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Abstract:

Introduction: Chronic kidney disease (CKD) is a global health issue affecting millions of world population and
has emerged as a common complication of several chronic diseases like diabetes mellitus, hypertension, collagen
vascular diseases etc. Chronic inflammation and enhanced oxidative stress are the hallmarks of CKD. Studies
have reported CKD to be associated with hyperuricemia, mostly due to decreased renal clearance. Researchers
have also pointed out that uric acid, in spite of being a natural antioxidant, does not help in reducing the oxidative
stress in CKD patients rather it forms urate crystals and promotes inflammation further worsening the condition.
But there are studies that have reported that elevated total serum bilirubin levels, but within the physiological
range, may have a protective role on the kidneys.

Aim of the study: To determine whether there is any correlation between the levels of total serum bilirubin [TSB]
and serum uric acid and renal function [mainly serum creatinine] in CKD patients.

Methods: 70 cases and 70 age-sex matched controls, in the age group of 30-80years, attending Medicine OPD of
KPC Medical College and Hospital were recruited for this study, obeying inclusion and exclusion criteria. The
biochemical assays were done in the biochemistry department of KPC Medical College and Hospital.

Results: The mean serum urea (92.6 + 43.67) and creatinine (3.48 + 0.65) for the cases were significantly higher
than that of controls (urea: 22.84 + 9.32, creatinine: 0.92 + 0.25) with p values of <0.0001. The mean TSB for
cases (0.35 + 0.16) was significantly lower than that of controls (0.82 + 0.11) (p<0.0001) and the mean serum uric
acid was higher for cases (6.07 + 0.50) than that of controls (3.54 + 0.61) (p<0.0001). There was a significantly
negative correlation between TSB and creatinine among the cases (R=-0.35, p=0.003) and a significant positive
correlation between serum uric acid and creatinine (R=0.97, p=0.00) among the cases.

Conclusion: Increase in total serum bilirubin levels may play a protective role in CKD patients, while increased
serum uric acid levels may have a role in disease progression of CKD.
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Introduction

Chronic kidney disease [CKD], also called Chronic Previous studies have revealed that oxidative stress

Renal Failure [CRF], has emerged over the whole
world as a common complication of several chronic
diseases like diabetes mellitus, hypertension,
collagen vascular diseases etc. There is a global
increase in the number of cases of CKD and
sometimes it is causing premature mortality [1].

is a significant causative factor in the pathogenesis
of CKD [2, 3, 4]. Oxidative stress may result if there
is an imbalance in the total formation of Reactive
Oxygen Species [ROS] and the amount of
antioxidants in our body ([Total Antioxidant
Capacity or Antioxidant Defense] [5]. Bilirubin is
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the end-product of catabolism of heme mainly from
hemoglobin in our body by a sequence of reactions.
Bilirubin, both in conjugated and unconjugated form
[bilirubin glucoronide] has both antioxidant and
anti-inflammatory property in-vivo under normal
physiological conditions [6]. There is a controversy
about the role of total serum bilirubin [TSB] in the
development and progression of CRF. Several
researchers have reported that there is a protective
role of TSB in renal outcome of patients of CKD [7,
8, 9, 10]. Uric acid is the end product of purine
catabolism and excreted in urine [11] and
hyperuricemia is often noted in patients with
compromised renal function. Thus, patients with
reduced glomerular filtration rate [GFR] have
increased levels of serum wuric acid. Many
researchers have proposed that uric acid plays an
etiological role in the pathophysiology of chronic
kidney disease. Some researchers have reported that
uric acid plays a role in renal inflammation, intra-
renal vasoconstriction and renal failure induced by
urate crystal formation [12, 13]. Usually, high levels
of uric acid are encountered in patients of CKD, but
whether it is a biomarker of renal dysfunction or an
etiological factor for development of CKD has not
been clearly established [14,15].

