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Abstract

Objective: This study aimed to examine the relationship between total bilirubin levels and initial
ischemic stroke in patients with non-valvular atrial fibrillation.

Methods: This was a retrospective study. Atrial fibrillation was diagnosed by 24-hour Holter
electrocardiography and serum total bilirubin levels were divided into quintiles. Ischemic stroke
was diagnosed by symptoms, signs, and a medical image examination. The multivariate Cox
proportional hazards model and survival analysis were used to estimate the association of
total bilirubin with initial ischemic stroke.

Results: We studied 316 patients with non-valvular atrial fibrillation. During follow-up, there
were 42 (13.29%) first ischemic strokes. After multivariate adjustment, for each | umol/L increase
in total bilirubin, the risk of first ischemic stroke increased by 4% (95% confidence interval [CI]:
1.01, 1.07). When using the first quintile as the reference, from the second to fifth quintiles, the
risks of first ischemic stroke were 0.52 (95% CI: 0.17, 1.65), 0.23 (95% ClI: 0.06, 0.87), 0.92 (95%
Cl: 0.32, 2.67), and 1.33 (95% CI: 1.09, 4.41), respectively. The optimal cut-off point of total
bilirubin for the lowest risk of ischemic stroke was 17.0 pmol/L.

Conclusions: Total bilirubin levels are nonlinearly associated with initial ischemic stroke in
patients with non-valvular atrial fibrillation.
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Introduction

Stroke is one of the most common and
undertreated chronic diseases, and is the
second most common cause of death world-
wide."? In China, ischemic stroke is the most
common type of stroke.>* Stroke is a disease
with multiple factors. Although some certain
factors, such as atrial thrombosis and hyper-
tension, are closely related to the occurrence
of stroke, its mechanism is still unclear.>¢
Previous studies have shown that excessive
oxidative stress causes structural and func-
tional damage to the brain, which is an
important pathophysiological process of
stroke.” ? Bilirubin, which is a major metab-
olite of iron porphyrin compounds in the
body, is also an important indicator for clin-
ical judgment of jaundice and abnormal liver
function.'” Studies have also demonstrated
that bilirubin causes irreversible damage to
the brain and nervous system with high con-
centrations,'! but also has antioxidant func-
tions that can inhibit oxidation of linoleic
acid and phospholipids,'? which are related
to stroke. Although bilirubin is considered
to have a protective effect on ischemic dis-
eases owing to its strong antioxidant
properties,'® in recent years, studies have
indicated that the relationship between
bilirubin and stroke is controversial.
A Mendelian randomization study on
Koreans showed that bilirubin levels were
not a risk determinant of stroke, and there
was no obvious causal effect of serum total
bilirubin levels on stroke.'* However, a two-
sample summary Mendelian randomization
study provided clear evidence that there was
a significant causal relationship between

elevated bilirubin levels and reduced
stroke.'® This finding suggests that total bil-
irubin could serve as a therapeutic target for
oxidative stress-related diseases, such as
stroke. Additionally, a meta-analysis of 11
observational studies involving 131,450 sub-
jects showed that there was an inverse asso-
ciation between circulating total bilirubin
levels and a risk for ischemic stroke.'®

Stroke is a major public health prob-
lem."” Early prevention and early warning
for stroke are necessary and important,
especially for the population at high risk
of stroke, such as those with atrial fibrilla-
tion."®!” A large number of clinical or
cohort studies have shown that atrial fibril-
lation is a most common risk factor for
stroke owing to atrial thrombus formation
and embolization,?° and it is also a common
arrhythmia.?'** Identifying stroke-related
risk factors and early warning in patients
with atrial fibrillation are necessary. At pre-
sent, the relationship between serum biliru-
bin levels and stroke in patients with atrial
fibrillation is unclear. Therefore, this study
aimed to examine the relationship between
serum total bilirubin levels and the occur-
rence of initial ischemic stroke in patients
with non-valvular atrial fibrillation.

