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Abstract

Introduction: Considering the fact of sight threatening complication from diabetic retinopathy with increasing prevalence of diabe-
tes throughout the world, researchers are in intense search to limit the development and progression of retinopathy from diabetes
mellitus. Hyperhomocysteinemia is related to retinal vasculopathy seen in diabetic retinopathy. The aim of this study is to explore the
association of serum homocysteine level among type 2 diabetic patients with and without diabetic retinopathy.

Methods: This is a cross sectional study performed at Department of Ophthalmology, Mymensingh Medical College Hospital, My-

mensingh. Bangladesh. Here, 120 type 2 diabetic patients with and without diabetic retinopathy were taken by purposive and con-

venient sampling.

Then blood samples were collected from the study subjects to estimate serum homocysteine (Hcy), fasting blood sugar (FBS), to-

tal cholesterol (TC), triacylglycerol (TG), low density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-

C) and data were compiled for analysis.

Results: Homocysteine level was found to be significantly higher in cases (19.17 + 6.13 umol/L) compared to controls (11.75 * 4.43

umol/L) (p<0.05).

Out of the total 120 study subjects, 53 subjects were found to have hyperhomocysteinemia (S. Hcy >15 pmol/L). Among them 40

(75.47%) subjects were with diabetic retinopathy of different grades. On the contrary among the 67 subjects with normal serum Hcy

concentration 20 (29.85%) subjects had diabetic retinopathy and these findings revealed hyperhomocysteinemia as a risk factor for

diabetic retinopathy (OR > 1).

Conclusion: Hyperhomocysteinaemia is associated with diabetic retinopathy and may play a role as a risk factor for the development

of diabetic retinopathy.
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Introduction

Diabetes mellitus is a clinical syndrome characterized by hy-
perglycemia due to absolute or relative deficiency of insulin. This
can arise in many different ways but is most commonly due to au-
toimmune typel diabetes or to adult onset type 2 diabetes. Diabe-

tes occurs worldwide and the incidences of both type 1 and type 2

diabetes are rising. It is estimated that in the year 2000, 171 million
people had diabetes, and this is expected to double by 2030 [1].
However, the prevalence of both types of diabetes varies consider-
ably around the world and is related to differences in genetic and
environmental factors. The prevalence of known diabetes in Britain
is around 2-3%, but is higher in the Middle and Far East, e.g. 12%

in the Indian subcontinent [2]. In a study conducted y Hussain., et
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al. [3] prevalence of diabetes (both types) in Bangladesh was found
to be 8.1% in urban population and 2.3% in rural population. In a
very recent study by Gupta P, et al. found that prevalence of hy-
perhomocysteinemia as well as the mean serum levels of homo-
cysteine were higher in the cases with PDR (proliferative diabetic
retinopathy), as compared to the controls with no retinopathy,
although the difference was not statistically significant. Longer
duration of diabetes, hypertension, anemia, and renal dysfunction,
which are known risk factors for progression of DR (diabetic reti-
nopathy), were found to be significantly associated with prolifera-

tive diabetic retinopathy.

Type 2 diabetes mellitus comprises approximately 90% of all
cases of diabetes. Most patients acquire the disease after the age of

40, but it may occur in younger people [4].

Diabetic retinopathy and diabetic macular edema are the lead-
ing causes of blindness in the working age group population of
most developed and developing countries. The increasing number
of individuals with diabetes worldwide suggests that diabetic mac-
ular edema will continue to be major contributors to vision loss

and associated functional impairment [5].

Diabetic retinopathy is a well characterized, sight threatening,
chronic, ocular disorder that eventually develops to some degree
in nearly all patients with diabetes mellitus. The pathologic chang-
es associated with diabetic retinopathy are similar in typel and 2
diabetes mellitus, although there is a higher risk of more frequent
and severe ocular complications in type 1 diabetes. However, be-
cause more patients have type2 than type 1 diabetes mellitus, pa-
tients with type2 disease accounts for a higher proportion of those

with visual loss [6].

