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ABSTRACT

Background: Studies suggest that Chronic Kidney Disease (CKD) is a global burden health
associated with significant comorbid conditions. Few biochemical parameters have gained
significance in predicting the disease progression. The present work aimed to study the
association of the simple biochemical parameter of serum bilirubin level with the estimated
glomerular filtration rate (eGFR), and to assess their association with the co-morbid conditions
in CKD.

Methods: We recruited 188 patients with CKD who attended a Nephrology out-patient
department. eGFR values were calculated based on the serum creatinine levels using CKD-EPI
formula. Various biochemical parameters including glucose, creatinine, uric acid, total and direct
bilirubin were assayed in all study subjects. Study subjects were categorized into subgroups
based on their eGFR values and their diabetic status and the parameters were compared among
the different subgroups.

Results: We observed a significantly decreased serum bilirubin levels (p < 0.001) in patients with
lower eGFR values, compared to those with higher eGFR levels. There was a significant positive
correlation between the eGFR levels and the total bilirubin levels (r = 0.92). We also observed a
significant positive correlation between the eGFR levels and the direct bilirubin levels (r = 0.76).
On multivariate linear regression analysis, we found that total and direct bilirubin independently
predict eGFR, after adjusting for potential confounders (p < 0.001).

Conclusions: Our results suggest that there is significant hypobilirubinemia in CKD, especially
with increasing severity and co-existing diabetes mellitus. This finding has importance in the
clinical setting, as assay of simple routine biochemical parameters such as serum bilirubin may
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help in predicting the early progression of CKD and more so in diabetic CKD.

Introduction

Chronic kidney disease (CKD) is a global public health
problem with increasing incidence worldwide.[1] The
main diagnostic measure of CKD is glomerular filtration
rate (GFR). Though the gold-standard method to meas-
ure GFR is by measuring inulin clearance, for practical
purposes, we use estimated glomerular filtration rate
(eGFR) calculated from serum creatinine employing dif-
ferent formulae.[2] Most patients with CKD progress into
end stage renal disease or succumb to co-morbidities
associated with progressive CKD such as diabetes melli-
tus and cardiovascular diseases.[1,2] Hence prediction of
progression of CKD is of utmost importance to optimize
their care plan. Early stages of CKD are asymptomatic and
screening is necessary to detect CKD in its early stages.
Detection of CKD is beneficial in even apparently nor-
mal subjects, so that early treatment can be instituted
in them to prevent progression, to avoid further renal
insults and to address cardiovascular risk factors.

At present, eGFR is the most valuable parameter for
diagnosing CKD. However, eGFR is not measured rou-
tinely in apparently normal subjects. Equally pertinent
is the fact that race and ethnicity are known to influ-
ence GFR.[2] The currently used eGFR equations, devel-
oped for the western population may not be suitable
for Indians. Hence, the search for possible other routine
parameters, to enable early identification of CKD and its
progression gains importance.

Recent studies identify a potential reno-protective
role for serum bilirubin probably due to its antioxi-
dant, anti-inflammatory and cytoprotective effects.[3-6]
Though some studies report it to be nephrotoxic, espe-
cially at very high levels, few studies have reported an
association between serum bilirubin and eGFR (CKD).[4]
Bilirubin has been reported as having anti-oxidant activ-
ity, and mildly elevated levels have been identified to be
protective in many diseases such as coronary artery dis-
ease, peripheral vascular disease, stroke, non-alcoholic
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fatty liver, metabolic syndrome and cancer, where oxi-
dative stress is a potential pathogenic factor.[3] CKD is
a further example of a disease where oxidative stress is
reputed to play crucial roles in initiation and progression
of the disease.[5] Higher serum total bilirubin concentra-
tion is associated with lower risk of renal insufficiency.[6]
Low bilirubin levels may provide a clue in early identifica-
tion of CKD and its progression. Although some studies
suggest a renoprotective role for bilirubin, others report
that higher serum bilirubin levels may have a possible
role in contributing to the development of renal failure,
possibly linked to jaundice-related nephropathy.[7,8]
Hence there is no clear-cut evidence that nephrotoxic-
ity is associated with an increase or decrease in the bil-
irubin levels. Consequently, we hypothesise that serum
bilirubin is associated with the eGFR, and in the present
work we aim to study the correlation of bilirubin levels
with eGFR in Indian adults. In doing so we consider the
view that bilirubin levels may help in predicting the early
progression of CKD and the associated co-morbid con-
ditions in CKD.

