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Background: Diabetic kidney disease (DKD) is one of the major complications of Type 2 diabetes, clinically characterized by 
a progressive increase in albuminuria and/or a subsequent decline in glomerular filtration rate. Identification of novel risk factors 
contributes to reduction in the risk of diabetic kidney disease. Bilirubin, as an antioxidant and anti-inflammatory molecule, is believed 
to have a protective role in kidney disease. On the other hand, uric acid is implicated in the pathogenesis of DKD due to its pro-oxidant 
and pro-inflammatory property in vascular tissues.
Methods: A hospital based comparative cross-sectional study was conducted from October 2020 to March 2021 on 200 eligible Type 
2 diabetic patients (58 with DKD and 142 without DKD) to assess the association of serum total bilirubin and serum uric acid levels 
with low GFR diabetic kidney disease using consecutive sampling technique.
Results: The serum total bilirubin level was significantly decreased (0.15±2.29, mean±SD) in the DKD group compared to the non- 
DKD group (0.19±2.26), whereas the mean±SD serum uric acid was significantly increased in the DKD group (7.13±2.21) compared 
to the non-DKD group (5.24±1.92). A low serum total bilirubin level was significantly associated with increased risk of DKD in 
multivariate analysis (AOR=2.23, 95% CI=1.55–4.13) also to high serum uric acid levels (AOR=2.09, 95% CI=1.06–4.12). Moreover, 
a low serum total bilirubin level was significantly associated with increased risk of DKD among patients with high serum uric acid 
(AOR=2.55, 95% CI=1.05–6.19). Similarly, high serum uric acid was significantly associated with increased risk of DKD among 
patients with low serum total bilirubin (AOR=3.49, 95% CI=1.29–9.42).
Conclusion: Co-presence of low serum total bilirubin and high serum uric acid may be useful for stratification of DKD risk among 
patients with Type 2 diabetes mellitus.
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Introduction
Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycemia.1 Diabetic nephropathy (DN) is one of the 
most frequent microvascular complications of Type 2 DM, characterized by glomerular, tubular, and tubule-interstitial 
injury.2

Bilirubin, one of the most highly conserved groups of non-polar molecules, is a metabolic end product of heme 
degradation by heme oxygenase.3 It has been shown to have antioxidant and anti-inflammatory effects.4

Uric acid is a heterocyclic organic compound endogenously produced by animals as a purine catabolite.5 It is formed 
by the liver and mainly excreted by the kidneys and intestine.6 Humans, due to the absence of uricase activity, have 
a higher uric acid level than other mammals.7

According to the 2017 estimate by International Diabetes Federation (IDF), Ethiopia has 1.92 million (3.3%) adult 
people aged 20–79 years with diabetes, making it the largest diabetes population in sub-Saharan Africa.8 With the 
increasing incidence of Type 2 DM worldwide, diabetic nephropathy has become a global health concern.9 Information 
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about diabetic kidney disease (DKD) is scarce in Ethiopia, but the estimated prevalence of diabetic nephropathy is 6– 
16% in Sub-Saharan Africa and 6.1% in Ethiopia.10 Thus, understanding the association between serum total bilirubin 
and serum uric acid levels among Type 2 DM patients with diabetic kidney disease has a paramount importance. 
However, to our knowledge, no study has been documented yet in Ethiopia regarding the association between the two 
parameters among patients with diabetic kidney disease. Therefore, this study will supply baseline data for the country, 
from which further studies could be planned.

The health service organizations may also use the output of this research to plan, monitor, evaluate, and predict 
management outcomes and possible complications, which helps to improve health care services for Type 2 DM patients 
with nephropathy.

Methods
Study Design and Period
An institution-based comparative cross-sectional study was carried out from October 2020 to March 2021 at Ottena 
teaching and referral hospital, Southern Ethiopia, to assess the association of serum total bilirubin and serum uric acid 
levels with low GFR diabetic kidney disease. Chronic kidney disease caused by DM is defined as a persistent estimated 
glomerular filtration rate (eGFR) of <60 mL per min per 1.73 m2. Hyperuricemia is a condition in which serum uric acid 
level is highly raised. Serum uric acid is more than 8.0 mg/dL (for adult males) and more than 6.2 mg/dL (for adult 
females).