Chronic hyperglycemia is considered to be the major risk factor
for diabetic retinopathy, by inducing several biochemical pathways
resulting in damage to the retinal vessel wall. Prolonged hypergly-
cemia provokes the activation of various intracellular metabolic
pathways in endothelial cells and vascular smooth muscle cells.
Auto-oxidation of glucose and its metabolic intermediates, in-
creased mitochondrial production for superoxide anions, forma-
tion of advanced glycation end-products (AEGs) and increased ac-
tivity of the sorbitol pathway result in an increase in the generation
of free radicals, particularly reactive oxygen species (ROS) such as
the superoxide anion, and there is also a decrease in the formation

of antioxidants. These lead to increased oxidative stress. All these
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changes cause endothelial dysfunction in the retinal precapillary
arterioles, capillaries, and venules and result in both microvascular
leakage from breakdown of the inner blood-retinal barrier and mi-

crovascular occlusion leading to diabetic retinopathy [7].

Homocysteine is a highly reactive thiol-containing amino acid
derived from the conversion of methionine to cysteine. As it is a
thiol, it can undergo bio-oxidation and oxidation with other thiols.
The resulting reactive oxygen species-hydrogen peroxide and su-

peroxide anion radicals- generate oxidative stress [8].

Recent evidence also suggests that long-term exposure to hy-
perhomocysteinaemia damages the endothelium sufficiently to
limit nitric oxide (NO) production and decreases the bioavailabil-
ity of NO and also promotes lipid peroxidation, which may subse-
quently decrease the expression of endothelial nitric oxide syn-
thase (eNOS) and directly degrades NO. Hyperhomocysteinaemia
may lead to endothelial dysfunction via accumulation of asymmet-
ric dimethylarginine (ADMA) which is an endogenous competitive
inhibitor of eNOS [9-11].

Delen,, et al. [12] observed higher Hcy levels in diabetic patients
and particularly in those with micro and macrovascular complica-

tions. Wiltshire., et al. [13] have also reported similar finding.

Many cases of hyperhomocysteinaemia are found to be due to
non-genetic factors. Two such factors are nutritional status and
hormonal changes. An elevated plasma Hcy level may occur as a re-
sult of nutritional deficiencies of essential cofactors or enzyme sub-
strates including cobalamin (vitamin B12), folate or pyridoxine (vi-
tamin B6) [14]. Andersson A, et al. [15], Selhub ]., et al. [16] and Ao
M., et al. [17] in their study shows they have been suggested factors
for increased Hcy levels, such as the deficiency of vitamin cofac-
tors needed for Hcy metabolism, such as folic acid and vitamin B12,
or the deficiency of any of the enzymes involved the remethylation
[18] or transsulfuration [19] pathways of the Hcy metabolism.

Homocysteine evaluation may serve to identify diabetic pa-
tients predisposed to sight-threatening complications and more
importantly the group of patients that may benefit from intensified
screening and treatment strategies, including folic acid and vitamin
B6 and B12 supplements, aimed ti limit or prevent the incidence

and progression of diabetic retinopathy [14].
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Hypothesis

Hyperhomocysteinaemia is associated with increased risk of

diabetic retinopathy among patients of type 2 diabetes mellitus.

Objectives
General objectives

To explore the association of serum homocysteine level among
type 2 diabetic patients with and without diabetic retinopathy.

Specific objectives
1. To measure and compare the serum homocysteine level in
patients of type 2 diabetes mellitus without diabetic reti-
nopathy, with non-proliferative diabetic retinopathy and
with proliferative diabetic retinopathy.
2. To measure and compare lipid profile in patient of type 2

diabetes mellitus with and without diabetic retinopathy.

Observation and Results

Table 1 shows distribution and comparison of age between
cases and controls. There was 60 cases and 60 controls. Age range
in cases was 27 - 70 years and Mean age was 50.25 * 9.77 years.
Age range of controls was 32 -70 years and mean age was 49.18
+ 9.57 years. t-value between cases and controls was 0.604. here,

p-value was 0.05.

