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Abstract: Diabetes mellitus (DM) is defined as a metabolic disorder that is characterized by hyperglycemia and disturbance in the 
metabolism of macromolecules. Complications of DM include micro-vascular diabetic complications such as nephropathy and 
retinopathy. Bilirubin is a waste toxic product, however, its role as an endogenous anti-oxidant was studied. The study aims to 
investigate the role of bilirubin in the progression of nephropathy and retinopathy in type (2) diabetes patients. This was conducted on 4 
groups, healthy controls, diabetics without complications, diabetics with retinopathy and diabetics with nephropathy. Laboratory 
investigations were performed for participants including; urine albumin/creatinine ratio, glycosylated hemoglobin (HBA1C), serum total 
and direct bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), urea, cholesterol, triglycerides, high-density 
lipoprotein –cholesterol (HDL) and fasting blood glucose (FBG).There was a significant increase in serum total bilirubin, direct 
bilirubin, ALT, AST, urea, creatinine, total cholesterol and HBA1C between the control group and all groups of patients. Also, there was 
a significant difference in urine albumin /creatinine ratio in all groups of patients compared to controls. Serum direct bilirubin was 
significantly higher in the diabetic nephropathy group when compared to the diabetics without complications and retinopathy groups. 
Serum total bilirubin was lower in diabetics with retinopathy when compared to diabetics without complications. These results mean that

increased serum level of both direct and total bilirubin has a protective effect in diabetic nephropathy and retinopathy.
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1. Introduction 
 

DM was defined by American Diabetes Association (ADA) 

and World Health Organization (WHO) as the metabolic 

disease that generates from multiple etiologies, characterized 

by hyperglycemia and disturbance in the metabolism of 

carbohydrates, proteins, and fats resulting from defects in 

insulin action or secretion or even both. DM incidence is 

growing globally (Boulton et al., 2005) and it is expected to 

grow to a population of 366 million by 2030 (Wild et al., 

2004).  

 

The burden of DM is taking place in developing countries 

and 80% of diabetic cases are living in developing countries 

(Shaw et al., 2010). It was found that diabetes was prevalent 

in 20% of the Egyptian rural population (Bos et al., 2013). It 

was stated that diabetes prevalence was around 15.56% 

among Egyptian adults between 20 and 79 years (Hegazi et 

al., 2015).  

 

Diagnosis of DM characterized by the presence of 

hyperglycemia symptoms and plasma glucose concentration 

≥7 mmol/L. There are two types of diabetes, type (1) and 

type (2). Type (2) develops in adults and it is correlated to 

an unhealthy diet, lack of physical activity, hereditary risk 

factors and obesity (Al Bahnasy et al., 2017). 

 

HbA1Crecommended by ADA., 2010 & WHO., 2011as a 

measurement for the average glycaemia over previous 2-4 

months (Nathan et al., 2007). 

 

Complications of DM include micro-vascular diabetic 

complications which are associated with vascular 

permeability impairment that has an effect on different 

organs and tissues such as neurons, kidneys, and retina 

(Mokini and chiarelli., 2006). Hyperglycemia stimulates 

protein kinase-C (PKC) which in turn induces diabetic 

retinopathy (Lotfy et al., 2017). 

 

The elevation of blood glucose in retinal cells of diabetic 

patients may lead to increased risk of both retinopathy and 

accompanied blindness (Ola et al., 2006 &Mohamed et al., 

2007). As retina is susceptible to oxidative damage (Kumari 

et al., 2008), oxidative stress acts as a key factor in the 

pathogenesis of diabetic retinopathy (Madsen-Bouterse and 

Kowluru., 2008). 
 

Diabetic nephropathy is another complication of DM and it 

results in protein filtration elevation in urine (Susztak and 

Bottinger., 2006). The increased urinary albumin excretion 

is an early indicator of diabetic nephropathy (Dronavalli et 

al., 2008). 

