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ABSTRACT
Background: The incidence of type 2 diabetes mellitus (T2DM) is increasing over the past years.
Early identification andmanagement of its complications, especially diabetic kidney disease (DKD),
is of great importance. Multiple factors play a role in the pathogenesis of T2DM and DKD. We
aimed to study Fetuin-A gene polymorphisms and Fetuin-A serum levels in T2DM patients with
early DKD. Methods: The present work was conducted on 120 patients with T2DM (60 patients
with microalbuminuria and 60 without albuminuria), and 30 healthy subjects (as a control group).
Serum Fetuin-A levels were measured with ELISA. Fetuin-A, Thr256Ser and Thr248Met polymor-
phismswere determinedby PCR-RFLP.Results: Patientswith T2DMhad a significantly highermean
serum Fetuin-A compared to controls (p < 0.001), while no difference was observed when compar-
ing mean serum Fetuin-A in patients with microalbuminuria and patients without albuminuria (p
= 0.916). Multivariate regression analysis demonstrated that carotid intima-media thickness (CIMT)
and insulin resistance had positive correlations with serum Fetuin-A (p < 0.001 and p < 0.001, re-
spectively). Ankle-brachial pressure index (ABPI) had a negative correlation with serum Fetuin-A
(p=0.046), while Fetuin-A levels neither affected eGFR nor albuminuria. The distribution of the al-
leles of both polymorphisms showed increased frequency of TT (rs248) and GG (rs256) in patients
without albuminuria compared to patients with microalbuminuria. Conclusion: Increased serum
Fetuin-A is associated with insulin resistance and increased risk of atherosclerosis in patients with
T2DM, but is not associated with the development of DKD. TT (rs248) and GG (rs256) polymor-
phisms may be associated with lower risk of DKD.
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INTRODUCTION
Diabetes mellitus (DM) is one of the most frequent
chronic diseases worldwide. It is an important cause
of morbidity and mortality in developed countries
and is becoming an epidemic in developing coun-
tries 1. Type 2 diabetes mellitus (T2DM) is the most
prevalent form of the disease, representing 90 — 95%
of cases of DM2. The frequency of chronic complica-
tions due to microvascular (e.g., diabetic kidney dis-
ease, neuropathy and retinopathy) andmacrovascular
(e.g., stroke, coronary artery disease and peripheral
artery disease) alterations, as well as the difficulties
in controlling T2DM, make it a great medical chal-
lenge3.
DM is also a strong risk factor for peripheral artery
disease (PAD), including atherosclerosis in lower ex-
tremity arteries and carotid artery disease 4,5. PAD
represents a significant burden to health care and
is considered to be a major cause of myocardial in-
farction, stroke and amputation6,7. Moreover, both
DMandPVDare associatedwith increased long-term

mortality8,9. The cause of PAD in T2DM is multifac-
torial as it involves macrovascular affection, vascular
inflammation, peripheral neuropathy, increased sus-
ceptibility to infections, microvascular affection, and
poor wound healing10,11.
Diabetic kidney disease (DKD) is a syndrome defined
as progressive increase in the urinary albumin excre-
tion associatedwith glomerular lesions, leading to loss
of glomerular filtration and eventually end-stage re-
nal disease (ESRD)12. DKD affects about 20-40% of
patients with diabetes and is a leading cause of ESRD
worldwide13. DKDwas previously known as diabetic
nephropathy but now, DKD is a broader term includ-
ing not only diabetic nephropathy but also atheroem-
bolic disease, ischemic nephropathy and interstitial fi-
brosis, which occur as a direct result of diabetes14.
Patients with chronic kidney disease (CKD) are more
likely to develop atherosclerotic cardiovascular dis-
ease and atherosclerotic PAD than the general popula-
tion with preserved kidney function15,16. Moreover,

Cite this article : Morsy E Y, Saad N L, Elghoneimy H A, Smeida A A G, Ismail A A. Fetuin-A gene poly-
morphism and its serum level association with atherosclerotic vascular disease in type 2 diabetes 
patients with early diabetic kidney disease. Biomed. Res. Ther.; 7(11):4122-4131.

