = 0.198). Both groups had a similar gender
distribution, with males accounting for 52.5% of cases
and 53.8% of controls, and females accounting for 47.5%
of cases and 46.3% of controls. Tiwari ON &Nigoskar
S?8 reported that in case groups, 66.2% male and rest
were female and in control groups 60.0% were male and
40.0% were female patients. They found that the
statistically insignificant higher older age population in
case group distribution in compare to control group (p
>0.05).

The present study noted that Cases had a significantly
higher mean waist circumference (101.10 + 11.94 cm)
compared to controls (86.28 £ 10.36 cm) (p < 0.001).
Additionally, cases had significantly higher mean HbAlc
levels (8.53 + 1.01%) and insulin levels (17.65 + 4.92
plU/mL) compared to controls (5.21 £ 0.31% and 10.04
+ 2.83 pulU/mL, respectively) (p < 0.001 for both
comparisons). Tiwari ON & Nigoskar S? reported that
the waist circumference in case group in compare to
control group (p >0.05). Blood Sugar level (Insulin level
and HbA1c) was significantly higher in the case group in
comparison to control group (p <0.001).

The present study showed highly significant increase in
serum insulin, and serum fetuin-A, in the diabetic group
compared with the control group. Our results showed
significant positive correlations between fetuin-A levels
and fasting insulin levels in patients with T2DM and this
agreed with the studies conducted by Jung et al*® who
demonstrated that serum fetuin-A is significantly
associated with IR, and Graham et al*® who showed that
fetuin-A is positively correlated with insulin resistance.
These results were previously reported by Wallace et
al’!, who demonstrated that fetuin-A levels were
correlated with fasting insulin levels in obese patients,
suggesting a potential link between fetuin-A and insulin
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resistance. Stefen et al®? had demonstrated that fetuin-A
was correlated with insulin resistance and fat
accumulation in the liver. Li et al*® reported that fetuin-
A, which is predominantly secreted by the liver, is found
to be related to the accumulation of fat in the liver, insulin
resistance, type 2 diabetes, and cardiovascular diseases.

Dasgupta et al** reported that the liver secreted protein

fetuin-A induces insulin resistance, and circulating
fetuin-A is elevated in insulin resistance and fatty liver
in humans. In agreement with these data, Emoto et al**
had shown that high levels of circulating fetuin-A are
associated with insulin resistance in humans, suggesting
that fetuin-A may represent a mechanism involved in the
pathophysiology of type 2 diabetes.

In our results, CRP also showed marked increase in type
2 diabetes when compared with group control. This
agrees with a study reported by Kotronen and YKki-
Jirvinen®® which showed that serum fetuin-A levels
were increased in diabetic patients when compared with
case—control individuals and demonstrated a positive
correlation between serum fetuin-A and CRP levels.
These results agreed with our results, as there was a
positive correlation between serum fetuin-A and CRP
levels (r =0.561, P <0.01). In another study, Ahmed et
al¥” reported that there was a positive correlation between
serum fetuin-A and CRP levels (r = 0.786, P <0.01).

Adiponectin is an anti-inflammatory adipokine. The
level of adiponectin was apparently less in diabetes
group in comparison to the healthy control group.
Supporting  evidence shows significantly low
adiponectin level in prediabetic and hyperglycaemic
group as compared to normoglycemic group.3® Further
supporting studies also show significant differences in
adiponectin level in both the subject groups as compared
to control group.?** According to Maggio CA et al*!
adiponectin has been found as one of the important
factors predicting prediabetes. The protective role of
adiponectin against hyperglycaemia can be correlated
with its insulin-sensitizing effects.*> Mechanistic
approaches demonstrate that adiponectin stimulates
AMP-dependent protein kinases,** and thereby triggers
insulin sensitivity by enhancing glucose cellular uptake
and fatty acid oxidation in the liver. According to Okada-
Iwabu et al., oral supplementation of AdipoR agonist can
serve as a promising therapeutic option for insulin
resistance and diabetes.*
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Strength and Limitations of Study