Aims and Objectives: To determine whether there
is any correlation between the levels of total serum
bilirubin [TSB] and serum uric acid and renal
function [mainly serum creatinine] in CKD patients

Background: Chronic kidney disease (CKD), a
serious global health burden, is responsible for
affecting about 10% of the world's population. [1,
16, 17] CKD is usually defined as renal damage with
Glomerular Filtration Rate (GFR) < 60 ml/min/1.73
m? for 3 months or more, irrespective of the cause of
the disease and is categorized into 5 stages [16, 17]
It is typically asymptomatic at start with a long latent
period. It is associated with several risk factors like
diabetes, hypertension, obesity, positive family
history for CKD, addiction like tobacco smoking,
alcoholism etc. [17, 18, 19, 20] Typical clinical
features include fatigue, swelling of feet & ankle,
facial puffiness, muscle cramps, shortness of breath,
urinary problems and features of dyselectrolytemia.
[17,20]

Bilirubin is an end-product of haem catabolism,
which is a component, mostly derived from
haemoglobin or from other haemoproteins, like
myoglobin, cytochromes, and catalase, occurring
mostly in macrophages of reticulo endothelial
system mainly spleen and liver. [21, 22] Bilirubin
exists mainly in serum in two forms: direct bilirubin
(DBIL) and indirect bilirubin (IBIL) where both are
considered to have antioxidant & anti-inflammatory
effects under physiological conditions. [6] Also it
has shown to exhibit antithrombotic, lipid lowering,
immunomodulating and insulin  sensitizing
properties. [1, 21, 23-25] Several studies have
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revealed inverse relationship between serum
bilirubin and CKD. [7-10] Some retrospective
observational studies have demonstrated elevated
serum IBIL levels (>4.55 micromol/L) to be an
independent protective factor for the progression of
renal dysfunction in patients with CKD complicated
with hyperuricemia (HUA). [21, 25, 26] Various
mechanisms have been postulated or demonstrated
like low concentration bilirubin having free radical
scavenging activity, direct inhibition of NADPH
oxidase activity and suppression of superoxide
generation in vascular endothelial cells and renal
tubular cells. [21] Bilirubin along with haem
oxygenase can induce various immunomodulatory
effects on the immune system, including reducing
free radicals, relaxing vascular tone, inhibiting
smooth muscle cell growth and promoting
angiogenesis. [27] Bilirubin has also shown to
suppress inflammatory responses in vivo by
preventing leukocyte infiltration into target tissues
and blocking vascular cell adhesion molecule-1
(VCAM-1) signaling in endothelial cells, which was
mediated by scavenging ROS generated by NADPH
oxidase. [28] It also plays an important role in the
adaptive immune system, by reducing mitogen-
stimulated proliferation and production of
proinflammatory cytokines. [29] Studies have
shown that bilirubin can reduce the risk of
thrombosis and CVD through direct and indirect
mechanisms and this has been attributed due to the
beneficial effects on lipid-lowering, anti-
inflammatory,  antioxidant and  endothelial
homeostatic properties, which are inversely
associated with CVD risk in CKD. [21] Bilirubin, in
mildly elevated concentrations has been proved to
have a beneficial effect on lipid metabolism, with an
inverse relationship between serum levels of
bilirubin and VLDL, IDL, Apo-B, and Apo-B/Apo-
Al ratio, all of which are significant risk factors for
CVD and many mechanisms have been postulated
for such findings. [21] Studies have reported mild
elevated bilirubin concentrations within
physiological ranges to protect against coronary
microvascular dysfunction and atherosclerosis by
mitigating oxidative stress and inflammatory
pathways, preventing unwanted VSMC proliferation
and their migration along with other mechanisms.
[30-34] Studies have also reported bilirubin to be a
potential activator of nuclear erythroid-2-related
factor-2 (Nrf2) pathway, which is involved in renal
protection from oxidative stress. [35-37]

