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ABSTRACT

Fetuin—A is a glycoprotein which helps in the regulation of
metabolism. It is an early marker of insulin resistance (IR). The
aim of this study was to evaluate the role of Fetuin—A as a predic-
tive biomarker in cases of newly detected type 2 diabetes (NDD).
The study involved 60 NDD and 60 Normal Healthy Controls
(NHC). All the demographics and anthropological characteristics
were noted. Fasting blood samples were drawn and various bio-
chemical parameters were analyzed. The homeostatic model as-
sessment of insulin resistance (HOMA-IR) and the quantitative in-
sulin sensitivity check index (QUICKI) score was calculated. Chi-
square, student T-test and Mann Whitney U tests were employed
to associate and compare the mean and median between the NDD
and NHC groups. Pearson's and Spearman’s correlation analysis
were employed to examine the relationship of Fetuin—A levels
with parametric and nonparametric variables. The independent
predictors of Fetuin—A was determined by employing multiple for-
ward linear regression. Fetuin—A was significantly high in NDD
compared to NHC (1323 vs. 306.98 mcg/mL; p<0.001). Majority
of NDD patients demonstrated IR based on the HOMA-IR
(88.33% vs. 66.67%) and QUICKI score (96.67% vs. 85%). The
multiple linear regression analysis showed that systolic blood
pressure, age and QUICKI score were independently associated
with Fetuin—A (p value <0.01). Fetuin—A may be used as a bi-
omarker to detect NDD. Therefore, early detection of Fetuin—A
levels in NDD gives an opportunity for suitable patient manage-
ment.
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SAZETAK

Fetuin - A je glikoprotein koji pomaze u regulaciji metabo-
lizma. To je rani marker insulinske rezistencije (IR). Cilj ove
studije bio je da se proceni uloga Fetuina - A kao prediktivnog
biomarkera u slucajevima novootkrivenog dijabetesa tipa 2
(NDD). Studija je obuhvatila 60 NDD i 60 normalnih zdravih
kontrola (NHC). Zabelezene su sve demografske i antropoloske
karakteristike. Uzeti su uzorci krvi nataste i analizirani su raz[iciti
biohemijski parametri. Izracunati su homeostatski model procene
insulinske rezistencije (HOMA-IR) i kvantitativni indeks provere
osetljivosti na insulin (KUICKI). Hi-kvadrat, studentski T-test i
Mann Vhitnei U testovi su koris¢eni za povezivanje i uporedivanje
srednjih vrednosti i medijane izmedu NDD i NHC grupa. Pear-
sonova i Spearmanova analiza korelacije koris¢ene su za ispiti-
vanje odnosa nivoa Fetuin - A sa parametarskim i neparametar-
skim promenljivim. Nezavisni prediktori Fetuin -A odredeni su
primenom viSestruke linearne regresije unapred. Fetuin -A je bio
znacajno visok u NDD u poredenju sa NHC (1323 naspram 306,
98 meg/mL; p <0,001). Vecina pacijenata sa NDD pokazala je IR
na osnovu HOMA-IR (88, 33% naspram 66,67%) i KUICKI
skora (96,67% naspram 85%). Analiza visestruke linearne re-
gresije pokazala je da su sistolni krvni pritisak, starost i KUICKI
rezultat nezavisno povezani sa Fetuin — A (vrednost p <0,01). Fe-
tuin - A se moze koristiti kao biomarker za otkrivanje NDD. Stoga
rano otkrivanje nivoa Fetuin - A u NDD -u daje priliku za odgo-
varajuce lecenje pacijenata.

Kljucne reci: alfa-2-HS-glikoprotein, biomarkeri, endokri-
nologija, insulinska rezistencija, dijabetes melitus tip 2.
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INTRODUCTION

The global incidence of diabetes mellitus was 463 million
(9.3%) in 2019 and is expected reach to 700 million (10.9%)
by 2045 (1). Type 2 diabetes mellitus (T2DM) is a major pub-
lic health issue, caused by either insulin resistance (IR) or in-
sulin deficiency (2). Insulin is the primary regulator of glu-
cose homeostasis and its deficiency occurs due to damaged 3
cells of the islets of Langerhans, thereby stopping insulin
production (2). However, IR is due to the decreased response
or sensitivity towards insulin and plays a crucial role in
T2DM pathophysiology (3). IR is associated with prediabetes
and can be preferably treated using biguanides and thiazoli-
dinediones (4, 5).

