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Abstract: Background: Chronic inflammation is proposed to play a central role in the pathogenesis of chronic kidney
disease (CKD), and serum bilirubin has antioxidant and anti-inflammatory effects. We investigated the associa-
tion between serum total bilirubin (Tbh) concentration and renal function in an adult population. Methods: We con-
ducted a cross-sectional study and collected anthropometric measurements, fasting blood tests, lifestyle habits
and medical history of 3876 subjects attending a health examination. Renal insufficiency was defined as estimated
glomerular filtration rate (€GFR) <60 mL/min/1.73 m? calculated by using the CKD-EPI equation. Results: Serum Th
concentrations were higher in subjects without renal insufficiency than in those with renal insufficiency. Multivari-
able linear regression analysis showed that Tb concentration was positively associated with eGFR after adjusting
for important CKD risk factors (P=0.04). Multivariable logistic regression analysis also revealed that higher Tb con-
centration (each increment of 1.71 umol/L) (0.1 mg/dL) was associated with a reduced risk of renal insufficiency:
odds ratios were 0.94 (P=0.005) for men and 0.90 (P=0.015) for women, respectively. When subjects were divided
into quartiles of serum Th, multivariable-adjusted odds ratios for renal insufficiency comparing the fourth to the
first Tb quartile were 0.49 (P=0.001) for men and 0.35 (P=0.003) for women. A stepwise exclusion of subjects, first
those with possible liver disease and second, those with CKD stage 4 and 5, showed consistent results. Conclusion:
Higher serum Tb concentration was associated with lower risk of renal insufficiency, regardless of other conven-
tional CKD risk factors.
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Introduction of the high proportion of CKD in the general
population, there is a need for elucidating its
pathogenetic mechanisms. Diabetes, hyperten-
sion, and vascular disease have been proposed
to be the most important risk factors for the
development and progression of CKD [7].
However, these factors cannot completely

explain the variation in the population incidence

Chronic kidney disease (CKD) is a relatively
common disorder in the general population. It
is not only associated with an increased risk of
progression to end-stage renal disease [1], but
also related to both a higher prevalence of car-
diovascular disease (CVD) and premature

death [2]. Screening studies for CKD in the gen-
eral population have shown that the estimated
prevalence of CKD is approximately 13.1% in
the United States [3], 12.9% in Japan [4], 10.8%
in China [5], and 11.93% in Taiwan [6]. In view

and prevalence of CKD. Several recent epide-
miological studies have found that chronic
inflammation also plays a central role in the
pathogenesis of CKD, and several biomarkers
of inflammation, including C-reactive protein
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(CRP), pro-inflammatory cytokines, and white
blood cell (WBC) counts, are shown to be inde-
pendently associated with faster rates of kid-
ney function loss in CKD [8, 9].

Bilirubin, an end-product of heme metabolism,
is shown to have antioxidant activity. It can sup-
press oxidation of lipids, especially low-density
lipoprotein cholesterol (LDL-C), and has anti-
inflammatory activity that can inhibit tumor
necrosis factor-a-induced up-regulation of
E-selectin, vascular cell adhesion molecule,
and intercellular adhesion molecule [10-12].
Based on these physiological effects of biliru-
bin, epidemiological studies have reported an
inverse association between serum bilirubin
concentrations and the risk of CVD, such as
coronary artery disease, ischemic stroke and
peripheral arterial disease [13-17]. Furth-
ermore, cross-sectional and prospective clini-
cal studies have found that higher serum total
bilirubin concentration is associated with a
reduced risk of CKD [18-20], although other
studies have reported a contradictory result
[24, 22]. In our previous study, higher serum
total bilirubin concentrations, even within the
normal range, are associated with lower total
WBC counts, regardless of other classic cardio-
vascular risk factors [23]. Based on the poten-
tial role of inflammation in the development of
CKD and the anti-inflammatory activity of biliru-
bin, this cross-sectional study aimed to evalu-
ate whether serum total bilirubin concentration
was associated with a change in kidney func-
tion in an adult Taiwanese population attending
a physical health examination.

Materials and methods
Study population and data collection

We examined a total of 4852 participants
undergoing a self-paid packaged physical
examination from August 2000 to April 2002 at
a medical center in central Taiwan. Medical his-
tory of hypertension, diabetes and CVD (includ-
ing myocardial infarction and stroke), as well as
lifestyle habits, including smoking and alcohol
consumption, were collected using a structured
questionnaire. Smoking was defined as current
tobacco usage. Alcohol consumption was divid-
ed into less than one intake per week, habitual
alcohol consumption (defined as drinking at
least once per week) and excessive alcohol
consumption (defined as more than 14 drinks
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or 210 g per week in men and more than 7
drinks or 105 g per week in women). Data on
medication use, including antihypertensive,
antidiabetic, anti-hyperlipidemic, and urate-
lowering medications and analgesics, were
also collected using the aforementioned ques-
tionnaire. All subjects were weighed in light
clothing with no shoes and their height was
also measured. Blood pressure (BP) in the arm
was measured using standard mercury sphyg-
momanometers in a sitting position after 5 min
of rest. After an overnight fast of at least 8
hours, a venous blood sample was collected to
measure plasma glucose, total bilirubin, aspar-
tate aminotransferase (AST), alanine amino-
transferase (ALT), total cholesterol, triglyceride,
and high-density lipoprotein-cholesterol (HDL-
C) concentrations using a photometric enzy-
matic method with a chemistry analyzer (Hitachi
7600, Tokyo, Japan) at the central laboratory of
the hospital. Serum creatinine (SCr) was mea-
sured using the Jaffe method (Hitachi 7600,
Tokyo, Japan), which was calibrated from the
isotope dilution mass spectrometry method.
The internal quality control and external quality
assessment of all laboratory methods were
acceptable. This study was approved by the
Institutional Review Board of Taichung Veterans
General Hospital (protocol no: CE14268A). Of
the 4832 participants aged >20 years, 695 did
not fill out the questionnaire; an additional 259
participants with missing BP measurements
and 2 with missing data on SCr and serum total
bilirubin concentration were also excluded,
finally allowing 3876 participants to be includ-
ed in the analysis.

