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Abstract

Background

A low serum total bilirubin (T-bil) level is associated with an increased risk of atherosclerosis.
However, the differential impact of the serum T-bil level on cerebral atherosclerosis and
cerebral small vessel disease (SVD) is still unclear.

Methods

We evaluated serum T-bil levels from 1,128 neurologically healthy subjects. Indices of cere-
bral atherosclerosis (extracranial arterial stenosis [ECAS] and intracranial arterial stenosis
[ICAS]), and indices of SVD (silent lacunar infarct [SLI], and moderate-to-severe white mat-
ter hyperintensities [msWMH]) were evaluated by the use of brain magnetic resonance
imaging (MRI) and MR angiography.

Results

In logistic regression analysis after adjusting for confounding variables, subjects within mid-
dle T-bil (odds ratio [OR]: 0.63; 95% CI: 0.41-0.97) and high T-bil tertiles (OR: 0.54; 95% CI:
0.33-0.86) showed a lower prevalence of ECAS than those in a low T-bil tertile. Although
subjects with a high T-bil tertile had a lower prevalence of ICAS than those with a low T-bil
tertile, the statistical significance was marginal after adjusting for confounding variables.
There were no significant differences in the proportions of subjects with SLI and msWMH
across serum T-bil tertile groups.

Conclusions

The serum T-bil level is negatively associated with cerebral atherosclerosis, especially
extracranial atherosclerosis, but not with SVD.
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Introduction

Ischemic stroke is a heterogeneous disease that is caused by various pathomechanisms, includ-
ing cerebral atherosclerosis, cardioembolism, and small vessel disease (SVD) [1]. Atheroscle-
rotic stenosis at the extracranial and/or intracranial cerebral arteries is usually found even in
the asymptomatic cases. Cerebral SVD is also found in neurologically healthy people on brain
imaging as features of silent lacunar infarct (SLI) and white matter hyperintensities (WMH).
Cerebral atherosclerosis and SVD share classical cardiovascular risk factors. However, the
pathomechanism is quite different between them. Cerebral SVD results from the non-athero-
sclerotic mechanism, such as lipohyalinosis of perforating arteries [2]. Endothelial dysfunc-
tions and an altered blood-brain barrier play a role in the development of cerebral SVD [3, 4].

Bilirubin is formed from biliverdin by the activities of heme catabolism and biliverdin
reductase. Bilirubin is recognized as a potent antioxidant, and anti-inflammatory product [5,
6]. Several clinical observations have demonstrated that a high serum bilirubin level is associ-
ated with a reduced prevalence of vascular diseases, such as coronary arterial disease [7],
peripheral arterial occlusive disease [8], and carotid atherosclerosis [9-13]. In addition, recent
studies reported on the negative association between lower bilirubin concentration and the
incidence of cerebral SVD [14, 15]. These finding indicates that serum bilirubin level is also
associated with cerebral microangiopathy of non-atherogenic origin. However, data for the
association of serum bilirubin with cerebral SVD is, to date, scarce. In addition, whether either
cerebral atherosclerosis or SVD is more related to serum bilirubin is unclear. In the present
study, we investigated the differential impact of serum bilirubin on cerebral atherosclerosis
and SVD in neurologically healthy population.

Methods
Study design

The study was designed as a retrospective analysis of neurologically healthy individuals who vis-
ited the outpatient clinic of the Department of Neurology or Healthcare Center in the CHA
Bundang Medical Center between March 2008 and December 2014. All of the subjects pre-
sented for routine health examinations or medical attention because of underlying cardiovascu-
lar risk factors. We only included individuals with ages ranging from 50 to 79 years who
underwent brain magnetic resonance imaging (MRI) and magnetic resonance (MR) angiogra-
phy. We reviewed the medical records, results of laboratory tests, and radiological findings. We
included only subjects whose records contained adequate demographic, radiological, and labo-
ratory data. Of 1,273 study subjects, we excluded 145 for the following reasons: (1) inadequate
medical information (n = 32); (2) no laboratory tests performed (n = 29); (3) previous history of
neurological disease (n = 19); and (4) a history of liver disease, including active hepatitis, liver
cirrhosis, and hepatoma (n = 65). A total of 1,128 subjects were included in this study. Each sub-
ject’s data was de-identified prior to analysis. Among them, the clinical and radiological infor-
mation of 946 subjects were previously described elsewhere [16]. The Institutional Review
Board (IRB) of CHA Bundang Medical Center approved the study (IRB no.: BD-2010-083).