 

Both of pathogenesis and etiology of diabetic nephropathy 

aren't clear, however, oxidative stress was associated with 

diabetic nephropathy progression and it was suggested that 
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inhibition of kidney dysfunction may occur by antioxidants 

(Zhang et al., 2017) 

 

Bilirubin was considered a waste toxic product for a long 

time, however, it was recognized that it has a potential 

endogenous anti-oxidant role under physiological conditions 

(Stocker et al., 1987). Therefore, in the present study, we 

aimed to investigate the effect of bilirubin on the 

progression and development of nephropathy and 

retinopathy in diabetic patients.  

 

2. Subjects and methods 
 

2.1 Subjects and study design: 

 

This study included 60 individuals who were divided into 4 

groups, healthy controls, diabetics without complications, 

diabetic retinopathy and diabetic nephropathy groups. Each 

group involved 15 individuals. The participants were 

outpatients of the Research Institute of Ophthalmology 

referred to subspecialty clinics (medical and biochemical 

clinics). Age of subjects ranged from 40 to 60 years. All 

subjects have been investigated clinically and 

ophthalmologically to diagnose diabetes, diabetic 

nephropathy, and diabetic retinopathy. The exclusion criteria 

were: smokers, diabetic neuropathy, heart disease and other 

eye diseases except for retinopathy.  

 

2.2 Laboratory Investigations 

 

Whole blood samples were collected on EDTA to 

investigate HBA1c, urine samples were collected to 

investigate albumin/creatinine ratio, while serum samples 

were collected to investigate total and direct bilirubin, ALT, 

AST, serum urea, serum creatinine, serum cholesterol, 

serum triglyceride, serum HDL and fasting blood glucose. 

All parameters were measured by using usual commercial 

kits except HBA1C which was measured by using libona 

system (ADA., 2010). 

 

2.3 Statistical Analysis 

 

The statistical package for social science (SPSS version 21) 

was used for data analysis. Mean and the standard deviation 

were used to describe quantitative data. The bivariate 

relationship was displayed in cross tabulations. P-value was 

significant at (≤0.05) level. Sensitivity and specificity were 

determined using Roc curve. 

 

3. Results 
 

The present study included 60 participants who were 

classified into four groups, healthy individuals as controls, 

patients with type (2) diabetes as diabetics without 

complications, patients as diabetics with nephropathy and 

patients as diabetics with retinopathy (15 of each). 

 

Table 1: Laboratory Mean level Values of the Studied Groups 

Lab investigations 
Control group 

Mean ±SD 

Diabetic without complications 

group 

Mean ±SD 

Diabetic 

Retinopathy group 

Mean ±SD 

Diabetic Nephropathy 

group 

Mean ±SD 

P-value 

S. Total bilirubin (ng/ml) 1.13±0.13 0.83±0.10 0.49±0.08 0.79±0.24 <0.001* 

S. Direct bilirubin (mg/dl) 0.32±0.12 0.28±0.09 0.24±0.06 0.39±0.16 0.004* 

S. AST (IU/L) 13.5±3.4 25.7±9.5 37.3±18.0 22.0±6.8 <0.001* 

S. ALT (IU/L) 15.9±5.5 28.3±9.9 35.2±13.0 27.2±9.5 <0.001* 

Creatinine (mg/dl) 0.96±0.22 0.87±0.23 0.86±0.22 2.54±1.32 <0.001* 

S. Urea (mg/dl) 29.1±8.1 31.3±14.8 25.9±9.1 83.2±38.4 <0.001* 

S. Cholesterol (mg/dl) 128.0±40.9 178.9±37.5 162.3±44.2 196.5±70.0 0.003* 

S. Triglycerides (mg/dl) 93.5±20.5 168.4±50.7 171.5±115.8 189.4±105.1 0.013* 

S. HDL (mg/dl) 55.5±14.7 37.3±4.0 41.6±7.6 37.0±3.3 <0.001* 

S. Albumin/creatinine ratio 13.0±6.0 22.4±4.7 33.7±6.8 35.2±6.0 <0.001* 

S. FBG (gm/ml) 84.7±12.5 113.1±28.4 166.9±57.5 158.1±38.3 <0.001* 

S. HbA1C 6.3±0.2 6.8±0.9 9.1±1.5 9.6±1.8 <0.001* 

 

 (HBA1C) Glycosylated hemoglobin. (ALT) Alanine 

aminotransferase. (AST) Aspartate aminotransferase. (HDL) 

High density lipoprotein. (FBG) Fasting blood glucose.  

