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Haptoglobin2‑2 phenotype is an additional risk factor of 
retinopathy in type 2 diabetes mellitus
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Introduction

Diabetes mellitus (DM) is a major health problem 
world‑wide and diabetic retinopathy (DR) is the most 

common and severe chronic ocular microvascular 
complication eventually leading to blindness.[1‑3] The 
prevalence of DR in diabetic individuals is around 
17% in India amongst which around 8% ends in vision 
threatening blindness.[4,5] The risk of retinopathy is directly 
related to the age at onset of hyperglycemic state, 
degree of glycemic control and duration of diabetes.[6‑8] 
Several hypotheses have been proposed to explain the 
mechanism for the development of retinopathy in DM 
such as polyol accumulation, formation of advanced 
glycation end products, oxidative stress and activation of 
protein kinase C modulating the disease process through 
various cellular metabolic signaling.[9‑14]

Haptoglobin (Hp) is a positive acute phase reactant 
with hemoglobin (Hb) binding capacity.[15] Free Hb is 
considered to be a potent pro‑oxidant which mediate 
several oxidative pathways like Fenton reaction resulting 
in the formation of hydroxyl radicals.[16] Hp binds 
with Hb and removes it from the circulation and thus 
prevents iron catalyzed formation of oxygen radicals 
and thus playing an important role as an antioxidant.[17] 
Hp‑Hb binding also inhibit prostaglandin synthesis by 
removing heme compounds which catalyze oxidation of 
arachidonic acid by prostaglandin synthase, thus exerting 
anti‑inflammatory effect.[18] Hp binding depends not only 
on serum Hp concentration but also on Hp phenotype.[15] 
In humans, the Hp gene is located on the long arm of 
chromosome 16.[19] It consists of two alleles, Hp1 and 
Hp2 which manifest as three phenotypes, Hp1‑1, Hp2‑1 
and Hp2‑2. The increased antioxidant function of Hp1‑1 
is thought to offer better protection from the vascular 
damage while Hp2‑2 is believed to be a major risk factor 
in several oxidative stress related disease states.[19,20]
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AIMS: The aim of this study was to investigate the 
association between haptoglobin (Hp) phenotypes and risk 
of the development of diabetic retinopathy (DR) in patients 
of type 2 diabetes mellitus.
MATERIALS AND METHODS: This cross‑sectional study 
included 45 normotensive type 2 diabetic patients (duration 
more than 5 years) admitted in the hospital divided into 
two groups (with and without DR) on the basis of fundus 
examination by direct ophthalmoscopy. Serum samples 
of all patients were subjected for Hp phenotyping by 
polyacrylamide gel electrophoresis.
RESULTS: DR was associated significantly in diabetic 
patients with Hp2‑2 phenotype (79.31%) than diabetic 
patients with Hp2‑1 phenotype (43.75%) and Hp2‑2 had 
higher odds ratio (OR) for DR in univariate analysis (OR 
4.929, [95% confidence interval [CI] (1.297‑18.733)], 
P = 0.016) and multivariate analysis (OR 7.704 [95% CI 
(0.887‑66.945)], P  = 0.064). Furthermore, Hp2‑2 was 
associated significantly with severe forms of DR.
CONCLUSION: Hp2‑2 phenotype is associated with 
susceptibility to DR showing a graded risk relationship to the 
number of Hp2 alleles. Determination of Hp phenotype may 
be useful in the risk assessment and management of DR.
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Thus Hp polymorphism offers differential protection 
towards oxidative stress induced microvascular damage 
in genetically susceptible individuals. This gave us the 
insight to investigate diabetic patients to determine the 
association of DR with Hp phenotypes. The aim of the 
present study was to investigate the association between 
Hp phenotypes and occurrence of retinopathy in Type 2 
diabetic patients.

Materials and Methods

Study was conducted on 45 normotensive Type 2 
DM patients diagnosed as per the diagnostic criteria of 
American Diabetes Association, 2007 selected randomly 
from the patients admitted in hospital wards. Diabetic 
patients with retinopathy formed the study group while 
diabetic patients without retinopathy served as the control 
group.[21] Study protocol was approved by the institutional 
ethics committee. Written informed consent was obtained 
from all patients. Patients with associated ischemic heart 
disease, rheumatoid arthritis, concomitant liver or kidney 
disease, history of exogenous hormone administration 
and DM of less than 5 years duration were excluded from 
the study population.