4122

https://crossmark.crossref.org/dialog/?doi=10.15419/bmrat.v7i11.649&domain=pdf&date_stamp=2020-11-29


Biomedical Research and Therapy, 7(11):4122-4131

the presence of PAD in CKD patients markedly in-
creases the short-term risk of ischemic cardiac events
and stroke17.
Albuminuria develops as a renalmanifestation of gen-
eralized vascular endothelial injury, making it a valu-
able early predictor of atherosclerosis and cardiovas-
cular mortality. Early identification and treatment of
patients at increased risk for albuminuria may be im-
portant to limit the excess renal and cardiovascular
diseases associated with type 2 diabetes18,19.
Fetuin-A is a multifunctional plasma agent with a
molecular weight of approximately 60 kDa and half-
life of several days20. During fetal development,
Fetuin-A is abundantly synthesized by multiple tis-
sues. In adults, it is secreted predominantly by the
liver21. Fetuin-A is a physiological inhibitor of in-
sulin receptor tyrosine kinase, and thus is associ-
ated with insulin resistance and an increased risk for
T2DM20,21.
Moreover, Fetuin-A knockout mice demonstrated in-
creased basal and insulin-stimulated phosphorylation
of insulin receptor, increased glucose clearance, and
improved insulin sensitivity22. Additionally, fetuin-
null mice were protected from weight gain when they
were challenged with a high-fat diet 23.

SUBJECTS—METHODS
This cross-sectional case-control studywas conducted
on 150 subjects who were divided into three groups:
group A (60 patients with T2DM and microalbumin-
uria), group B (60 patients with T2DM without albu-
minuria), and group C (30 healthy control subjects
matched for age, sex and socioeconomic status).
The criteria for patients for inclusion in the studywere
that patients (either male or female) had T2DM dis-
ease, with or without DKD. Exclusion criteria were as
follows: patients with a history of acute coronary syn-
drome (e.g., unstable angina, non-ST segment eleva-
tionmyocardial infarction (NSTEMI), ST-segment el-
evation myocardial infarction (STEMI)), history and
clinical examination suggestive of peripheral vascular
disease, prior stroke or transient ischemic attack, en-
docrinal or metabolic diseases other than T2DM, ges-
tational diabetes, type 1 diabetes, and/or severe renal
or hepatic impairment.
All the participants included in the study were in-
formed about the nature of the study, and their
oral and written consent for voluntary participation
in the study were obtained. The approval of the
Ethics Committee of the Alexandria University, Fac-
ulty of Medicine was also obtained (project number:
0201034).

For all the subjects in our study, a full history was
taken with special emphasis on different cardiovas-
cular risk factors and detailed drug use. Complete
physical examinations were done and anthropomet-
ric measurements were calculated; body mass index
(BMI) was calculated as weight/height2 (in meters),
and waist circumference (WC) was measured at the
midpoint between the highest point of the iliac crest
and lowest point of the costalmargin at the end of nor-
mal expiration.

Laboratory Investigations
Early morning urine sample was obtained for com-
plete urine analysis and assessment of urinary albu-
min to creatinine ratio (ACR). Urinary ACR of < 30
mg/g creatinine was categorized as normoalbumin-
uria, while ACR in the range of 30–300 mg/g creati-
nine was categorized as microalbuminuria.
Blood sampling: sampling was done in the morn-
ing (8.00 - 10.00 AM) after overnight fasting of
12 hours. Venous blood samples were withdrawn
from each subject and divided into appropriate va-
cutainers. Serum samples were divided into a sam-
ple for assessment of total serum cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), serum triglycerides,
glycated hemoglobin (HbA1c), and fasting serum in-
sulin level (by ELISA; kit obtained fromChemux Bio-
science, Inc., San Francisco, CA, USA). Some of the
serum samples were also aliquoted and stored at -
80◦C for further estimation of serum Fetuin-A level,
as assessed using a commercially available ELISA kit
(R&D Systems, Minneapolis, MN, USA).