 

Mean levels of measured parameters for all studied groups 

shown in the table (1).  

 

Total and direct bilirubin were significantly different in all 

groups and exhibit the lowest mean levels in diabetic 

retinopathy group (P-value<0.001, 0.004) respectively. In 

contrast to AST, ALT, HDL, and FBG which exhibit highest 

mean levels (P-value<0.001) for each on retinopathy group. 

 

Other parameters; creatinine, urea, cholesterol, triglycerides, 

albumin /creatinine ratio and HbA1c recorded the highest 

mean levels in the nephropathy group (P-value<0.001, 

<0.001, 0.003, 0.013,<0.001,<0.001) respectively. 

 

Table 2: Laboratory findings in DM with Nephropathy and 

Retinopathy 
Lab 

 investigation 

Diabetic retinopathy  Diabetic nephropathy 

P-value 95% CI P-value 95% CI 

Total bilirubin <0.001* 1.000–1.000 0.431 0.362–0.807 

Direct bilirubin 0.340 0.397–0.808 0.046* 0.528–0.899 

S.AST 0.046* 0.520–0.907 0.633 0.336–0.766 

S.ALT 0.254 0.408–0.836 0.901 0.297–0.730 

Creatinine 0.983 0.289–0.715 <0.001* 0.000–1.000 

Urea 0.184 0.434–0.850 <0.001* 0.000–1.000 

Cholesterol 0.130 0.452–0.872 0.290 0.400–0.827 

Triglycerides 0.648 0.333–0.765 0.663 0.334–0.759 

HDL 0.062 0.501–0.899 0.917 0.299–0.723 

Albumin/ 

creatinine 
<0.001* 0.000–1.000 <0.001* 0.000–1.000 

FBG 0.002* 0.674–0.979 <0.001* 0.000–1.000 

HbA1c <0.001* 0.000–1.000 0.000 0.000–1.000 
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 (HBA1C) Glycosylated hemoglobin 

 (ALT) Alanine aminotransferase  

 (AST) Aspartate aminotransferase  

 (HDL) High density lipoprotein 

 (FBG) Fasting blood glucose 

 

Direct bilirubin had higher mean level in nephropathy group 

than diabetics without complications (P-value=0.046).Also, 

creatinine, urea, albumin/creatinine ratio and FBG had 

higher mean level in nephropathy group than diabetics 

without complications (P-value˂0.001). 

 

Retinopathy group had higher mean levels as regards ofAST 

(P-value=0.046), total bilirubin, albumin/creatinine ratio, 

HbA1c (P-value˂0.001) and FBG (P-value=0.002). 

 