Methods
Study population

We performed a retrospective single-center
study. A total of 2756 patients were consec-
utively enrolled from the Central Hospital
of Yongzhou, China between September
2014 and November 2019. Participants
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who completed 24-hour Holter monitoring
and were aged >18 years were enrolled.
The exclusion criteria mainly included
non-atrial fibrillation, valvular atrial fibril-
lation, missing bilirubin data, and having a
previous history of stroke. A flow diagram
of patients who were included for analysis
is shown in Figure 1. This retrospective
cohort study was approved by the Ethical
Committee of Yongzhou Central Hospital
(approval No. 2019-17), Yongzhou, China,
with a waiver of informed consent.
During the study, information and materi-
als related to the specific identity of the
participants were completely and strictly
concealed.

Assessment of atrial fibrillation

All patients underwent standard 24-hour
Holter electrocardiographic (DMS 300-4A;
DM software, Inc., Stateline, NV, USA)
monitoring to detect atrial fibrillation. An
experienced professional cardiologist who
had no information about the characteris-
tics of the patients evaluated the occurrence
of atrial fibrillation on the basis of records
of the 24-hour Holter electrocardiogram.
Atrial fibrillation was defined as an irregu-
lar atrial rhythm with a rate of > 300 beats/
minute lasting longer than 30s. Non-
sustained ventricular tachycardia was
defined as a ventricular rhythm of > 120
beats/minute lasting for >three beats

2756 patients who completed 24-hour Holter
electrocardiogram in 2014.09-2019.9

~
>

A 4

Excluded: without atrial
fibrillation (n=2193)

Patients with atrial
fibrillation (n=563)

/

Excluded:

Valvular atrial fibrillation (n=99)
Left atrial appendage occlusion
(n=1)

Data of Holter was unavailable
(n=12)

Missing bilirubin (n=8)

Stroke history (n=127)

Patients with atrial
fibrillation included
analysis (n=316)

Figure |. Flow chart of selection of the patients.
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and < 30s. Supraventricular or ventricular
tachycardia lasting < 30s was not consid-
ered a diagnostic finding, unless a clear
chronological relationship with the clinical
symptoms was established.”>** Valvular
atrial fibrillation was defined as rheumatic
heart valve disease and a type of atrial
fibrillation after cardiac valve surgery.”

Assessment of other confounding factors

Demographic and laboratory data of the
patients were recorded. Demographic data
included age, sex, race, smoking, and drink-
ing status. A physical examination included
measurement of height, weight, systolic
blood pressure (SBP), and diastolic blood
pressure (DBP). Laboratory data included
creatinine, uric acid, total bilirubin, indirect
bilirubin, direct bilirubin, total cholesterol
(TC), triglyceride (TG), low-density lipo-
protein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), alanine
aminotransferase (AST), and aspartate
aminotransferase (ALT) levels, and the
international standardized ratio. We also
collected the medication history (anticoag-
ulant and antiplatelet drugs) and a history
of combined diseases (e.g., stroke, hyper-
tension, diabetes, heart failure, and coro-
nary heart disease). The left ventricular
ejection fraction (LVEF) and left atrial
diameter (LAD) were measured by two-
dimensional echocardiography during 1
month of the Holter register. We calculated
the congestive heart failure, hypertension,
age>75 years, diabetes, and previous
stroke/transient ischemic attack (CHADS)
2 score (1 point each: age [>75 years], con-
gestive heart failure, hypertension, and dia-
betes mellitus; and a history of stroke
or transient ischemic attack: 2 points). The
estimated glomerular filtration rate (¢GFR)
(mL/minute/1.73 m?) was calculated using
the Chronic Kidney Disease-Modification
of Diet in Renal Disease formula: 175 x

1.234 0.179 %

(serum creatinine level) ™ x (age)”

(0.79 for women).

