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Abstract

Background and objectives: Hyperglycemia induces oxidative stress in diabetic patients by
increasing reactive oxygen species production, which ultimately damage the cells and cause
micro and macrovascular complications including diabetic nephropathy. Increased serum
bilirubin level, within physiological range, can inhibit oxidative stress; thereby, preventing
development of diabetic nephropathy. The aim of this study was to find out association
between serum bilirubin and estimated glomerular filtration rate (eGFR) in diabetic patients
with or without chronic kidney disease (CKD).

Materials and method: Both male and female participants aged 30 to 60 years were enrolled in
the study. Enrolled participants included healthy individuals (Group-1), diabetic patients
without CKD (Group-2) and diabetic patients with CKD (Group-3). Clinical and biochemical
parameters namely blood pressure, body mass index (BMI), fasting blood glucose (FBG),
HbAlc, eGFR, serum bilirubin and spot urine ACR were measured by appropriate methods.
Pearson’s correlation coefficient, ANOVA and multiple linear regression models were used to
analyze the data.

Result: Total 189 respondents were enrolled in 3 study groups. Each group consisted of 63
cases. Of the 63 cases in Group-3, 49 and 14 belonged to CKD stage 3 and stage 4 respectively.
The mean (* SD) serum bilirubin levels of healthy individuals, diabetic patients without CKD
and diabetic patients with CKD were 0.66 + 0.31, 0.64 + 0.21, 0.46+0.18 mg/dL respectively.
Mean serum bilirubin was significantly low (p<0.001) in diabetic patients with CKD compared to
healthy and diabetics without CKD. A Stepwise multiple regression analysis using eGFR as an
objective variable adjusted for risk factors as explanatory variables, showed that serum bilirubin
(B=0.323, p<0.001) was significantly associated with eGFR, in addition to age, BMI, HbAlc and
urinary ACR.

Conclusion: The study has demonstrated that low serum bilirubin level is associated with CKD in
diabetic patients and it could be used as a simple marker for CKD in diabetics.
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Introduction

Chronic hyperglycemia in diabetes is associated
with long term damage, dysfunction, and failure of
different organs, especially the eyes, kidneys,
nerves, heart, and blood vessels [1,2]. Chronic
kidney disease (CKD) is a frequent long-term
complication of diabetes. CKD is a leading cause of
end-stage kidney disease in diabetics, accounting
for 50% of cases [3]. It is characterized by
persistently elevated urinary albumin excretion
(albumin-to-creatine ratio [ACR] = 30 mg/g) and/or
low estimated glomerular filtration rate (eGFR < 60
mL/min/1.73 mz) in a person with diabetes [4].

Oxidative stress has been considered a pathogenic
factor for the development of nephropathy in
diabetic patients [5,6]. Bilirubin is a potent
antioxidant and it largely protects cells against lipid
peroxidation [7]. It is generated from biliverdin by
biliverdin reductase. During its antioxidant activity, it
is oxidized to biliverdin which is immediately
reduced again by biliverdin reductase to bilirubin [8].

The precise nature of the relationship between
serum bilirubin level and development of
nephropathy in diabetic patients is unknown. But it
is expected that increased serum bilirubin level
within physiological range can inhibit oxidative
stress and inflammation; thereby, preventing
development of diabetic nephropathy [9]. Previous
studies reported that low serum bilirubin level
predicts the development of chronic kidney disease
in patients with type 2 diabetes mellitus [10]. But
with the best of our knowledge there is no study
regarding the relationship of serum bilirubin and
eGFR in diabetic patients with or without CKD in
Bangladesh. So, this study aimed to find out
association between serum bilirubin and eGFR in
diabetic patients with or without CKD in our
population.

Materials and method

The study was conducted at the Department of
Biochemistry and Molecular Biology, BIRDEM
General Hospital over one year period.The study
was approved by Institutional Review Board,
BIRDEM. Informed written consent was obtained
from each participant prior to the enrollment in the
study.

