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Abstract

The potential impact of human leukocyte antigen (HLA) genotype variations on development of diabetic
peripheral neuropathy (DPN) is not well determined. This study aimed to identify the association of HLA
class 1T alleles with DPN in type 2 diabetes (T2D) patients. Totally 106 T2D patients, 49 with DPN and 57

id:
without DPN, and 100 ethnic-matched healthy controls were analyzed. Both groups of the patients were 8230_000 1-8929-5658
matched based on sex, age, body mass index (BMI) and duration of T2D. Polyneuropathy was diagnosed (G150 Solgi)

using electrodiagnostic methods. HLA-DRBI1 and DQBI1 genotyping was performed in all subjects by the
polymerase chain reaction with sequence-specific primers (PCR-SSP) method. T2D patients with DPN
showed higher frequencies of HLA-DRB1*10 and DRB1*12 alleles compared to control group (P = 0.04).
HLA-DQBI1*02 allele and HLA-DRB1*07-DQB1*02 haplotype were associated with a decreased risk for
developing DPN in T2D patients (P = 0.02 and P = 0.05 respectively). Also, patients with severe neurop-
athy showed higher frequencies of DRB1*07 (P = 0.003) and DQB1*02 (P = 0.02) alleles than those with
mild-to-moderate form of neuropathy. The distribution of DRB1 and DQBI alleles and haplotypes were not
statistically different between all patients and healthy controls. Our findings implicate a possible protective
role of HLA-DQB1*02 allele and HLA-DRB1*07-DQB1*02 haplotype against development of peripheral
neuropathy in T2D patients. Therefore, variations in HLA genotypes might be used as genetic markers for
prediction and potentially management of neuropathy in T2D patients.
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Introduction

Neuropathy is one of the most common devastating com-
plications of diabetes and is associated with significant mor-
bidity, mortality and diminished quality of life (Boulton et
al., 2005; Tesfaye, 2011). Pathogenesis of diabetic neuropathy
has not been understood completely, and several hypotheses
have been proposed for this microvascular complication in
diabetic patients (Greene et al., 1992; Al, 2004). Poor glyce-
mic control plays an important role in the development of
peripheral nerve damage (Boulton et al., 1984) and molecu-
lar studies have implicated the sequential events for progres-
sion of neuropathy and recognized several key players in-
cluding protein kinase C, advanced glycation end products,
aldose reductase, polyol and hexosamine pathways (Balaku-
mar et al., 2009; Wellen et al., 2010).

The pattern and presentation of clinical diabetic neurop-
athy depend on various factors like duration of hyperglyce-
mia, dyslipidemia, hypertension, smoking, increased height
and exposure to other neurotoxic agents such as ethanol
(Feldman et al., 1997). But, the role of genetic predisposition

for this diabetic microvascular complication is uncertain and
it is unclear whether the genetic factors increase the suscep-
tibility of diabetic patients to develop neuropathy (Boulton
et al., 1984). While the role of human leukocyte antigens
(HLA) in pathogenesis of type 1 diabetes has been clearly es-
tablished (Kiani et al., 2015), its exact role in type 2 diabetes
(T2D) is less clear.

The prevalence of HLA class II alleles and haplotypes
among T2D patients have been reported in few studies but
with inconsistent results (Tuomi et al., 1993; Turner et al.,
1997; Motala et al., 2005; Almawi et al., 2006). Although,
other aspects of T2D in relation to HLA class II genes, such
as autoimmune markers (anti-GAD antibody), latent au-
toimmune diabetes in adults, genetic interaction between
type 1 and type 2 diabetes and somewhat microvascular
complications have been investigated partially (Tuomi et al.,
1993; Turner et al., 1997). Nevertheless, the contribution of
HLA genes in development of post diabetic complications
particularly peripheral neuropathy in T2D patients remains
unclear. Because of the lack of consistent data in this regard,
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the present study was conducted to explore whether the
HLA-DRBI and DQBI alleles and DR-DQ haplotypes are
associated with diabetic peripheral neuropathy (DPN) in pa-
tients with T2D.