Materials & methods

This was a cross sectional study conducted in the depart-
ments of Biochemistry and Nephrology in a tertiary
health care centre in Puducherry, South India. Ethical
approval was obtained from the Institute’s Human
Ethics Committee (Approved as Project No. JIP/IEC/
SC/2015/13/534 dated 20 April 2015). The study protocol
conformed to the ethical guidelines of the Declaration of
Helsinki. Written informed consent was obtained from all
participants before enrollment in the study.

One hundred and eighty-eight patients attending
a nephrology clinic in a tertiary care hospital in South
India were recruited and staging of CKD was performed
in accordance with the National Kidney Foundation
practice guidelines for CKD.[9] eGFR was calculated in
all study subjects using CKD-EPI formula using serum
creatinine values, age, gender and race.[10] Exclusion cri-
teria were age <18 years and >60 years (the upper limit
of age is taken as 60 years as patients with more than
60 years of age are considered as elderly population), end
stage renal disease (eGFR < 15 ml/min/1.73 m?), patients
with pre-existing heart disease, hepatic disease, hyper-
tension, hematologic or hemolytic disease, malignancies,
alcoholism, pregnancy, and use of drugs known to affect
bilirubin levels such as theophylline, phenobarbitones,
methotrexate, allopurinol and diuretics.

The clinical characteristics and detailed family history
and presence of any co-morbid conditions were entered
in a predetermined proforma. Gender, age, blood pres-
sure, concomitant medications, and alcohol consump-
tion were recorded in all study subjects. The subjects
were further sub-grouped based on the eGFR values into
different stages of CKD according to the Kidney Disease

BRITISH JOURNAL OF BIOMEDICAL SCIENCE ‘ 189

Improving Global Outcomes (KDIGO) guidelines [1] and
their fasting glucose levels according to the American
Diabetes Association guidelines [11] and the various
parameters were compared between the sub-groups.
Following written informed consent, 5 ml blood was
drawn from all participants after a fasting period of 12 h.
Serum total bilirubin, direct bilirubin, fasting blood glu-
cose, fasting lipid profile, serum aspartate aminotrans-
ferase, serum alanine aminotransferase, serum alkaline
phosphatase, serum uric acid, blood urea and serum cre-
atinine levels were assayed by routine methods in fully
automated clinical chemistry autoanalyzers.

Sample size estimation

The sample size was estimated assuming the hypothesis
of a conservative correlation of >0.3 between bilirubin
and eGFR. To achieve this at 2p < 0.01 and a 1- power
of 0.9, the sample size was calculated as 138. To gain
better confidence in view of multiple measurement
and to ensure enough power for the between groups
analysis and multivariate linear regression analysis, this
sample size was increased by a third, i.e. to 184. We finally
recruited 188 study subjects in the present study.

Statistical analysis

Both descriptive and inferential statistics were used.
Baseline characteristics of the subjects are presented as
descriptive statistics. Categorical data such as gender and
clinical factors were described using percentages and fre-
quencies and were compared between sub-groups by
using Chi square test. The normality of continuous data was
assessed by Kolmogrov-Smirnov test. The normally distrib-
uted continuous data such as total bilirubin, direct bilirubin,
fasting blood glucose, fasting lipid profile, serum aspar-
tate aminotransferase, serum alanine aminotransferase,
serum alkaline phosphatase, serum uric acid, blood urea
and serum creatinine levels were described by mean with
standard deviation whilst median and interquartile range
were used for non-Gaussian data. Normally distributed
continuous data were compared between sub-groups by
ANOVA and Kruskal Wallis H test was used for non-Gaussian
data. Correlation analysis were performed to study the asso-
ciation between bilirubin, uric acid and eGFR in the study
subjects. p < 0.05 was considered as statistically significant.