Evaluation of clinical characteristics

The demographic data of study subjects were gender, and a history of cardiovascular risk fac-
tors, including hypertension, diabetes mellitus, current smoking, hypercholesterolemia, and
coronary artery occlusive disease (CAOD). Hypertension was diagnosed if subject had a sys-
tolic blood pressure (SBP) of > 140 mmHg or a diastolic blood pressure (DBP) of > 90 mmHg
on repeated measurement, or the subject was on antihypertensive medication. Diabetes
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mellitus was diagnosed if the subject had a fasting plasma glucose > 126 mg/dL or was taking
antidiabetic medications or insulin. Hypercholesterolemia was diagnosed if the subject had a
total cholesterol > 220 mg/dL or was taking lipid-lowering agents. Current smoking was
defined if the subject had smoked within one year prior to examination. CAOD was diagnosed
if subjects had a history of acute myocardial infarction, unstable angina, CAOD confirmed by
angiography, or coronary surgery or intervention.

Measurement of serum total bilirubin and other laboratory parameters

After 12 hours of fasting, all blood tests were performed in the core laboratory of our hospital.
Serum total bilirubin (T-bil) was measured by the Evelyn-Malloy method using a Hitachi
7600 Chemistry System Autoanalyzer (Hitachi, Tokyo, Japan). Other laboratory data collected
for analysis included white blood cell counts, hematocrit, platelet counts, estimated glomerular
filtration rate (eGFR), and fasting glucose, total cholesterol, triglyceride, albumin, aspartate
transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) levels. The
eGFR was calculated using the abbreviated Modification of Diet in Renal Disease Study Equa-
tion (186 x serum creatinine **** x age’o'zo3 x 0.742 [if female)]) [17].

Measurement of cerebral atherosclerosis and cerebral small vessel
diseases

Brain MRI and MR angiography were performed using one of three 1.5T MR systems (Sonata,
Siemens Healthcare [n = 918]; Signa Excite, GE Healthcare [n = 98]; Signa HDx, GE Health-
care [n = 112]) at subjects’ own expense. A neuroradiologist who was blinded with regard to
clinical and laboratory data assessed images. We evaluated extracranial arterial stenosis
(ECAS) and intracranial arterial stenosis (ICAS) as MR indices of cerebral atherosclerosis
according to the location of atherosclerotic lesions visualized by MR angiography. The ECAS
was defined as stenosis of 50% or more in the external cranial portion of the internal carotid
artery or vertebral artery on gadolinium contrast-enhanced MR angiography, using methods
described in the North American Symptomatic Carotid Endarterectomy Trial (NASCET)
study [18]. The ICAS were defined as stenosis of 50% or more in the proximal portions of the
middle cerebral artery, anterior cerebral artery, posterior cerebral artery, intracranial portion
of the vertebral artery, and basilar artery on time-of-flight images, using the method described
in the Warfarin versus Aspirin for Symptomatic Intracranial Disease study [19]. Normal arte-
rial variations, such as a unilateral origination of the bilateral anterior cerebral arteries or fetal-
type posterior cerebral artery, were not regarded as true atherosclerosis.

We next evaluated SLI and cerebral WMH as MR indices of cerebral SVD visualized on brain
MRI. The SLI was defined as a small (3-15 mm in diameter) cavitary lesion in an area of low sig-
nal intensity on T1-weighted images (repetition time (TR)/echo time (TE) = 560/14 ms). The
WMH was defined as a hyperintense lesion in an area of bilateral cerebral white matter visualized
by a fluid attenuated inversion recovery (FLAIR) image (TR/TE = 9000/105 ms, inversion time,
2500 ms). The severity of the WMH was scored by the use of a visual grading method proposed
by Fazekas et al. [20]. Scores of periventricular and deep subcortical white matters were added
together (ranging from 0 to 6 points), and moderate-to-severe WMH (msWMH) was defined as a
total score of the periventricular- and deep subcortical WMH was three points or more.