Subjects and Methods

Subjects

This case-control study was carried out on 106 unrelated
patients with T2D (49 with DPN and 57 without DPN) who
referred to outpatient diabetes clinic of Hamadan University
of Medical Sciences, Iran between March 2011 and Sep-
tember 2013. Type 2 diabetes was defined according to the
American Diabetes Association Diagnostic Criteria (Amer-
ican Diabetes, 2016). Patients with any of the following
conditions were excluded from the study: age < 30 and over
70 years, other causes of peripheral neuropathy, use of any
neurotoxic drugs like chemotherapeutic agents, history of
renal or hepatic dysfunction, and alcohol abuse. All subjects
completed a questionnaire consisting of general information,
duration of diabetes, type of medication and history of foot
ulcer and smoking status. Then, the height, weight and blood
pressure for all of the study subjects were recorded. Also, 100
ethnic- and gender-matched healthy subjects with no clini-
cal evidence or family history of T2D were enrolled among
blood donors who referred to Blood Transfusion Organiza-
tion as control group. The mean ages of T2D patients and
control groups were 55.8 + 6.7 years and 45.3 + 10.6 years
respectively. Also, the female-to-male ratios were 44/62 in
the patients and 41/59 in the controls. The written informed
consents were obtained from all study subjects, and the study
protocol was approved by ethics committee, Vice-Chancellor
for Research and Technology, Hamadan University of Medi-
cal Sciences, Iran, No. 16.35.9.121.

Screening and diagnosis of DPN

Neuropathy Symptom Score (NSS) and Neuropathy Dis-
ability Score (NDS) criteria were used for the screening of
diabetic neuropathy (Young et al., 1986; Meijer et al., 2003).
NSS questionnaire included questions regarding the type of
sensation, time of symptoms, location of symptoms, waking
up from sleep and factors that relieve symptoms. NDS con-
sisted of neurologic examination parameters such as ankle
reflex and perceptions of pinprick, cold and vibration. Each
parameter takes a score from 0 to 2. The criteria for the exis-
tence of DPN were an NDS score of at least 6.0 irrespective
of NSS score, or an NDS score of 3-5 in combination with
an NSS score of at least 5.0 (Cabezas-Cerrato, 1998) . Nerve
conduction measurements (Sierra II Wedge EMG/NCV/EP
Instrument from Cadwell, 909 N. Kellogg Street, Kennewick,
Washington 99336, USA) including amplitude, conduction
velocity, and latency were carried out on sural, peroneal, and
tibial nerves in lower limbs. The obtained values were com-
pared with normal values (GS, 2008). Diagnosis of DPN was
based on the recommended protocol (GS, 2008) so that, the
case definition criterion for confirmation of DPN was an ab-
normality (> 99" or < 1" percentile) of any attribute of nerve
conduction in two separate nerves, one of which must be the
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sural nerve (England et al., 2005). The severity of DPN was
assessed by a combination of neuropathy symptoms, signs
and nerve conduction abnormalities as mild, moderate and
severe (Tesfaye et al., 2010).

HLA-DRBI1 and DQB1 genotyping

Genomic DNA extraction from venous peripheral blood
samples was performed by using a modified salting out
method (Kiani et al., 2015). Thereafter, HLA genotyping was
done by PCR with sequence specific primers using commer-
cial low resolution HLA DR-DQ SSP kits (Olerup SSP°DQ-
DR SSP Combi Tray, Stockholm, Sweden) based on the
manufacture’s instructions. Following PCR amplification, the
whole volume (10 pL) of PCR products was runned on a 2.0%
agarose gel electrophoresis, stained with ethidium bromide
and specific bands were visualized by UV transilluminator.
Detection of specific HLA-DRB1 and HLA-DQBI alleles
were executed by SCORE software (Olerup SSP*DQ-DR
SSP Combi Tray, Stockholm, Sweden). In addition, different
DRB1-DQB1 haplotypes were assigned based on known
HLA-DRBI and DQBI linkage disequilibrium in Caucasians
as well as European populations using an Expectation-Maxi-
mization (EM) Algorithm as implemented in the R statistical
computing environment (http://www.R-project.org).

Statistical analysis

The frequencies of HLA-DRB1 and DQBI alleles and de-
duced DR-DQ haplotypes were calculated by direct counting
of HLA phenotypes. Then, allele and haplotype frequencies
were compared between the patients and controls using chi-
square analysis with Yates’ correction or two-tailed Fisher’s
exact test where appropriate. The risks contributed by alleles
and deduced haplotypes were assessed by calculation of
relative risk (RR) with 95% confidence intervals (CIs). Lo-
gistic regression analysis was implemented to determine the
association between risky alleles and haplotypes and devel-
opment of T2D neuropathy. Also, paired Student’s ¢-test was
performed to analyze quantitative data between the study’s
groups. All of the calculations were done by using the SPSS
v.16.0 for Windows and probability values less than 0.05
were considered as statistically significant.