Both male and female diabetic patients with and
without CKD and between the age group of 30 to
60 vyears were selected from outpatient
department of Medicine, BIRDEM General Hospital
and enrolled in the study. Patients with jaundice,
acute kidney injury, kidney disease with non-
diabetic etiology or patients on renal replacement
therapy were excluded. Also pregnant women,
patients taking nephrotoxic or hepatotoxic drugs
were also excluded.

Detail clinical and biophysical characteristics of
each participant were recorded in a structured
questionnaire. Diabetes mellitus was diagnosed
based on WHO criteria [11]. CKD was diagnosed on
the basis of persistent albuminuria (>30mg/day or
ACR>30mg/g) in at least two occasions within six
months period and/or GFR less than 60
ml/min/1.73m* for more than three months [12].
Estimated GFR was calculated by CKD-EPI method.
Serum creatinine was measured in Jaffe’s method
by Abbott ARCHITECT PLUS C 8000 Autoanalyzer.
Serum bilirubin was measured by photometric

method in Abbott ARCHITECT PLUS C 8000
Autoanalyzer. HbAlc was measured by High
Performance Liquid Chromatography (HPLC)

method by BIO-RAD Variant TM Il Turbo. Spot urine
microalbumin (mg/L) was measured in particle-
enhanced turbidimetric inhibition immunoassay
and urine creatinine (g/L) was measured by Jaffe’s
method by SIMENS Dimension EXL 200. Urine
microalbumin creatinine ratio (mg/g) was
calculated. Hemoglobin was measured by Sodium
lauryl sulphate method in SYSMEX XN-1000
Autoanalyzer.

Pearson’s correlation coefficient, multiple linear
regression analysis and ANOVA tests were done to
determine the relation between serum bilirubin
and eGFR. All statistical tests were considered at
5% level of significance. SPSS version 22 was used
for data analysis.

Results

A total of 189 respondents were included. Out of
189 cases, 63 were healthy individuals (Group-1),
63 were diabetic patients without CKD (Group-2)
and 63 were diabetic patients with CKD (Group-3).
Cases of Group-3 were further divided according to
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the stage of kidney disease. Of the 63 Group-3
cases, 49 and 14 belonged to CKD stage 3 and stage
4 respectively. In Group-1, 2 and 3, 50.7%, 74.6%
and 67.7% participants were male respectively.

Table-1 shows the detail clinical and biochemical
parameters of the three study groups. Age, systolic
and diastolic blood pressure were significantly
(p<0.05) higher in diabetic patients with CKD than
other two groups. Mean BMI was significantly
(p<0.05) higher in patients of Group-3 in
comparison to Group-1 and 2. Mean hemoglobin
was significantly lower (p<0.001) in Group-3 than
Group-1 and 2. Fasting blood glucose and HbAlc of
Group-3 patients were significantly (p<0.001) lower
than those of other two groups (Group-1 and 2).
Estimated GFR was significantly lower (p<0.001) in

Group-3 cases than those of Group-1 and 2 cases
(40.63£13.07, 96.30+18.60 and 78.14+14.51
ml/min/m?’ respectively). Mean serum bilirubin was
significantly lower (p<0.001) in diabetic patients
with CKD (Group-3; 0.46+0.18 mg/dl) compared to
healthy (Group-1, 0.64+0.21 mg/dL) and diabetic
cases without CKD (Group-2, 0.46+0.19 mg/dL).

Table-2 shows the differences of clinical and
biochemical parameters of Group-3 diabetic
patients with stage 3 and stage 4 CKD. Mean eGFR
was significantly lower (p<0.001) in stage 4 CKD
patients than stage 3 CKD patients. Serum
bilirubin was also found significantly lower
(p=0.029) in stage 4 CKD patients (0.37+0.10
mg/dl) compared to those of stage 3 CKD patients
(0.48+0.19 mg/dl).