Various inflammatory and metabolic biomarkers, such as
Fetuin-A, glycated hemoglobin Alc (HbAlc), adiponectin,
retinol binding protein—4, myostatin, IL-6, fibroblast growth
factor—21, irisin chemerin, adipocyte fatty acid-binding pro-
tein have been studied to identify T2DM and IR (6, 7). Pre-
vious studies have documented a relatively higher level of
serum Fetuin—A in newly detected type 2 diabetes (NDD),
cardiovascular disease, metabolic syndrome and obesity pa-
tients and is an emerging novel biomarker of IR (8-10).

Fetuin-A is a multifunctional glycoprotein secreted by the
liver, also known as o-2 Heremans Schmid glycoprotein
(AHSG). The gene encoding locus of Fetuin-A is located on
chromosome 3q27 region and is identified as the T2DM sus-
ceptibility locus (11). Fetuin-A can induce IR by inhibiting
insulin receptor autophosphorylation in the liver and skeletal
muscle (12). It is a major carrier of free fatty acids (FFA) in
the circulation and is required for FFA interaction with toll-
like protein receptor 4 (TLR4) in adipocytes, thereby trigger-
ing pro-inflammatory adipokine expression and IR (13).
Thus, Fetuin-A promotes lipid-induced IR via inflammatory
signaling pathway, causing inflammatory cytokines produc-
tion. Chronic inflammation caused by free radicals is thought
to be the reason for IR (14). Therefore, this study was aimed
to elucidate the clinical relevance of Fetuin-A, to identify in-
dividuals at increased risk of developing T2DM and for ther-
apeutic purposes.

PARTICIPANTS AND METHODS

This two-year cross-sectional study was conducted at the
endocrinology department of a multispecialty hospital, from
January 2017 to December 2018. Ethical clearance was pro-
cured from the institutional review board and participants
were enrolled after obtaining written informed consent.

A total of 120 participants, aged between 18-80 years,
were included in this study. They were divided into two
groups - normal healthy controls (NHC, n=60) and NDD
(case, n=60). Participants with normal fasting blood sugar
(FBS) and fasting serum insulin levels were considered as
NHC. Participants who were euthyroid, met the 2017

American Diabetic Association (ADA) criteria, with HbAlc
<12%, were considered as NDD.

Exclusion criteria considered for this study were pregnant
women, patients with secondary diabetes, Type 1 DM,
known T2DM patients receiving insulin or oral antidiabetic
drugs/not on treatment, patients with BMI >30 kg/m?, smok-
ers, drinkers, alcohol consumers of >20 g/d for a year prior
to study, patients with hepatitis B, hepatitis C and other
causes of liver diseases (hemochromatosis, alantitrypsin de-
ficiency, Wilson’s disease, primary sclerosing cholangitis or
primary biliary cirrhosis), serum creatinine >1.5 mg/dl and
any chronic or acute inflammatory disease (leukocyte count
>10,000/mm?) with any clinical signs of infection or any
other major diseases, including advanced malignant diseases.

Sample size

A previous study reported serum Fetuin—A levels of
337496 and 291+63 mcg/ml in cases and controls, respec-
tively (15). Based on the above-mentioned findings and con-
sidering the power of the study at 80%, a error of 5% and
effect size of 0.53, a minimum of 59 subjects were required
per group. Hence, sample size of 120 patients in total was
justified for this study.

Patient demographic data (age and gender) was collected
by direct interview method. All patients underwent further
clinical examination, and all findings were recorded on a pre-
designed and pretested proforma. Anthropometric details
such as height, weight, waist and hip circumferences were
measured according to the standard procedures and body
mass index (BMI), waist to hip ratio were calculated. Whole
blood samples were withdrawn under aseptic precautions
after an 8 hour overnight fasting from participants, and were
evaluated for various hematological and biochemical param-
eters, such as complete blood count, glycated HbAlc, FBS,
fasting insulin and Fetuin—A levels. After blood collection,
serum was separated within 1 hour and stored at —80° C.

