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Abstract

Aim and Objective: Oxidative stress holds clinically a major role in the pathogenesis of Diabetic Retinopathy (DR) and serum bilirubin has
been shown to have antioxidant properties. It is considered as a protective substance against atherosclerotic and microvascular complications
of Diabetes Mellitus. This study was formulated to find the association between total serum bilirubin concentration and diabetic retinopathy
(DR).

Methods: This case control study was conducted in the Department of Ophthalmology and Department of General Medicine of a tertiary care
hospital. Type-2 DM patients more than 18 years of age of either gender with duration of T2DM more than 6 months were included and sub
categorized in two groups. Cases (DM with DR) and Controls (DM without DR) while patients with acute and chronic liver diseases,
haemolytic anaemia, history of chronic alcohol consumption, use of hepatotoxic drugs (anti-tuberculous, anti-epileptic), women on oral
contraceptive pills were excluded.

Results: A total of 136 patients, 68 cases and 68 controls were included. Serum bilirubin concentration was found inversely and independently
(p 0.000) associated and inversely co related (p 0.000) with prevalence of DR. Cases were concentrated in the lower quartiles of serum
bilirubin concentration and vice versa. Low haemoglobin (p= 0.00), HbA1C (p=0.016) and longer duration of DM (p=0.012) were
independently and directly associated with prevalence of DR. Conclusion: Serum bilirubin concentration is inversely and independently

associated and inversely correlated with the prevalence of DR and may predict progression of DR over time.
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INTRODUCTION
As per International Diabetes Federation (IDF) report 2014, 375
million people were living with DM and another 316 million with
pre-diabetes. Diabetes Mellitus (DM) claimed the lives of 4.9
million people around the globe. India leads the world in terms of
its diabetic population and estimates have revealed that there are
62.4 million people with diabetes, and 77.2 million with
prediabetes in India [1]. It is predicted that by 2030, DM may
affect up to 79.4 million in India [2]. Due to these sheer numbers,
the socioeconomic burden as a result of diabetes in India is among
the highest in the world [3].
In the economically productive sub class of population in the
developed world, Diabetic Retinopathy (DR) is the prime root of
blindness and visual impairment [4] Prevalence of DR varies a lot
among different parts of the world from as low as: 4.01% in
Finland, 5.05% in Denmark, 4.81% in Netherlands and rural
France[5] to as high as: 17.61% in Chennai
India [6] and 33.25% in certain areas of the United States [7].
After 20 years, population based studies suggest that 70% DM
patients will have some form of DR.[8]
In the pathogenesis of DR, Oxidative stress is appraised to be one
of the key factors [9]. Because of its high energy demands and
exposure to light, retina is especially more susceptible to oxidative
damage [10]. Various mechanisms presenting to the pathogenesis
of DR such as inflammation, polyol pathway, accumulation of
Advanced Glycation End Products (AGEs), flux of hexosamine
Pathway and Protein Kinase C (PKC) activation are associated
with overproduction of Reactive Oxygen Species (ROS) by the
mitochondria [11].
Although, bilirubin has long been reviewed as a toxic waste
product of heme catabolism, its role as a prospective endogenous
anti-oxidant under physiological conditions is being increasingly
acknowledged [10]. Bilirubin is also said to have anti-
inflammatory effects, apart from its ability to move stealthily over
produced ROS [12].
Several population-based studies have reported a negative
association between serum bilirubin concentrations and the risk of
diabetes [14], coronary artery disease [15], chronic kidney disease
[16], peripheral arterial disease [17] and diabetic peripheral
neuropathy [18] based on these physiological effects of bilirubin.

Bilirubin level and its effects on DR are published currently. In
patients with DR, Serum bilirubin levels may have a protective
role and independent of known risk factors for DR.[19] In China,
a study demonstrated that compared to those with lower levels,
diabetic patients having higher serum bilirubin level have low
prevalence of DR.[20] We hypothesized that the same association
exists in our study population as well. This study was sketched to
find association between total serum bilirubin concentration and
DR, to identify serum bilirubin levels as an independent risk
factor for DR in patients with T2DM and correlate the severity of
bilirubin with the severity of DR.