Table-1: Comparison of clinical and biochemical parameters of the three study groups

Variables Group-1 (n=63) Group-2 (n=63) Group-3 (n=63) p value
Mean *SD Mean +¥SD Mean +¥SD

Age (years) 45 + 8.66 48 £9.18 52+6.93 <0.001
BMI (kg/m?) 26+2.51 25.7 £3.57 27.4+4.11 0.016

SBP (mm of Hg) 114.76 £ 8.20 123.57 £14.60 129.92 + 16.96 0.001

DBP (mm of Hg) 74.1316.13 79.05+7.40 81.03+7.47 <0.001
Hemoglobin (g/dL) 13.14+0.92 13.95+1.26 12.84+1.58 <0.001
FBG (mmol/L) 4.86+0.58 9.07+2.94 10.17+4.33 <0.001
HbAlc (%) 4.70+0.47 7.81+1.83 9.00+2.51 <0.001
eGFR (ml/min/1.73m?) 96.30+18.60 78.14+14.51 40.63+13.07 <0.001
Urinary ACR (mg/g) 6.70+3.95 11.8148.11 128.42+122.76 <0.001
Serum bilirubin (mg/dL) 0.66+0.31 0.64+0.21 0.46+0.18 <0.001

Note: BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, FBG: fasting
blood glucose, eGFR: estimated glomerular filtration rate, ACR: albumin-creatinine ratio.

Table-2: Comparison of clinical and biochemical parameters of diabetic patients with stage 3 and stage 4 CKD

Variables CKD stage 3 (n=49) CKD stage 4 (n=14) p value
Mean *SD Mean +SD
Age (years) 52.12+7.34 52.64 +6.41 0.807
BMI (kg/m’) 27.47 £ 4.27 27.11+3.63 0.779
Hemoglobin (g/dL) 13.02+1.54 12.20+1.58 0.085
FBG (mmol/L) 10.3714.62 9.4613.13 0.496
HbAlc (%) 9.30+2.61 7.97+1.97 0.081
eGFR (ml/min/1.73m?) 45.78+9.80 22.60+3.29 <0.001
Urinary ACR (mg/g) 130.12+128.84 122.42+102.58 0.838
Serum bilirubin (mg/dL) 0.48+0.19 0.37#0.10 0.029

Note: BMI: Body mass index; FBG: fasting blood glucose; eGFR: estimated glomerular filtration rate; ACR:
albumin creatinine ratio; p value calculated by student’s t test
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Table-3: Relationship between various risk factors including serum bilirubin and estimated glomerular

filtration rate in all study subjects (N=189)

Variables

Pearson’s correlation
r (p value)

Multiple linear regression analysis
Forced method Stepwise method
B (p value) B (p value)

Age (years)

BMI (kg/m’)

SBP (mm of Hg)

DBP (mm of Hg)
Hemoglobin (g/dL)

FBG (mmol/L)

HbA1c (%)

Spot urine ACR (mg/g)
Ssrum bilirubin (mg/dL)
R -

-0.431

(
-0.472(

-0.347(<0.001)
-0.143 (0.049)
-0.289(<0.001)
-0.260(<0.001)
0.203(0.005)
<0.001)
<0.001)
-0.515(<0.001)
0.447(<0.001)

-0.158 (0.007) -0.185 (0.001)
-0.098 (0.076) -0.107 (0.047))
-0.077(0.302) -

0.032 (0.663) -

0.096 (0.081) -
-0.160(0.150) -

-0.99 (0.400) -0.238 (<0.001)
-0.319(<0.001) -0.322 (<0.001)
0.302(<0.001) 0.323 (<0.001)
0.49 (<0.001) 0.48 (<0.001)

Note: r: Pearson’s correlation coefficient; 8: standardized coefficient; R%: multiple coefficient of
determination. eGFR was taken as dependent variable whereas others taken as independent variable.

Table-3  shows the relationship  between
participants’ characteristics and eGFR. Serum
bilirubin (r= 0.447, p<0.001) along with BMI,
systolic and diastolic blood pressure, hemoglobin,
fasting plasma glucose, HbAlc and urinary ACR
were significantly related with eGFR. Stepwise
multiple regression analysis using eGFR as an
objective variable adjusted for risk factors as
explanatory variables, showed that serum bilirubin
(B=0.323, p<0.001) was significantly associated
with eGFR, in addition to age, BMI, HbA;c and
urinary ACR.