Study Population and Variables
All Type 2 DM patients attending Ottena referral hospital during the study period were taken as the source population. 
Renal functional tests such as serum creatinine and eGFR were taken as dependent variables of the study. HIV positive 
patients, patients with a history of hepatic disorders, chronic pulmonary obstructive disease, patients taking uric acid 
lowering drugs and those with cardio-vascular disease were excluded from the study.

Sample Size Determination
The total sample size was calculated using StatCalc-Epi-info for a comparative cross-sectional study by double 
proportion formula taking into account the following assumptions: 2-sided confidence level at 95% confidence interval, 
power of 80% and 1:3 ratios. Hypothetical mean values of serum bilirubin among diabetic patients with diabetic kidney 
disease and without diabetic kidney disease were taken as 9.96±4.71 and 12.46±5.35, respectively.11 Taking 10% as the 
non-respondent rate, a total of 200 study participants, 58 with diabetic kidney disease and 142 without diabetic kidney 
disease, were included in the study.

Sampling Technique and Procedure
A consecutive sampling technique was used. A structured questionnaire was used for data collection. Every client who 
visited the Diabetic clinic during the study period was evaluated by the data collectors for eligibility criteria. Finally, 
5 mL of venous blood was drawn by venipuncture by a trained lab-technologist aseptically and immediately sent to the 
clinical laboratory for analysis.

Data Management and Statistical Analysis
Data analysis was carried out using SPSS version 16 statistical software package. Categorical and discrete variables were 
described as frequency and percentage, and comparisons of the categorical variables were made using Chi-Square tests. 
A Q-Q plot was used to assess the normality of distribution of both serum total bilirubin (STBIL) and uric acid. Bilirubin 
level was not normally distributed and it was log transformed. Pearson’s correlation, multiple linear regression models 
and Binary logistic regression analyses were performed. P-value<0.05 was accepted as statistically significant.
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Assay Method and Instrument
Serum total bilirubin, uric acid, and creatinine were measured spectrophotometrically using assay standard kits. 
Absorbance was measured spectrophotometrically at 500 nm using COBAS INTEGRA 400 PLUS instrument (Roche, 
Germany). The manufacturers protocols and procedures were followed during the assay.

Ethics Statement
The research was conducted after obtaining ethical clearance from the Institutional Review Board of Addis Ababa 
University, college of health sciences and Department of Medical Biochemistry. All the principles of ethics like 
confidentiality were strictly observed and consent was obtained from study participants. Standard clinical and laboratory 
procedures were also followed during sample collection and analyses. This study complies with the Declaration of 
Helsinki.

Results
A total of 200 study participants diagnosed with Type 2 DM (58 with DKD and 142 without DKD) were recruited in this 
study. The mean±SD ages of patients with DKD and without DKD were 45.71±11.60 and 41.23±13.47, respectively, with 
a significant mean value difference (p=0.028).

Serum Total Bilirubin Level of Study Participants
The mean±SD serum total bilirubin of patients with DKD and without DKD were 0.15±2.29 and 0.19±2.26, respectively, 
with significant difference (p=0.035). Out of 200 study participants, 98, ie, 37 with DKD and 61 without DKD, had low 
serum total bilirubin level, whereas the remaining 102, ie, 21 with DKD and 81 without DKD, had a high serum total 
bilirubin level.

Serum Uric Acid Level of Study Participants
The mean±SD serum uric acid of patients with DKD and without DKD were 7.13±2.21 and 5.24±1.92, respectively, with 
significant mean value difference. Out of 200 study participants, 99, ie, 20 with DKD and 79 without DKD, had low 
serum uric acid level, whereas the remaining 101, ie, 38 with DKD and 63 without DKD, had high serum uric acid level.

Estimated Glomerular Filtration Rates (GFR) of Participants
According to eGFR calculated using serum creatinine level, out of 200 study participants, 128 (64.0%) had normal or 
elevated GFR (≥90 mL/min/1.73 m2), 14 (7.0%) had mild GFR reduction (GFR=60–89 mL/min/1.73 m2), 28 (14.0%) 
moderately decreased GFR (GFR=30–59 mL/min/1.73 m2), 25 (12.5%) had severe GFR reduction (GFR=15–29 mL/ 
min/1.73 m2), and the remaining five (2.5%) study participants had stage five kidney disease (GFR<15 mL/min/1.73 m2).