Fetuin-A gene polymorphisms
Fetuin-A Thr256Ser and Thr248Met gene poly-
morphisms were determined by Polymerase chain
reaction- restriction fragment length polymorphism
(PCR-RFLP) assay.
DNA extraction: genomicDNAwere extracted by use
of Qiagen Genomic DNA Purification Kit (Qiagen,
Germany).
Amplification: Fetuin-A Thr248Met and Thr256Ser
polymorphisms were amplified using the primers
supplied by Applied Biosystems (Thermo Fisher,
CA). We received validation of the primers as
part of the manufacturing process. The sequence
of the primers were 5’- CCTCCCACAAGCA-
GAAAC -3’ / 5’- TGATGATTCCGCATACCC
-3’ and 5’-TCACCCCTCCTTGTAAC-3’ / 5’-
CCCCAATGAGACCACA-3’, for the Thr248Met and
Thr256Ser polymorphisms, respectively. The test
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was done in a 50-mcL reaction volume containing
approximately 65 ng of genomic DNA, 25 pmol
of each primer, 1.5 U of Taq DNA polymerase
(Analysis) in 1X Reaction Buffer, and 0.25 mM of
each deoxynucleotide triphosphate (Analysis). The
PCR conditions were as follows: initial denaturation
at 95◦C for 5 min, 35 cycles of denaturation at 95◦C
for 1 min, annealing at 56◦C for 1 min, and extension
at 72◦ C for 1 minute; followed by a final extension at
72◦C for 7 min. The obtained fragments were run on
agarose gel; the bands were 366-bp (for Thr248Met
polymorphism) and 405 bp (for Fetuin-A Thr256Ser
polymorphism).
Digestion: fragments for Thr248Met polymorphism
were digested at 37 ◦C with 2.5 U of NlaIII overnight
and separated on a 2% agarose gel, while those for the
Fetuin-A Thr256Ser polymorphism were digested at
37 ◦Cwith 5 U of SacI (restriction enzyme) overnight
and separated on a 1.5 % agarose gel. For T256S,
the c.766C allele remained undigested, whereas the
c.766G allele yielded 193-bp and 212-bp fragments.
For T248M, the c.742T allele yielded 165-bp and 201-
bp fragments, whereas the c.742C allele remained
undigested.

Calculations
Calculation of estimated GFR (eGFR) was done using
the CKD-EPI equation24.
Assessment of insulin resistance was done using the
Homeostasis Model Assessment 2 (HOMA2) calcula-
tor, released by the Diabetes Trials Unit, University of
Oxford (HOMA Calculator)25.
Ankle-brachial pressure index (ABPI) was calculated
as the ratio of the systolic pressure from the poste-
rior tibial at the ankle to the systolic pressure from the
brachial artery. Peripheral arterial disease (PAD) was
defined as an ABPI of < 0.9 in at least one leg. The
lower ABPI between the two legs was used to define
PAD.

Imaging
Ultrasound on the carotid artery was done to deter-
mine the carotid intima-media thickness (CIMT).

Statistical analysis
Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (IBM Corp,
Armonk, NY, USA). The Kolmogorov-Smirnov test
was used to verify the normality of distribution. Sta-
tistical significance of the obtained results was set at
the 5% level. Correlations between quantitative con-
tinuous variables and parameters were evaluated by

multivariate regression analysis. The population of
the studied sample was assessed to determine its equi-
librium with the Hardy-Weinberg equation.

RESULTS
This cross-sectional study was conducted on 120 pa-
tients with T2DM (60 patients with microalbumin-
uria and 60 patients without albuminuria) and 30
healthy subjects (as a control group).

General characteristics
There was no statistically significant difference be-
tween the three groups regarding gender distribution
(p = 0.149) or age (p = 0.065). Patients with T2DM
had higher BMI and higher waist-hip ratio compared
to control group (p < 0.001and p < 0.001, respec-
tively). Systolic, diastolic and mean blood pressure
levels were higher in patients with T2DM compared
to control group (p < 0.001, p < 0.001 and p < 0.001,
respectively). No significant differences regarding any
of the above mentioned parameters were observed
when comparing patients with T2DM and microal-
buminuria to those with T2DM without albuminuria
(p = 0.754, p = 0.073, p = 0.145, p = 0.258 and p =
0.157, respectively), as shown in Table 1.