Results

Forty-nine T2D patients with DPN and 57 patients with-
out DPN as well as 100 ethnic-matched healthy controls
were studied in this cohort. The demographics and clinical
characteristics including sex, age, age at T2D diagnosis,
treatment status, body mass index (BMI), serum creatinine
and hemoglobin A1C (HbA1C) levels, hypertension and di-
astolic and systolic blood pressure are summarized in Table 1.
The mean serum creatinine levels, HbA1C contents and BMI
were significantly increased in patient groups compared to
healthy controls (Table 1). Peripheral neuropathy was diag-
nosed by using electrodiagnostic methods.

HLA-DRBI1 and DQBI allele and haplotype frequencies
Distribution of HLA-DRB1 alleles were not statistically
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Table 1 Demographics and some of clinical characteristics of the study subjects

Patients with DPN Patients without DPN Healthy controls

Variables (group A, n =49) (group B, n=57) (group C, n=100)
Gender (female/male, n) 20/29 24/33 48/52
Age (year) 56.1+6.7 55.6£6.8 45.3+10.6
Age at diagnosis (year) 45.8+8.5 46.5+9.5 -
Duration of disease (year) 10.31£6.2 9.6+5.2
Therapy status

OHA 17 25 -

Insulin only 20 14 -

OHA + insulin 12 18 -
BMI (kg/mz) 28.8+4.6 27.4+4.04 21.8+1.5*
Serum creatinine (mg/dL) 1.15+0.24 1.12+0.18 0.97+0.19%*
HbA, (%) 7.82+1.23 7.48+0.98 5.4+0.54*
Hypertension (yes/no, n) 28/21 25/32 -
Systolic blood pressure (mmHg) 131.5£17.2 127.4+16.9 <120.0
Diastolic blood pressure (mmHg) 80.9+10.3 77.8+11.8 <80.0

*P < 0.001, vs. groups A and B. DPN: Diabetic peripheral neuropathy; OHA: oral hypoglycemic agent; BMI: body mass index.

Table 2 Distribution of HLA-DRBI alleles in patients with and without diabetic peripheral neuropathy (DPN) and healthy controls

With DPN, Without DPN,

HLA-DRBI1 alleles  2n=98 (%), group A 2n =114 (%), group B
DRB1*01 6(6.1) 6(5.3)
DRB1*03 10(10.2) 15(13.2)
DRB1*04 12(12.2) 7(6.1)
DRB1*07 7(7.1) 14(12.3)
DRB1*08 2(2.0) 4(3.5)
DRB1*09 1(1.0) 1(0.8)
DRB1#10 4(4.1) 2(1.7)
DRB1*11 18(18.4) 25(22.0)
DRB1*¥12 4(4.1) 3(2.6)
DRB1*13 12(12.2) 9(8.0)
DRB1*14 4(4.1) 3(2.6)
DRB1*15 13(13.3) 20(17.5)
DRB1*16 5(5.1) 5(4.4)

Healthy controls, P

2n =200 (%), groupC A wvs. B Avs. C Bvs. C (A+B) vs. C
14(7.0) 0.97 0.96 0.71 0.72
26(13.0) 0.65 0.61 0.89 0.82
16(8.0) 0.19 0.33 0.70 0.86
22(11.0) 0.30 0.39 0.87 0.83
5(2.5) 0.68 1.00 0.72 0.92
4(2.0) 1.00 1.00 0.65 0.43
1(0.5) 0.41 0.04* 0.29 0.12
44(22.0) 0.63 0.56 0.89 0.75
1(0.5) 0.70 0.04* 0.13 0.06
27(13.5) 0.40 0.90 0.18 0.32
15(7.5) 0.70 0.37 0.12 0.09
21(10.5) 0.50 0.60 0.10 0.16
4(2.0) 1.00 0.16 0.29 0.19

*: Two-tailed P values by Fisher’s exact test; relative risk is 0.96 (0.92—1.00).