Table3: Correlations of Different Laboratory Values in both 

of FBG and HbA1c 
Lab investigation Fasting blood glucose 

 Control  

group 

Diabetic  

group 

Nephropathy 

group 

Retinopathy 

group 

HbA1c 
r 0.247 -0.086 -0.237 0.558 

p 0.374 0.761 0.394 0.031* 

ALT 
r 0.065 0.532 0.346 0.177 

p 0.819 0.041* 0.207 0.528 

Albumin/ creatinine 

ratio 

r 0.132 -0.086 -0.111 0.612 

p 0.640 0.761 0.693 0.015* 

Total bilirubin 
r -0.290 -0.393 0.380 -0.353 

p 0.295 0.148 0.162 0.196 

Direct bilirubin 
r 0.197 -0.322 0.322 -0.199 

p 0.481 0.241 0.241 0.476 

 HbA1c 

Creatinine 
r 0.260 0.110 0.953 0.094 

p 0.349 0.697 <0.001* 0.738 

Urea 
r -0.245 -0.562 0.928 0.175 

p 0.378 0.029 <0.001* 0.533 

Triglycerides 
r -0.296 -0.462 0.619 0.294 

p 0.284 0.083 0.014* 0.287 

Albumin/ creatinine 

ratio 

r -0.098 -0.096 0.884 0.069 

p 0.728 0.734 <0.001* 0.807 

Total bilirubin 
r 0.032 0.078 -0.234 -0.007 

p 0.911 0.783 0.402 0.981 

Direct bilirubin 
r 0.206 -0.026 0.062 -0.191 

p 0.462 0.927 0.825 0.495 

 

Glycosylated hemoglobin (HBA1C), Alanine 

aminotransferase (ALT), Aspartate aminotransferase (AST), 

High density lipoprotein (HDL), Fasting blood glucose 

(FBG) 

 

Correlation between different laboratory parameters against 

FBGand HbA1c in the four groups were assessed in (Table3).  

 

FBG positive correlation detected with HbA1c (P-

value=0.031, r=0.558) and with albumin/creatinine ratio (P-

value=0.015, r=0.612) in the diabetic retinopathy group, 

while correlated positively with ALT (P-value=0.041, 

r=0.532) in diabetics without complications. 

 

HbA1c, positive correlation detected with each of creatinine 

(P-value˂0.001, r=0.953), urea (P-value˂0.001, r=0.928), 

triglycerides (P-value=0.014, r=0.619) and 

albumin/creatinine ratio with (P-value˂0.001, r=0.884) in 

the nephropathy group.  

 

4. Discussion 
 

Diabetic nephropathy and diabetic retinopathy are the main 

complications of diabetes.Therefore, comparison of mean 

levels of the studied parameters in diabetics without 

complications and diabetics with nephropathy or retinopathy 

and their effect on the progression of diabetic complications 

was studied  

 

Four groups were investigated to detect the effect of 

bilirubin on the progression of both diabetic retinopathy and 

diabetic nephropathy through measurement of total and 

direct bilirubin, liver enzymes (AST, ALT), lipid profile 

(cholesterol, HDL, triglycerides), creatinine, urea, FBG, 

HbA1c and albumin/creatinine ratio.  

 

In this study, diabetics without complications hadhigh level 

of triglycerides, FBG and HbA1c but other measured 

parameters including total and direct bilirubin were detected 

in normal range when compared to control group. 

 

In contrast to these findings, (Raikwar et al., 2018) reported 

that direct bilirubin, ALT and AST were higher than normal 

in type (2) diabetes patients. 

 

The mean level of both total and direct bilirubin in diabetics 

without complications was in normal range, but it was lower 

than that of the control group. Thus, the decrease of bilirubin 

level associated with development of DM which reflects the 

protective effect of bilirubin against progression of type (2) 

diabetes mellitus. 

 

In agreement with these findings, (Rejendran et al., 2018) 

showed that low level of bilirubin was a risk factor for 

diabetes type (2).  

 

In contrast to these findings, (Wang et al., 2017) found that 

elevated serum direct bilirubin was associated with an 

increased risk of developing type (2) diabetes. 

 

In the current study, the diabetic nephropathy group had 

high mean levels of HbA1c, FBG, Albumin/creatinine ratio, 

triglycerides, urea, and creatinine while AST, ALT, 

cholesterol, and HDL were in the normal range. Regarding 

to bilirubin, the mean level of direct bilirubin was higher 

than normal, whereas that of total bilirubin was in normal 

range. 

 

By investigating the parameters that differed significantly 

between diabetics without complications and diabetic 

nephropathy, mean levels of direct bilirubin, creatinine, urea, 

Albumin/creatinine ratio, and FBG significantly increased in 

diabetic nephropathy than in diabetics without complications 

group. 

 

These results mean that decrease of direct bilirubin level 

occurs with progression of diabetic nephropathy.  