Outcome

The outcome of this study was the first
ischemic stroke. All outcome events were
obtained by doctors or trained nurses via
telephone or outpatient follow-up until
January 2020. Ischemic stroke was diag-
nosed by symptoms, signs, and medical
image examinations. Briefly, initial ischemic
stroke was confirmed by professional neu-
rologists through a series of standardized
diagnostic procedures. Diagnosis of stroke
was made from hospitalization or discharge
data. When the patient was hospitalized,
stroke was diagnosed by a professional
neurologist on the basis of a sequence of
examinations, including a neurological
examination, stroke-related scale assess-
ment, and cranial computed tomographic
or magnetic resonance imaging scans.’®?’
When the patient was discharged from hos-
pital, the patient’s hospitalization data were
obtained during follow-up and then con-
firmed by the clinical event committee.
The Data Monitoring Committee validated
all stroke events.

Statistical analysis

Baseline variables are shown as mean+
standard deviation (continuous variables)
or percentage (categorical variables) as
appropriate. Levels of total bilirubin were
divided into five groups (quintile [Q1]-Q5).
Comparison between two groups was per-
formed by using the Student’s t test or
Mann—Whitney U test for continuous vari-
ables, and the chi-square test or Fisher’s
test for categorical variables. For non-
normally distributed variables, the Mann—
Whitney U test with Bonferroni correction
was used. One-way ANOVA was used for
comparison between multiple groups.
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The relationship of total bilirubin levels
with the first ischemic stroke was estimated
by multivariate Cox proportional hazards
models. The results are presented as
hazard ratios (HRs) and 95% confidence
intervals (CIs), and the lowest quintile
(Q1) were used as the reference. Model 1
did not have adjustment for any variables.
Model 2 was adjusted for age, sex, and
body mass index (BMI). Model 3 was fur-
ther adjusted for SBP, the CHADS?2 score,
LVEF, LAD, AST, ALT, uric acid, TC,
LDL-C, HDL-C, TGs, eGFR, heart failure,
CAD, hypertension, diabetes, drinking,
smoking, the international standardized
ratio, and taking oral anticoagulants and
antiplatelet drugs. The shape of the rela-
tionship between total bilirubin levels with
the first ischemic stroke was examined by
multivariate adjusted restricted cubic
spline regression models. We also used the
generalized additive model to examine the
nonlinear relationship between total biliru-
bin levels and first ischemic stroke.®® If a
nonlinear relationship was discovered, a
multivariate adjusted two-piecewise linear
regression model was performed to calcu-
late the threshold effect of total bilirubin
levels on first ischemic stroke.”” The recur-
sive method was used to calculate the inflec-
tion point automatically. Survival analysis
was also performed using Kaplan—Meier
curves and the log-rank test was performed.
A two-sided P < 0.05 was considered to be
statistically significant. All statistical analy-
ses were performed using R V.3.3.2 (www.r-
project.org).

Results

Baseline characteristics

In this study, 316 patients with non-
valvular atrial fibrillation were included
(mean age: 70.36+10.06 years, 135
[42.72%] men) (Table 1). New ischemic
stroke occurred at a mean follow-up of

22.694+16.98 months, with 42 (13.29%)
ischemic strokes. Patients with ischemic
stroke had significantly higher serum total
bilirubin levels (P =0.006), and a lower pro-
portion of patients were taking antiplatelet
and anticoagulant drugs (both P <0.05)
compared with patients without ischemic
stroke. However, there were no significant
differences in age, LVEF, LAD, levels of
AST, ALT, direct bilirubin, indirect biliru-
bin, uric acid, TC, TGs, HDL-C, and LDL-
C, eGFR, SBP, DBP, BMI, international
standardized ratio, the CHADS2 score,
the rates of heart failure, hypertension, dia-
betes, and coronary heart disease, sex,
smoking, and drinking status between the
two groups.

When the levels of total serum bilirubin
were divided into quintiles (Q1-Q5), from
the first to the fifth quintiles, the incidence
of initial ischemic stroke was 9 (14.29%), 7
(11.11%), 6 (9.38%), 8 (12.90%), and
12 (18.75%) (P=0.028), respectively
(Table 2). Among the five groups (QI-
Q5), there were significant differences in
the LVEF, LAD, direct bilirubin levels,
indirect bilirubin levels, the international
standardized ratio, and the CHADS2
score (all P <0.05).