Study Mean age Range § )

subjects (yrs.) (yrs.) t-value | p-value
Case

(n = 60) 50.25+9.77 27-70

C 1 0.604 >0.05"
ontro

(n=60) | 49184957 | 32-70

Table 1: Distribution and comparison of age between
cases and controls.

Unpaired t-test was done as the test of significance.

Table 2 shows distribution and comparison of sex between
cases and controls. There was 60 cases and 60 controls. Among
the cases number of males was 26 and female was 34. Among the
controls number of males was 27 and number of female was 33.

Chi-square (X2) value was 1.633. p-value was >0.05.

Table 3 shows the distribution of grouping of the cases.

Number of mild cases were 42 (70.0%), moderate was 10
(16.7%) and severe were 8 (13.3%).
N.B: case- Non- Proliferative Diabetic Retinopathy.

25

Sex
Study subjects X2 - value | p- value
Male Female
Case (n=60) 26 34 1.633 >0.05M
Control(n = 60) 27 33

Table 2: Distribution and comparison of sex between
cases and controls

Chi-square (X?) test was done as the test of significance.

Grouping Number Percentage (%)
Mild NPDR 42 70.0
Moderate NPDR 10 16.7
Severe NPDR 8 13.3

Table 3: Distribution of grouping of the cases.

Table 4 shows the distribution of serum concentration of Hcy in
cases and controls. Serum Hcy concentration of cases were in the
range of 10 - 30 pmol/l and mean * SD concentration were 19.17
+ 6.13 pmol/L. Serum Hcy concentration of controls were in the
range of 6.00 - 25.90 umol/L and mean * SD concentration were
11.75 £ 4.43 pmol/L.

Study subjects | Mean * SD (umol/L) | Range(pmol/L)
Case (n=60) 19.17 +6.13 10.00 - 30.00
Control (n = 60) 11.75 +4.43 6.00 - 25.90

Table 4: Distribution of serum Homocysteine (Hcy)
in the study subjects.

Table 5 shows median concentration of serum Hcy level of 60
cases were 18.41pmol/L and of 60 control were 10.50 pumol/L.
Mann-Whitney U value was 566.50 and p-vale was <0.05.

. Median Mann-Whitey
Study subjects (umol/L) U value p- value
Case (n=60) 18.41 566.50 <0.05%
Control (n=60) 10.50

Table 5: Distribution of comparison of Median concentration of

serum Hcy level between cases and controls

Mann-Whitney U test was done as the test of significance.
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Table 6 shows mean fasting blood glucose level of cases were
13.25 mmol/L with a standard deviation (SD) of + 4.93 mmol/L
and of controls were 9.64 mmol/L with a SD of + 2.67 mmol/L.

here t value was 4.973 and p value was <0.001.

e Mean TC level of cases were 215.00 mg/dl with a SD of
40.98 mg/dl and controls were 196.00 mg/dl with a SD of
+30.59 mg/dl. t value was 2.772 and p value was <0.001.

e Mean TG level of cases were 253.00 mg/dl with a SD of *

26
71.76 mg/dl and controls were 226.50 mg/dl with a SD of *
62.59 mg/dl/. t value was 2.162 and p value was <0.05.

e Mean LDL-C level of cases were 127.83 mg/dl with a SD of +
33.03 mg/dl and controls were 124.58 mg/dl with a SD of *
35.97 mg/dl. t value was 0.515 and p value was >0.05.

e Mean HDL-C level of cases were 36.86 mg/dl with a SD of +
10.42 mg/dl and controls were 39.85 mg/dl with a SD of
9.80 mg/dLl. t value was -1.614 and p value was <0.05.