Results

The 188 patients were sub-divided, based on their eGFR
values into CKD stages based on KDIGO guidelines [1]:
1 (>90 ml/min/1.73 m?), 2 (60-89 ml/min/1.73 m?), 3
(30-59 ml/min/1.73 m?) and 4 (15-29 ml/min/1.73 m?).
Subjects with severe renal disease, i.e. stage 5 CKD
[eGFR < 15 ml/min/1.73 m?] were excluded from the
study. Among the 188 subjects, 17.6% (33) belonged
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Table. 1. Clinical, laboratory and demographic features of the
subjects.

Variable Mean + S.D.
Age (years) 48 +9
Gender, N (%)

Males 125 (66.5)

Females 63 (33.5)
Diabetes, N (%) 70(37.2)
Fasting blood sugar (mmol/L) 6.5+18
Urea (mmol/L) 224+58
Creatinine (micromol/L) 145.5 (90.9-263.6)
Uric acid (micromol/L) 359.6 +73.7
Total protein (mg/L) 72.2+£9.02
Albumin (mg/L) 39.5+48
Total bilirubin (micromol/L) 13.2+46
Direct bilirubin (micromol/L) 51+19
Aspartate aminotransferase (IU/L) 226+64
Alkaline aminotransferase (IU/L) 269+6.5
Alkaline phosphatase (IU/L) 350.0+117.2
Total cholesterol (mmol/L) 7.2+0.5
Triglycerides (mmol/L) 29+04
High density lipoprotein (mmol/L) 0.89+0.09
Low density lipoprotein (mmol/L) 49+05
Very low density lipoprotein (mmol/L) 0.6 +0.08
Systolic blood pressure (mmHg) 113+12
Diastolic blood pressure (mmHg) 76 +7

eGFR (ml/ min/1.73 m?) 45,0 (22.8-77.9)

Note. eGFR: estimated glomerular filtration rate.

to stage 1, 16.5% (31) belonged to stage 2, 23.4% (44)
belonged to stage 3 and 37.2% (70) belonged to stage
4 CKD. Clinical, laboratory and demographic character-
istics of the patients are shown in Table 1.

The clinical and biochemical characteristics of sub-
jects according to eGFR category are summarized in

Table 2. Compared to patients with normal or near nor-
mal eGFR, patients with lower eGFR had lower levels of
serum total and direct bilirubin. Compared to patients
with normal or near normal eGFR, patients with lower
eGFR had higher levels of fasting blood glucose and uric
acid. The other biochemical parameters were compara-
ble between the groups.

When the study subjects were sub-divided into two
categories based on fasting blood sugar - diabetic
(FBS = 7 mmol/L) and non-diabetic (FBS < 7 mmol/L)
(criteria of the American Diabetic Association),[11] dia-
betic patients had lower eGFR values, lower levels of total
and direct bilirubin and higher levels of serum uric acid
and creatinine, as compared with non-diabetic subjects
(Table 3). Hence serum bilirubin levels were lower in CKD
patients who had associated comorbid condition such
as diabetes mellitus. The other biochemical parameters
were comparable between the groups. Pearson cor-
relations were performed to determine the degree of
association between the different study parameters.
Levels of total bilirubin and direct bilirubin correlated
positively with the eGFR values (r=0.92, p < 0.0001 and
r=0.76,p < 0.0001 respectively). Uric acid levels showed
a significant negative correlation with the eGFR values
(r =-0.93, p < 0.0001). Fasting blood sugar values cor-
related negatively with eGFR levels, total bilirubin and
direct bilirubin levels (r = —0.38, p < 0.0001; r = —-0.39,
p < 0.0001; r = -0.24, p = 0.001 respectively) and posi-
tively with uric acid levels (r=0.39, p < 0.0001). Bilirubin

Table 2. Comparison of baseline biochemical parameters among the study subjects, based on stage of CKD ... as per the KDIGO

guidelines (1).