Relationship between total bilirubin levels
and first ischemic stroke

When total serum bilirubin levels were
regarded as a continuous variable, in
Model 1, total bilirubin levels were signifi-
cantly associated with the initial ischemic
stroke (HR=1.02, 95% CI: 1.00, 1.03;
P =0.025) (Table 3). In Model 3, multivar-
iate Cox proportional hazards analysis
showed that total bilirubin levels (HR:
1.04, 95% CI: 1.01, 1.07, P=0.018) were
still an independent risk factor for initial
ischemic stroke after adjustment for many
factors. Additionally, when total serum bil-
irubin levels were regarded as a category
variable with the first quintile (Q1l) as a
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Table |. Baseline characteristics of patients with ischemic stroke and non-ischemic stroke among those
with non-valvular atrial fibrillation.

Total Non-ischemic stroke Ischemic stroke P value
Number 316 274 42
Age, years 70.36 £ 10.06 70.36 £10.12 70.36 £9.76 0.998
LVEE% 53.90 +9.45 53.994+9.25 53.27 +10.75 0.646
LAD, mm 37.16 1-8.62 37.26 -8.66 36.48 1-8.38 0.584
AST, U/L 42.09 +86.17 43.07 £91.72 35.73 +31.36 0.608
ALT, U/L 32.87 +73.59 32.74+77.77 33.73 +36.61 0.935
Total bilirubin, pmol/L 17.77 +10.20 15.70 4+ 10.05 19.22 4+ 11.21 0.006
Direct bilirubin, pmol/L 6.53 +5.37 6.441+-493 7.09 +7.69 0.466
Indirect bilirubin, pmol/L 11.49£5.92 11.55+6.02 I1.14+£5.27 0.676
Uric acid, pmol/L 393.57 - 132.44 397.11 £127.48 370.45 + 160.98 0.225
TC, mmol/L 1424+ 1.18 1.43+1.22 1.394+0.85 0.866
LDL-C, mmol/L 2.43+0.89 2.42+0.86 2.56 +1.02 0.345
HDL-C, mmol/L 1.324+0.38 1.32+0.37 1.294+0.39 0.586
TGs, mmol/L 4.05+1.08 403+ 1.07 414+ 1.17 0.566
SBP, mmHg 133.55 +20.81 133.50 +20.95 133.93 +20.08 0.900
DBP, mmHg 80.87 + 13.46 81.22+ 13.66 78.55 4+ 12.00 0.231
eGFR, mL/minute/1.73 m? 61.74+£27.19 62.45 +26.49 57.17 +31.36 0.242
BMI, kg/m2 23.09 +3.42 23.18+-3.44 22.50 +3.33 0.322
Follow-up time (minutes) 22.69 1+ 16.98 22.65+16.43 22.90 +20.47 0.929
INR value 1.09 +0.34 1.08 +0.29 1.134+0.56 0.404
Sex, n (%) 0.985
Men 135 (42.72) 117 (42.70) 18 (42.86)
Women 181 (57.28) 157 (57.30) 24 (57.14)
CHADS?2 score, n (%) 0.662
| 10 (3.16) 9 (3.28) I (2.38)
2 43 (13.61) 39 (14.23) 4 (9.52)
3 263 (83.23) 226 (82.48) 37 (88.10)
Heart failure, n (%) 0.400
No 192 (60.76) 164 (59.85) 28 (66.67)
Yes 124 (39.24) 110 (40.15) 14 (33.33)
Hypertension n (%) 0.675
No 141 (44.62) 121 (44.16) 20 (47.62)
Yes 175 (55.38) 153 (55.84) 22 (52.38)
CAD, n (%) 0.239
No 249 (78.80) 213 (77.74) 36 (85.71)
Yes 67 (21.20) 61 (22.26) 6 (14.29)
Diabetes, n (%) 0.054
No 149 (47.15) 135 (49.27) 14 (33.33)
Yes 167 (52.85) 139 (50.73) 28 (66.67)
Drinking, n (%) 0.444
No 275 (87.03) 240 (87.59) 35 (83.33)
Yes 41 (12.97) 34 (12.41) 7 (16.67)
Smoking, n (%) 0.979
No 278 (87.97) 241 (87.96) 37 (88.10)
Yes 38 (12.03) 33 (12.04) 5 (11.90)