Discussion

The present study analyzed the relationship
between serum bilirubin concentration and eGFR in
healthy individuals and diabetic patients with or
without CKD.The different clinical and biochemical
profiles of the cases of our study groups were
similar to the findings of other reported studies
[13-15]. Serum bilirubin level was significantly
lower in diabetic patients with CKD (p<0.001) than
healthy individuals and diabetic patients without
CKD. Similar findings were also found in other
studies [13,14].

In our study, among the 63 diabetic patients with
CKD, 49 were stage 3 CKD and 14 were stage 4 CKD
patients. Serum bilirubin was also found

significantly lower (p=0.029) in stage 4 CKD patients
compared to stage 3 CKD patients (0.37£0.10 vs.
0.48%0.19 mg/dL) indicating that level of serum
bilirubin was associated with decline of eGFR.
Other studies also reported that bilirubin differed
in different stages of CKD [16].

In this study, a stepwise multiple linear regression
model using eGFR as an objective variable adjusted

for risk factors for explanatory variables
demonstrated that, serum bilirubin (B=0.323,
p<0.001) was positively and independently

associated with eGFR along with age (B=-0.185,
p=0.001), BMI (B=-0.185,p=0.001), HbAlc (B=-
0.238, p<0.001) and spot urine ACR (B=-0.322,
p<0.001) in all study subjects. Katohet al., [10]
detected positive association between serum
bilirubin (B=0.11, p<0.001) with eGFR along with
age (B=-0.29, p<0.001) in a cross-sectional study.

The present study had some limitations. The study
was conducted for a limited period of time with
relatively small population and convenient
sampling was used from a single center.
Multicenter, longitudinal, population based study
with a large sample size and longer duration is
recommended for more accurate and reliable
results.

In this study, significantly lower serum bilirubin
level was observed in diabetic patients with CKD in
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comparison with healthy individuals and diabetic
patients without CKD. The results suggest that low
serum bilirubin level may predict development and
progression of CKD in diabetic patients. Therefore,
it is concluded that proper glycemic control and
screening of serum bilirubin in diabetic patients
would be beneficial for early diagnosis and
prevention of progression of CKD in diabetic
patients.

Acknowledgements

We are extremely thankful to, Prof. Dr. M A
Muttalib, Professor and Ex Head, Department of
Biochemistry and Molecular Biology, BIRDEM, for
his supervision, valuable guidance, intellectual
inputs and constructive criticism. We are grateful
to Dr. Parvin Akter Khanom, Associate Professor,
Department of Epidemiology and Biostatistics,
BIRDEM General Hospital for her continuous
suggestions on data and statistical analysis. We are
also thankful to the staffs of BIRDEM General
Laboratory and study participants for their
continuous assistance and support.

Author’s contributions

TT designed the protocol, collected patents’ data
and samples, analyzed the data and wrote the
manuscript; GSS supervised and coordinated the
study and edited the manuscript. MHSE collected
samples, performed biochemical tests and did the
statistical analysis; LS collected sample and did
biochemical tests; FY and RAR collected the data
including history taking and physical examination.

Funding

This research received no external funding.

Conflicts of Interest

The author declares no conflict of interest.

References

1. Pavithra D, Praveen D, Chowdary PR, Aanandhi
MV. A review on role of Vitamin E
supplementation in type 2 diabetes mellitus.
Drug Invent Today. 2018; 10(2): 236-240.

10.

Halliwell B, Gutteridge JMC. Free Radicals in
Biology and Medicine. 3rd ed. Oxford UK:
Oxford University Press; 1999.

Tuttle KR, Bakris GL, Bilous RW, Chiang JL, De
Boer IH, Goldstein-Fuchs J, et al. Diabetic
kidney disease: a report from an ADA
Consensus Conference. Diabetes Care. 2014;
37(10): 2864-2883. doi:10.2337/dc14-1296.

Levin A, Stevens PE, Bilous RW, Coresh J, De
Francisco AL, De Jong PE, et al. Kidney Disease:
Improving Global Outcomes (KDIGO) CKD Work
Group. KDIGO 2012 clinical practice guideline for
the evaluation and management of chronic
kidney disease.Kl Supplements. 2013; 3(1): 1-150.
doi: https://doi.org/10.1038/kisup.2012.73.