Parameter Case Mean = SD (n = 60) | Control Mean * SD (n = 60) t- value p- value
Fasting blood glucose 13.25+4.93 9.64 + 2.67 4973 <0.0018
(mmol/L)
(7.20 - 24.00) (6.00 - 15.00)
TC (mg/dl) 215.00 +40.98 196.00 + 30.59 2.772 <0.001%
(160 - 280) (140 - 250)
TG (mg/dl) 253.00 +71.76 226.50 £ 62.59 (110 - 310) 2.162 <0.05%
(130 -360)
LDL-C (mg/dl) 127.83 +£33.03 124.58 +35.97 0.515 >0.05"
(80-195) (75-185)
HDL-C (mg/dl) 36.86 £ 1.42 39.85+9.80 -1.614 <0.058
(20 -55) (25-60)
Table 6: Comparison of blood glucose and lipid profile between cases and controls.
Unpaired ‘t’ test was done as the test of significance.
Parenthesis show the ranges.
TC = Total cholesterol
TG = Triacylglycerol
LDL-C = Low density lipoprotein cholesterol
HDL-C = High density lipoprotein cholesterol
Table 7 shows out of 53 study subjects’ serum Hcy level was Hcy (pmol/L) Cases Controls Total OR
>15 pmol/L in 40 cases (75.47%) and 130controls (24.57%). >15 40 (75.47%) | 13 (24.57%) 53
<15 20 (29.85%) | 47 (70.15%) 67 131
Out of 67 study subjects serum Hcy level was <15 pmol/1 in 20 Total 60 60 120

cases (29.85%) and 47 controls (70.15%). Odd ratio was 1.31.

Table 8 shows visual acuity of group-I was 0.34 and group-II it

was 0.08. p value was < 0.001.

Discussion
This is a hospital based cross sectional study. Here attempt
was made to observe the association of serum homocysteine level

among type 2 diabetic. Diabetic patients with and without diabetic

Table 7: Distribution of Risk assessment of diabetic
retinopathy by odds ratio (OR) in hyperhomocysteinaemia in
total study subjects (n = 120).

retinopathy. This study has compared serum Hcy level between 60
case (with diabetic retinopathy) and 60 controls (without diabetic

retinopathy) of type 2 diabetes mellitus patients.
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Study Group Mean Visual Auity p value
Group-I (n=60) 0.34
Group-II (n=60) 0.08 <0001

Table 8: Distribution of visual acuity among the study subjects.
Visual auity was expressed in log MAR unit.

Unpaired ‘t’ test was done as the test of significance.

All the cases were non proliferative type of diabetic retinopathy
of different grades. Among them 70.0%, 16.7% and 13.3% cases of

were mild, moderate and severe grade respectively (Table 3).

Fasting blood glucose and lipid profile were measured and
compared between groups. To find the association of Hcy in the

development od diabetic retinopathy odds ratio was calculated.

Age is the important factor for the development of retinopathy.
Retinopathy in diabetic population increases with patients age.
Retinopathy is rarely found in children younger than 10years of
age. The risk of developing retinopathy increases after puberty.
Retinopathy is commoner and most prevalent between the ages of
20 and 65 years. in the study of Brwon,, et al. [20] mean age was
48 years ranging from 32 - 61 years. in the study of Hoogeven., et
al. [21] mean age was 65.7 + 6.7 years in the study of Larsson., et
al. [22] age range was 15 - 50 years. age of patients in the current
study was similar to the age of the patients of the above-mentioned
studies. In this study mean age of the cases were 50.25 + 9.77 years
and of the controls were 49.18 + 9.57 years (Table 1).

In this study, among the cases 43.34% were male and 56.67%
were female. In controls group 45% were male and 55% were fe-
male and no significant difference was observed between sex dis-
tribution (Table 2). In the study of Gupta., et al. [23] female propor-

tion was also higher.