This study benefits from a prospective design enabling
causal inference and includes well-matched case-control
groups (160 T2DM and 160 healthy controls), allowing
robust comparative analysis. It investigates correlations
between fetuin-A, adiponectin, and key metabolic
markers like HbAlc, CRP, insulin, and waist
circumference. However, its single-center nature may
limit generalizability, and the age range (18-70 years)
might overlook age-related variations. Additionally,
confounding factors such as medication and lifestyle
were not explicitly controlled, and the absence of follow-
up data restricts longitudinal insights.

Conclusion

In conclusion, this prospective study highlights the
significant associations between fetuin-A, adiponectin,
and various metabolic markers in type 2 diabetes
mellitus. The findings suggest that fetuin-A and
adiponectin have opposing effects on metabolic health,
with adiponectin exhibiting protective effects and fetuin-
A being associated with adverse metabolic outcomes.
The strong correlations between adiponectin and fetuin-
A with HbAlc, CRP, insulin, and waist circumference
underscore the potential role of these biomarkers in
predicting and managing type 2 diabetes and its
complications. These results have implications for the
development of novel therapeutic strategies targeting
fetuin-A and adiponectin to improve glycemic control
and reduce inflammation in patients with type 2 diabetes.
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Table 1: Distribution of Anthropometric and clinical
Characteristics of case and control

Case Control
_ (n=160)
Variables (n=160) va[l)ue
Mean +
M +SD
ean SD
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Age Group 52.4249.3 | 0.198
53.77+9.40
(Years) 0 #
Gend | Male | 84 (52.5%) | 86 (53.8%)
or 0.823
Fema | 76 (47.5%) | 74 (46.3%) |
le
Waist 101.10£11. | 86.28+10. | <0.00
Circumferenc 94 36 1"
e (cm)

HbAlc (%) 8.53+1.01 5.21+0.31 | <0.00

1#

Insulin 17.65+4.92 | 10.04+2.8 | <0.00
(nIU/mL) 3 1%

CRP (mg/L) 5.46+2.00 | 2.54+1.00 | <0.00
1#

Adiponectin 5.21£1.12 8.95+1.41 | <0.00
(ng/mL) 1

Fetuin-A 812.24+100 | 650.81+82 | <0.00
(ng/mL) .54 .61 1%

Fetuin-A/ 163.14+41. | 74.83+16. | <0.00
Adiponectin 51 67 1*

ratio

*Chi Square test; # Independent Sample t test

HbAlc: Glycated Heamoglobin; CRP: C-Reactive
Protein; WC: Waist Circumference.

Table 2: Bivariate Pearson Correlation Analysis of
variables among cases.

Fetuin-
Adiponectin Fetuin-A| A/Adiponectin
(r-value) |(r-value) Ratio
(r-value)
WC (cm) | -0.462™ | 0.366™ 0.456™
HbAlc *% *% s,k
-0.750 0.582 0.732
(%)
Insulin 1 550+ | 0.457" 0.543"
(nIU/mL) ' ' ’
CRP *% ®%k k%
-0.54 41 .561
(mg/L) 0.548 0.417 0.56

**_ Correlation is significant at the 0.01 level (2-tailed).
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HbAlc: Glycated Heamoglobin, CRP: C-Reactive
Protein; WC: Waist Circumference.
Reference

1. Park K. Epidemiology of chronic non-

communicable diseases and conditions. In:
Park’s Textbook of Preventive and Social
Medicine, 19th edn., Jabalpur: Banarsidas
Bhanot, 2007: 327-32.

National Diabetes Data Group.
Classification and diagnosis of diabetes
mellitus and other categories of glucose
intolerance. Diabetes 1979; 28:1039-1057.

World Health Organization (1985) Diabetes
mellitus: Report of a study group, Geneva,
World Health Organization, (Tech. rep. Ser.
No.727).