A diagnosis of hypertension was assigned if the
subject reported a physician diagnosis of
hypertension, if the subject reported taking
medications for hypertension, or if the systolic
BP was >140 mmHg or diastolic BP was >90
mmHg. A diagnosis of diabetes mellitus was
assigned if the subject reported a physician
diagnosis of diabetes, if the subject reported
taking medications for diabetes, or if the fast-
ing plasma glucose concentration was =7
mmol/L (126 mg/dL). Hypercholesterolemia
was defined as total cholesterol concentration
>5.18 mmol/L (200 mg/dL), hypertriglyceride-
mia was defined as a triglyceride concentration
>1.70 mmol/L (150 mg/dL), and a low HDL-C
concentration was defined as HDL-C <1.04
mmol/L (40 mg/dL) for men and <1.29 mmol/L
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Table 1. Characteristics of subjects by eGFR (mL/min/1.73 m?) status (n=3876)

All eGFR 260 eGFR <60 p value
Men
n 2260 (100) 1892 (83.7) 368 (16.3)
Age (years) 51.8+12.2 49.6+11.3 63.4+£9.9 <0.001
BMI (kg/m?) 24.5+3.2 24.5+3.2 24.7+3.0 0.33
Systolic BP (mmHg) 123+18 122+17 130+20 <0.001
Diastolic BP (mmHg) 7712 76+11 79+12 <0.001
Fasting glucose (mmol/L) 5.22 (4.89-5.72) 5.22 (4.89-5.67) 5.33(4.94-5.78) 0.09
Total cholesterol (mmol/L) 5.05+0.94 5.05+0.94 5.09+0.92 0.47
Triglyceride (mmol/L) 1.32 (0.90-1.93) 1.33 (0.90-1.95) 1.28 (0.88-1.80) 0.21
HDL-C (mmol/L) 1.34+0.34 1.35+0.33 1.33+0.37 0.42
AST (U/L) 23 (20-29) 23 (20-29) 24 (20-29) 0.78
ALT (U/L) 25 (19-37) 26 (19-38) 23 (17-32) <0.001
Creatinine (umol/L) 103.7+22.9 98.3+10.9 131.4+41.1 <0.001
Uric acid (umol/L) 416.34£93.0 410.04£91.2 448.4+95.4 <0.001
Previous stroke 16 (0.7) 8(0.4) 8(2.2) 0.002
Previous myocardial infarction 43 (1.9) 29 (1.5) 14 (3.8) 0.007
Medication for hypertension 317 (14.0) 207(109) 110(299) <0.001
Medication for diabetes 108 (4.8) 4 (5.0) 4 (3.8) 0.41
Medication for hyperlipidemia 4 (2.4) 41 (2.2) 3(3.5) 0.17
Medication for hyperuricemia 3(3.2) 9(2.1) 4 (9.2) <0.001
Analgesics 8(2.1) 6 (1.9) 2(3.3) 0.15
Smoking” 725 (34.3) 642 (36.0) 83 (24.9) <0.001
Habitual alcohol consumption™ 447 (22.5) 399 (23.6) 48 (16.4) 0.009
Total bilirubin (umol/L) 14.63+6.61 14.77+6.58 13.88+6.70 0.02
Women

n 1616 (100) 1465 (90.7) 151 (9.3)
Age (years) 49.3+11.8 48.0+11.3 61.5+8.8 <0.001
BMI (kg/m?) 23.4+3.4 23.3+3.3 24.8+3.8 <0.001
Systolic BP (mmHg) 119419 117+18 135+24 <0.001
Diastolic BP (mmHg) 73+12 73+11 79+12 <0.001
Fasting glucose (mmol/L) 5.06 (4.78-5.44) 5.06 (4.72-5.44) 5.22 (4.94-5.72) <0.001
Total cholesterol (mmol/L) 5.02+0.93 4.98+0.91 5.31+1.02 <0.001
Triglyceride (mmol/L) 0.95 (0.68-1.44) 0.93 (0.67-1.39) 1.37 (0.86-1.89) <0.001
HDL-C (mmol/L) 1.64+0.40 1.65+0.40 1.57+0.42 0.03
AST (U/L) 20 (17-24) 20 (17-24) 22 (19-29) <0.001
ALT (U/L) 17 (13-24) 17 (13-24) 19 (15-28) 0.01
Creatinine (umol/L) 78.8+37.8 74.3£9.0 122.5+111.6 <0.001
Uric acid (umol/L) 322.2+479.2 314.8+74.0 395.0+91.5 <0.001
Previous stroke 10 (0.6) 5(0.3) 5 (3.3) 0.001
Previous myocardial infarction 12 (0.7) 8 (0.5) 4 (2.6) 0.02
Medication for hypertension 175 (10.8) 121 (8.3) 54 (35.8) <0.001
Medication for diabetes 45 (2.8) 30 (2.0) 15 (9.9) <0.001
Medication for hyperlipidemia 18 (1.1) 13 (0.9) 5(3.3) 0.02
Medication for hyperuricemia 11 (0.7) 5(0.3) 6 (4.0) <0.001
Analgesics 54 (3.3) 48 (3.3) 6 (4.0) 0.82
Smoking” 66 (4.6) 64 (4.9) 2(1.6) 0.14
Habitual alcohol consumption” 46 (3.7) 45 (3.9) 1(1.0) 0.17
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Total bilirubin (umol/L)

11.42+5.08

11.53+5.02 10.41+5.55 0.01

Values are expressed as mean + standard deviation, median (interquartile range) and number (percentage). BMI, body mass
index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol. AST, aspartate aminotransferase; ALT, alanine amino-
transferase. p values were determined by chi-square analysis, unpaired t-test or Mann-Whitney U test. “Some data on smoking
(n=341, M:F=145:196) and alcohol consumption (=633, M:F=277:356) were missing.

(50 mg/dL) for women, respectively [24].
Hyperuricemia was defined as a serum uric
acid concentration 2420 pmol/L (7.0 mg/dL) in
men and =360 pmol/L (6.0 mg/dL) in women,
or if the subject reported taking urate-lowering
medications.