Laboratory and radiological parameters
There was no significant difference regarding mean
total cholesterol and mean HDL-C between the three
groups (p = 0.572 and p = 0.095, respectively). How-
ever, serum triglyceride levels were significantly dif-
ferent between the groups; group C showed signif-
icantly lower mean serum triglyceride compared to
group B and group A (p = 0.041 and p < 0.001, re-
spectively). There was no difference between groups
A and B regarding mean HbA1c percentage and
mean HOMA2 (p = 0.692 and p = 0.085, respec-
tively). Group A showed significantly lower mean
eGFR compared to group B (p < 0.001). Also, group
A showed higher mean albumin/creatinine ratio and
higher mean fasting insulin compared to group B (p
< 0.001 and p < 0.001, respectively).
Regarding mean CIMT, both groups A and B showed
significantly higher mean CIMT compared to con-
trol group (p < 0.001 and p = 0.007, respectively)
and group A showed significantly higher mean CIMT
compared to group B (p < 0.001). Regarding mean
ABPI, group C showed a significant higher mean
ABPI compared to both groupsA andB (p= 0.006 and
p = 0.045, respectively), while no statistically signif-
icant difference regarding mean ABPI was observed
between groups A and B (p = 0.671). Laboratory and
radiological parameters are shown in Table 2.
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Table 1: Basic clinical characteristics of studied groups

Cases with T2DM Control Group p1 p2 p3

With microalbu-
minuria

Without
albuminuria

BMI (kg/m2)

Mean± SD 35.47± 5.18 36.18± 6.68 23.84± 1.84 0.754 <0.001 <0.001

Waist hip ratio

Mean± SD 1.02± 0.08 0.99± 0.09 0.87± 0.05 0.073 <0.001 <0.001

Systolic blood pres-
sure (mm Hg)

Mean± SD 127.2± 10.55 123.8± 9.71 115.0± 7.31 0.145 <0.001 <0.001

Diastolic blood pres-
sure (mm Hg)

Mean± SD 81.50± 8.04 79.33± 7.33 73.33± 6.74 0.258 <0.001 <0.001

Mean arterial blood
pressure (mm Hg)

Mean± SD 96.45± 8.14 93.90± 7.42 86.80± 6.56 0.157 <0.001 <0.001

p1 : p value for comparing between diabetic patients with microalbuminuria and diabetic patients without albuminuria; p2 : p value for com-
paring between diabetic patients with microalbuminuria and control group; p3 : p value for comparing between diabetic patients without
albuminuria and control group. Statistically significant at p≤ 0.05

Serum Fetuin-A levels
Mean serum Fetuin-A was 528.7 ± 99.35 µg/mL for
group A, 514.2± 80.64 µg/mL for group B, and 369.0
± 79.01 µg/mL for groupC.GroupsA andB showed a
significant highermean serumFetuin-A than groupC
(p < 0.001 and p < 0.001, respectively), while therewas
no statistically significant difference between groups
A and B (p = 0.916), indicating that increased serum
Fetuin was present in T2DM but not related to DKD.

Correlation between serum Fetuin-A and
different parameters
Regarding age, there was no significant correlation
between age and serum Fetuin-A for all groups, while
Fetuin-A levels seemed to be higher in females (p
= 0.003). There was a statistically significant posi-
tive correlation between BMI, waist circumference,
waist hip ratio, and serum Fetuin-A. Also, there
were statistically significant positive correlations be-
tween HOMA2, albumin/creatinine ratio, and serum
Fetuin-A. There was a statistically significant posi-
tive correlation between CIMT and serum Fetuin-A,
while there was a statistically significant negative cor-
relation between ABPI and serum Fetuin-A.
There was no significant correlation of serum Fetuin-
A with mean arterial blood pressure, systolic blood
pressure, diastolic blood pressure, total cholesterol,

HDL-C, serum triglycerides, ALT, fasting insulin, or
eGFR.
A multivariate regression analysis was done, which
took into consideration all the parameters affecting
serum Fetuin-A levels. The significant factors posi-
tively affecting serum Fetuin-A were found to be the
following: BMI, waist circumference, waist hip ratio,
HOMA2 and CIMT (p = 0.013, p = 0.011, p = 0.006, p
< 0.001 and p < 0.001, respectively), while ABPI was
negatively correlated with Fetuin-A levels (p = 0.046).