Wild S, Roglic G, Green A, Sicree R, King
H. Global prevalence of diabetes-estimates
for the year 2000 and projections for 2030.
Diabetes Care. 2004;27(3):1047-53.

Anjana RM, Ali MK, Pradeepa R, Deepa
M, Datta M, Unnikrishnan R, et al. The
need for obtaining accurate nationwide
estimates of diabetes prevalence in India -
rationale for a national study on diabetes.
Indian J Med Res. 2011;133:369-80.

Adler Al Association of systolic blood
pressure  with  macrovascular  and
microvascular complications of type 2
diabetes (UKPDS 36): prospective
observational study. BMJ [Internet].
2000;321:412-9.

International Diabetes Federation. IDF
Diabetes Atlas [Internet]. 10th edition.
Boyko EJ, Magliano DJ, Karuranga S,
Piemonti L, Riley P, Sacedi P, et al., editors.
Brussels, Belgium: International Diabetes
Federation; 2021. Available
from: https://diabetesatlas.org/atlas/tenth-
edition/

World Health Organization. Global Report
on Diabetes [Internet]. Glob. Rep. Diabetes.
Geneva; 2016 Dec. Available


http://www.jchr.org/
https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2026) 16(2), 705-713 | ISSN:2251-6727

711

10.

1.

12.

13.

14.

15.

16.

from: https://www.who.int/publications/i/it
em/9789241565257

Lim HM, Chia YC, Koay ZL. Performance
of the Finnish Diabetes Risk Score
(FINDRISC)  and  Modified  Asian
FINDRISC (ModAsian FINDRISC) for
screening of undiagnosed type 2 diabetes
mellitus and dysglycaemia in primary care.
Prim Care Diabetes [Internet]. Primary
Care Diabetes Europe; 2020; Available

from: 10.1016/j.ped.2020.02.008

Shetty GK, Economides PA, Horton ES,
Mantzoros CS, Veves A. Circulating
adiponectin and resistin levels in relation to
metabolic factors, inflammatory markers,
and vascular reactivity in diabetic patients
and subjects at risk for diabetes. Diabetes
Care. 2004; 27:2450-7.

Matsuzawa Y, Funahashi T, Kihara S,
Shimomura 1. Adiponectin and metabolic
syndrome. ArteriosclerThrombVasc Biol.
2004; 24:29-33.

Han SH, Quon MJ, Kim JA, Koh KK.
Adiponectin and cardiovascular disease:

response to therapeutic interventions. J Am
Coll Cardio. 2007; 49:531-538.

Brooks NL, Moore KS, Clark RD, Perfetti
MT, Trent CM, Combs TP. Do low levels
of circulating adiponectin represent a
biomarker or just another risk factor for the
metabolic syndrome? Diabetes Obes
Metab. 2007; 9:246-258.

Matsuzawa Y, Funahashi T, Kihara S,
Shimomura I. Adiponectin and metabolic
syndrome. ArteriosclerThrombVasc Biol.
2004; 24:29-33.

Lima Marcos M, Rosa Francisco J, Marin
A, Romero-Vecchione E. Adiponectina y
susefectospleiotropicosenelsistema
cardiovascular. Rev Venez Endocrinol
Metab 2009; 7:3-9.

Yamauchi T, Kadowaki T. Physiological
and pathophysiological roles of adiponectin
and adiponectin receptors in the integrated

17.

18.

19.

20.

21.

22.

23.

regulation of metabolic and cardiovascular
diseases. Int J Obes (Lond). 2008; 32(Suppl
7):13-18.

Silva TE, Colombo G, Schiavon LL.
Adiponectin: A multitasking player in the
field of liver diseases. Diabetes Metab.
2014; 40:95-107.