Forbes JM, Coughlan MT, Cooper ME.
Oxidative stress as a major culprit in kidney
disease in diabetes. Diabetes. 2008; 57(6):
1446-1454. doi:10.2337/db08-0057.

Aouacheri O, Saka S, Krim M, Messaadia A,
Maidi I. The investigation of the oxidative
stress-related parameters in type 2 diabetes
mellitus. Can J Diabetes. 2015; 39(1): 44-49.
doi:10.1016/j.jcjd.2014.03.002.

Stocker R, Yamamoto Y, McDonagh AF, Glazer
AN, Ames BN. Bilirubin is an antioxidant of
possible physiological importance. Science.
1987; 235(4792):1043-1046.
doi:10.1126/science.3029864.

Sedlak TW, Saleh M, Higginson DS, Paul BD,
Juluri KR, Snyder SH. Bilirubin and glutathione
have  complementary  antioxidant and
cytoprotective roles. Proc Natl Acad Sci U S A.
2009; 106(13): 5171-5176.
doi:10.1073/pnas.0813132106.

Ahn KH, Kim SS, Kim WJ, Kim JH, Nam YJ, Park
SB, et al. Low serum bilirubin level predicts the
development of chronic kidney disease in
patients with type 2 diabetes mellitus. Korean J
Intern Med. 2017; 32(5): 875-882.
doi:10.3904/kjim.2015.153.

Katoh T, Kawamoto R, Kohara K, Miki T.
Association between Serum Bilirubin and
Estimated Glomerular Filtration Rate among
Diabetic Patients. Int Sch Res Notices. 2015;
2015: 480418. doi:10.1155/2015/480418.



IMC J Med Sci 2024; 18(1): 006

6/6

11.

12.

13.

Alberti KG, Zimmet PZ. Definition, diagnosis and
classification of diabetes mellitus and its
complications.  Part 1: diagnosis and
classification of diabetes mellitus provisional
report of a WHO consultation. Diabet Med.
1998; 15(7): 539-553. doi:10.1002/(SICI)1096-
9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S

Haneda M, Utsunomiya K, Koya D, Babazono T,
Moriya T, Makino H, et al. A new classification
of diabetic nephropathy 2014: a report from
Joint Committee on Diabetic Nephropathy. Clin
Exp Nephrol. 2015; 19(1): 1-5.

doi: 10.1007/s10157-014-1057-z.

Fan, FeiY, Zheng L, Wang J, Xiao W, Wen J, et
al. Expression of endothelial cell injury marker
Cd146 correlates with disease severity and
predicts the renal outcomes in patients with
diabetic nephropathy. Cell Physiol Biochem.
2018; 48(1): 63-74. d0i:10.1159/000491663.

14. Chen F, Li YM, Yang LQ, Zhong CG, Zhuang ZX.

Association of NOS2 and NOS3 gene
polymorphisms with susceptibility to type 2
diabetes mellitus and diabetic nephropathy in
the Chinese Han population. IUBMB Life. 2016;
68(7): 516-525. d0i:10.1002/iub.1513.

15. Tanaka M, Fukui M, Okada H, Senmaru T,

Asano M, Akabame S, et al. Low serum
bilirubin concentration is a predictor of chronic
kidney disease. Atherosclerosis. 2014; 234(2):
421-425.

doi: https://doi.org/10.1016/j.atherosclerosis.2014.03.015.

16. Moolchandani K, Priyadarssini M, Rajappa M,

Parameswaran S, Revathy G. Serum bilirubin: a
simple routine surrogate marker of the
progression of chronic kidney disease. Br J
Biomed Sci. 2016; 73(4): 188-193.
doi:10.1080/09674845.2016.1182674.

Cite this article as:

Tahfim T, Sultana GS, Era MHS, Yesmin F, Ruma RA,
Sultana L. Association between serum bilirubin and
estimated glomerular filtration rate in diabetic
patients with chronic kidney disease. IMC J Med Sci.
2024; 18(1):006.

DOI: https://doi.org/10.55010/imcjms.18.006



https://doi.org/10.55010/imcjms.18.006