Fetuin gene polymorphisms frequencies in
the three groups
The distribution of the studied polymorphisms was
consistent with the HardyWeinberg distribution. The
distribution of the different alleles in the three groups
is shown in Figure 2 and Figure 3. Regarding rs248,
the frequency of the CC allele was 76.7 % for group
A, 73.3 % for group B, and 90.0 % for group C, with
no significant difference in distribution between the
groups. The frequency of the CT allele was 23.3 % for
group A, 6.7 % for group B, and 10.0 % for group C.
The frequency of the TT allele was 0.0 % for group A,
20.0 % for group B, and 0.0 % for group C.
Regarding rs256, the frequency of the CC allele was
73.3 % for group A, 76.7% for group B, and 80.0 %
for group C. Moreover, the frequency of the CG al-
lele was 26.7 % for group A, 6.7 % for group B, and
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Table 2: Laboratory and radiological investigations of studied groups

Cases with T2DM Control
Group

p1 p2 p3

With microalbu-
minuria

Without
albuminuria

Triglycerides (mg/dl)

Mean± SD 208.5± 65.19 179.1± 97.89 136.6±
19.02

< 0.001 <
0.001

0.041

HbA1C (%)

Mean± SD 8.77± 1.83 8.53± 1.70 5.25± 0.15 0.692 <
0.001

<
0.001

Fasting insulin (mI/UL)

Mean± SD 84.60± 67.46 40.51± 35.62 13.56±
5.46

< 0.001 <
0.001

<
0.001

HOMA2

Mean± SD 10.0± 4.25 7.93± 3.79 1.20± 0.24 0.085 <
0.001

<
0.001

GFR (mL/min - 1.73 m2)

Mean± SD 73.90± 13.39 86.97± 17.82 99.39±
6.33

< 0.001 <
0.001

<
0.001

Albumin/Creatinine ratio
(mg/g)

Mean± SD 198.3± 56.63 20.92± 5.89 11.30±
6.97

< 0.001 <
0.001

0.001

CIMT (mm)

Mean± SD 0.99± 0.19 0.83± 0.16 0.71± 0.15 < 0.001 <
0.001

0.007

ABI

Mean± SD 0.89± 0.16 0.92± 0.16 1.0± 0.13 0.671 0.006 0.045

ALT: alanine aminotransferase; eGFR: estimated glomerular filtration rate; HOMA2: Homeostasis Model Assessment 2; CIMT: carotid
intima-media thickness; ABI: Ankle Brachial Index; p1 : p value for comparing between diabetic patients with microalbuminuria and diabetic
patients without albuminuria; p2 : p value for comparing between diabetic patients with microalbuminuria and control group; p3 : p value for
comparing between diabetic patients without albuminuria and control group. Statistically significant at p≤ 0.05

20.0 % for group C; the frequency of the GG allele was
0.0 % was for group A, 16.7 % for group B, and 0.0 %
for group C. Upon comparing the distribution of al-
leles, there was a significant difference in the distri-
bution of the alleles of both polymorphisms between
groups A and B, with an increased frequency of TT
in rs248 and increased frequency of GG in rs256 in
group B, compared to group A. T allele (rs248) was
more dominant in patients with T2DM and without
proteinuria (OD of 2.304 at CI of 95%). Regarding
rs256, the GG polymorphism was more dominant in
patients with T2DMwithout albuminuria (ODof 0.24
at CI of 95%).