(continued)
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Table I. Continued.
Total Non-ischemic stroke Ischemic stroke P value
Oral anticoagulant, n (%) <0.001
No 201 (63.61) 164 (59.85) 37 (88.10)
Yes 115 (36.39) 110 (40.15) 5 (11.90)
Antiplatelet drug, n (%) 0.010
No 119 (37.66) 100 (36.50) 19 (45.24)
Yes 197 (62.34) 174 (63.50) 23 (54.76)

Data are shown as mean =+ standard deviation or number (%).

LVEF, left ventricular ejection fraction; LAD, left atrial diameter; AST, alanine aminotransferase; ALT, aspartate amino-
transferase; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; TGs, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
rate; BMI, body mass index; INR, international standardized ratio; CHADS2, congestive heart failure, hypertension,

age > 75 years, diabetes, and previous stroke/transient ischemic attack; CAD, coronary heart disease.

reference, the risks of first ischemic stroke
were 0.52 (95% CI: 0.17, 1.65), 0.23 (95%
CI: 0.06, 0.87), 0.92 (95% CI: 0.32, 2.67)
and 1.33 (95%CI: 1.09, 4.41) (P for
tend =0.019) from Q2 to QS5, respectively,
after adjusting for multiple potential con-
founders. The Kaplan—Meier survival
curve showed that there was a significant
difference in the occurrence of first ischemic
stroke from Q1 to Q5 based on serum
total bilirubin levels (log-rank, P <0.001)
(Figure 2).

Multivariate adjusted smoothing spline
plots showed that serum total bilirubin
levels had a nonlinear relationship with
first ischemic stroke. The risk of first ische-
mic stroke was the lowest when the serum
total bilirubin level was 17.0 umol/L (Figure
3). We further examined the association
between serum total bilirubin levels and
the first ischemic stroke using the Cox pro-
portional hazards model and the two-
piecewise Cox proportional hazards
model. The inflection point that we identi-
fied for serum total bilirubin levels was
approximately 17.0 umol/L. When serum
total bilirubin levels were < 17.0 umol/L,
although increased total bilirubin levels
were significantly associated with a reduced
risk of first ischemic stroke, they were not
significantly associated with an increased

risk of first ischemic stroke in two-
piecewise linear regression (HR: 0.87,
95% CI: 0.73, 1.02) (Table 4). However,
when serum total bilirubin levels were
>17.0 umol/L, they were significantly asso-
ciated with an increased risk of first ische-
mic stroke (HR: 1.05, 95% CI: 1.01, 1.08,
P =0.005).

Discussion

In this retrospective single-center study, we
found that in patients with non-valvular
atrial fibrillation, those with ischemic
stroke had higher serum total bilirubin
levels compared with non-ischemic stroke
patients. Serum total bilirubin levels were
closely related to initial ischemic stroke,
and may be an independent risk factor for
ischemic stroke. Importantly, serum total
bilirubin levels had a dose-independent
relationship with initial ischemic stroke,
which suggested that when total bilirubin
levels were >17.0 pmol/L, the risk of ische-
mic stroke significantly increased.

Previous studies have indicated that
there is a significant relationship between
serum bilirubin levels and stroke.'>!¢
Importantly, we found a dose-dependent
relationship between total bilirubin levels
and ischemic stroke. We found that when
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Table 2. Baseline characteristics of the quintile groups of total bilirubin levels.