IcerMA, KocakT, IcerY, KocyigitE,
AgagunduzD, Gezmen-Karadag M, et al.
Low Serum and Urine Fetuin-A Levels and
High Composite Dietary Antioxidant Index
as Risk Factors for Kidney Stone
Formation.J Clin Med. 2025
Feb;14(5):1487.

RenG, KimT, Papizan]B, OkerbergCK,
Kothari VM, Zaid H, et al. Phosphorylation
Status of Fetuin-A Is Critical for Inhibition
of Insulin Action and Is Correlated With
Obesity and Insulin Resistance. Am J

Physiol Endocrinol Metab 2019
Aug;317(2):250-260.
ChattopadhyayM, MukherjeeS,

ChatterjeeSK, Chattopadhyay D, Das S,
Majumdar SS, et al. Impairment of Energy
Sensors, SIRT1 and AMPK, in Lipid
Induced Infamed Adipocyte Is Regulated
by Fetuin A.Cell Signal. 2018 Jan; 42:67-
76.

ZhangL-Y, QuX.-N, SunZ-Y, Zhangy.
Effect of Liraglutide Terapy on Serum
Fetuin A in Patients with Type 2 Diabetes
and Non-Alcoholic Fatty Liver
Disease.Clin Res Hepatol Gastroenterol.
2020 Oct;44(5):674-680.

El-shaerRAA, Abd-EllatifRN, El-
TabaaEFM, AwadMM. Fetuin-A Levels
Among Different Grades of Obesity with Its
Potential Link to Its Complication with
Elaboration of Physical Training Efects in
Rats.Bulletin of Egyptian Society for
Physiological Sciences2022; 42(3):231-
245.

TakkinstianA, ChailurkitL,
WarodomwichitD, Ratanachaiwong W,


http://www.jchr.org/
https://www.who.int/publications/i/item/9789241565257
https://www.who.int/publications/i/item/9789241565257

Journal of Chemical Health Risks

www.jchr.org

JCHR (2026) 16(2), 705-713 | ISSN:2251-6727

712

24.

25.

26.

27.

28.

29.

Yamwong S, Chanprasertyothin S, et al.
Causal Relationship Between Body Mass
Index and Fetuin-A Level in the Asian
Population: A Bidirectional Mendelian
Randomization  Study.Clin  Endocrinol
(Oxf) 2014 Aug;81(2):197-203.

Malin SK, Del RinconJP, HuangH,
KirwanJP. Exercise-Induced Lowering of
Fetuin-A May Increase Hepatic Insulin
Sensitivity.Med Sci Sports Exerc. 2014
Nov;46(11):2085-90.

Misra A., Chowbey P., Makkar B.M.
Consensus statement for diagnosis of
obesity, abdominal obesity and the
metabolic syndrome for Asian Indians and
recommendations for physical activity,
medical and surgical management. J Assoc
Phys India. 2009;57(February):163—170.

Zhou Z, Sun M, Jin H, Chen H, Ju H.
Fetuin-a to adiponectin ratio is a sensitive
indicator  for  evaluating  metabolic
syndrome in the elderly. Lipids Health Dis.
2020; 19:61.

Mathews ST, Chellam N, Srinivas PR,
Cintron VJ, Leon MA, Goustin AS,
Grunberger G Alpha2-HSG, a specific
inhibitor of receptor
autophosphorylation, interacts with the
insulin receptor. Mol Cell Endocrinol 2000;
164:87-98.

insulin

Tiwari ON &Nigoskar S.Correlation of
Adipokines Level with Anthropometric and
Blood Sugar Profile (Insulin Level, Fasting
Plasma Glucose and Hbalc) in T2DM
Patients.International Journal of
Pharmaceutical and Clinical Research
2023; 15(11); 457-462

Jung CH, Kim BY, Kim CH, Kang SK,
Jung SH, Mok JO. Associations of serum
fetuin-A levels with insulin resistance and
vascular complications in patients with type
2 diabetes. Diab Vasc Dis Res 2013;
10:459-467

30.