Serum Fetuin-A and serum insulin levels were measured
using Quantikine ELISA Human Fetuin-A Immunoassay kit
(R&D Systems, Inc.) and DRG Insulin Elisa kit (DRG Instru-
ments, GmbH, Germany), respectively. All participants were
divided on the basis of four quartile range of Fetuin-A (quar-
tile 1: 0—<305 pg/ml; quartile 2: 305 — 757 pg/ml; quartile 3:
758 — 1328 pg/ml; quartile 4: >1328 pg/ml). The IR was cal-
culated using homeostatic model assessment of insulin re-
sistance (HOMA-IR) and patients were considered as insulin
resistant if HOMA-IR (fasting insulin x fasting glucose) was
>2 (16). Quantitative insulin sensitivity check index
(QUICKI) was calculated using the formula QUICKI=1/ [log
(fasting insulin (WU/L) + log (fasting glucose (mg/dL)] and
patients were considered as insulin resistant if QUICKI was
<0.36 (16).

Statistical analysis

Statistical analysis was performed using SPSS statistical
software version 18. Shapiro test was employed to check



normality of the data. Normally distributed data are repre-
sented as mean + standard deviation (SD) and the means be-
tween the two groups were compared by performing student
T-test. Non-normalized data are represented as median (in-
terquartile range, [IOR]). Mann Whitney U test was em-
ployed to evaluate the difference in the serum Fetuin-A levels
among the groups in case of non-normalized data. Chi-square
test was employed to assess the association between the Fe-
tuin-A level and various variables for categorical data.
Pearson's and Spearman’s correlation analysis was employed
to examine the relationship of Fetuin-A levels with paramet-
ric and non-parametric variables, respectively. Multiple for-
ward linear regression was employed to determine the inde-
pendent predictors of Fetuin-A. Multivariate logistic regres-
sion was employed to calculate the odds ratio (OR) and 95%
confidence interval (CI). Level of significance was set at
p=<0.05.

RESULTS

The mean age of patients in the NDD and NHC groups
were 51.63+12.01 and 48.72+11.87 years respectively, with
male predominance, with male to female ratio of 1.72:1 in
NDD and 1.60:1 in NHC groups. On comparing the anthro-
pometry variables, such as waist circumference (WC) and
waist to hip ratio, a significantly higher WC (98 cm vs. 89.6
cm; p=0.01) and waist to hip ratio was noted (0.99 vs. 0.87;
p=0.009) in NDD compared to the NHC group. However,
BMI was found to change insignificantly between both the
groups. The difference in the biochemical variables between
NDD and NHC groups were significant (p<0.05) along with
platelet count except for the serum albumin levels. NDD
group had a significantly higher systolic (125 mmHg vs. 116
mmHg) and diastolic blood pressure (80 mmHg vs. 77
mmHg), HbAlc (8.4 vs. 5.4), FBS (157.5 mg/dL vs. 92.5
md/dL), fasting serum insulin (16.08 pIU/mL vs. 10.98
plU/mL), fetuin—A (1322.98 pg/mL vs. 306.97 pg/mL) and
platelet count (256.38 = 74.26 mm? vs. 246.73 + 83.25 mm?)
as compared to NHC group. The NDD group also had signif-
icantly higher IR based on HOMA-IR (8.07 vs. 2.39) and
QUICKI score (0.29 £ 0.03 vs. 0.33 £ 0.02) compared to
NHC group (p<0.05) (Table 1).

Table 2 represents the distribution of patients based on
the different quartile of Fetuin-A and IR as per HOMA-IR
and QUICKI. Majority of patients in the NDD group demon-
strated IR based on the HOMA-IR (88.33% vs. 66.67%) and
QUICKI score (96.67% vs. 85%) and belonged to the Fetuin-
A 3 and 4" quartile compared to NHC group.

Patients in the NDD group belonging to Fetuin-A 3™
quartile had a significantly higher value of HOMA-IR (me-
dian: 7.04; IQR: 3.37-11.01) compared to NHC group (me-
dian: 4.7; IQR: 4.18-5.23) with p=0.038 (Table 3).