Recently, elevated Hcy level has gained special consideration in
relation to DR in several clinical studies, suggesting an association
between elevated serum Hcy levels and the risk of DR Dos Santos
Nunes MK, et al. [24] and Dong N,, et al. [25]. There is an associa-
tion between hyperhomocysteinaemia and diabetes-induced mi-
croangiopathies (diabetic nephropathy, retinopathy and macular
edema) Ukinc K, et al. [26] Studies suggested a strong relation-
ship between elevated Hcy levels and DR. However, the exact role
of hyperhomocysteinaemia in the development of DR is not clearly

elucidated. There is clear evidence that Hcy induces the death of
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retinal ganglion cells in vitro Moore P, et al. [27] and in vivo Ga-
napathy PS. [28].

Homocysteine is a recently recognized risk factor for the devel-
opment of retinal vascular diseases. A number of studies have been
conducted in the western world to explore the association between
the development of retinopathy and hyperhomocycteinaemia. The
study of Parvona,, et al. [29], Young, Lu and Pan [30], Goldstein., et
al. [31], Huang,, et al. [32] and Brazionis,, et al. [33] showed elevat-
ed serum homocysteine level in patients with retinopathy. In the
study of Parvona.,, et al. [29] serum Hcy concentration in cases was
17.2 + 6.6 pmol/l and in controls was 12.3 # 4.1 pmol/l. in the study
of Goldstein., et al. [31] mean plasma Hcy level was 11.75 + 0.24
umol/lin the control group and 15.86 + 1.34 pmol/l in DR group. In
the study of Brazionis., et al. [33] serum Hcy concentration in cases
was 11.5 pmol/l and in controls was 9.1umol/l. In the current study
serum Hcy concentration in cases was (19.17 + 6.13umol/1) which
is significantly higher than that of controls (11.75 * 4.43pumol/I)
and this finding is similar to that of the studies mentioned above
(Table 4).

But Agullo-Ortuno., et al. [34] and Tarkun., et al. [35] could not
find any significant difference in Hcy level between subjects with
and without retinopathy which might be due to their relatively

small sample size.

The incidence and progression of retinopathy is associated
with unadjusted serum cholesterol, this association was present
even after adjust for age, gender and duration of diabetes, HbAlc
and Basal Metabolic Index (BMI). Numerous studies have shown
an association of serum cholesterol with severity of retinopathy
[36]. Kareem., et al. [37] reported mean serum cholesterol level
in retinopathy group was 262 * 11.30 mg/dl and in control group
was 174 + 7.87 mg/dl. Rema,, et al. [36] showed that serum cho-
lesterol level was higher in retinopathy group than that of without
retinopathy group. In the current study serum total cholesterol was
215 +40.98 mg/dl in cases and 196 * 30.59 mg/dl in controls. This
result is very similar to the study of Chew,, et al. [5] and Miccoli., et
al. [38] (table 6).

Triglycerides is incorporated in to the cell membrane leading to
changes in membrane fluidity and leakage of plasma constituents
in to the retinal. This results in hemorrhage and edema in the retina
(Freyberger.,, et al. 1994). The concentration of TG in the current
study was 253 * 71.76 mg/dl in cases 226 + 62.59 mg/dl in con-
trols (Table 6). Which is supported by the studies done by Kareem.,
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etal. [37] and Reema,, et al. [36]. Kareem,, et al. [37] found signifi-
cantly higher TG concentration in cases (174 + 7.87 mg/dl) than
in controls group (151 + 10.86 mg/dl). Remma,, et al. [36] found

significantly higher TG concentration in cases than in controls.

In the current study LDL-C level was 127 + 33.03 mg/dl in cases
and 124.58 * 35.97 mg/dl in controls (Table VI). Here, there is no
significant difference in LDL-C concentration between cases and
controls. This finding of no significant difference in LDL-C concen-
tration between the group is similar with that of Dhir, et al. [39],
Rema, Deepa and Mohan (2000), Tarkun.,, et al. [35], Parvona.,, et al.
[40] and Nayak and Roberts [41]. Regarding the concentration of
HDL-C this study found significantly lower level in cases (36.86
10.42 mg/dl) than controls (39.85 + 9.80 mg/dl). this finding dif-
fers with that of Nayak and Robert [41] and Rema,, et al. [36]. This
conflicting findings regarding different components of lipid profile
may be due to different dietary habit, life style and ethnicity of our
study subjects than that of the studies done abroad.