MATERIAL AND MEHTODS
This case control study was conducted in the Department of
Ophthalmology and Department of General Medicine of a tertiary
care hospital. Ethical Clarence was obtained from hospital ethical
committee and participants were enrolled after their informed
written consent. T2DM patients more than 18 years of age of
either gender attending our outpatient department with duration of
DM more than 6 months were included. Patients were divided into
two groups: Cases (DM with DR) and Controls (DM with no
evidence of DR). DR was diagnosed on the basis of stereoscopic
fundus photographic imaging. DR was classified according to the
International Clinical Diabetic Retinopathy and Diabetic Macular
Oedema Disease Severity Scale into non-proliferative diabetic
retinopathy (NPDR), which was further subcategorized into mild,
moderate and severe sub types
and proliferative diabetic retinopathy (PDR).
Consecutive patients were included:
e Those with liver disease (acute or chronic hepatitis,
cirrhosis),
. haemolytic
consumption,
e use of hepato-toxic drugs (antituberculous, anti epileptic) and
women on oral contraceptive pills were excluded.
Under the direct supervision of researchers, all the patients were
subjected to ophthalmic examination by well trained and
experienced optometrist and finding were revalidated by
consultant ophthalmologist. screening for DR was done by direct
ophthalmoscopy after pupil dilation with 1% Tropicamide
(Mydriacyl) eye drop.

anaemia, history of chronic alcohol
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For complete blood profile, serum total bilirubin level, complete
blood count, random blood glucose level, serum creatinine level
and HbA1c, blood was drawn. Serum bilirubin level was
measured and HbAlc was performed.

Data were analyzed using SPSS Version 20.0 and baseline
characteristics of the participants like age and duration of DM
were described as mean+SD. Frequencies and percentages were
used to describe categorical variable like gender, types of DR.
Student’s t-test was applied to compare data among the two
groups for numerical variables. The variables found statistically
significant during univariate analysis were subjected to multiple
logistic regression analysis to find the independent associations
between the statistically significant variables. Spearmen’s
correlation coefficient was calculated to determine the bivariate
relationship between total serum bilirubin concentration and
progressive categories of NPDR and PDR. Participants were
categorized to quartiles based on total serum bilirubin
concentration (Quartile - Q1<0.40; Q20.41-0.51; Q3 0.51-0.60;
Q4 >0.61). The p value <0.05 was considered statistically
significant during all kind of statistical analysis.

RESULTS
A total of 136 participants, cases (n=68) and controls (n=68) were
compared and analyzed. Demographic data and other data of both
groups were compared (Table-1). We found that duration of DM
was longer in patients with DR (p 0.002)
Serum total bilirubin level was significantly lower in cases
compared to controls (p 0.019) proving the inverse association
among increasing bilirubin level and presence of DR in T2DM
patients in univarite analysis. To analyse the independent
association among these key risk factors and the DR, a multiple
logistic regression analysis was carried out. Low haemoglobin
level, longer duration of DM and total serum bilirubin
concentration were found significantly and independently
associated with DR in T2DM. (Table-2)
Among the cases 34 patients had NPDR, 11 (%) mild, 16 (%)
moderate, 7 (%) severe NPDR. Most of the controls (35.30%)
were concentrated in 3rd quartile and highest quartile contained
more control than cases. On the contrary cases were more
concentrated in 1st (36.76%) and 2nd
(29.41 %) quartiles and in the lowest quartile only had patients
with DR (Table-3).

Table-1: Baseline characteristic of cases and controls (n=136)

Table-2: Association of total serum bilirubin with DR in T2DM
(N=152) (Multivariate logistic regression analysis)

Risk factor OR 95% ClI p-value
Age 1.03 0.96-1.111 0.386
Duration of 2.05 1.172-3.592 0.012 *
Diabetes
HbAlc 2.42 1.177-4.984 0.016 *
Serum 0.001 0.000- 0.054 0.001*
T.Bilirubin
HDL-C 0.96 0.920-1.010 0.116

* p-value <0.05

Table-3: Prevalence of diabetic retinopathy by quartiles of serum
concentration of bilirubin.