Statistical analysis

To evaluate the factors associated with serum T-bil levels, subjects were divided into three
groups based on serum T-bil tertile: 1) low T-bil tertile group (T1): serum T-bil level < 0.45
mg/dL; 2) middle T-bil tertile group (T2): serum T-bil level ranging from 0.46 to 0.67 mg/dL;
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and 3) high T-bil tertile group (T3): serum T-bil level > 0.68 mg/dL. A between group compar-
ison was conducted by the use of analysis of variance (ANOVA) for continuous variables and
a Chi-square test for categorical variables. To evaluate the independent association of ECAS,
ICAS, SLIL, or msWMH across serum T-bil tertile groups, logistic regression analyses were
performed between each group with a low T-bil tertile group as a reference group. To evaluate
the independent associations of each MR index of cerebral atherosclerosis (ECAS and ICAS)
or SVD (SLI and msWMH) with the serum T-bil level, potential confounding factors were
adjusted including age, gender, hypertension, diabetes, hypercholesterolemia, current smok-
ing, CAOD, eGFR, and other significant variables obtained from univariate analysis. Odds
ratio (OR) and 95% confidence intervals (CIs) were calculated. To better understand the effect
of serum T-bil levels on dependent variables, we constructed spline curves based on general-
ized additive model. We divided study subjects into two groups according to the presence or
absence of each MR index of cerebral atherosclerosis or SVD, and conducted logistic analysis
between the two groups to evaluate independent risk factors for each MR index of cerebral ath-
erosclerosis or SVD. The raw data for statistical analysis were presented in Supporting Infor-
mation (S1 Table). All statistical analyses were performed using the R package for Windows
(version 3.1.3; R Foundation for Statistical Computing, Vienna, Austria). A two-sided p < 0.05
was considered statistically significant.

Results

The mean age of the 1,128 study subjects was 64.2 + 7.7 years (range, 50-79 years), and 61.9%
were women. The mean serum T-bil level was 0.62 + 0.34 mg/dL. The prevalence of ECAS and
ICAS was 13.0%, and 11.3%, respectively. The prevalence of SLI and msWMH was 14.5% and
29.6%, respectively. An analysis of the clinical characteristics of study subjects revealed that
gender, current smoking, SBP, DBP, hematocrit, WBC count, platelet count, and albumin, glu-
cose, AST, ALT, and triglyceride levels were significantly different between T-bil tertile groups
(Table 1). A high serum T-bil level was likely to be associated with the male gender, current smok-
ing, high SBP, high hematocrit, high AST, high ALT, low WBC count, low platelet count, and low
triglyceride level in a Tukey B post-hoc analysis. The prevalence of ECAS was significantly differ-
ent among T-bil tertile groups, with a high T-bil level associated with a low prevalence of ECAS
(Table 1). The prevalence of ICAS, SLI, and msWMH did not differ among T-bil tertile groups.

We conducted logistic regression analyses to compare ECAS, ICAS, SLI, and msWMH
across T-bil tertile groups (Table 2). The prevalence of ECAS was significantly lower in the
middle and high T-bil tertile groups than in the low T-bil tertile group. After adjusting for car-
diovascular risk factors (model 2), and for cardiovascular risk factors and other statistically sig-
nificant variables obtained after univariate analysis (model 3), the statistical significance
remained unchanged. In addition, such statistical significance also remained unchanged after
the exclusion of eight cases with potential Gilbert syndrome (serum T-bil > 2.0 mg/dL). The
negative association between the presence of ECAS and T-bil level is also found in the spline
curve based on generalized additive model (Fig 1). The prevalence of ICAS was significantly
lower only in the high, compared to the low, T-bil tertile group factors (model 1). However,
the association was marginal after adjusting for cardiovascular risk factors (model 2), and was
insignificant after further adjusting for statistically significant variables obtained from univari-
ate analysis (model 3). In the logistic regression analyses of cerebral SVD, differences were not
observed for the prevalence of SLI and msWMH across serum T-bil tertiles.