The estimated glomerular filtration rate (eGFR)
was calculated by using the CKD-Epidemio-
logy Collaboration (EPI) equation [25]: eGFR
(mL/min/1.73 m?) = 141 x min(SCr/k, 1)* x
max(SCr/k, 1)12%° x 0.9932¢ x 1.018 [if fema-
le], where k is 0.7 for females and 0.9 for males,
o is -0.329 for females and -0.411 for males,
min indicates the minimum of SCr/k or 1, and
max indicates the maximum of SCr/k or 1.
Renal insufficiency was defined as eGFR <60
mL/min/1.73 mZ2,

Statistical analysis

Body mass index (BMI, weight in kilograms/
height? in meters) was calculated by dividing
body-weight by the square of height. Continuous
variables were presented as the mean value +
standard deviation for normally distributed
data and as median (25"-75™" percentile) for
skewed data (fasting glucose, AST, ALT and tri-
glyceride) and categorical variables were pre-
sented as number (percentage). Categorical
and continuous variables were compared
between groups by chi-square analysis and
unpaired t-test or Mann-Whitney U test, respec-
tively. Multivariable linear regression analysis
was used to evaluate the independent correla-
tion between eGFR and total bilirubin concen-
tration after adjusting for age, sex, BMI, smok-
ing, alcohol use, total bilirubin, total cholesterol,
triglyceride, HDL-C concentrations, use of anti-
hyperlipidemic medications, hypertension, dia-
betes, hyperuricemia, and history of CVD
(including previous myocardial infarction and
stroke).

In addition, total bilirubin concentration differs
by sex, so it was separately divided into quar-
tiles arbitrarily for men (0<Q1<8.55, 8.55<
Q2<11.97, 11.97<Q3<15.39 and Q4>15.39
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pmol/L) and women (0<Q1<6.84, 6.84<Q2<
10.26, 10.26<Q3<13.68 and Q4>13.68
pmol/L). Multivariable logistic regression analy-
sis was performed to calculate the odds ratio
(OR) of renal insufficiency by quartiles of serum
total bilirubin concentration, separately in men
and women, after adjusting for age, BMI, smok-
ing, alcohol use, hypercholesterolemia, hyper-
triglyceridemia, low HDL-C, use of anti-hyperlip-
idemic medications, hypertension, diabetes,
hyperuricemia, and history of CVD.

To address a possible influence from liver dis-
ease, we repeated the analysis after excluding
subjects with excessive alcohol consumption or
laboratory evidence suggestive of possible liver
disease: AST or ALT concentration > 2X upper
limit of normal range (AST, 8-38 U/L; ALT, 4-44
U/L), serum total bilirubin concentration >34.2
pmol/L (2.0 mg/dL), and serum albumin con-
centration <35 g/L (3.5 g/dL); finally, to address
a differential influence from CKD stages, we
repeated the analysis after further excluding
subjects with CKD stage 4 and 5 (eGFR <30
mL/min/1.73 m?2). All statistical analyses were
performed using the Statistical Package for the
Social Sciences statistical software for
Windows, version 12.0 (SPSS Inc., Chicago, IL,
USA), and a two-tailed p value of <0.05 was
considered statistically significant.

Results
Characteristics of subjects by eGFR status

The mean age of the 3876 subjects (2260
males and 1616 females) was 50.7+12.1 years.
Serum total bilirubin concentration was higher
in men than in women (P<0.001), and it was
higher in subjects without renal insufficiency
than in those with renal insufficiency in both
men (14.77+6.58 vs. 13.88+6.70 umol/L,
P=0.02) and women (11.534+5.02 vs. 10.41+
5.55 ymol/L, P=0.01). In addition, older age,
higher systolic BP, diastolic BP, uric acid level,
rate of previous stroke, rate of previous myo-
cardial infarction, and prevalence of using med-
ications for hypertension and hyperuricemia,
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Table 2. Association between eGFR (mL/min/1.73 m?) and CKD risk factors

Variable B Standardized 3 p value 95% Cl for B
Age (years) -0.696 -0.525 <0.001 -0.74~-0.66
Sex (male =0, female =1) 4.323 0.132 <0.001 3.21~5.44
BMI (kg/m?) -0.057 -0.012 0.47 -0.21~0.10
Total cholesterol (mmol/L) -0.442 -0.026 0.12 -0.99~0.11
Triglyceride (mmol/L) 0.534 0.055 0.001 0.22~0.85
HDL-C (mmol/L) -0.257 -0.006 0.72 -1.68~1.16
Hypertension -1.769 -0.050 0.001 -2.85~-0.69
Diabetes mellitus 2.841 0.050 0.001 1.23~4.45
Previous CVD -3.157 -0.028 0.046 -6.26~-0.06
Hyperuricemia -5.737 -0.175 <0.001 -6.70~-4.78
Medication for hyperlipidemia 1.113 0.009 0.51 -2.21~4.44
Smoking -0.170 -0.004 0.78 -1.33~0.99
Habitual alcohol consumption 1.137 0.025 0.09 -0.16~2.43
Total bilirubin (1.71 ymol/L) (0.1 mg/dL) 0.132 0.030 0.04 0.006~0.26

Multivariable linear regression adjusted for age, sex, BMI, smoking, alcohol use, total bilirubin, total cholesterol, triglyceride,
HDL-C concentrations, anti-hyperlipidemic medications, hypertension, diabetes, hyperuricemia, and previous CVD (including
stroke and myocardial infarction). Cl, confidence interval.

Table 3. Odds ratios for renal insufficiency (eGFR<60 mL/min/1.73 m?)