Percentage of patients with NDD was highest in the 4™
quartile than the 1% quartile (50% vs 1.66%, p<0.001)
(Figure 1).

Figure 1. Comparing different quartiles of
Fetuin-A amongst NDD and NHC groups.
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NDD - newly detected type 2 diabetes;
NHC - normal healthy control.

The correlation of Fetuin-A levels with various clinical
and biochemical parameters for entire population are repre-
sented in Table 4. A significant weak positive correlation of
Fetuin-A was noted with age, systolic blood pressure (SBP),
diastolic blood pressure (DBP), FBS, HbA ¢, fasting insulin
and HOMA-IR score (p<0.01).

Fetuin-A cut-off value of 733.6296 mcg/ml yielded max-
imum sensitivity of 98.3% and specificity of 96.7% to differ-
entiate NDD patients from NHC with an AUC of 0.983
(Figure 2).

Figure 2. ROC curve for Fetuin-A.
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Multiple regression models were employed to choose the
best fit model for selecting independent marker of Fetuin-A.
The multiple linear regression analysis showed that QUICKI,
SBP and age were independently associated with Fetuin-A
(p<0.01; adjusted R?>=0.368), indicating these may serve as
independent predictor of Fetuin-A. Age and SBP were posi-
tively associated where as QUICKI was negatively associ-
ated with Fetuin-A (Table 5).



Table 1. Baseline characteristics of NDD and NHC patients.

Parameters NDD group (n=60) ‘ NHC group (n=60) ‘ p value
Demographic
Gender ® Male 38 (63.3) 37 (61.6) 085
Female 22 (36.6) 23 (38.3)
Age (Years)® 51.63+12.01 48.72 +11.87 0.119
Anthropometry
BMI (Kg/m?) ¢ 26.35(24.4-28.3) 26.25 (22.64-27.89) 0.277
WC (cm) ¢ 98 (85.5-106) 89.6 (82.5-100.7) 0.010*
Waist to hip ratio ° 0.99 (0.88-1.04) 0.87 (0.82-1.01) 0.009*
SBP (mmHg) ° 125 (118-134) 116 (110-124) 0.000%**
DBP (mmHg) ¢ 80 (75-87) 77 (71-80) 0.001**
Biochemical

Platelet count (mm?) 256.38 +£74.26 246.73 £ 83.25 0.038*
Albumin (g/dL) 4.2 (4-4.4) 4.5 (4.35-4.8) 0.246
HbAlc (%) © 8.4 (7.1-9.85) 5.4 (5.3-5.5) 0.000%**
FBS (mg/dL) © 157.5 (131-226.5) 92.5 (85-97) 0.000%**
Fetuin—A (pug/mL) ¢ 1322.98 (1133.11-1575.15) 306.97 (260.84-530.05) 0.000%**
Insulin (uIU/mL) ¢ 16.08 (8.55-27.58) 10.98 (8.02-17.6) 0.000%**
HOMA-IR © 8.07 (3.62-12.19) 2.39 (1.84-4.12) 0.0286*
QUICKI score ® 0.29+0.03 0.33+£0.02 0.000%**

BMI - body mass index; DBP - diastolic blood pressure; FBS — fasting blood sugar; HOMA-IR - homeostatic
model assessment of insulin resistance; NDD - newly detected type 2 diabetes; NHC - normal healthy control;
QUICKI - quantitative insulin sensitivity check index; SBP - systolic blood pressure; WC - waist circumference.
* ** and *** indicates statistically significant P value of <0.05, <0.001 and <0.0001, respectively.

@ data represented as frequency (%); ° data represented as mean + SD; ¢ data represented as median (IQR).
Chi-square test was used for categorical data analysis.
Student T-test and Mann Whitney U test were used for normalized and non-normalized data analysis.