Quartiles of Serum Total Bilirubin

CHARACTERISTICS GROUP A GROUP B P VALUE
Age 52.6+10.6 50.6+12.2 0.901
Males 39 36 0.293
Females 29 32

Duration of Diabetes 12.10+3.2 8.06+2.6 0.002
HbAlc 9.62+2.02 10.61+2.10 0.281
Creatinine 1.16+0.32 1.20+0.62 0.954
SBP 134.7£20.62  131.05+16.20 0.314
DBP 89.6+£10.32 84.6+11.17 0.310
FBS 194.2+26.12 186.24+1.26 0.210
LDL 110.42424.16  104.6+£10.12 0.098
HDL 30.6+£10.49 37.6£12.19 0.021
TG 186.2+21.42 168+3.21 0.072
TC 146.42+6.20 164+5.20 0.121
Hb 11.13+1.97 10.6+1.62 0.201
cataract 6 0 -
bilirubin 0.609+0.06 0.759+0.02 0.019

<0.40 0.41- 0.51- >0.61 TOTAL p-
0.51 0.60 value
Controls 12 14 24 18 68
No DR 2 5 4 9 20 0.010
Mild DR 3 4 2 2 11
Moderate 6 6 2 2 16
DR
Severe 5 1 0 1 7
DR
PDR 9 4 1 0 14
DiscussiON

In this study, the concentration of serum bilirubin was equated
negatively with the severity of retinopathy in patients with Type 2
DM. Multiple regression analysis also revealed serum total
bilirubin as an independent risk factor associated with DR. When
the enzyme Heme Oxygenase (HO) catalyzes the degradation of
heme, bilirubin is generated. This leads to the emergence of
biliverdin which is transformed to bilirubin by biliverdin
reductase.Unconjugated (lipid-soluble) bilirubin is conjugated by
uridine diphosphate glucuronyl transferase (UDP-GT) to a water
soluble form for excretion in the hepatocytes. In healthy
individuals, total bilirubin is the sum of unconjugated (indirect)
and conjugated (direct) bilirubin and generally ranges from 0.2 to
1.2 mg/dl. Until now bilirubin was onsidered as a physiological
antioxidant. Several clinical studies that is now being evaluated is
showing possible associations between serum bilirubin and the
risk of diabetes (and its complications) which has been published
[21,22].

In this study, we noted that Type 2 diabetics with retinopathy had
significantly lower serum bilirubin concentrations than those
without retinopathy. Our observations are similar to that of
epidemiologic and hospital based studies elsewhere which have
suggested an inverse relation between serum total bilirubin and
DR [20,23,24].

Longer duration of Diabetes Mellitus, low Hb levels, low HDL-C
levels were also found significantly varying among cases and
controls, and thus predictors of DR in diabetic patients. Duration
of DM, low haemoglobin level and serum total bilirubin
concentration found out to be independent risk factor of
progression of DR in multivariate logistic regression analysis after
adjusting for confounding variables. DM for longer duration and
poorly managed blood glucose level are popularly liberated risk
factors for the evolution of DR.[4,23]

Association of increasing age with DR prevalence revealed
controversial results. We didn’t find direct association of
increasing age with advancement of DR unlike others.[25]

Low haemoglobin concentration has been studied and considered
as independent risk factor for promotion of DR.[26]
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We found that the prevalence of DR rises with increasing serum
total bilirubin level and when

correlated with progressive NPDR and PDR. Patients without DR
(controls) were concentrated in higher serum bilirubin quartiles (Q
3 and Q4) compared to patients with DR (cases), majority
populated in lower quartiles (Q1 and Q2). Yasuda M et al[20] and
Dave A et al[27] also suggested that higher total serum bilirubin
level is inversely co related with DR in T2DM patients.

We found that in patient who advanced to severe cases of NPDR,
serum bilirubin concentration

Was low and we hypothesize that serum bilirubin level may
predict progression of NPDR over stages and progression to PDR.
Our study has some limitations. First, our sample size was limited;
second, we performed only a single measurement of serum
bilirubin which might have within subject variation. However, all
subjects including controls were examined after overnight fast.

CONCLUSION
In conclusion, our cross-sectional study suggested that low total
serum bilirubin level was independently associated with higher
risk of DR in patients with type 2 diabetes, regardless of other
conventional risk factors. Further, prospective studies on large
samples are required to better assess the effects of bilirubin on
DR.
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