Uric acid is a heterocyclic organic compound
endogenously produced by animals as a product of
purine catabolism, which is formed mainly in the
liver and excreted by the kidneys and intestine. [38-
40] It has been shown to have antioxidant and anti-
inflammatory effects. [41] Recent studies have
reported that soluble portion of uric acid exhibits a
behavioral duality acting as prooxidant within the
cell (intracellular) and antioxidant in the
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extracellular environment. [42,43] In patients with
CKD, serum uric acid levels may be increased due
to decreased excretion capacity of the kidneys, [44]
whereas, some studies suggest that hyperuricemia
causes renal injury by vasoconstriction mediated by
endothelial dysfunction, activation of the renin-
angiotensin system and epithelial changes in renal
tubular cells. [45] Other mechanism for uric acid
contributing to CKD progression is that it not only
deposits in joints but also in other tissues, like
collecting ducts of the kidney. [46,47] Some urate
crystals adhere to the tubular epithelium, where they
can cause local inflammation which leads to rupture
of the tubular wall with the crystals escaping into the
interstitium [48] causing marked local inflammation
with macrophage infiltration. [49] Elevated levels of
serum uric acid can promote the expression of
inflammatory proteins by triggering complex pro-
inflammatory cascades that damage cells and
tissues, resulting in increased oxidative stress prone
environment. [50] Researches have postulated that
urate crystals also deposit in the blood vessels,
commonly in the aorta and coronary arteries, [51,52]
in areas of atheromatous plaques and vascular
calcification  sites, [53] promoting further
inflammation and atherosclerosis, [54] leading to
cardiovascular mortality. [55] The hyperuricemia in
CKD patients ultimately leads to increased oxidative
stress and increased bilirubin levels in the
physiological range may mitigate the harmful
scenario and offer some renoprotective action.

Methodology:
Study type: Observational analytical study.
Study design: Cross-sectional.

Study area: The study was conducted in the
Department of Biochemistry and Department of
Medicine of KPC Medical College, Kolkata, India.

Study Duration: The study was conducted for six
months from January 2024 to June 2024 after
approval from Institutional Ethics Committee.

Study population: The age group of the study
subjects was within 30 to 80 years and both sexes
were almost equally enrolled for the study.

Sample size: The bimonthly footfall of new patients
in Medicine Out-Patient department is 140. Since it
was a pilot study, taking 50% of such patients, i.e.
70 (by Direct Enumeration Method), were recruited
as cases in the study. 70 number of apparently
healthy age, sex matched volunteers were recruited
as controls. The controls were recruited from
faculties, staff and relatives of patients attending the
Medicine Out-Patient Department in KPC Medical
College and Hospital.

Patients/study subjects attending the Medicine OPD,
who had history renal compromise for >6 months,
with serum wurea >45mg/dl, serum creatinine
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>1.5mg/dl, irrespective of age and sex and where
hemodialysis was still not started, were recruited for
the study.

All controls subjects were first checked clinically
and laboratory parameters were checked so that
serum urea was <45mg/dl, serum creatinine was
<1.5mg/dl, irrespective of age and sex.

Inclusion Criteria:

1. Patients aged 30 to 80 years, both males and
females, who suffered from any kind of renal
compromise for more than six months but not
treated by hemodialysis.

2. Healthy controls of the same age group both
males and females with normal renal function
[mainly serum creatinine].

Exclusion Criteria:

Pregnant and lactating women
Patients having diabetes mellitus, tuberculosis
Patients suffering from any kind of malignancy
Patients suffering from liver diseases like
infective hepatitis, any type of jaundice,
hemolytic anemia, other autoimmune diseases
causing derangement of hepatic function [e.g.
Total serum bilirubin >1.5mg/dl]
5. Patients suffering from diseases related to
disorders of purine metabolism like gout.
6. Any medication that may alter uric acid levels
[for e.g. low dose aspirin, niacin, thiazide,
frusemide, ethambutol, alcohol, pyrazinamide,
lactate infusion, immunosuppressant agent,
fructose]

el e

Sample collection: Blood samples were collected
aseptically in clot activator containing polystyrene
vials from the patients and healthy controls after
obtaining informed consent. Blood was collected,
centrifuged, serum separated & stored in -20°C
refrigerator for further assay.