Model 1 Model 2 Model 3
Variable OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p
Men
Age (years) 1.13(1.11~1.15) <0.001 1.12(1.11~1.14) <0.001 1.13(1.11~1.14) <0.001
Low HDL-C 1.73(1.13~2.63) 0.01 1.79 (1.14~2.83) 0.01 1.67 (1.05~2.65) 0.03
Diabetes mellitus 0.47 (0.29~0.77)  0.003 0.46 (0.27~0.77)  0.003  0.48 (0.28~0.80) 0.005
Hyperuricemia 3.08 (2.25~4.21) <0.001 3.18(2.29~4.40) <0.001 3.21(2.31~4.46) <0.001
Habitual alcohol consumption  0.66 (0.45~0.98) 0.04 0.69 (0.46~1.02) 0.06 0.67 (0.45~1.00) 0.05
Total bilirubin (umol/L)
Q1 (£8.55) 1 (reference) 1 (reference) 1 (reference)
Q2 (8.56-11.97) 0.73(0.48~1.12) 0.15 0.77 (0.50~1.21) 0.26 0.86 (0.55~1.35) 0.50
Q3(11.98-15.39) 0.50(0.32~0.81) 0.004 0.50(0.30~0.81) 0.005 0.55(0.33~0.90) 0.02
Q4 (>15.39) 0.49(0.32~0.74) 0.001  0.54(0.34~0.84) 0.006 0.60(0.38~0.94) 0.03
Women
Age (years) 1.11(1.08~1.14) <0.001 1.11(1.08~1.14) <0.001 1.11(1.08~1.14) <0.001
Hypertension 2.01(1.21~3.33) 0.007 1.94 (1.15~3.29) 0.01 1.61 (0.94~2.76) 0.08
Previous CVD 4.48(1.36~14.71) 0.01  4.90(1.49~16.08) 0.009 5.37(1.63~17.69) 0.006
Hyperuricemia 4.08 (2.48~6.71) <0.001  4.40(2.62~7.39) <0.001 3.91(2.31~6.61) <0.001
Total bilirubin (umol/L)
Q1 (<6.84) 1 (reference) 1 (reference) 1 (reference)
Q2 (6.85-10.26) 0.43(0.23~0.78) 0.006 0.41 (0.22~0.75) 0.004  0.49 (0.26~0.91) 0.03
Q3(10.27-13.68) 0.32(0.16~0.66) 0.002 0.31(0.15~0.66) 0.002  0.36(0.17~0.78)  0.009
Q4 (>13.68) 0.35(0.17~0.70) 0.003 0.35(0.17~0.74)  0.006  0.42 (0.20~0.90) 0.03

Multivariable logistic regression adjusted for age, BMI, smoking, alcohol use, bilirubin quartiles, hypercholesterolemia, hypertri-
glyceridemia, low HDL-C, anti-hyperlipidemic medications, hypertension, diabetes, hyperuricemia, and previous CVD. OR, odds
ratio. Model 1: all included participants in Table 1. Model 2: model 1, but excluded participants with possible liver disease
(n=323, M: F=257:66). Model 3: model 2, but excluded participants with CKD stage 4 and 5 (n=12, M: F=6:6).

and lower ALT, smoking rate and habitual alco-
hol consumption rate were found in male sub-

jects with renal insufficiency, compared to
those without renal insufficiency; and, older
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age, higher BMI, systolic BP, diastolic BP, fast-
ing glucose, total cholesterol, triglyceride, AST,
ALT, uric acid, prevalence of previous stroke
and prevalence of previous myocardial infarc-
tion, and prevalence of using medications for
hypertension, diabetes, hyperlipidemia and
hyperuricemia, and lower HDL-C concentra-
tions were found in female subjects with renal
insufficiency, compared to those without renal
insufficiency (Table 1).

Association between total bilirubin concentra-
tion and eGFR

Multivariable linear regression analysis showed
that total bilirubin concentration was indepen-
dently and positively associated with eGFR
(P=0.04), after adjusting for age, sex, BMI,
smoking, alcohol use, total cholesterol, triglyc-
eride, HDL-C concentrations, use of anti-hyper-
lipidemic medications, hypertension, diabetes,
hyperuricemia, and previous CVD (Table 2).

Association between total bilirubin concentra-
tion and renal insufficiency

Multivariable logistic regression analysis
revealed that each increment of 1.71 ymol/L
(0.1 mg/dL) in the serum total bilirubin concen-
tration was independently associated with a
reduced risk of renal insufficiency: adjusted
ORs were 0.94 (95% Cl 0.91-0.98, P=0.005)
for men and 0.90 (95% CI 0.82-0.98, P=0.015)
for women, respectively. Compared with the
first total bilirubin quartile (Q1), the adjusted OR
of renal insufficiency was lowest in Q4 (0.49,
95% Cl 0.32-0.74, P=0.001) for men and in Q3
(0.32, 95% Cl 0.16-0.66, P=0.002) for women,
respectively (Table 3, model 1). Furthermore,
additional individual adjustment of AST, ALT
and use of analgesics did not significantly con-
found the relationship between serum total bili-
rubin and renal insufficiency. Therefore we did
not find evidence for significant influences of
AST, ALT and analgesics on our results.

When we repeated the multivariable logistic
regression analysis after further excluding par-
ticipants with a possible influence from liver
disease (n=323; total bilirubin Q1:Q02:Q3:Q4
were 47:53:58:99 in men and 11:9:17:29 in
women, respectively), the association between
higher serum total bilirubin concentration (each
increment of 1.71 umol/L or 0.1 mg/dL) and
lower risk of renal insufficiency remained:
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adjusted ORs were 0.94 (95% Cl 0.89-0.98,
P=0.007) for men and 0.86 (95% CI 0.77-0.95,
P=0.003) for women, respectively; besides, the
adjusted OR for each total bilirubin quartile (Q2,
Q3, Q4) remained very much the same for both
men and women (Table 3, model 2). Thereafter,
when we further excluded subjects with CKD
stage 4 and 5 (eGFR <30 mL/min/1.73 m?)
(n=12; total bilirubin Q1:Q2:Q3:Q4 were 5:1:0:0
in men and 5:0:1:0 in women, respectively),
higher serum total bilirubin concentration (ea-
ch increment of 1.71 pmol/L or 0.1 mg/dL)
remained independently associated with lower
risk of renal insufficiency: adjusted ORs were
0.94 (95% Cl 0.90-0.99, P=0.016) for men and
0.88 (95% CI 0.80-0.98, P=0.016) for women,
respectively; besides, the adjusted OR for each
total bilirubin quartile (Q2, Q3, Q4) was slightly
elevated in both men and women (Table 3,
model 3).