Ql Q2 Q3 Q4 Q5 P value
Number 63 63 64 62 64
Age, years 70.79+9.38 69.97 +7.24 71.95+10.23 71.06+10.73 68.05+ 11.95 0.239
LVER% 54.62+9.59 56.57 +9.63 52.46 +9.39 55.95+7.38 50.00+9.70 <0.001
LAD, mm 34.37+6.20 35.16 £7.57 37.14+7.25 37.81 +£9.8I 4125+ 10.11 <0.001
AST, U/L 30.37 +42.97 36.08 + 64.20 32.31+30.40 47.28 +153.63 64.30+81.70 0.148
ALT, U/L 2551 +21.25 24.65+ 14.33 27.39 +36.59 45.18 £ 155.60 41.75+£35.61 0.351
Total bilirubin, pmol/L 8.04+2.03 11.84+0.74 14.90 £+ 1.09 19.72£1.99 34.15+9.78 <0.001
Direct bilirubin, pumol/L 3.08+1.14 379+ 1.10 5.02+1.88 7.04+2.55 13.61 £7.67 <0.001
Indirect bilirubin, pmol/L 5.76 +£2.28 826+ 1.57 10.02 £ 1.62 12.87 £2.64 20.46 +5.42 <0.001
Uric acid, pmol/L 39344412735 38270+ 127.93  386.97+ 12845 389.47+ 13497 41496+ 14440 0.681
TC, mmol/L 151+ 1.8l 1.58 +1.23 1.54+1.00 1.344+0.85 1.15+£0.63 0.213
LDL-C, mmol/L 2.45+0.97 2.37+0.84 2.63+0.95 2.38+0.92 2.34+0.73 0.363
HDL-C, mmol/L 1.33+0.40 1.33+£0.32 1.33+0.38 1.31+0.36 1.29 £0.42 0.967
TG, mmol/L 4.06 +1.27 4.02+£0.97 429+ 1.14 3.98+1.06 3.89+0.94 0.308
SBP, mmHg 133.44 £20.03 134.84+21.30 135.45 +£20.82 133.35£22.47 130.69 + 19.68 0.739
DBP, mmHg 80.22+11.21 84.38 + 15.50 81.45+13.18 80.79 +13.80 77.53+12.78 0.074
eGFR, mL/minute/.73 m*  65.03 + 33.89 62.94+30.46 54.33+24.11 65.24+22.75 61.36+22.15 0.144
BMI, kg/m? 23.19+3.10 23.89 +3.61 22.85+3.28 23.65+3.54 22.02+3.36 0.083
INR value 1.04+0.19 1.03£0.19 1.05+0.21 1.144+0.49 1.19£0.45 0.028
Sex, n (%) 0.492
Men 28 (44.44) 25 (39.68) 31 (48.44) 29 (46.77) 22 (34.38)
Women 35 (55.56) 38 (60.32) 33 (51.56) 33 (53.23) 42 (65.62)
CHADS?2 score, n (%) 0.033
<I 1 (1.59) 0 (0.00) 1 (1.56) 4 (6.45) 4 (6.25)
2 7 (1111 14 (22.22) 4 (6.25) 6 (9.68) 12 (18.75)
>3 55 (87.30) 49 (77.78) 59 (92.19) 52 (83.87) 48 (75.00)
Heart failure, n, (%) 0.550
No 35 (55.56) 40 (63.49) 44 (68.75) 36 (58.06) 37 (57.81)
Yes 28 (44.44) 23 (36.51) 20 (31.25) 26 (41.94) 27 (42.19)
Hypertension n, (%) 0.549
No 32 (50.79) 23 (36.51) 27 (42.19) 29 (46.77) 30 (46.88)
Yes 31 (49.21) 40 (63.49) 37 (57.81) 33 (53.23) 34 (53.12)
CAD, n (%) 0.365
No 28 (44.44) 26 (41.27) 37 (57.81) 30 (48.39) 28 (43.75)
Yes 35 (55.56) 37 (58.73) 27 (42.19) 32 (51.61) 36 (56.25)
Diabetes, n (%) 0.323
No 49 (77.78) 44 (69.84) 51 (79.69) 52 (83.87) 53 (82.81)
Yes 14 (22.22) 19 (30.16) 13 (20.31) 10 (16.13) I (17.19)
Drinking, n (%) 0.893
No 54 (85.71) 55 (87.30) 54 (84.38) 56 (90.32) 56 (87.50)
Yes 9 (14.29) 8 (12.70) 10 (15.62) 6 (9.68) 8 (12.50)
Smoking, n (%) 0.526
No 55 (87.30) 52 (82.54) 56 (87.50) 56 (90.32) 59 (92.19)
Yes 8 (12.70) 11 (17.46) 8 (12.50) 6 (9.68) 5(7.81)
Oral anticoagulant, n (%) 0.314
No 43 (68.25) 40 (63.49) 45 (70.31) 33 (53.23) 40 (62.50)
Yes 20 (31.75) 23 (36.51) 19 (29.69) 29 (46.77) 24 (37.50)
Antiplatelet drug, n (%) 0.744
No 27 (42.86) 25 (39.68) 27 (42.19) 31 (50.00) 31 (48.44)
Yes 36 (57.14) 38 (60.32) 37 (57.81) 31 (50.00) 33 (51.56)
Ischemic stroke, n (%) 0.028
No 54 (85.71) 56 (88.89) 58 (90.62) 54 (87.10) 52 (81.25)
Yes 9 (14.29) 7(1111) 6 (9.38) 8 (12.90) 12 (18.75)