31.

32.

33.

34.

35.

36.

37.

38.

Graham TE, Yang Q, Bliher M,
Hammarstedt A, Ciaraldi TP, Henry RR, et
al. Retinol-binding protein 4 and insulin
resistance in lean, obese, and diabetic
subjects. N Engl J Med 2006; 354:2552—
2563.

Wallace TM, Levy JC, Matthews DR. Use
and abuse of HOMA modeling. Diabetes
Care 2004; 27:1487-1495

Stefan N, Fritsche A, Weikert C, Boeing H,
Joost HG, Hiring HU, Schulze MB Plasma
fetuin-A levels and the risk of type 2
diabetes. Diabetes 2008; 57:2762-2767.

LiM, XuM, Bi Y, Song A, Liu Y, Li X,
Ning G. Association between higher serum
fetuin-A  concentrations and abnormal
albuminuria in middle-aged and elderly
Chinese with normal glucose tolerance
Diabetes Care 2010; 33:2462-2464

Dasgupta S, S Bhattacharya, A Biswas. NF-
kB mediates lipid-induced fetuin-A
expression in hepatocytes that impairs
adipocyte  function effecting insulin
resistance. Biochem J 2010; 429:451-462.

Emoto M, Mori K, Lee E, Kawano N,
Yamazaki Y, Tsuchikura S, et al. Fetuin-A
and atherosclerotic calcified plaque in
patients with type 2 diabetes mellitus.
Metabolism 2010; 59:873-878.

Kotronen A, Yki-Jarvinen H. Fatty liver: a
novel component of the metabolic
syndrome.  ArteriosclerThrombVascBiol
2008; 28:27-38

Ahmed LI, Mousa SG, Abd El-Ghaffar
Mohamed N, Ahmed Yousry Z, Abd-El
Khalaa MR.Fetuin-A and type II diabetes
mellitus.The Egyptian Society of Internal
Medicine 2014; 26:157-161

Upadhyaya S, Kadamkode V, Mahammed
R, Doraiswami C, Banerjee G. Adiponectin
and IL-6: Mediators of inflammation in
progression of healthy to Type 2 diabetes in
Indian population Adipocyte. 2014;3:39-45


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2026) 16(2), 705-713 | ISSN:2251-6727

39. Jiang Y, Owei I, Wan J, Ebenibo S,
Dagogo-Jack S. Adiponectin levels predict
prediabetes risk: The Pathobiology of
Prediabetes in A Biracial Cohort (POP-
ABC) study BMJ Open Diabetes Res Care.
2016;4:¢000194.

40. Fisher FM, McTernan PG, Valsamakis G,
Chetty R, Harte AL, Anwar AJ, et al
Differences in  adiponectin  protein
expression: Effect of fat depots and type 2
diabetic ~ status Horm Metab Res.
2002;34:650-4

41. Maggio CA, Pi-Sunyer FX. Obesity and
type 2 diabetes Endocrinol Metab Clin
North Am. 2003;32:805-22

42. Esteve E, Ricart W, Fernandez-Real JM.
Adipocytokines and insulin resistance: The
possible role of lipocalin-2, retinol binding
protein-4, and adiponectin Diabetes Care.
2009;32(Suppl 2):S362-7

43. Zhou L, Deepa SS, Etzler JC, Ryu J, Mao
X, Fang Q, et al Adiponectin activates
AMP-activated protein kinase in muscle
cells via APPL1/LKBI1-dependent and
phospholipase C/Ca2+/Ca2-+/calmodulin-
dependent protein kinase kinase-dependent
pathways J Biol Chem. 2009;284:22426-35

44, Okada-Iwabu M, Yamauchi T, Iwabu M,
Honma T, Hamagami K, Matsuda K, et al A
small-molecule AdipoR agonist for type 2
diabetes and short life in obesity Nature.
2013;503:493-9

713


http://www.jchr.org/