Fundus examination

Fundus examination of both eyes was carried out by 
direct ophthalmoscopy 30 min after complete mydriasis 
with 1% tropicamide eye drops. Indirect ophthalmoscopy 
with +20 D lens and examination of macula with +90 D 
Volk’s lens was carried out whenever indicated. Grading 
of DR was carried out according to Early Treatment 
Diabetic Retinopathy Study criteria.[7]

All cases included in this study were subjected to 
detailed history taking, a complete clinical examination 
and abdominal ultrasonography. Height and weight were 
measured in barefoot patients wearing only light clothes. 
Body mass index was calculated by the Quetelet’s index, 
Weight (kg)/height2 (m).

Analysis of serum and plasma samples

All fine chemicals of analytical grade were obtained 
from Sigma or Merck, India. Venous blood sample 
was collected aseptically from all patients in the 
morning after an overnight fast. Fasting blood sample 

collected in fluoride bulb was analyzed within a few 
hours for estimation of plasma glucose by glucose 
oxidase‑peroxidase method.[22] Serum was collected from 
remaining blood sample by low speed centrifugation and 
was subjected to various biochemical analyses. Levels 
of total cholesterol (TC), High density lipoprotein (HDL) 
cholesterol and triglycerides were measured using 
enzymatic techniques (Erba diagnostic kit). Low density 
lipoprotein (LDL) cholesterol was calculated by the 
Friedewald formula.[23] Total oxidant status (TOS) was 
estimated by the method as described by Ozcan Erel 
and expressed as μmol H2O2 equivalents/L.[24]

Haptoglobin phenotyping

Hp phenotype distribution was determined by using 7% 
polyacrylamide gel electrophoresis (PAGE) as previously 
described by Hochberg et al.[25]

Statistical analysis

Hardy‑Weinberg equilibrium was evaluated by means 
of the χ2 test. The continuous variables were tested for 
normality with Shapiro‑Wilk test. Results were expressed 
as mean  ± SD. Comparisons between groups were 
made using Student’s t‑test for continuous variables. 
Pearson χ2 and Fisher’s exact test were performed to 
compare the frequencies of Hp phenotypes between 
subjects with and without retinopathy. Initially variables 
including known risk factors for factors for diabetes 
were assessed in univariate analysis and then they are 
modeled using stepwise multivariate logistic regression 
analysis to determine the additional risk factors of DR. Hp 
polymorphism was then added to subsequent model that 
controlled for the major risk factors for DR. Naglekerke R2 
was compared for each of the logistic regression models. 
Statistical significance was considered at the level of 
P  < 0.05. All tests were performed with the statistical 
software Mystat 12 for Windows.

Results

The main clinical and biochemical data of diabetics 
is shown [Table 1]. Fundus examination revealed that 
15 diabetic patients had no signs of DR, 24 diabetics 
had mild to moderate DR while 6 diabetics had severe 
non‑proliferative DR. Patients with DR were found 
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to have longer duration of disease and statistically 
signif icant difference in fasting blood glucose 
levels (P  = 0.007). Age, sex, triglyceride, TC, HDL 
cholesterol, very low density lipoprotein cholesterol, 
LDL cholesterol and TOS were statistically insignificant 
in the two groups. The three phenotypes (Hp1‑1, 
Hp2‑1 and Hp2‑2) in diabetic patients were easily 
distinguished by a characteristic pattern of bands 
representing the Hp‑Hb complex [Figure 1]. The 
distribution of allele frequencies for Hp phenotypes 
was not in Hardy‑Weinberg equilibrium. This could be 
because of selection bias which included only diabetic 
cases and small sample size (n = 45). We found no 
significant difference between the Hp phenotypes for 
any of the diabetes risk factors as determined by both 
univariate analysis or by multivariate logistic regression 
analysis (data not shown).

Table 2 summarizes the distribution of the Hp 
allele frequencies in the patients studied according 
to DR status. Among the 45 diabetics included in the 
study, none of the patients had Hp1‑1 phenotype. 
7 of 16 diabetic patients (43.75%) with Hp2‑1 and 
23 out of 29 diabetic patients (79.31%) with Hp2‑2 had 
evidence of DR. The difference in the occurrence of 
DR between patients with Hp2‑1 and Hp2‑2 phenotype 
was statistically significant. Moreover, the frequency of 
patients with Hp2‑2 phenotype was greater in diabetics 
with severe forms of DR. As determined by univariate 
logistic regression, patients with DM and Hp2‑2 were 
more likely to have had DR than those with DM and 
Hp2‑1 phenotype. (Odds ratio (OR) 4.293, (95% 
confidence interval (CI) (1.297‑18.733)), P  = 0.016). 
This data suggests greater risk associated with Hp2 
allele in the development of DR in patients of DM. Out of 
the established biochemical and clinical characteristics, 
duration of disease and advanced age were the only 
independent predictors of DR in our study group [Table 3]. 
In the logistic regression models prepared for Hp2‑2 
phenotype as a predictor of increased risk of DR, the 
significant association between Hp2‑2 and DR identified 
in univariate testing remained borderline significant in 
multivariate testing (model 2). The increased risk of DR 
predicted by the Hp2‑2 phenotype is estimated after 
adjustment of major risk factors of DR. (OR 7.704 (95% 
CI (0.887‑66.945)), P = 0.064). Moreover, Naglekerke R2 