Serum Fetuin-A levels and different poly-
morphisms
Serum Fetuin-A levels were not different among sub-
jects carrying different alleles of rs248 and rs256 poly-
morphisms in the three groups. Nevertheless, carriers
of the T allele (CT+TT) in polymorphism rs248 and
carriers of the G allele (CG+GG) in polymorphism
rs256 did show higher mean serum Fetuin-A levels (p
= 0.018 and p = 0.014, respectively).

DISCUSSION
T2DM is a global pandemic that, to date, is considered
to be one of the major challenges to our healthcare
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Figure 1: Gel electrophoresis of DNA samples after enzyme restriction. (A) Restriction analysis of T256S
(c.766C>G) polymorphism in the Fetuin A gene. (405 bp; CC, 212+193 bp; GG, 405+212+193 bp; CG allele bands
are shown. Lanes 1,2,3,4,5,6,10 CC alleles; lanes 9: GG alleles; lanes 8: CG alleles; lanes 7, negative control, line M:
100 bp DNA marker. (B) Restriction analysis of T248M (c.742C>T) polymorphism in the Fetuin A gene. (366 bp;
CC, 201+165 bp; TT, 366+201+165 bp; CT allele bands are shown. Lanes 2,3,4,5,6,9,10,11,12,: CC alleles; lanes 1:
TT alleles; lanes 7,8: CT alleles; Lane M: 100 bp DNA marker).

Figure 2: The distribution of the different alleles (rs248) in the studied groups.

system. Diabetes affects every ethnic group world-
wide and its prevalence is increasing- with the great-
est rise in low- and middle-income countries, com-
pared to high-income countries26. The chronic hy-
perglycemia observed inDM is associatedwith patho-
physiological changes and long-term damage or dys-
function of various organs, especially the kidneys,
eyes, heart, blood vessels and nerves27. In this study,
we evaluated the relationship of Fetuin-A gene poly-
morphism and its serum level with early stages of
atherosclerosis (measured by CIMT and ABPI), as
well as early stages of renal disease, as predicted by
estimation of ACR in patients with T2DM.
The results of the current study showed that both
groups of patients with T2DM had significantly
higher mean serum Fetuin-A compared to controls.

Moreover, multivariate regression analysis demon-
strated significant correlation between insulin resis-
tance and serum Fetuin-A, indicating a role of Fetuin-
A in insulin resistance and T2DM. These results are
in agreement with multiple previous studies which
demonstrated that higher circulating Fetuin-A levels
were associated with insulin resistance and increased
risk of T2DM28–31. Fetuin-A may play a role in in-
sulin resistance as an inhibitor of the insulin receptor
tyrosine kinase activity in the muscle and in the liver,
leading to inhibition of insulin signaling32.
On the other hand, no significant association was
demonstrated between serum Fetuin-A levels and
DKD, and no significant difference was found be-
tween serum Fetuin-A levels in patients with DKD
and those without DKD. Also, neither eGFR nor al-
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Figure 3: The distribution of the different alleles (rs256) in the studied groups.

buminuria was found to be associated with serum
Fetuin-A levels. In agreement with the results of
our study, Jung et al.33 reported no association be-
tween serum Fetuin-A levels andmicrovascular com-
plications in patients with T2DM. In contrast, Hud-
dam et al.34 reported higher serum Fetuin-A levels in
metabolic syndrome patients withmicroalbuminuria.
The current study showed a significant relation be-
tween serum Fetuin-A levels and obesity. There was
a significant positive correlation between BMI, waist
circumference, waist hip ratio, and serum Fetuin-
A. Associations between Fetuin-A level and obesity-
related parameters have been widely reported in pre-
vious studies35. In one study, higher Fetuin-A
concentrations were associated with the accumula-
tion of visceral adipose tissue in well-functioning,
community-living older persons36. Moreover, a
one-year follow-up study showed that gastric bypass
surgery among morbidly obese patients resulted in
reduction in the concentration of circulating Fetuin-
A37.
It is thought that Fetuin-Amay be related to the initia-
tion and progression of atherosclerosis38. The results
of the current study demonstrated a significant posi-
tive correlation between CIMT and serum Fetuin-A,
while there was a statistically significant negative cor-
relation between ABPI and serum Fetuin-A.These re-
sults are in agreement with those of Yin et al.38, who
found that the serum Fetuin-A levels were positively
and significantly correlated with CIMT in patients
with newly-onset T2DM. Also, Yin et al.39 reported
that plasma Fetuin-A levels were found to correlate