Discussion

In this cross-sectional study of a Taiwanese
adult population, we demonstrated the rela-
tionship between serum total bilirubin concen-
tration and eGFR or renal insufficiency. The
serum total bilirubin concentrations were high-
er in subjects without renal insufficiency than in
those with renal insufficiency. After adjusting
for several important CKD risk factors (age,
sex, BMI, smoking, alcohol use, total choles-
terol, triglyceride, HDL-C concentrations, anti-
hyperlipidemic medications, hypertension, dia-
betes, hyperuricemia, and previous CVD),
serum total bilirubin concentration remained
positively associated with eGFR. In addition,
the risk of renal insufficiency was lower among
the higher quartiles of total bilirubin concentra-
tion than in the lowest quartile for both men
and women after considering other convention-
al CKD risk factors. This suggested that a high-
er total bilirubin concentration was indepen-
dently associated with higher eGFR and a lower
risk of renal insufficiency.

Several previous studies have shown similar
results. A longitudinal study in Korea found that
a higher serum direct bilirubin concentration
reduces the risk of CKD development [19].
Another cohort study in Japan showed lower
serum total bilirubin concentrations to be a
novel risk factor for CKD progression [18]. In
two cross-sectional studies from Korea and
Japan, there was a negative correlation
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between serum total bilirubin concentration
and prevalence of diabetic CKD [26], and a pos-
itive relationship between serum total bilirubin
concentration and eGFR [27]. In brief, our find-
ings were consistent with the results of those
studies, indicating that a higher serum total bili-
rubin concentration is associated with higher
eGFR and lower risk of renal insufficiency.

Some plausible mechanisms have been pro-
posed for the relationship between total serum
bilirubin concentration and kidney function
[28]. First, bilirubin is an end-product of heme
catabolism by heme oxygenase (HO), and it has
been postulated that bilirubin can act as an
endogenous antioxidant [11] and cytoprotec-
tant [29] in the human body. However, the lack
of HO-1 can lead to an increased production of
reactive oxygen species that accumulate in
vascular smooth muscle cells, and contribute
to the pathogenesis of atherosclerosis [30].
Oxidative stress has been proposed to be an
important mechanism of renal dysfunction and
is very critical in progressive CKD. Therefore,
higher serum bilirubin concentrations would be
expected to protect against the occurrence of
CKD. Second, it has been demonstrated that
serum total bilirubin concentration has a nega-
tive relationship with endothelial dysfunction
[13], which is also a pathogenetic factor of CKD
[31]. Third, abnormalities of lipoproteins may
predispose to atherosclerosis, and thus lead to
the development of CKD. Bilirubin is found to
be positively correlated to HDL-C, but negative-
ly correlated to elevated triglycerides and small
LDL particles [32], so a protective effect of bili-
rubin on CKD seems reasonable. In addition,
insulin resistance is often characterized by dys-
lipidemia of low HDL-C concentrations and
hypertriglyceridemia. In our study, triglyceride
concentrations negatively correlated with
serum bilirubin concentration, but there was a
positive relationship between HDL-C and biliru-
bin concentrations in both sexes (data not
shown). These findings are consistent with a
previous study that found a significantly nega-
tive relationship between bilirubin concentra-
tion and incident metabolic syndrome [33].

Fourth, diabetes is one of the most important
risk factors for CKD. Previous studies have
shown that a higher serum total bilirubin con-
centration provides a protective effect against
diabetes, and may predict a lower risk of devel-
opment of type 2 diabetes and diabetic
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nephropathy [26, 34, 35]. And fifth, some epi-
demiological studies have found that inflamma-
tion plays a central role in the pathogenesis of
CKD, and several biomarkers of inflammation,
including CRP and pro-inflammatory cytokines,
were shown to be independently associated
with faster rates of kidney function loss [8, 9].
Studies also show that bilirubin has anti-inflam-
matory activities [12], and that there is an
inverse relationship between circulating biliru-
bin and several inflammatory markers [36]. Our
previous study found that higher serum total
bilirubin concentrations within the normal
range are associated with lower total WBC
counts [23]. Therefore, it could be speculated
that a higher serum total bilirubin concentra-
tion is associated with a lower risk of CKD
development through its anti-inflammatory
effect [13, 16, 19, 33].

However, other studies from Western countries
reported contradictory results [21, 22], and
showed that elevated serum concentrations of
total bilirubin were independently associated
with decreasing eGFR and increasing albumin-
uria in the US adult population. It was proposed
that the discrepant results could be explained
mainly by the differences in study area, ethnic-
ity, and study methodology, as well as some
unpredictable factors that may influence biliru-
bin concentrations and incident CKD. Besides,
the bilirubin-kidney dysfunction linkage [21]
may be due to the association of hyperbilirubi-
nemia with non-alcoholic fatty liver disease
(NAFLD) [37], which would promote CKD pro-
gression through the release of CRP and some
inflammatory cytokines [38]. However, other
studies have shown that higher bilirubin con-
centrations are significantly associated with a
lower risk of NAFLD [39]. Our data on an adult
population in Taiwan showed consistent results,
whether participants with possible liver diseas-
es were excluded or not.

Conventional risk factors for CKD included
older age, smoking, obesity, elevated BP, diabe-
tes, dyslipidemia and vascular diseases.
Alcohol consumption, especially mild consump-
tion, was reported to be protective against the
development of proteinuria [40]. Our study
showed that habitual alcohol consumption had
similar beneficial effects in countering the risk
of renal insufficiency in men; this may possibly
be attributed to the anti-atherogenic effects of
mild alcohol consumption [41]. However, less
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attention has been paid to the role of serum
total bilirubin in the development of CKD. In our
study, smoking was correlated to lower serum
total bilirubin concentrations in both sexes;
therefore, smoking cessation [42] might be a
clinical strategy to increase serum total biliru-
bin concentrations in therapy and prevent CKD
progression. In addition, both unconjugated
and conjugated bilirubin has been shown to be
effective in preventing oxidation of human LDL
[10], so administration of HO-1 inducers, sup-
plementation with bilirubin or biliverdin, and
administration of drugs which can decrease the
efficacy of hepatic bilirubin conjugation may
possibly prevent atherogenic disease by
increasing serum bilirubin concentrations [43].
Besides, an induction of HO-1, which can
increase bilirubin/biliverdin production [44],
has been shown to ameliorate renovascular
hypertension in the renin-angiotension system
in hypertensive rats [45]. Taken together, it is
postulated that developing some ways to
increase serum total bilirubin concentration
might be conducive to the prevention and treat-
ment of CKD [46].