Table 2. Distribution of patients based on Fetuin—A quartile and insulin resistance
as per HOMA-IR and QUICKL

Groups - No. of Patients (%)
NDD (n=60) NHC (n=60)
Fetuin-A (IQR) IR based on IR based on IR based on IR based on
HOMA-IR QUICKI Score HOMA-IR QUICKI Score
No Yes No Yes No Yes No Yes
1 (0-304.94) 0 1(1.67) 0 1(1.67) 12 (20) |17 (28.33)| 4 (6.67) | 25(41.67)
2 (305-757.4576) | 1(1.67) 0(0) 0 1(1.67) 8(13.33) | 21(35) | 5(8.33) 24 (40)
3(757.5-1327.5) | 2(3.33) | 26(43.33) | 1(1.67) 27 (45) 0(0) 2 (3.33) 0 2 (3.33)
4 (>1328 - 00) 4(6.67) | 26(43.33) | 1(1.67) | 29 (48.33) 0(0) 0(0) 0 0
Total 7 (11.67) | 53(88.33) | 2(3.33) 58 (96.67) |20(33.33)|40(66.67)| 9 (15) 51 (85)
p value ¥ 0.039 * 0.995 0.32 0.779

IR - insulin resistance; HOMA-IR - homeostatic model assessment of insulin resistance; IQR — inter quartile range; NDD -
newly detected type 2 diabetes; NHC - normal healthy control; QUICKI - quantitative insulin sensitivity check index.
¥ denotes Chi-square p values; * indicates statistically significant p value of <0.05.




Table 3. Comparison of insulin resistance as per HOMA-IR and QUICKI score
among Fetuin—A quartiles in NDD and NHC groups.

IR in Patients
. Based on HOMA-IR Based on QUICKI Score
Fetuin-A (IQR) [Median (IQR)] Mean + SD]
NDD NHC p value NDD NHC p value
12.31 2.24
1 (0-304.94) (1231-12.31) (1742.63) 0.149 02740 | 0.34+0.167 -
2 (305 - 1.53 3.28
757.4576) (153-153) | (199517 | 0% | 036%0 ] 032500527 -
3 (7575 - 7.04 47 .
1337.5) (337-1101) (418 523 | 0038% | 029£003 | 0312001 | 0283
4(1328-00) | 0;3;2193 30 0 - 0.29+0.033 0 -

IR - insulin resistance; HOMA-IR - homeostatic model assessment of insulin resistance; IQR — inter quartile
range; NDD - newly detected type 2 diabetes; NHC - normal healthy control; QUICKI - quantitative insulin
sensitivity check index; SD — standard deviation.

* indicates statistically significant p value of <0.05.
‘~’ represents analysis could not be performed.

Table 4. Correlation of Fetuin—A with various clinical parameters (n=120).

Parameters Correlation Coefficient p value
Age 0.1684 0.066
BMI (kg/m2) 0.0077 0.934
Waist circumference (cm) 0.0904 0.326
Waist hip ratio 0.1255 0.172
SBP (mmHg) 0.3754 0.000***
DBP (mmHg) 0.2504 0.002**
Platelet count (mm3) 0.1582 0.282
Albumin (g/dL) -0.4025 0.000%**
HbAlc (%) 0.7679 0.000%**
Fasting Blood Sugar (mg/dL) 0.7247 0.000%**
Insulin (UIU/mL) 0.2426 0.008**
HOMA-IR 0.5193 0.000%**
QUICKI score -0.5257 0.000%**

BMI - body mass index; DBP - diastolic blood pressure; HOMA-IR - homeostatic model
assessment of insulin resistance; QUICKI - quantitative insulin sensitivity check index;

SBP - systolic blood pressure.

** and *** refer to <0.01 and <0.001 level of significance respectively.

Table 5. Multiple linear regression analysis showing independent predictors of Fetuin—A.

Parameters OR (95% CI) p value Adj. R? value
***QUICKI -7073.65 (-9341.22, -4806.07) 0.000***
*SBP 13.25 (6.53, 19.98) 0.004** 0.368
*Age 6.56 (0.11, 13.01) 0.005**

Adj - adjusted; CI — confidence interval; OR - odds ratio; QUICKI - quantitative insulin
sensitivity check index; SBP - systolic blood pressure.
**and *** refer to <0.01 and <0.001 level of significance respectively.