Measurement of Total Bilirubin, Uric Acid, Urea
and Creatinine: All the above biochemical
parameters were assayed using commercially
available standardized kits, in fully automated
Biochemical analyzer [wet chemistry]. Urea was
estimated by GLDH-Urease method, creatinine by
alkaline picrate method [Modified Jaffe’s method],
total bilirubin by Diazo method [diazotized
sulphanilic acid] and uric acid by Uricase-PAP
method in the Clinical Biochemistry Laboratory.

Statistical Analysis: Statistical analysis was
performed using MS Excel and IBM SPSS version
20 software. The data have been displayed in terms
of descriptive statistics like mean =+ standard
deviation. Independent t test, KS statistical formula
applied for R value, P-value. P-value <0.05 was
considered as significant.
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Results:
Table 1: Demographic and Biochemical variables of Study Population
Cases (Mean =+ SD), p-value | Controls (Mean = SD), p- | T/U value P value
Parameter (K-S) value (K-S)
Age 63.19 + 14.44, 0.65 60.25 +13.67, 0.52 T=0.27 0.22
Sex (M/F) 50/20 45/25
BMI 24.06 +4.23 24.52 £2.56 T=10.95 0.34
Urea 105.37 + 52.00, 0.95 22.84 +£9.25, 0.009 U=130.5 <0.05
Creatinine 4.95+2.26,0.28 0.92+0.25,0.11 T=[-14.75] <0.05
TSB 0.30+0.14,0.33 0.82+0.11,0.47 T=23.89 <0.05
Uric acid 7.05+1.42,0.62 3.54+0.61,0.29 T=[-18.89] <0.05
[T= independent t test value, U= Mann-Whitney U test value]
Correlation between Total Serum Bilirubin and
Creatinine
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Discussion and uric acid level increases with increase in serum

e creatinine i.e. decline in renal function.
The results of the study show that bilirubin decreases

as serum creatinine rises or renal function declines
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Therefore, mild increase in serum bilirubin levels,
(incidentally not greater than 1.5mg/dl), may have a
protective role in CKD patients. This can be
explained by the fact that bilirubin itself is one of
nature’s most powerful antioxidant and in CKD it is
established that there is ongoing oxidative stress. [1,
2, 7, 21, 26] Oxidative stress, resulting from free
radicals, generates lipid peroxyl radicals which are
reduced by bilirubin, while itself being oxidized to
biliverdin. [21, 26] Bilirubin also has inhibitory role
on release of certain inflammatory cytokines & pro-
apoptotic genes. It also has activation effect on some
anti-apoptotic genes, thereby resulting in decreased
apoptosis. [21] However, increased bilirubin levels
>1.5mg/dl usually indicates an underlying liver
pathology. The findings in the present study may be
supported by the above-mentioned facts by previous
researchers.

Uric acid is a natural anti-oxidant in human body.
But in CKD, uric acid level rises due to decreased
excretion via the kidneys and this corroborates with
the findings of the present study. [12-15] This
hyperuricemia does not play any antioxidant role,
instead induces formation of urate crystals, which in
turn cause renal inflammation & lead to further
decline in renal function. [38-55]

Limitations: It is not a prospective study, so it
cannot be concluded whether total serum bilirubin or
serum uric acid can be designated as markers of
kidney dysfunction. Only total serum bilirubin was
estimated, individual fractions were not estimated;
therefore, it cannot be concluded which fraction of
bilirubin is responsible for its beneficial effects.
Diabetes has been excluded since many patients
with diabetes have increased serum uric acid levels
due to disease pathophysiology. Since diabetes is a
major causative factor for CKD, its exclusion has
greatly reduced the sample size of the study. Since it
was a pilot study, further studies with larger sample
size and individual bilirubin fractions are awaited to
evaluate the importance assay of total serum
bilirubin or serum uric acid as markers of renal
dysfunction.

Conclusion: The results of the study corroborate
with previous study findings that increased total
serum bilirubin levels but not more than 1.5mg/dl
may play a protective role in CKD patients, while
increased serum uric acid levels may have a role in
disease progression of CKD.

Funding: No external agency has allotted funds or
grants for the study and the reagents were purchased
by the investigators themselves.
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