>90 ml/ min/ 60-89 ml/min/ 30-59 ml/min/ 15-29 ml/min/
1.73 m? Stage 1 1.73 m? Stage 2 1.73 m* Stage 3 1.73 m? Stage 4
Parameters CKD (N=33) CKD (N=41) CKD (N=44) CKD (N=70) p-value
Age (years) 353%77 41+50.1 525+54 522+6.0 <0.001
Gender, N (%) 0.01*
Males, N (%) 22(66.7) 17(41.5) 30(68.2) 56(80)
Females, N (%) 11(33.3) 24(58.5) 14(31.8) 14(20)
Diabetes, N (%) 0(0) 3(7.3) 20(45.5) 47(67.1) <0.0001*
Fasting blood sugar (mmol/L) 54+09 6.1+1.1 64+22 74+18 <0.0001
Urea (mmol/L) 221+75 250%7.2 208 +4.7 22.0+4.0 0.06
Creatinine(micromol/L) 72.7(63.6-72.7) 90.9(86.3-100) 154.5(136.3-170.4) 290.9(243.1-327.3) <0.0001**
Uric acid (micromol/L) 24744193 310.3+£10.6 364.8 +£29.2 4379+15.2 <0.0001
Total protein (mg/L) 75.1£9.1 733£11.2 70.1£8.7 71674 0.082
Albumin (mg/L) 379+53 39.9+5.0 40.7 +4.4 39.2+44 0.069
Total bilirubin (micromol/L) 205+13 158+ 1.6 127+13 85+1.5 <0.0001
Direct bilirubin (micromol/L) 79+1.0 6.0+13 42+09 39+14 <0.0001
Aspartate aminotransferase 23.0+6.7 243+85 229+6.0 21.3+49 0.118
(Iu/L)
Alkaline aminotransferase 26.5+6.1 283+75 246+56 27.7+6.2 0.058
(u/L)
Alkaline phosphatase (IU/L) 358.2+779 382.8+207.5 3299 =734 339.5+70.8 0.156
Total cholesterol (mmol/L) 72+03 7.1+09 72+03 72+03 0.559
Triglycerides (mmol/L) 29+04 29+05 3+03 29+04 0.734
High density lipoprotein 09+0.1 0.8+0.1 09 £0.1 09+0.1 0.650
(mmol/L)
Low density lipoprotein 49+04 48+0.9 50+04 49+04 0.754
(mmol/L)
Very low density lipopro- 0.6+0.1 0.6+0.1 0.6+0.1 0.6 £0.1 0.734
tein(mmol/L)
Systolic blood pressure 1M3+11 112+12 113+12 113+12 0.934
(mmHg)
Diastolic blood pressure 76+8 75+6 76+7 76+6 0.763
(mmHg)

Notes. eGFR: estimated glomerular filtration rate.

*chi square test. Data presented as mean and standard deviation. P value from ANOVA
**Kruskal Wallis H test for creatinine which is expressed as median (Interquartile range)
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Table 3. Comparison of baseline biochemical parameters between study subjects, based on their FBS values.

Variables <7 mmol/LN=118 >7 mmol/LN =70 p-value
Age 469+10.3 522+6.5 <0.0001
Gender, N (%) 0.08*
Males 73(61.9) 52(74.3)
Females 45(38.1) 18(25.7)
eGFR (ml/min/1.73 m?) [%] <0.0001*
>90 33(100) 0(0)
60-89 38(92.7) 3(7.3)
30-59 24(54.5) 20(45.5)
15-29 23(32.9) 47(67.1)
Urea (mmol/L) 229+6.5 215+44 0.101
Creatinine (micromol/L) 100.0(81.8-165.9) 254.5(163.6-318.1) <0.0001**
Uric acid (micromol/L) 3283 +69.9 4123 +439 <0.0001
Total Bilirubin (micromol/L) 15.1+43 98+28 <0.0001
Direct Bilirubin (micromol/L) 57+2.01 42+13 <0.0001
eGFR (ml/ min/1.73 m?) 68.1+34.6 29.5+14.5 <0.0001

Notes. Data presented as mean and standard deviation or median and interquartile range.