Data are shown as mean =+ standard deviation or number (%).One-way ANOVA, the Kruskal-Wallis rank sum test,

Fisher’s test and the chi-square test were used for analysis.

Q, quintile; LVEF, left ventricular ejection fraction; LAD, left atrial diameter; AST, alanine aminotransferase; ALT, aspartate
aminotransferase; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; TGs, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; BMI, body mass index; INR, international standardized ratio; CHADS?2, congestive heart failure, hyper-

tension, age > 75 years, diabetes, and previous stroke/transient ischemic attack; CAD, coronary heart disease.
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Table 3. Multivariable Cox regression analyses between total bilirubin levels and ischemic stroke.

Model |
HR (95% Cl), P value

Model 2
HR (95% Cl), P value

Model 3
HR (95% Cl), P value

Total bilirubin, pmol/L
Total bilirubin

groups, umol/L

Ql

Q2

Q3

Q4

Q5

P for trend

1.02 (1.00, 1.03), 0.025
HR (95% CI), P value

1.0
0.56 (0.26, 1.20), 0.135
0.46 (021, 1.03), 0.060
0.91 (0.45, 1.83), 0.792
1.00 (0.89, 2.06), 0.590
0.723

1.02 (1.00, 1.04), 0.024
HR (95% CI), P value

1.0
0.53 (0.20, 1.44), 0213
0.41 (0.14, 1.20), 0.106
0.88 (0.36, 2.19), 0.789
116 (1.06, 2.93), 0.046
0.123

1.04 (1.01, 1.07), 0.018
HR (95% CI), P value

1.0
0.52 (0.17, 1.65), 0.269
0.23 (0.06, 0.87), 0.029
0.92 (0.32, 2.67), 0.885
1.33 (1.09, 4.41), 0.023
0.019

HR, hazard ratio; Cl, confidence interval; Q, quintile. Data are shown as HR (95% Cl).
Multivariable Cox regression analyses was used. Model | was not adjusted for any variables. Model 2 was adjusted for age,
sex, and body mass index. Model 3 was adjusted for age, sex, body mass index, systolic blood pressure, the congestive
heart failure, hypertension, age > 75 years, diabetes, and previous stroke/transient ischemic attack score, left ventricular
ejection fraction, left atrial diameter, alanine aminotransferase, aspartate aminotransferase, uric acid, total cholesterol,

low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate,
heart failure, coronary artery disease, hypertension, diabetes, drinking, smoking, international standardized ratio value,

and taking oral anticoagulant and antiplatelet drugs.

Cumulative events (1-y)

08

0.6

0.4

0.2
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log-rank P<0.001
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Figure 2. Kaplan—Meier curve of serum total bilirubin levels and initial ischemic stroke.

Q, quintile.
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Figure 3. Multivariate adjusted restrictive cubic curve of serum total bilirubin levels and initial ischemic
stroke.
RR, relative risk.

Table 4. Results of the two-piecewise linear regression model between total bilirubin levels and ischemic
stroke.