Table 1: Clinical and biochemical data of type 2 diabetic 
patients with and without retinopathy
Parameter DM without 

DR (n=15)
DM with 

DR (n=30)
P value

Age 55.93±17.85 55.7±11.97 0.964
Sex (M/F) 7/8 16/14 0.673
Smoking status 1/15 5/30 0.352
Duration of DM (years) 7.6±3.59 11.6±4.77 0.004**
BSL (mmol/L) 8.40±3.09 10.62±2.09 0.021*
TC (mmol/L) 4.33±1.33 4.44±1.30 0.785
TG (mmol/L) 1.57±0.45 1.67±0.46 0.495
HDL‑C (mmol/L) 0.92±0.27 0.82±0.23 0.228
VLDL‑C (mmol/L) 0.71±0.20 0.75±0.21 0.504
LDL‑C (mmol/L) 2.70±1.25 2.87±1.23 0.674
TOS (μmol H2O2 equivalents/L) 15.71±7.9 18.88±7.89 0.215
Frequency of Hp alleles 
(Hp1/Hp2)

9/21 7/53 0.016*

BSL: Blood sugar level, TC: Total cholesterol, TG: Total triglyceride, 
HDL‑C: High density lipoprotein cholesterol, LDL‑C: Low density 
lipoprotein cholesterol, VLDL‑C: Very low density lipoprotein cholesterol, 
TOS: Total oxidant status,*P<0.05,**P<0.01

Table 2: Occurrence of DR among different Hp 
phenotypes
Grades of retinopathy Haptoglobin phenotype Total (%)

Hp2‑1 (%) Hp2‑2 (%)
No retinopathy 9 (20.00) 6 (13.33) 15 (33.33)
Mild to moderate NPDR 7 (15.55) 17 (37.78) 24 (53.33)
Severe NPDR 0 (0.00) 6 (13.33) 6 (13.33)
Total 16 (35.55) 29 (64.44) 45 (100.00)
(P=0.022, significant), Hp: Haptoglobin, DR: Diabetic retinopathy, 
NPDR: Non‑proliferative diabetic retinopathy

Figure 1: Characteristic pattern of bands of three 
haptoglobin phenotypes after polyacrylamide 

gel electrophoresis. Bands correspond to 
Hp‑hemoglobin complexes. The most distal band in 

each tube represents unbound Hb. Hp phenotypes: First 
tube Hb band, second tube Hp1‑1, third tube Hp2‑1 and 

fourth tube Hp2‑2

value increased after addition of Hp phenotyping in the 
model prepared by the conventional risk factors of DM, 
indicating independent association of Hp polymorphism 
with occurrence of DR.
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Discussion

DR is the most common and serious microvascular 
complication in both type 1 and type 2 DM.[26] Duration 
of diabetes and degree of glycemic control are the two 
major determinants in the development of retinopathy.[3,27] 
However these are not the only sufficient conditions which 
explain the development of microvascular complications. 
The occurrence of retinopathy even in strict glycemic 
control and short duration of diabetes evokes possibility 
of non‑modifiable genetic factors which contribute to the 
development of DR. Genetically determined differences 
in antioxidant protection could contribute to differential 
susceptibility of diabetic patients to microvascular 
complications. One such hepatically synthesized protein 
is Hp which shows genetic variability determined by 
two alleles, Hp1 and Hp2, which manifests as three 
phenotypes.[28] We performed Hp phenotyping by PAGE. 
In our study, Hp2‑2 phenotype was more associated 
with development and progression of retinopathy in 

diabetic patients. Moreover, Hp2‑2 phenotype had 
more severe forms of DR. Hp2‑2 phenotype had higher 
OR for the development of DR than the diabetics with 
Hp2‑1 phenotype. This relationship persisted even after 
adjustment of conventional DM characteristics. Thus Hp2 
allele has been found to be an additional risk predictor 
for the development of retinopathy in diabetic individuals. 
Our findings are consistent with the study conducted by 
Nakhoul et al. (2000) which demonstrated a graded risk 
relation between presence, as well as severity, of DR 
and Hp phenotype.[29] Nakhoul et al.(2001) and Bessa 
et al.(2007) studied Hp polymorphic distribution in type 2 
diabetic patients and demonstrated that Hp2‑2 is a major 
susceptibility gene for development of DR.[30,31] In the 
majority of studies, persons with Hp2‑2 were found to 
be at increased risk of microvascular complications.[20,28] 
However two other studies by Ratzman et al.(1984) and 
Koda et al. (2002), which compared diabetic patients 
with and without DR and found no difference in Hp 
phenotype distribution in two groups.[32,33] The reasons 
for these discrepancies may be due to differences in type 
of diabetes, ethnic groups and other genetic contributors 
and also the collected data is relatively small.