We next conducted logistic regression analyses to evaluate the risk factors that were related
to each MR index of cerebral atherosclerosis and SVD (Table 3). With adjustments for con-
founding factors, subjects with ECAS had a significantly lower serum T-bil level compared to
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those without ECAS. Other significant variables for ECAS were male gender, old age, high
prevalence of diabetes mellitus, and increased AST level. The prevalence of hypercholesterol-
emia and statin medication was marginally higher in subjects with an ECAS than in those
without an ECAS. In logistic regression analyses, serum T-bil levels in subjects with an ICAS,
SLI and msWMH did not differ from those of their corresponding controls. Significant vari-
ables for ICAS were old age, and a high prevalence of hypertension and diabetes mellitus. The
low eGFR was marginally significant. Significant variables for SLI were male gender, old age, a
high prevalence of hypertension and diabetes mellitus, and a low eGFR. Current smoking was
marginally significant. Significant variables for msWMH were old age, a high prevalence of
hypertension, and a low eGFR (Table 3).

Discussion

In the present study we investigated the differential impact of serum T-bil on two distinct
pathological conditions of cerebral vessels in the same subjects: cerebral atherosclerosis and

Table 1. Clinical characteristics of study subjects according to the serum total bilirubin tertile.

ALL (N =1128) T1 (N =361) T2 (N =396) T3 (N =371) P

Gender (female) 698 (61.9%) 266 (73.7%) 256 (64.6%) 176 (47.4%) <0.001
Age, years 64.2+7.7 64.5+8.0 64.3+7.5 63.9+7.5 0.606
Hypertension 618 (54.8%) 184 (51.0%) 220 (55.6%) 214 (57.7%) 0.176
Diabetes mellitus 245 (21.7%) 93 (25.8%) 77 (19.4%) 75 (20.2%) 0.075
Hypercholesterolemia 111 (30.7%) 141 (35.6%) 108 (29.1%) 360 (31.9%) 0.132
Current smoking 236 (20.9%) 59 (16.3%) 75 (18.9%) 102 (27.5%) 0.001
CAOD 61 (5.4%) 27 (7.5%) 19 (4.8%) 15 (4.0%) 0.097
Statin medication 255 (22.6%) 77 (21.3%) 99 (25.0%) 79 (21.3%) 0.368
SBP, mmHg 131.4+£17.9 129.9+7.1 131.0+16.7 133.3+19.6 0.036
DBP, mmHg 80.2+11.5 78.9+11.3 80.2+11.2 81.5+11.9 0.010
White blood cell count, x 10%/L 6.6+2.0 6.8+2.1 6.4+1.8 6.5+2.1 0.035
Haematocrit, % 40.2+4.0 38.9+3.9 40.2+3.7 41.5+4.1 <0.001
Platelet count, x 10%/L 233.8+63.1 244.5+65.3 238.0+60.0 218.8+61.6 <0.001
Albumin, g/dL 4.31+0.40 4.26 +£0.42 4.33+0.39 4.31+0.39 0.012
Glucose, mg/dL 127.0+48.2 132.6+53.4 119.6+39.5 129.4 +50.5 0.001
AST, IU/L 23.9+13.0 22.9+85 23.0+7.8 25.8+19.3 0.002
ALT, IU/L 23.8+18.7 22.3+11.8 22.6+12.0 26.5+27.7 0.003
ALP, IU/L 181.9+59.5 185.5+59.2 178.2+61.3 182.5+57.8 0.239
Total cholesterol, mg/dL 192.7+41.7 193.3+41.0 193.3+44.2 191.6£39.6 0.823
Triglyceride, mg/dL 152.3+103.4 173.5+126.4 148.8 £ 96.6 135.4+79.7 <0.001
eGFR, mL/min/1.73 m? 74.9+17.6 73.4+19.9 74.7£16.7 76.4+16.2 0.081
Cerebral atherosclerosis

ECAS 147 (13.0%) 62 (17.2%) 46 (11.6%) 39 (10.5%) 0.016

ICAS 127 (11.3%) 48 (13.3%) 46 (11.6%) 33 (8.9%) 0.163
Cerebral small vessel disease