Finally, studies have shown that elevated uric
acid concentrations increase the risk of devel-
opment and progression of CKD [47]. Our study
also found that the uric acid concentration was
higher in subjects with renal insufficiency than
in those without renal insufficiency, and that
hyperuricemia was independently associated
with lower eGFR and a higher risk of renal insuf-
ficiency in both sexes after adjusting for impor-
tant CKD risk factors.

Our study has some strengths. Participants
were apparently healthy community dwellers,
and when we repeated the analysis after
excluding subjects with abnormal liver function
and excessive alcohol consumption, which may
exist in some liver diseases, and then further
excluded subjects with advanced CKD (stage 4
and 5), the results were consistent.

However, our study had several limitations.
First, this cross-sectional study lacked time-
dependent evidence to determine the temporal
association of total bilirubin with kidney func-
tion or risk of CKD. Second, we lacked data on
the serum direct bilirubin concentration; some
studies have shown a differentially protective
effect of direct bilirubin on CKD and metabolic
syndrome [19, 48]. Third, we performed only a
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single measurement of serum bilirubin and cre-
atinine, which might have within-subject varia-
tion; however, all subjects were examined in the
morning after an overnight fast (>8 h). Fourth,
we assessed kidney function by calculating
eGFR rather than directly measuring GFR of
24-h urine creatinine clearance. However, stud-
ies have recommended current GFR estimates
for the detection and evaluation of kidney func-
tion, although the greater inaccuracy of GFR
estimates still needs to be considered [25]. In
addition, we defined renal insufficiency as
eGFR <60 mL/min/1.73 m? rather than the
CKD definition by KDIGO, in which CKD is clas-
sified based on cause, GFR category and albu-
minuria category [49]. Presumably some of the
subjects with eGFR above 60 mL/min/1.73 m?
who were classified as without renal insufficien-
cy might have stage 1 or 2 of CKD. Finally, our
subjects consisted of participants who attend-
ed a self-paid packaged physical check-up at
our hospital; although large in number, this
sample might differ from the general popula-
tion in terms of socioeconomic factors, race
and culture.

In conclusion, our cross-sectional study sug-
gested that higher serum total bilirubin concen-
tration was independently associated with
increased eGFR and lower risk of renal insuffi-
ciency, regardless of other conventional CKD
risk factors. Large prospective research
endeavors are required to further investigate
the beneficial role and mechanisms of bilirubin
in kidney function in the general population.

Acknowledgements

We would like to thank Dr. Chia-Lin Lee and the
Biostatistics Task Force of Taichung Veterans
General Hospital for statistical support.
Funding: This research received no specific
grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Disclosure of conflict of interest

None.

Abbreviations

ALT, Alanine aminotransferase; AST, Aspartate
aminotransferase; BMI, Body mass index; BP,
Blood pressure; CKD, Chronic kidney disease;
CRP, C-reactive protein; CVD, Cardiovascular
disease; eGFR, Estimated glomerular filtration

Int J Clin Exp Med 2015;8(10):19212-19222



Serum bilirubin and kidney function

rate; EPI, Epidemiology Collaboration; HDL-C,
High-density lipoprotein-cholesterol; HO, Heme
oxygenase; LDL-C, Low-density lipoprotein-cho-
lesterol; NAFLD, Non-alcoholic fatty liver dis-
ease; OR, Odds ratio; SCr, Serum creatinine;
WBC, White blood cell.

Author contributions

WDC and YYW-conception, design, sample col-
lection and assembly of data. ATL, WDC, SYL,
YMS and WHS-analysis and interpretation of
the data. ATL-the first draft of the manuscript.
JTL-the accuracy of the laboratory methods.
YMS-contribution equal to corresponding
author. All authors reviewed and edited the
manuscript and approved the final version of
the manuscript.

Address correspondence to: Wen-Dau Chang, De-
partment of Family Medicine, Taichung Veterans
General Hospital, 1650 Taiwan Boulevard Section 4,
Taichung 40705, Taiwan. Tel: +886-4-23592525
Ext. 3803; Fax: 886-4-23591435; E-mail: wdchang@
vghtc.gov.tw

References

[1]  Tonelli M, Wiebe N, Culleton B, House A, Rab-
bat C, Fok M, McAlister F and Garg AX. Chronic
kidney disease and mortality risk: a systematic
review. J Am Soc Nephrol 2006; 17: 2034-
2047.

[2] Go AS, Chertow GM, Fan D, McCulloch CE and
Hsu CY. Chronic kidney disease and the risks
of death, cardiovascular events, and hospital-
ization. N Engl J Med 2004; 351: 1296-1305.

[3] Coresh J, Selvin E, Stevens LA, Manzi J, Kusek
JW, Eggers P, Van Lente F and Levey AS. Preva-
lence of chronic kidney disease in the United
States. JAMA 2007; 298: 2038-2047.

[4] Imai E, Horio M, Watanabe T, Iseki K, Yamaga-
ta K, Hara S, Ura N, Kiyohara Y, Moriyama T,
Ando Y, Fujimoto S, Konta T, Yokoyama H,
Makino H, Hishida A and Matsuo S. Prevalence
of chronic kidney disease in the Japanese gen-
eral population. Clin Exp Nephrol 2009; 13:
621-630.

[5] ZhanglL, Wang F, Wang L, Wang W, Liu B, Liu J,
Chen M, He Q, Liao Y, Yu X, Chen N, Zhang JE,
Hu Z, Liu F, Hong D, Ma L, Liu H, Zhou X, Chen
J, Pan L, Chen W, Wang W, Li X and Wang H.
Prevalence of chronic kidney disease in China:
a cross-sectional survey. Lancet 2012; 379:
815-822.

[6] Wen CP, Cheng TY, Tsai MK, Chang YC, Chan
HT, Tsai SP, Chiang PH, Hsu CC, Sung PK, Hsu
YH and Wen SF. All-cause mortality attributable

19220

(7]

(8]

)

(10]

(11]

[12]

(13]

(15]

(17]

to chronic kidney disease: a prospective cohort
study based on 462 293 adults in Taiwan. Lan-
cet 2008; 371: 2173-2182.