 

This agrees with (Mashitani et al., 2013) whoreported that 

baseline level of serum bilirubin correlated independently 

with diabetic nephropathy progression in type (2) diabetic 

patients and with (Rajendran, et al., 2018)who revealed 
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that a low level of bilirubin was a risk factor for the 

development of diabetic nephropathy 

 

Baranano et al., 2002 suggested thatbilirubin had an anti-

oxidant role and could protect cells from excess hydrogen 

peroxide, so it can be concluded that lower concentration of 

serum bilirubin is associated with increased oxidative stress 

which in turn accelerates the progression of diabetic 

nephropathy.  

 

In other words, the high level of bilirubin has an inhibitory 

effect on the progression of diabetic nephropathy via its anti-

oxidant effect 

 

This study reported that total bilirubin was lower in nephritic 

patients than in diabetic patients, but with no significant 

difference in agreement with ( Toya et al., 2014), who 

showed that there was no significant increase in bilirubin 

between patients with diabetic nephropathy than those with 

diabetes without kidney disease 

 

In contrast, a cross-sectional study (Yasuda et al., 2011) 

showed a correlation between total serum bilirubin and 

prevalence of diabetic nephropathy in patients with impaired 

glucose metabolism. another study showed that total 

bilirubin was higher among diabetic patients with no kidney 

disease than among nephritic patients (Hamamoto et al., 

2015). 

 

It was concluded in a meta-analysis (Zhang et al., 2017) 

that bilirubin can act as a diagnostic biomarker. 

 

The diabetic retinopathy group showed increased mean 

levels of ALT, triglycerides, FBG, and HbA1c, whereas other 

parameters were in the normal range. 

 

The mean levels of total bilirubin, AST, albumin/creatinine 

ratio, FBG, and HbA1c increased significantly in diabetic 

retinopathy than in diabetics without complications. 

 

Although there was a significant decrease in the mean level 

of total bilirubin in the diabetic retinopathy group than in 

diabetics without complications, the mean level in diabetic 

retinopathy was in the normal range.  

 

Karuppannasamy et al., 2017 found that the level of serum 

bilirubin was lower in diabetic patients with retinopathy than 

those without retinopathy and it was shown that serum total 

bilirubin is an independent risk factor associated with 

diabetic retinopathy, this was in agreement with this study 

findings. Also, (Dave et al., 2015) showed the same findings, 

serum total and direct and indirect bilirubin levels were 

higher in patients without diabetic retinopathy than those 

with retinopathy 

 

Several studies (Yasuda et al., 2011 & Cho HC 2011) 

suggested an inverse correlation between serum bilirubin 

and diabetic retinopathy. This inverse correlation was also 

reported by (Ghaffar et al., 2016) which demonstrated that 

serum bilirubin can predict the progression of diabetic 

retinopathy over time 

  

It seems that direct bilirubin is risky for nephropathy, 

whereas total bilirubin is risky for retinopathy.  

 

This study investigated the correlation between different 

parameters with both FBG and HbA1c. There was a 

significant positive correlation between ALT and FBG in 

diabetics without complications, whereas in diabetic 

retinopathy, there were a significant positive correlations 

between FBG and both of HbA1c and albumin/creatinine 

ratio.  

 

All significant correlations between HbA1c and creatinine, 

urea, triglycerides and albumin/creatinine were positive and 

found in the diabetic nephropathy group only.  

 

The previous correlations were to the best of our knowledge 

addressed for the first time in our study reporting that the 

level of bilirubin was negatively associated with FBG and 

HbA1c in diabetic patients (Farasat et al., 2017), however in 

our study there was no significant association between 

bilirubin and such variables in the 4 studied groups.  

 

5. Conclusion 
 

The present study showed that low levels of both direct and 

total bilirubin were associated with increased risk of diabetic 

retinopathy and nephropathy, whereas increased levels 

(within the physiological range ) can be considered as a 

protective factor against diabetes type ( 2) and its important 

micro-vascular complications (diabetic retinopathy and 

diabetic nephropathy). 
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