No correlation was observed between serum total bilirubin level and socio-demographic and clinical characteristics 
like: residence duration of diabetes, BMI, SBP, DBP, and serum creatinine (Table 1).

A significant positive correlation was observed between serum uric acid level and independent variables like: age 
(r=0.234, p=0.001), smoking (r=0.214, p=0.002), duration of diabetes (r=0.142, p=0.045), BMI (r=0.289, p=0.001), and 
serum creatinine (r=0.147, p=0.001) (Table 2).

Smoking, duration of diabetes ≥10, BMI≥25 kg/m2, systolic BP (SBP)≥140 mmHg, and diastolic BP (DBP)≥90 
mmHg are significantly associated with DKD (Table 3).

Low serum total bilirubin was significantly associated with increased risk of diabetic kidney disease in both 
unadjusted and adjusted models. On the other hand, high serum uric acid was also significantly associated with increased 
risk of diabetic kidney disease in both unadjusted (p=0.007) and adjusted models (p=0.034). The crude odds ratio (COR) 
and adjusted odds ratio (AOR) of high versus low serum uric acid (SUA≥5.15 mg/dL vs SUA<5.15 mg/dL) for diabetic 
kidney disease are 2.38 (95% CI=1.26–4.49) and 2.09 (95% CI=1.06–4.12), respectively.

Subgroup effects of serum total bilirubin and serum uric acid on diabetic kidney disease were also investigated. High 
serum uric acid was significantly associated with increased risk of diabetic kidney disease among patients with low serum 
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total bilirubin. The crude odds ratio (COR) and adjusted odds ratio (AOR) of high versus low serum uric acid 
(SUA≥5.15 mg/dL vs SUA<5.15 mg/dL) for diabetic kidney disease are 1.17 (95% CI=0.63–4.39) and 1.31 (95% 
CI=0.45–3.80), respectively, among patients with high serum total bilirubin and COR=2.98 (95% CI=1.25–7.08) and 
AOR=3.49 (95% CI=1.29–9.42), respectively, among patients with low serum total bilirubin.

On the other hand low serum total bilirubin level was significantly associated with increased risk of diabetic kidney disease 
among patients with high serum uric acid. The crude odds ratio (COR) and adjusted odds ratio (AOR) of low versus high 
serum total bilirubin (STBIL<0.16 mg/dL vs STBIL≥0.16 mg/dL) for diabetic kidney disease is COR=2.89 (95% CI=1.24– 

Table 1 Correlation Between Serum Total Bilirubin Level (Mg/dL) 
and Independent Variables

Variables Correlation Coefficient (r) p-values

Age in years 0.021 0.765

Gender 0.157 0.057

Alcohol consumption 0.044 0.533

Smoking status 0.104 0.142

Physical activity 0.110 0.121

Anti-hyperglycemic drug 0.074 0.296

e-GFR 0.103 0.147

Table 2 Correlation Between Serum Uric Acid Level (Mg/Dl) and 
Independent Variables

Variables Correlation Coefficient (r) p-values

Age in year 0.234 0.001

Smoking status 0.214 0.002

Duration of diabetes 0.142 0.045

Anti-hyperglycemic drug −0.124 0.081

Body mass index 0.289 0.001

Serum creatinine 0.497 0.001

e-GFR −0.501 0.001

Table 3 Association of Socio-Demographic and Clinical Characteristics with DKD in T2DM

Variables Category COR p-values

Smoking habit Yes 1.95 (1.04–3.63) 0.036

Duration of diabetes ≥10 1.91 (1.02–3.55) 0.042

Body mass index (kg/m2) ≥25 2.51 (1.13–5.55) 0.024

Systolic blood pressure (mmHg) ≥140 1.93 (1.01–3.70) 0.046

Diastolic blood pressure (mmHg) ≥90 2.00 (1.05–3.81) 0.034
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6.73) and AOR=2.55 (95% CI=1.05–6.19), respectively, among patients with high serum uric acid and COR=1.62 (95% 
CI=0.60–4.34) and AOR=1.48 (95% CI=0.49–4.42), respectively, among patients with low serum uric acid.