Chronic hyperglycemia is considered to be the major risk factor
for diabetic retinopathy by inducing several biochemical pathways
resulting in damage to the retinal vessel wall. In the current study
fasting blood glucose level was also measured in cases and con-
trols to find the hyperglycemic status and to compare between the
study groups, where mean fasting blood glucose level were 13.25
+4.93 mmol/l in cases and 9.67 + 2.67 mmol/l in controls. This is
significantly higher level in cases than controls. This finding is sup-
ported indirectly by the studies done by Parvona,, et al. [40], Nayak
and Roberts [41] who have assessed hyperglycemic status by mea-
suring HbA1C. Kareem., et al. [37] found significant difference in
hyperglycemic status by measuring both fasting blood glucose and
HbA1C which strongly supports our findings and also establishes
the fact that risk of diabetic retinopathy is directly related to the
degree of hyperglycemia.

Considering serum Hcy concentration >15 pmol/l as hyper-
homocysteinaemia this study revealed hyperhomocysteinaemia
as a risk factor for diabetic retinopathy in type2 diabetes mellitus
patient. The odds ration of retinopathy associated with hyperho-
mocysteinaemia was 1.31 (Table 7). OR=1 exposure is not a risk
factor, OR>1 exposure is a risk factor (Hoque 2009). This finding is
very similar with Hoogoven,, et al. [21], Becker., et al. [42] and Bra-
zionis., et al. [33]. In the study of Hoogeven,, et al. [21] the OR was
1.13 and in the study of Brazionis., et al. [33] OR was 1.20. Tawfik
A. [43] and Ibrahim A.S [44] showed a direct impact of excess Hcy
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on the blood-retinal barrier (BRB), induced retinal ischemia and
neovascularization, increased vascular endothelial growth factor
(VEGF) level in retina, activation of endoplasmic reticulum (ER)
stress [45], activation of oxidative stress and induced epigenetic
modifications (Wotherspoon F, et al. 2006).

Hard exudation along with macular edema is an important
cause of visual deterioration in patients with diabetic retinopathy.
Visual acuity was measured by Snellen chart and converted to log
MAR values after Sihota and Tandon [46]. In the study of Brown,, et
al. [20] most of the patients had visual acuity worse than +1.0. in
the study of Chew,, et al. [5], 60% patients had visual acuity worse
than 0.3. in the current study visual acuity was expressed in log
MAR unit. In Group-I patients mean visual acuity was 0.34 and in
0.34 and in Group-II patients was 0.08. In stud by Gupta p., et al.
the prevalence of hyperhomocysteinemia was higher in PDR (59%)
compared to “No DR” (48.7%); however, this difference was not
statistically significant (P = 0.36). Similarly, to our study the mean
serum homocysteine level of there in cases was higher than in con-
trols, but this was not statistically significant (17.98 + 6.26 pmol/L
vs.17.71 + 8.17 pmol/L; P = 0.87) for them. Longer duration of dia-
betes, hypertension, anemia, and renal dysfunction were found to
be significantly associated with PDR. The prevalence of hyperho-
mocysteinemia as well as the mean serum levels of homocysteine
were found to be higher in the cases with PDR, compared to the
controls with No DR, although the difference was not statistically
significant. Longer duration of diabetes, hypertension, anemia, and

renal dysfunction were significantly associated with PDR [47-49].

Conclusion

From the above facts and findings, it may be concluded that hy-
perhomocysteinaemia is associated with diabetic retinopathy and
may play a role as a risk factor for the development of diabetic reti-

nopathy.

Hyperhomocyteinaemia might independently or synergistically
with hyperglycemia, hypertriglyceridemia and low HDL-C partici-
pate in the pathophysiology of diabetic retinopathy which needs

to be explored.
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