Table 3 Distribution of HLA-DQBI alleles in patients with and without diabetic peripheral neuropathy (DPN) and healthy controls

With DPN, Without DPN,
HLA-DQBI alleles  2n =98 (%), group A 2n =114 (%), group B
DQB1*02 14(14.3) 30(26.3)
DQB1*03 42(42.8) 39 (34.2)
DQB1*04 3(3.1) 4(3.5)
DQB1*05 20 (20.4) 16 (14.1)
DQB1*06 19 (19.4) 25(21.9)

Healthy controls, !

2n =200 (%), groupC Avs. B Avs.C Bvs.C (A+B) vs. C
45(22.5) 0.04* 0.12 0.53 0.75

72 (36.0) 0.25 0.30 0.84 0.71

4(2.0) 1.00 0.68 0.46 0.60

37 (18.5) 0.29 0.81 0.39 0.78

42 (21.0) 0.77 0.86 0.95 0.95

*: Yates corrected P value by chi-square test. Relative risk is 0.54 (0.31-0.96).

different between two groups of the patients but were com-
parable with healthy controls, and T2D patients with DPN
showed higher significant frequencies of HLA-DRB1*10 and
DRB1*12 alleles (P = 0.04; Table 2). HLA-DQB1*02 allele
was more frequent in patients without DPN than in those

with DPN (P = 0.04; Table 3). Haplotype analysis revealed a
lower frequency of HLA-DRB1*07-DQB1*02 haplotype in
patients with DPN than those without DPN (P = 0.05; Table
4). After adjusting covariates like age, age at diagnosis, dura-
tion of disease and BMI, logistic regression analysis revealed

1841



Marzban A, et al. / Neural Regeneration Research. 2016;11(11):1839-1844.

Table 4 Distribution of the most frequent HLA-DRB1-DQB1 haplotypes among both groups of the patients and healthy controls

With DPN, Without DPN, Healthy controls, P
Haplotypes 2n =98 (%), group A 2n =114 (%), group B 2n =200 (%), group C A vs. B Avs. C Bvs.C (A+B) vs. C
DRB1*01-DQB1*05 5(5.1) 4(3.5) 13(6.5) 0.73 0.82 0.38 0.42
DRBI1*03-DQB1*02 9(9.2) 14(12.3) 23(11.5) 0.61 0.68 0.98 0.95
DRB1*04-DQB1*03 11(11.2) 7(6.1) 11(5.5) 0.28 0.12 0.98 0.32
DRB1*07-DQB1*02 4(4.1) 14(12.3) 16(8.0) 0.05* 0.30 0.29 0.99
DRB1*07-DQB1*03 3(3.0) 0(0.0) 4(2.0) 0.09 0.68 0.30 0.71
DRB1*08-DQB1*04 1(1.0) 4(3.5) 2(1.0) 0.37 1.00 0.19 0.45
DRB1*09-DQB1*03 0 1(0.8) 4(2.0) 1.00 0.30 0.65 0.20
DRB1*10-DQB1*05 4(4.1) 2(1.7) 3(1.5) 0.41 0.22 1.00 0.50
DRB1*11-DQB1*03 18(18.4) 23(20.2) 40(20.0) 0.87 0.85 0.91 0.96
DRB1*12-DQB1*03 4(4.1) 3(2.6) 2(1.0) 0.70 0.09 0.35 0.17
DRBI1*13-DQB1*03 3(3.0) 4(3.5) 5(2.5) 1.00 0.72 0.48 0.84
DRB1*13-DQB1*06 9(9.2) 5(4.4) 20(10.0) 0.26 0.98 0.12 0.62
DRB1#14-DQB1*05 4(4.1) 2(1.7) 11(5.5) 0.41 0.78 0.14 0.26
DRB1*15-DQB1*05 3(3.0) 3(2.6) 1(0.5) 1.00 0.10 0.13 0.12
DRBI1*15-DQB1*06 9(9.2) 17(14.9) 17(8.5) 0.29 0.98 0.11 0.27
DRBI1*16-DQB1*05 4(4.1) 5(4.4) 4(2.0) 1.00 0.44 0.29 0.30

*: Two-tailed P values by Fisher’s exact test. Relative risk is 0.33 (0.11-0.98). DPN: Diabetic peripheral neuropathy.