*chi square test. P value from t test

**Mann-Whitney U test for creatinine which is expressed as median (Interquartile range).

Table 4. Univariate and Multivariate regression analysis to identify the predictors of eGFR in patients with CKD (r> = 0.92).

Predictors Unadjusted odds ratio P value 95% Cl Adjusted odds ratio Pvalue 95% Cl
Fasting blood sugar -7.25 <0.0001 —9.78to —4.71 -0.016 0.349 —1.25t00.63
Uric acid -0.43 <0.0001 —0.46 to —0.41 —0.494 <0.0001* -0.29t0 -0.17
Total bilirubin 6.82 <0.0001 11.75t0 15.12 0.366 <0.0001* 1.87t03.57
Direct bilirubin 13.43 <0.0001 6.39t07.24 0.132 0.001* 1.15t0 3.54

Notes. Dependent variable — eGFR. *Prediction is significant.

levels were significantly associated with eGFR on univar-
iate analysis (Table 4).

The pathogenesis of CKD is multifactorial. Recent
studies implicate the role of oxidative stress in the

To adjust for the effects of confounders on study pathogenesis of CKD.[11] Studies show that bilirubin is

parameters, a multivariate linear regression analysis
was performed with eGFR as the dependent variable

recognized as an anti-oxidant. Its levels have been shown
to correlate inversely with markers of oxidative stress, as

(Table 4). Total and direct bilirubin levels showed sig-  well as positively with anti-oxidant enzyme levels in CKD.

nificant positive association with eGFR and hence are

[12] Serum total bilirubin concentration is associated with

independent predictors of eGFR, even after adjusting for kidney disease progression in patients with CKD.[13,14]

confounders such as fasting blood sugar and uric acid.
(p < 0.001; r> = 0.90).

Discussion

The prevalence of CKD is on the rise worldwide. The

Bilirubin levels have also been shown to be protective
against atherosclerosis, a disease that is intimately related
to oxidative injury and with CKD.[15] Bilirubin inhibits
TNF-a-related upregulation of endothelial adhesion
molecules and also has anti-complement properties
that protect against inflammation and development

gold-standard diagnostic measure of CKD is glomerular of atherosclerosis. It also has cytoprotective properties
filtration rate (GFR). However, accurate determination of through its influence on protein kinase C. Hence,

the GFR requires a measure of inulin clearance, which is
not always practical. Hence, an estimated GFR (i.e. eGFR)
has been developed, which call for factors such as age,
sex and serum creatinine.[10] Most patients with CKD
progress to end stage renal disease (requiring dialysis
or transplantation) or succumb to co-morbidities asso-

through these mechanisms, bilirubin could protect
against progression of CKD. Hypobilirubinemia might
be a possible risk factor of end stage kidney disease.[16]
Hence we studied the association of bilirubin with eGFR
in patients with CKD.

In this study, when we categorized the subjects based

ciated with progressive CKD such as ischaemic heart on their eGFR levels, we found that compared to patients
disease and stroke. Hence prediction of progression of ~ with higher eGFR, patients with lower eGFR showed a
CKD is most important to improve the quality of life of  decline in serum total and direct bilirubin. We found that

these patients and optimize their care. However, eGFR is
not computed routinely in apparently normal subjects
and also the currently used eGFR equations, developed
from western data [10] has not been validated in Indians.
Hence search is on for possible other routine parameters,
to enable early detection and progression of CKD gains
importance.

on multivariate linear regression analysis, total and direct
bilirubin concentrations showed a positive association
with eGFR, even after adjusting for other confounders.
Hence there is a state of hypobilirubinemia, as the severity
of CKD increases (and eGFR value decreases), which may
lead to uncontrolled oxidative stress and perhaps inflam-
mation.[12] This is due to alleviation of its cytoprotective
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properties against reactive oxygen species, inflammation
and accelerated atherosclerosis, causing early progression
of the disease, thus furthering the renal damage in CKD.The
detection of lowered bilirubin levels may help in detecting
the progression of CKD, so that appropriate timely interven-
tion can be instituted. Thus a mildly elevated total and direct
bilirubin values in the serum may be protective in patients
with CKD. However, this finding requires validation in fur-
ther longitudinal studies to assess the oxidative stress and
inflammation and atherosclerosis in CKD and to correlate
it with the bilirubin levels.