DISCUSSION

Fetuin-A is a natural inhibitor of insulin receptor tyrosine
kinase along with terminating the downstream signal cas-
cades, thereby resulting in IR and the onset of T2DM (17,
18). Fetuin-A binds to tandem fibronectin type 3 (Fn3) do-
mains of the insulin receptor-subunit. Insulin and Fetuin-A
exhibit affinity towards the same insulin receptor ectodo-
main, with insulin activating the receptor’s intrinsic tyrosine
kinase activity through its binding to the a-subunit, causing a
conformational change that promotes fetuin binding to the f3-
subunit, thereby resulting in the receptor inactivation (19).
Fetuin-A also promotes lipid-induced IR by binding to TLR4
through an endogenous ligand function that is mediated by
its terminal galactoside moiety, being able to directly bind
the Leul00—Gly123 and Thr493-Thr516 residues in TLR4,
causing adipose tissue inflammation and subsequent onset of
IR (13, 20).

The emergence of Fetuin-A as a biomarker was demon-
strated by many studies (10, 11, 21, 22). However, only few
evaluated the correlation between serum Fetuin-A levels with
T2DM patients' characteristics (23). Therefore, this study
was attempted to pitch some light on the potential role of Fe-
tuin-A as a biomarker and a therapeutic target in IR.

This study demonstrated that NDD group significantly
differed from NHC group for various baseline characteristics,
such as WC, waist to hip ratio, SBP, DBP, platelet count,
HbAlc, FBS, Fetuin-A, fasting insulin levels, HOMA-IR and
QUICKI score (p<0.05) except age, gender BMI and albumin
(p>0.05). Similar findings were reported in a previously con-
ducted study (24). Sharma and colleagues (24) suggested that
WC can be better predictor of diabetes than BMI and reported
that a strong correlation between WC and FBS (R=0.813)
compared to BMI and FBS (R=0.539). Demographic factors,
such age and gender were not significantly associated in this
study (p>0.05) and supported by the findings of previous re-
searchers (25-27). Dabrowska and colleagues (25) and Voros
and colleagues (26) stated that Fetuin-A concentrations were
independent of gender and Sun and colleagues (27) showed
no association between age and Fetuin-A levels.

The NDD group had higher levels of Fetuin-A levels
compared to NHC group (p<0.001) and was concurred with
Ou and colleagues (15) and Song and colleagues (28). The
current study also showed that NDD patients majorly distrib-
uted in the Fetuin-A 3™ and 4" quartile in comparison to the
NHC group, who were majorly distributed in the 1% and 2™
quartile. On comparing the HOMA-IR and QUICKI score
among the four quartiles of Fetuin-A levels, HOMA-IR was
significantly higher in the NDD compared to the NHC group
(p<0.05). This finding was in accordance with the study con-
ducted by Song and colleagues (28). Whereas QUICKI score
varied insignificantly among both the groups (p>0.05).

The independent predictors of Fetuin-A by multiple linear
regression analysis were QUICKI, SBP and age (p<0.01) and
were in contrast with findings of Yin and colleagues (23) and

Song and colleagues (28). Yin and colleagues (23) reported
fasting plasma glucose, 2 h oral glucose tolerance test,
HOMA-beta-cell insulin secretion index, triglycerides and
carotid intima media thickness as independent associated
predictors of Fetuin-A. Song and colleagues (28) reported the
association of Fetuin-A levels with fasting serum insulin and
HOMA-IR. Our findings suggested that Fetuin-A was posi-
tively associated with SBP and age, but negatively with
QUICKI and were independent predictors of Fetuin-A. This
finding suggested that Fetuin-A and QUICKI represents a
counteracting mechanism. Higher Fetuin-A were related to
IR indicated as QICIKI score and might lead to development
of T2DM and act as predictive marker for NDD cases that
may be used as a therapeutic target in IR cases.

Limitations of this study was the small sample size con-
sidered. Since this study was not prospective in design, it did
not allow for causal inference between serum Fetuin-A con-
centrations and the progression of T2DM. Moreover, as the
study cases were mostly men, our results may not be applica-
ble to women.

CONCLUSION

High levels of Fetuin-A were associated with NDD com-
pared to NHC group, which in turn associated independently
with SBP, albumin and HbAIc. Thus, Fetuin-A may be used
as a biomarker for detection of NDD. This can help in for
accurate diagnosis, thereby facilitating appropriate treatment
for NDD and helps in managing patients with the risk of
T2DM.
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