Table 5 Logistic regression model for association between human
leukocyte antigen (HLA) and diabetic peripheral neuropathy (DPN)
in T2D patients

Table 6 Distribution of HLA-DRBI1 alleles among patients with
diabetic peripheral neuropathy (DPN) according to severity of
neuropathy

0,
0Odds ratio 95% confidence p

Allele/haplotype interval values
HLA-DQB1*02 2.33 1.03-5.28 0.04
HLA-DRB1*07-DQB1*02 0.27 0.08-0.89 0.03

Table 7 Distribution of HLA-DQBI alleles among patients with
diabetic peripheral neuropathy (DPN) according to severity of
neuropathy

Patients with DPN (n = 49)

Mild-to-moderate, Severe, P
HLA-DQBI alleles 21 =68 (%) 2n =30 (%) values
DQBI1*02 6(8.8) 8(26.7) 0.02%*
DQB1*03 31(45.6) 11(36.7) 0.54
DQB1*04 2(2.9) 1(3.3) 1.00
DQB1*05 17(25.0) 3(10.0) 0.15
DQBI1*06 12(17.7) 7(23.3) 0.70

*: Two-tailed P values by Fisher’s exact test. Relative Risk is 0.33 (0.13-0.87).

that HLA-DQB1*02 allele and HLA-DRB1*07-DQB1*02
haplotype were significantly associated with DPN (P = 0.04 and
P = 0.03, respectively; Table 5). Also, distribution of HLA al-
leles among T2D patients according to the severity of neurop-
athy revealed a higher frequencies of DRB1*07 and DQB1*02
alleles in patients with severe neuropathy than in those with
mild-to-moderate neuropathy (P = 0.003 and P = 0.02, respec-
tively; Tables 6, 7). However, the HLA-DRB1 and DQBI allele
and haplotype frequencies were not statistically different be-
tween all patients and healthy controls. Although T2D patients
showed higher and lower frequencies of HLA-DRB1*12 and
DRB1%*14 alleles respectively compared to healthy controls but,
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Patients with DPN (n = 49)

Mild-to-moderate, Severe, P
HLA-DRBI1 alleles 21 =68 (%) 2n =30 (%) values
DRB1*01 5(7.4) 1(3.3) 66
DRB1*¥03 6(8.8) 4(13.3) 0.48
DRB1*04 9(13.2) 3(10.0) 0.75
DRB1*07 1(1.5) 6(20.0) 0.003*
DRB1*08 1(1.5) 1(3.3) 0.52
DRB1*09 1(1.5) 0 1.00
DRB1*10 4(5.9) 0 0.30
DRB1*11 13(19.0) 5(16.7) 0.99
DRB1*12 4(5.9) 0 0.30
DRBI1*13 7(10.3) 5(16.7) 0.50
DRB1*¥14 4(5.9) 0 0.30
DRB1*15 9(13.2) 4(13.3) 1.00
DRBI1*16 4(5.9) 1(3.3) 1.00

*: Two-tailed P values by Fisher’s exact test. Relative risk is 0.07 (0.01-0.58).

it was not statistically significant (Table 2).

Discussion

Diabetic neuropathies are clinically classified to symmetri-
cal and asymmetrical neuropathies and distal symmetrical
peripheral neuropathy is the commonest form of these
post-diabetes microvascular complications (Bansal et al.,
2006). Nerve biopsy examinations revealed that besides the
metabolic changes and ischemic injury, perivascular infil-
tration and immunological abnormality could be observed
in these pathological conditions. Chronic inflammatory
demeylinating polyneuropathy has been confirmed in two
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clinical forms of diabetic neuropathies (Bansal et al., 2006).
Moreover, glutamic acid decarboxylase (GAD) antibodies
and latent autoimmune diabetes have been found in some
of T2D patients (Tuomi et al., 1993; Turner et al., 1997). Ge-
netic determinants particularly those involved in the affect-
ed metabolic pathway have been reported to be attributed
in the pathogenesis of T2D and subsequent microvascular
complications (Bansal et al., 2006; Ma et al., 2013; Brunetti
et al., 2014). Disease heterogeneity in type 2 diabetes may in-
fluence the susceptibility to diabetic complications (Forsblom
et al., 1998).

The role of HLA alleles in pathogenesis of T2D and its sub-
sequent complications is less clear and their association is still
contradictory and elusive because of very limited studies on
HLA-T2D relationship (Ma et al., 2013). To investigate the
possible correlation between HLA class II alleles and periph-
eral neuropathy in a group of Iranian T2D patients, we ana-
lyzed the distribution of HLA-DRBI1 and DQBI alleles and
DRB1-DQBI1 haplotypes in two groups of patients (with or
without DPN) as well as in ethnic -matched healthy controls.