Elsayed EF, Tighiouart H, Griffith J, Kurth T,
Levey AS, Salem D, Sarnak MJ and Weiner DE.
Cardiovascular disease and subsequent kid-
ney disease. Arch Intern Med 2007; 167:
1130-1136.

Sinha SK, Shaheen M, Rajavashisth TB, Pan D,
Norris KC and Nicholas SB. Association of
race/ethnicity, inflammation, and albuminuria
in patients with diabetes and early chronic kid-
ney disease. Diabetes Care 2014; 37: 1060-
1068.

Tian N, Penman AD, Manning RD Jr, Flessner
MF and Mawson AR. Association between cir-
culating specific leukocyte types and incident
chronic kidney disease: the Atherosclerosis
Risk in Communities (ARIC) study. J Am Soc Hy-
pertens 2012; 6: 100-108.

Wu TW, Fung KP, Wu J, Yang CC and Weisel RD.
Antioxidation of human low density lipoprotein
by unconjugated and conjugated bilirubins.
Biochem Pharmacol 1996; 51: 859-862.
Stocker R, Yamamoto Y, McDonagh AF, Glazer
AN and Ames BN. Bilirubin is an antioxidant of
possible physiological importance. Science
1987; 235: 1043-1046.

Mazzone GL, Rigato |, Ostrow JD, Bossi F, Bor-
toluzzi A, Sukowati CH, Tedesco F and Tiribelli
C. Bilirubin inhibits the TNFalpha-related in-
duction of three endothelial adhesion mole-
cules. Biochem Biophys Res Commun 2009;
386: 338-344.

Schwertner HA, Jackson WG and Tolan G. As-
sociation of low serum concentration of biliru-
bin with increased risk of coronary artery dis-
ease. Clin Chem 1994; 40: 18-23.
Schwertner HA and Fischer JR Jr. Comparison
of various lipid, lipoprotein, and bilirubin com-
binations as risk factors for predicting coro-
nary artery disease. Atherosclerosis 2000;
150: 381-387.

Kimm H, Yun JE, Jo J and Jee SH. Low serum
bilirubin level as an independent predictor of
stroke incidence: a prospective study in Kore-
an men and women. Stroke 2009; 40: 3422-
3427.

Perlstein TS, Pande RL, Beckman JA and Crea-
ger MA. Serum total bilirubin level and
prevalent lower-extremity peripheral arterial
disease: National Health and Nutrition Exami-
nation Survey (NHANES) 1999 to 2004. Arte-
rioscler Thromb Vasc Biol 2008; 28: 166-172.
Djoussé L, Rothman KJ, Cupples LA, Levy D
and Ellison RC. Effect of serum albumin and
bilirubin on the risk of myocardial infarction
(the Framingham Offspring Study). Am J Cardi-
ol 2003; 91: 485-488.

Int J Clin Exp Med 2015;8(10):19212-19222


mailto:wdchang@vghtc.gov.tw
mailto:wdchang@vghtc.gov.tw

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Serum bilirubin and kidney function

Tanaka M, Fukui M, Okada H, Senmaru T, Asa-
no M, Akabame S, Yamazaki M, Tomiyasu K,
Oda Y, Hasegawa G, Toda H and Nakamura N.
Low serum bilirubin concentration is a predic-
tor of chronic kidney disease. Atherosclerosis
2014; 234: 421-425.

Ryu S, Chang Y, Zhang Y, Woo HY, Kwon MJ,
Park H, Lee KB, Son HJ, Cho J and Guallar E.
Higher serum direct bilirubin levels were asso-
ciated with a lower risk of incident chronic kid-
ney disease in middle aged Korean men. PLoS
One 2014; 9: e75178.

Fukui M, Tanaka M, Shiraishi E, Harusato |,
Hosoda H, Asano M, Hasegawa G and Naka-
mura N. Relationship between serum bilirubin
and albuminuria in patients with type 2 diabe-
tes. Kidney Int 2008; 74: 1197-1201.

Targher G, Bosworth C, Kendrick J, Smits G,
Lippi G and Chonchol M. Relationship of serum
bilirubin concentrations to kidney function and
albuminuria in the United States adult popula-
tion. Findings from the National Health and
Nutrition Examination Survey 2001-2006. Clin
Chem Lab Med 2009; 47: 1055-1062.
Targher G, Zoppini G, Cesare Guidi G and Lippi
G. Relationship between serum bilirubin and
kidney function in non-diabetic and diabetic
individuals. Kidney Int 2009; 75: 863.

Tsai WN, Wang YY, Liang JT, Lin SY, Sheu WH
and Chang WD. Serum total bilirubin concen-
trations are inversely associated with total
white blood cell counts in an adult population.
Ann Clin Biochem 2015; 52: 251-8.

Wang F, Ye P, Luo L, Xiao W and Wu H. Associa-
tion of risk factors for cardiovascular disease
and glomerular filtration rate: a community-
based study of 4,925 adults in Beijing. Nephrol
Dial Transplant 2010; 25: 3924-3931.

Levey AS, Stevens LA, Schmid CH, Zhang YL,
Castro AF 3rd, Feldman HI, Kusek JW, Eggers P,
Van Lente F, Greene T and Coresh J. A new
equation to estimate glomerular filtration rate.
Ann Intern Med 2009; 150: 604-612.

Han SS, Na KY, Chae DW, Kim YS, Kim S and
Chin HJ. High serum bilirubin is associated
with the reduced risk of diabetes mellitus and
diabetic nephropathy. Tohoku J Exp Med 2010;
221: 133-140.

Kawamoto R, Ninomiya D, Hasegawa Y, Kasai
Y, Kusunoki T, Ohtsuka N and Kumagi T. Asso-
ciation between serum bilirubin and estimated
glomerular filtration rate among elderly per-
sons. PLoS One 2014; 9: e115294.

Boon AC, Bulmer AC, Coombes JS and Fassett
RG. Circulating bilirubin and defense against
kidney disease and cardiovascular mortality:
mechanisms contributing to protection in clini-
cal investigations. Am J Physiol Renal Physiol
2014; 307: F123-136.