We also categorized the study subjects based on the
co-morbid condition diabetes mellitus. We found that
eGFR values were slightly lower in diabetics, compared to
the non-diabetics, indicating that the co-existence of dia-
betes further worsened the CKD pathology, i.e. diabetic
nephropathy.[17,18] Shin et al. [19] studied serum total
bilirubin concentration and kidney function in Korean
diabetic and non-diabetic adults demonstrated that
serum total bilirubin concentration showed a linear trend
with the eGFR values. Another study showed a positive
correlation between serum bilirubin concentration and
eGFR and showed that indirect bilirubin concentration
was an independent determinant of eGFR and log of
urine albumin excretion in patients with type 1 diabetes.
[20] Higher bilirubin levels within the normal range were
associated with significantly decreased risk of progres-
sion from microalbuminuria to macroalbuminuria and
thus might be predictive of alower risk of progression of
nephropathy in type 2 diabetic patients.[17,18]

Patients with diabetes, characterized by a metabolic
state of dysregulation between pro- and anti-oxidants,
showed lower bilirubin levels. As the bilirubin levels
decrease, there is increasing co-morbidity in diabetic
CKD, due to unopposed oxidative stress and lowered
anti-oxidant status, leading to increased risk and further
progression of the disease process.[21] Hence there is a
link between hypobilirubinemia and adverse cardiovas-
cular outcomes in CKD. Hence, serum bilirubin concen-
tration may be used as a provisional new risk factor for
diabetic CKD.

We also observed a significant elevation in the levels
of uric acid as the eGFR decreases and also a negative
correlation between the two parameters. However, it is
well known that uric acid increases in renal failure, as
there is a deterioration in the renal function. Hence it
is difficult to establish that uric acid is linked to eGFR.
Nonetheless, uric acid was found to be significantly
associated with eGFR and thus could independently
predict the eGFR in CKD subjects. Thus we speculate
that a mildly elevated total and direct bilirubin values
may be reno-protective in the pathogenesis of CKD, as
well as in its co-morbid conditions. Whether the lowered
bilirubin levels in CKD is a cause or a consequence of the
disease need to be explored in future studies. We note
a number of limitation, such as that the study focusses

on the middle-aged, having excluded those aged over
60 and those with severe renal failure (CKD stage 5), and
the potential effects of prescribed drugs.

In conclusion, our results suggest that in middle-aged
Indians there is significant hypobilirubinemia in CKD,
especially with increasing severity and co-existing dia-
betes mellitus. Thus, a mild elevation in serum bilirubin
might be renoprotective in CKD, a finding which requires
further exploration in future studies. Our work is a pro-
gress in biomedical science because simple routine bio-
chemical parameters like serum bilirubin, that can be
measured easily in the laboratory and applied in medical
practice, may help in predicting the early progression of
CKD and may gain relevance in the out-patient setting.
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Summary table.

What is known about this subject
Glomerular filtration rate (GFR) is the main diagnostic measure of chronic kidney disease (CKD) which is a global health problem
CKD is associated with comorbid conditions like diabetes mellitus
Bilirubin levels are altered (increased or decreased) in CKD patients

What this paper adds
There is a mild reduction in the bilirubin levels (total and direct) in Indian adults with CKD, more so in the presence of co-morbidities
Bilirubin levels showed independent association with eGFR, even after adjusting for confounders
Simple routine laboratory tests like serum bilirubin can be useful in detecting the progression of CKD
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