SLI 164 (14.5%) 52 (14.4%) 51(12.9%) 61 (16.4%) 0.374

msWMH 334 (29.6%) 114 (31.6%) 115 (29.0%) 105 (28.3%) 0.595

Values are percentages, or mean * standard deviation. P values were derived from an analysis of variance across T-bil tertile groups. T1, T2, and T3
represent low, middle, and high T-bil tertile groups, respectively. SBP: systolic blood pressure, DBP: diastolic blood pressure, CAOD: coronary arterial
occlusive disease, AST: aspartate transaminase, ALT: alanine transaminase, ALP: alkaline phosphatase, ECAS: extracranial arterial stenosis, ICAS:
intracranial arterial stenosis, SLI: silent lacunar infarct, nsWMH: moderate to severe cerebral white matter hyperintensities, eGFR, estimated glomerular
filtration rate

https://doi.org/10.1371/journal.pone.0173736.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0173736 March 20, 2017 5/10


https://doi.org/10.1371/journal.pone.0173736.t001
https://doi.org/10.1371/journal.pone.0173736

o ®
@ : PLOS | ONE Serum total bilirubin and cerebral atherosclerosis

Table 2. Logistic regression analysis of extracranial arterial stenosis, intracranial arterial stenosis, silent lacunar infarct, and moderate to severe
cerebral white matter hyperintensities according to serum total bilirubin tertile.

ECAS ICAS SLI msWMH
OR (95% Cls) Pvalue OR (95% Cls) Pvalue OR (95% Cls) Pvalue OR (95% Cls) P
Model 1 T1 Ref - Ref - Ref - Ref -

T2 0.61 (0.40-0.93) 0.021 0.61 (0.54-1.31) 0.455 0.81(0.53-1.24) 0.335 0.91 (0.64-1.02) 0.564
T3 0.51(0.33-0.81) 0.004 0.61 (0.37-0.98) 0.044 1.04 (0.68—1.60) 0.848 0.96 (0.67-1.37) 0.822
Model 2 T1 Ref - Ref - Ref - Ref -
T2 0.62 (0.41-0.95) 0.030 0.88 (0.56-1.39) 0.591 0.84 (0.54-1.31) 0.441 0.91 (0.64-1.28) 0.570
T3 0.54 (0.34-0.85) 0.008 0.64 (0.39-1.05) 0.076 1.03 (0.66—1.61) 0.900 0.94 (0.65-1.35) 0.720
Model 3 T1 Ref - Ref - Ref - Ref -
T2 0.63 (0.41-0.97) 0.038 0.96 (0.60-1.53) 0.869 0.92 (0.58-1.45) 0.723 0.95 (0.67—-1.36) 0.787
T3 0.54 (0.33-0.86) 0.011 0.71 (0.42-1.20) 0.199 1.14 (0.70-1.84) 0.610 1.06 (0.71-1.57) 0.787

T1, T2, and T3 represent low, middle, and high T-bil tertile groups, respectively.

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, hypertension, diabetes mellitus, hypercholesterolemia, current smoking, CAOD, statin
medication, and eGFR. Model 3: adjusted for age, sex, hypertension, diabetes mellitus, hypercholesterolemia, current smoking, CAOD, statin medication,
eGFR, hematocrit, platelet count, albumin, AST, and triglycerides. Ref represents the low T-bil tertile group as a reference group for analysis. OR: odds
ratio, Cls: confidence intervals, ECAS: extracranial arterial stenosis, ICAS: intracranial arterial stenosis, SLI: silent lacunar infarct, msWMH: moderate to
severe cerebral white matter hyperintensities

https://doi.org/10.1371/journal.pone.0173736.1002

SVD. We investigated multiple indicators of cerebral atherosclerosis and cerebral SVD by use
of brain MRI and MR angiography. Although carotid ultrasonography and retinography are
useful tools to detect carotid atherosclerosis and microangiopathy, respectively, MR evaluation
has advantages over them to evaluate both disease conditions simultaneously. Brain MRI
clearly shows the status of cerebral SVD, and MR angiography can show the status of multiple
extracranial- and intracranial arteries.