19221

[29]

[30]

[31]

(32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

Baranano DE, Rao M, Ferris CD and Snyder
SH. Biliverdin reductase: a major physiologic
cytoprotectant. Proc Natl Acad Sci U S A 2002;
99: 16093-16098.

Kang SJ, Lee C and Kruzliak P. Effects of se-
rum bilirubin on atherosclerotic processes.
Ann Med 2014; 46: 138-147.

Kao MP, Ang DS, Pall A and Struthers AD. Oxi-
dative stress in renal dysfunction: mecha-
nisms, clinical sequelae and therapeutic op-
tions. J Hum Hypertens 2010; 24: 1-8.
Dullaart RP, de Vries R and Lefrandt JD. In-
creased large VLDL and small LDL particles
are related to lower bilirubin in Type 2 diabetes
mellitus. Clin Biochem 2014, 47: 170-175.
Lee MJ, Jung CH, Kang YM, Hwang JY, Jang JE,
Leem J, Park JY, Kim HK and Lee WJ. Serum
bilirubin as a predictor of incident metabolic
syndrome: a 4-year retrospective longitudinal
study of 6205 initially healthy Korean men.
Diabetes Metab 2014; 40: 305-309.
Cheriyath P, Gorrepati VS, Peters |, Nookala V,
Murphy ME, Srouji N and Fischman D. High To-
tal Bilirubin as a Protective Factor for Diabetes
Mellitus: An Analysis of NHANES Data From
1999-2006. J Clin Med Res 2010; 2: 201-206.
Jung CH, Lee MJ, Kang YM, Hwang JY, Jang JE,
Leem J, Park JY, Kim HK and Lee WJ. Higher
serum bilirubin level as a protective factor for
the development of diabetes in healthy Korean
men: a 4 year retrospective longitudinal study.
Metabolism 2014; 63: 87-93.

Ohnaka K, Kono S, Inoguchi T, Yin G, Morita M,
Adachi M, Kawate H and Takayanagi R. Inverse
associations of serum bilirubin with high sensi-
tivity C-reactive protein, glycated hemoglobin,
and prevalence of type 2 diabetes in middle-
aged and elderly Japanese men and women.
Diabetes Res Clin Pract 2010; 88: 103-110.
Angulo P. Nonalcoholic fatty liver disease. N
Engl J Med 2002; 346: 1221-1231.

Musso G, Gambino R, Tabibian JH, Ekstedt M,
Kechagias S, Hamaguchi M, Hultcrantz R, Hag-
strom H, Yoon SK, Charatcharoenwitthaya P,
George J, Barrera F, Haflidadéttir S, Bjornsson
ES, Armstrong MJ, Hopkins LJ, Gao X, Francque
S, Verrijken A, Yilmaz Y, Lindor KD, Charlton M,
Haring R, Lerch MM, Rettig R, V6lzke H, Ryu S,
Li G, Wong LL, Machado M, Cortez-Pinto H, Ya-
sui K and Cassader M. Association of non-alco-
holic fatty liver disease with chronic kidney
disease: a systematic review and meta-analy-
sis. PLoS Med 2014; 11: e1001680.
Salomone F, Li Volti G, Rosso C, Grosso G and
Bugianesi E. Unconjugated bilirubin, a potent
endogenous antioxidant, is decreased in pa-
tients with non-alcoholic steatohepatitis and
advanced fibrosis. J Gastroenterol Hepatol
2013; 28: 1202-1208.

Int J Clin Exp Med 2015;8(10):19212-19222



[40]

[41]

[42]

[43]

[44]

[45]

Serum bilirubin and kidney function

Noborisaka Y, Ishizaki M, Yamada Y, Honda R,
Yokoyama H, Miyao M and Tabata M. Distribu-
tion of and factors contributing to chronic kid-
ney disease in a middle-aged working popula-
tion. Environ Health Prev Med 2013; 18:
466-476.

Ronksley PE, Brien SE, Turner BJ, Mukamal KJ
and Ghali WA. Association of alcohol consump-
tion with selected cardiovascular disease out-
comes: a systematic review and meta-analysis.
BMJ 2011; 342: d671.

Schwertner HA. Association of smoking and
low serum bilirubin antioxidant concentra-
tions. Atherosclerosis 1998; 136: 383-387.
McCarty MF. “latrogenic Gilbert syndrome”--a
strategy for reducing vascular and cancer risk
by increasing plasma unconjugated bilirubin.
Med Hypotheses 2007; 69: 974-994.

McCarty MF. Serum bilirubin may serve as a
marker for increased heme oxygenase activity
and inducibility in tissues--a rationale for the
versatile health protection associated with el-
evated plasma bilirubin. Med Hypotheses
2013; 81: 607-610.

Botros FT, Schwartzman ML, Stier CT Jr, Good-
man Al and Abraham NG. Increase in heme
oxygenase-1 levels ameliorates renovascular
hypertension. Kidney Int 2005; 68: 2745-
2755.

19222

[46]

[47]

(48]

[49]

Dekker D, Dorresteijn MJ, Pijnenburg M, Heem-
skerk S, Rasing-Hoogveld A, Burger DM, Wa-
gener FA and Smits P. The bilirubin-increasing
drug atazanavir improves endothelial function
in patients with type 2 diabetes mellitus. Arte-
rioscler Thromb Vasc Biol 2011; 31: 458-463.
Obermayr RP, Temml C, Gutjahr G, Knechtels-
dorfer M, Oberbauer R and Klauser-Braun R.
Elevated uric acid increases the risk for kidney
disease. J Am Soc Nephrol 2008; 19: 2407-
2413.

Jo J, Yun JE, Lee H, Kimm H and Jee SH. Total,
direct, and indirect serum bilirubin concentra-
tions and metabolic syndrome among the Ko-
rean population. Endocrine 2011; 39: 182-
189.

Levin A and Stevens PE. Summary of KDIGO
2012 CKD Guideline: behind the scenes, need
for guidance, and a framework for moving for-
ward. Kidney Int 2014; 85: 49-61.

Int J Clin Exp Med 2015;8(10):19212-19222