Hp exerts its protective effect by working as Hb 
scavenger and an antioxidant. It binds with Hb with high 
affinity and removes it from the circulation and thus 
prevents iron mediated formation of free radicals.[34,35] 
Furthermore Hp levels are remarkably correlated with 
phenotypes. Individuals with Hp2‑2 had the lowest levels 
of haptoglobin, those with Hp2‑1 had intermediate levels 
and those with Hp1‑1 had the highest levels.[3] Hp‑Hb 
binding is also phenotype‑dependent.[17] Because of 
poor sieving of highly polymeric Hp 2‑2 protein due to its 
large molecular mass, it exerts less efficient antioxidative 
capacity.[36] These unfavorable characteristics of Hp2‑2 
phenotype may explain the significant association of 
retinopathy in diabetic patients with Hp2‑2 phenotype. 
However, the limitation to our study is the small sample 
size, which is not enough to establish the predictive value 
of Hp polymorphism in DR and larger studies are required 
to serve this purpose. Furthermore, residual confounding 
by the variables cannot be accounted.

This study, therefore gives us an alarm for more 
energetic treatment for retinopathy in diabetic patients 
with Hp2‑2 phenotype. Furthermore, Hp phenotype can 

Table 3: Multivariate models of predictors of retinopathy 
in diabetic patients
Independent 
variables

Z value SE OR (95% CI) P value

Model 1 (R2=0.554, P=0.018)
Age (years) −1.963 0.066 0.878 (0.771‑1.000) 0.050
Smoking status 0.984 1.876 6.333 (0.160‑250.429) 0.325
Duration of 
DM (years)

2.339 0.260 1.836 (1.103‑3.054) 0.019

BMI (Kg/m2) 1.196 0.154 1.202 (0.889‑1.625) 0.232
BSL (mmol/L) 1.450 0.012 1.018 (0.994‑1.042) 0.147
TC (mmol/L) −0.027 0.354 0.991 (0.495‑1.983) 0.979
TG (mmol/L) −0.541 0.485 0.769 (0.297‑1.991) 0.588
HDL‑C (mmol/L) −0.002 0.363 0.999 (0.491‑2.035) 0.999
VLDL‑C (mmol/L) 0.587 2.363 4.004 (0.039‑411.29) 0.557
LDL‑C (mmol/L) −0.020 0.356 0.993 (0.494‑1.995) 0.984
TOS 0.989 0.082 1.085 (0.923‑1.274) 0.323

Model 2 (R2=0.628, P=0.008)
Age (years) −2.006 0.084 0.844 (0.716‑0.996) 0.045
Smoking status 0.975 2.447 10.857 (0.090‑1314) 0.330
Duration of 
DM (years)

2.293 0.346 2.211 (1.22‑4.358) 0.022

BMI (Kg/m2) 1.418 0.194 1.317 (0.900‑1.928) 0.156
BSL (mmol/L) 1.219 0.013 1.016 (0.990‑1.043) 0.223
TC (mmol/L) 0.311 0.426 0.876 (0.380‑2.019) 0.756
TG (mmol/L) 0.763 0.528 0.668 (0.238‑1.881) 0.445
HDL‑C (mmol/L) 0.336 0.440 1.159 (0.490‑2.744) 0.737
VLDL‑C (mmol/L) 0.837 2.622 1.964 (0.053‑1527) 0.403
LDL‑C (mmol/L) 0.268 0.427 1.121 (0.485‑2.591) 0.789
TOS (μmol H2O2 
equivalents/L)

1.276 0.098 1.133 (0.931‑1.373) 0.202

Hp2‑2 phenotype 1.851 1.103 7.704 (0.887‑66.945) 0.064
SE: Standard error, OR: Odds ratio, CI: Confidence interval, BSL: Blood 
sugar level, TC: Total cholesterol, TG: Total triglyceride, HDL‑C: High density 
lipoprotein cholesterol, LDL‑C: Low density lipoprotein cholesterol, 
VLDL‑C: Very low density lipoprotein cholesterol, TOS: Total oxidant status, 
BMI: Body mass index
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be considered as a possible candidate that can be used in 
the algorithm followed for the management of cases of DR.
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