Consistent with previous studies [9-13], we found that the serum T-bil level was negatively
associated with cerebral atherosclerosis, especially with ECAS. After adjusting for confounding
factors, subjects in the middle and high T-bil tertiles displayed a 37% and 46% lower preva-
lence of ECAS, respectively, compared to those in the low T-bil tertile. Based on a spline curve
analysis, the risk of ECAS markedly increased as the serum T-bil level decreased. This finding
support previous findings showing that a low serum T-bil was closely related to various indices
of carotid atherosclerosis. Mildly elevated serum bilirubin levels were found to be negatively
associated with several indices of carotid atherosclerosis, such as carotid intima-media thick-
ness or carotid plaque [9-13].

Compared to a strong association between serum T-bil and ECAS, the association between
serum T-bil and ICAS was marginal. The mechanism of the differential impact of serum T-bil
on ECAS and ICAS is unclear. One possible explanation is differences in metabolic and biolog-
ical properties between intracranial and extracranial arteries. It has been suggested that extra-
cranial arteries are more vulnerable to dyslipidemia because atherogenic particles such as
oxidized LDL cholesterol are able to be transported into vascular walls more easily because of
the higher fluid residence time of extracranial as opposed to intracranial arteries [21]. Clinical
observations [22-25] and our results have shown that dyslipidemia was more prevalent in
cases with ECAS than those with ICAS. Bilirubin has been reported to eliminate reactive oxy-
gen species and to inhibit the oxidation of LDL cholesterol [5]. This finding may explain why
the serum T-bil level is strongly associated with ECAS compared to ICAS. Another explana-
tion is the heterogeneous pathological nature of ICAS. A recent study, based on high resolu-
tion MRI, showed that a significant proportion of cases who initially were diagnosed with
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Fig 1. Spline curves of the relationship between T-bilirubin level and the presence of ECAS. The black lines and gray shadows
represent the estimated probability and 95% confidence intervals for the presence of ECAS at the level of T-bil, and were derived from the
generalized additive model. Adjustment is performed for same covariates used in model 3 of Table 2 (sex, age, hypertension, diabetes
mellitus, hypercholesterolemia, current smoking, CAOD, Statin medication, eGFR, hematocrit, platelet count, albumin, AST, and
triglyceride). The x-axis is limited from the 5th to 95th percentile of serum T-bil. T-bil: total bilirubin; ECAS: extracranial arterial stenosis.

https://doi.org/10.1371/journal.pone.0173736.9001

presumed atherosclerosis with conventional MR angiography actually had a non-atheroscle-
rotic vascular stenosis, such as atypical unilateral moyamoya disease, or intracranial arterial
dissection [26, 27].

Another finding of our study is that MR indices of cerebral SVD were not associated with
the serum T-bil level. Few studies, to date, have been performed within the context of observ-
ing an association between serum bilirubin and cerebral SVD. A cross-sectional study in Chi-
nese population showed that subjects with a low serum T-bil level showed a high prevalence of
silent cerebral infarct after adjusting for potential confounders [14]. Other cross-sectional
study in Korean population revealed that the prevalence of cerebral WMH was 5.5-fold higher
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Table 3. Logistic regression analysis of extracranial arterial stenosis, intracranial arterial stenosis, overt white matter hyperintensities, and silent
lacunar infarct.

Clinical characteristics ECAS (n =147) ICAS (n=127) SLI(n =159) WMH (n = 334)