Our findings demonstrated a negative association between
HLA-DQB1*02 allele and HLA-DRB1*07-DQB1*02 haplo-
type with DPN in type 2 diabetes patients. Also, we observed
that HLA-DRB1*07 and DQB1*02 alleles were associated
with severe form of peripheral neuropathy. Comparison
of all patients and healthy controls did not show statistical
differences for either HLA alleles or HLA haplotypes but,
the patients with DPN separately showed higher significant
frequencies of HLA-DRB1*10 and DRB1*12 alleles than
controls.

In contrast to our results, Boulton et al. (1984) and Schei-
nin et al. (1988) did not find any association between DPN
and HLA-A, -B, -C and DR alleles among type 1 and type 2
diabetes patients, whereas, a study by Brazilay et al. (1992)
depicted a direct association between HLA-DRB1*03 and
DRB1*04 alleles and cardiovascular autonomic neuropathy
in T1D patients. In this regard, our results showed higher
and lower but insignificant frequencies of DRB1*04 and
DRB1*03 alleles respectively in patients with DPN com-
pared to those without DPN. Two studies on T2D patients
showed the protective and susceptible roles of DQB1*05:01
allele for diabetic nephropathy respectively (Perez-Luque
et al., 2000; Ma et al., 2013). Additionally, Ma et al (2013).
demonstrated that DQA1*03:01 and 05:01 alleles are di-
rectly associated with nephropathy in T2D patients, while
Perez-Luque et al. showed a positive and negative associa-
tion for DRB1*¥15:02 and DRB1*04:07 alleles with diabetic
nephropathy respectively.

To our knowledge, the present study is the first report on
potentially protective role of HLA-DQB1*02 allele and HLA-
DRB1*07-DQB1*02 haplotype against peripheral neuropa-
thy in T2D patients. Because of the paucity and inconsistent
data regarding HLA and T2D microvascular complications
particularly neuropathy, our results should be interpreted
with caution and further investigations using larger cohorts
and preferentially with focus on underlying mechanisms
are warranted. However, the genetic factors including HLA

alleles are only one of the possible contributing factors for
development and progression of peripheral neuropathy and
more importantly, elucidating the exact role of HLA mole-
cules in susceptibility/protection for diabetic peripheral neu-
ropathy remains undefined and has proved challenging.

Comparison of the frequencies of HLA alleles and hap-
lotypes between all patients and healthy controls in the
present study did not show any significant differences. Other
similar studies have revealed an association (Ghabanbasani
et al., 1995; Motala et al., 2005; Ma et al., 2013) and no or
weak association between HLA genes and T2D (Jaeger et
al., 1997; Tipu et al., 2011). For instance, in Bahrainis, T2D
was found to be positively associated with DRB1*04:01 and
*07:01 alleles and negatively correlated with DRB1*11:01
and *16:01 alleles (Motala et al., 2005). Also, several DRBI-
DQB1 haplotypes appeared to confer susceptibility to T2D
and DRB1*16:01-DQB1*05:01 haplotype was negatively
associated with T2D. Whereas, our findings revealed high-
er frequency of this haplotype in the patients compared to
controls but it did not reach statistical significance probably
due to small number of the patients in the current study. In
Pakistanis, HLA-DRB1*13 alleles were found to be more
frequent in T2D patients (Tipu et al., 2011) and a Chi-
nese population showed a link between DQA1*0301 and
DQA1*0501 alleles with T2D (Ma et al., 2013).

Conclusions

Given to complex multifactorial etiology of T2D and con-
sequent microvascular complications, further investigations
are needed to identify the predisposing genetic factors and
their interaction with environmental factors in order to take
preventive measures or probable better therapeutic inter-
ventions for T2D and post-diabetes complications. Taken
together, we observed a plausible contribution of some HLA
class-II alleles for development of DPN and even severity
of this complication, but the elucidation of true association
and more importantly the exact role of HLA genes in T2D
and subsequent complications particularly neuropathy need
replicative studies involving larger cohorts in our population
as well as in different ethnic groups. Additionally, the evalu-
ation of other immunological markers would also be worthy
to identify the subjects at increased risk of this disease.
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