positively and significantly with CIMT. Some previ-
ous studies demonstrated a significant association be-
tween Fetuin-A and ankle brachial index (ABI). Roos
et al.40 assessed ABI as a parameter of microvascular
disease and demonstrated that type 2 diabetic patients
with an ABI < 0.9 had lower Fetuin-A levels than pa-
tients with an ABI 0.9-1.3 or > 1.3, and that Fetuin-A
was significantly associated with ABI. Lorant et al.41

demonstrated that patients with T2DM who addi-
tionally suffered from PAD have significantly higher
Fetuin-A levels.
With regards to the results of genotyping of Fetuin-
A gene polymorphisms, the T allele (rs248) was more
dominant in patients with T2DM and without pro-
teinuria (OD of 2.304 at CI of 95%). Regarding
rs256, GG polymorphism was more dominant in pa-
tients with T2DM without albuminuria (OD of 0.24
at CI of 95%). Very few studies explored these poly-
morphisms in patients with T2DM. A previous study
done on an Egyptian population stated contradic-
tory data regarding rs256 polymorphism since there
were no significant differences between the two di-
abetic groups, with and without proteinuria, or be-
tween both of them and control, according to fre-
quencies of the different genotypes and alleles42.
Our study showed that serum Fetuin-A levels were
not different between subjects carrying different al-
leles of polymorphism rs248 and rs256 in the three
groups. Carriers of the T allele (CT+TT) in polymor-
phism rs248 and carriers ofG allele (CG+GG) in poly-
morphism rs256 showed higher mean serum Fetuin-
A levels. Similarly, Pavlovic et al.43 stated that sin-
gle nucleotide polymorphisms in genes for Fetuin-A,
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such asThr248MetC>T (rs4917) andThr256 SerC>G
(rs4918), were associated with lower serum Fetuin-
A levels and higher mortality rate in RT and CKD
patients. Stevinkel et al.44 stated that dialysis pa-
tients in Sweden showed lower serum Fetuin-A levels
in Fetuin-A CG Thr256Ser polymorphism. Axelsson
et al.45 concluded that Fetuin-A (C→G), Thr256Ser
gene polymorphisms affected circulation of serum
Fetuin-A levels. In contrast to our study, in an In-
donesian population, Thr256Ser subjects with G al-
lele (CG and GG genotypes) had lower serum Fetuin
levels compared with patients with CC genotype45,46.
Some limitations should be considered in our study.
The sample size limited the power to detect the ef-
fects of the polymorphisms onmicrovascular compli-
cations of T2DM (rather than early DKD).This cross-
sectional study could not exclude patients with non-
complicated T2DMwhowill developDKD later in the
course of the disease. Moreover, patients with T2DM
included in the study were receiving insulin or oral
hypoglycemic drugs, and we cannot rule out the in-
fluence of these drugs on gene expression level.

CONCLUSION
Increased serum Fetuin-A is associated with insulin
resistance, increased risk of atherosclerosis, and lower
ABPI in patients with T2DM. There is no association
between serum Fetuin-A and the development of al-
buminuria. T allele and GG polymorphisms in rs248
and rs256, respectively, may be associated with lower
risk of development of DKD. We recommend that
the relationship between polymorphisms in Fetuin-A
gene and levels of Fetuin-A should be considered in
different populations, and that the of level of serum
Fetuin-A itself would be further studied in a larger
number of patients to further confirm its effect on di-
abetes and its different complications.

ABBREVIATIONS
ABPI: Ankle-brachial pressure index
ACR: Albumin to creatinine ratio
BMI: Body mass index
CIMT: Carotid intima-media thickness
CKD: Chronic kidney disease
DKD: Diabetic kidney disease
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