OR (95% Cls) P OR (95% Cls) P OR (95% Cls) P OR (95% Cls) P
Gender, female 0.58 (0.38—0.88) | 0.011 0.69(0.44-1.09) | 0.112 | 0.56 (0.37-0.85) 0.006 1.32 (0.94-1.86) 0.114
Age 1.04 (1.01-1.06) | 0.006 | 1.05(1.02-1.07) | 0.002 | 1.05(1.03-1.08) | <0.001 | 1.12(1.10-1.15) | <0.001
Hypertension 1.32(0.90-1.93) | 0.159 | 1.76(1.15-2.69) | 0.009 | 2.39(1.61-3.55) | <0.001 1.52 (1.13-2.05) 0.005
Diabetes mellitus 1.95 (1.32-2.89) 0.001 1.71 (1.13-2.58) 0.012 1.62 (1.10-2.39) 0.014 1.23(0.88-1.72) 0.218
Hypercholesterolemia 1.62(0.98-2.69) | 0.062 | 0.72(0.39-1.33) | 0.295 | 0.85(0.50-1.45) 0.548 1.09 (0.71-1.66) 0.698
Current smoking 0.79(0.48-1.31) | 0.364 | 0.98(0.58-1.65) | 0.926 | 1.51(0.96-2.36) 0.074 1.27 (0.86—-1.88) 0.239
CAOD 1.05(0.51-2.16) | 0.887 | 1.28(0.63-2.57) | 0.493 | 0.84(0.41-1.75) 0.645 0.77 (0.42—1.40) 0.386
Statin medication 0.58 (0.33-1.03) | 0.064 | 1.66(0.87-3.14) | 0.123 | 0.85(0.47-1.54) 0.849 0.73(0.45-1.16) 0.184
eGFR 0.99 (0.98-1.00) | 0.074 | 0.99(0.98-1.01) | 0.064 | 0.98(0.97-0.99) 0.001 0.99 (0.98-1.00) 0.029
AST 1.01(1.00-1.02) | 0.036 | 1.00(0.98-1.01) | 0.660 | 1.00(0.98-1.01) 0.603 1.01 (1.00-1.02) 0.194
T-bil 0.47 (0.24-0.94) | 0.033 | 0.57(0.28-1.16) | 0.118 | 0.86(0.49-1.51) 0.610 0.87 (0.56-1.37) 0.549

CAOD: coronary arterial occlusive disease, eGFR, estimated glomerular filtration rate, AST: aspartate transaminase, T-bil: serum total bilirubin, OR: odds
ratio, Cls: confidence intervals, ECAS: extracranial arterial stenosis, ICAS: intracranial arterial stenosis, WMH: white matter hyperintensities, SLI: silent
lacunar infarct

https://doi.org/10.1371/journal.pone.0173736.t003

in women within a low serum T-bil tertile than in those within a high serum T-bil tertile [15].
However, we did not find a similar association. Reasons for discrepancies between studies may
be due to differences in study design and subject characteristics. In addition, the definition of
silent brain infarct (infarct of 3mm or more in diameter) [14] and WMH (presence of WMH
lesion without the use of visual scale) [15] in previous studies may produce different results
from our study. Specifically, the previous studies did not evaluate the status of cerebral athero-
sclerosis [14, 15], which is a strong predictor of the serum T-bil level in our study. For the clear
association between serum bilirubin and cerebral SVD, we suggest that co-evaluation of cere-
bral atherosclerosis and SVD are required in the further studies.

Our study showed several limitations. First, as this study was a retrospective design, a selec-
tion bias was present. Furthermore, study subjects visited the outpatient department seeking
medical attention for underlying cardiovascular risk factors, and thus, their demographic char-
acteristics were not identical with those of the general population. Second, we measured the
total form of serum bilirubin only. Since indirect bilirubin is a free form and is known to have
an anti-oxidant effect, indirect bilirubin should be evaluated to reach a clearer conclusion con-
cerning the relationship between the serum T-bil level and cerebral atherosclerosis. However,
most previous studies measured the T-bil level, which enables us to compare the results of our
study with these studies. Third, T-bil level may also be affected by diseases other than cerebral
vascular disease, such as peripheral arterial occlusive disease [8] and diabetic neuropathy [28].
We did not investigate such conditions that could affect our outcomes. Finally, it is not imme-
diately clear whether a low serum T-bil level is a causative factor or a consequence of athero-
sclerosis in our present study. Therefore, a prospective observation conducted on the general
population is required to validate our results.

Conclusions

We found a negative association between the serum T-bil level and cerebral atherosclerosis,
especially extracranial arterial stenosis. On the other hand, the serum T-bil level was not asso-
ciated with MR indices of SVD. Although further studies are needed, our results provide
strong evidence of serum T-bil as a marker of cerebral atherosclerosis.
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