Discussion
Diabetes Mellitus is one of the most common endocrine diseases and a big health challenge in the world, especially in 
developing countries.12 Diabetic kidney disease is one of the major complications of Type 2 diabetes, it occurs in 20– 
40% of patients with diabetes and is the most common cause of end-stage renal disease.13 In this study, mean serum total 
bilirubin level was observed to be significantly different (p=0.035) between the DN and non-DN group. The mean±SD 
serum total bilirubin of patients with DKD and without DKD were 0.15±2.29 and 0.19±2.26, respectively. Our result is 
supported by a study done by Hamamoto et al,14 who reported that total bilirubin levels in patients with diabetic 
nephropathy were significantly lower than in those without diabetic kidney disease.

The results of the present study indicated that the serum total bilirubin negatively correlated with serum creatinine (r= 
−0.132, p=0.062) and positively correlated with e-GFR (r=0.103, p=0.147), but the correlation was non-significant. 
Contrary to our findings, many studies have reported a statistically significant and positive correlation between serum 
total bilirubin level and e-GFR.15–17 In addition, Riphagen et al18 found a negative correlation between baseline serum 
bilirubin levels and the doubling of serum creatinine levels. The possible reason for these differences may be due to 
differences in study design, which is cross-sectional, and the sample size of the study participant.

In the present study it was observed that patients with low serum total bilirubin were significantly associated with risk of 
diabetic kidney disease. Patients having lower serum total bilirubin were found to be 2.23-times more likely to develop 
diabetic kidney disease than patients with a high serum total bilirubin level. This is supported by the findings of Takeaki et al.19

Uric acid (UA) is the end product of purine metabolism in humans, and its high serum levels (hyperuricemia) are 
classically related to the precipitation of crystals in the joints, leading to arthritis.20 In our study it was observed that there 
is a significant mean value difference (p<0.001) and the serum uric acid level was observed to be higher in patients with 
diabetic nephropathy. The mean±SD serum uric acid of patients with DKD and without DKD were 7.13±2.21 and 5.24 
±1.92, respectively. Our finding is supported by a study done by Razi et al,21 who reported that serum uric acid levels in 
patients with diabetic kidney disease were significantly higher than those without diabetic kidney disease (p<0.005).

It was also observed that a significant positive correlation existed between serum uric acid and serum creatinine 
(r=0.497, p=0.001) with a significant negative correlation between serum uric acid and e-GFR (r=−0.501, p=0.001). Our 
result is in line with other studies. In a prospective observational study on Japanese patients with type 2 DM, high serum 
uric acid concentration was associated with reduced GFR in 12 months.22 In this study it was also observed that patients 
with high serum uric acid were significantly associated with risk of diabetic kidney disease.

In our study it was observed that high serum uric acid was significantly associated (p=0.014) with increased risk of 
diabetic kidney disease among patients with low serum total bilirubin level. On the other hand low serum total bilirubin 
level was significantly associated (p=0.038) with increased risk of diabetic kidney disease among patients with high 
serum uric acid level. Our results also indicated that the co-presence of low serum total bilirubin and high serum uric acid 
is more associated with risk of diabetic kidney disease than that of low serum total bilirubin and high serum uric acid 
alone; which is supported by the findings of Ren et al,2 who revealed the co-presence of high serum uric acid and low 
serum total bilirubin level with two-fold micro vascular risk for those with co-presence of low serum uric acid and high 
serum total bilirubin compared to low serum total bilirubin or high serum uric acid alone.

It is fundamental to acknowledge that uric acid is associated with an increase in insulin resistance,23 which in turn is 
responsible for worsening diabetes and increased complication onset.

Based on our findings, the following recommendations can be suggested. First, further prospective studies need to be 
conducted to clearly show the association of serum total bilirubin and serum uric acid with diabetic kidney disease. Second, 
given the increasing risk of diabetic kidney disease in a high proportion of Type 2 DM patients, we recommend clinicians give 
prior attention for patients with both low serum total bilirubin level and high serum uric acid level that might increase the risk 
for DKD and we also recommend regular screening among Type 2 diabetics. This study used only serum creatinine based 
eGFR to define diabetic kidney disease; other renal function tests such as urinary albumin were not analyzed due to limited 
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resources, which is the major limitation of the study. We did not assess the dietary habit of patients and drugs taken by patients, 
which can affect the levels of serum uric acid, and this can be a limitation of the study.

Conclusion
The co-presence of low serum total bilirubin and high serum uric acid may be useful for stratification of diabetic kidney 
disease risk among patients with Type 2 DM.
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