HR 95% Cl P value
Cut-off value 17.00
<Cut-off 0.87 0.73, 1.02 0.086
>Cut-off 1.05 1.01, 1.08 0.005
Log likelihood ratio test 0.047

HR, hazard ratio; Cl, confidence interval. The generalized additive model and two-piecewise linear regression model were
used for analysis.

Variables included in the regression model were age, sex, body mass index, systolic blood pressure, the congestive heart
failure, hypertension, age > 75 years, diabetes, and previous stroke/transient ischemic attack score, left ventricular ejection
fraction, left atrial diameter, alanine aminotransferase, aspartate aminotransferase, uric acid, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated glomerular filtration rate, heart
failure, coronary artery disease, hypertension, diabetes, drinking, smoking, international standardized ratio value, and
taking oral anticoagulant and antiplatelet drugs.

bilirubin levels were < 17 umol/L, they may levels were inversely related to stroke.'>'¢

be a protective factor for stroke. The results These findings suggest that low total biliru-
of our study are similar to previous studies, bin levels may have a protective effect
which showed that serum total bilirubin on prevention and treatment of stroke.
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Additionally, the National Health and
Nutrition Examination Survey 1999 to
2004 suggested that higher serum total bil-
irubin levels were associated with a reduced
prevalence of stroke and improved stroke
outcomes.’® This finding supports the
hypothesis that bilirubin is a protective bio-
marker for stroke. A prospective study
from Korea showed that the serum biliru-
bin level might have some protective func-
tion against the risk of stroke in the Korean
population.®® However, we found that
when serum total bilirubin levels were >17
pmol/L, for each 1 unit increase in the total
bilirubin level, the risk of stroke increased
by 5%. This finding indicated that the total
bilirubin level was an independent risk
factor for stroke. This finding suggests
that high total bilirubin levels may
damage blood vessels or tissues, and may
be detrimental to the occurrence of stroke.
Ayromlou et al.*> showed that when total
bilirubin levels were high in the circulation,
they could become highly toxic. This find-
ing suggests that an increased level of bili-
rubin is associated with the severity of
stroke and ischemic areca. We speculate
that the reasons for the difference between
the results of our study and most previous
studies may be as follows. One reason is
that the study population was different
among the studies because enrolled subjects
in our study had atrial fibrillation and most
of the previous studies were on the general
population. Another reason is that the anal-
ysis methods were different between studies.
In our study, not only correlation of multi-
variate Cox regression analysis was carried
out, but also non-linear analysis was per-
formed to examine the cut-off value of bil-
irubin and occurrence of stroke.

Although bilirubin plays a vital role in
development of stroke and may be related
to stroke, its mechanism is still unclear.
Bilirubin can prevent formation of athero-
sclerotic lesions in low-density lipoprotein
receptor-deficient mice by inhibiting

endothelial vascular cell adhesion molecule
1 and intercellular adhesion molecule
1-mediated leukocyte migration.*®> A previ-
ous study showed that bilirubin inhibited
smooth muscle cell proliferation by regulat-
ing growth factor activity.>* Collectively,
the potential biological mechanisms of bili-
rubin during stroke mainly include regula-
tion of lipid oxidation, lipid metabolism,
immune cell migration, anti-inflammation
and proliferation of vascular cells.*>*® In
the future, more basic research is required
to clarify the possible mechanisms and roles
of circulating bilirubin levels in relation to
stroke.

Limitations

This study has some limitations. First, the
diagnosis of atrial fibrillation in this study
was from 24-hour Holter monitoring.
Therefore, some patients with paroxysmal
atrial fibrillation and a history of atrial
fibrillation may have been excluded.
Second, some basecline variables, such as
smoking, alcohol consumption, medication
history, and a history of comorbidity, were
mainly obtained from patients’ self-reports.
Therefore, there was a reporting bias.
Third, although most of the confounding
factors related to stroke were adjusted for,
other variables, such as the duration of
atrial fibrillation, cystatin C, exercise,
inflammation biomarkers, and sleep, were
missing in this study. Additionally, data
on stroke-related scores, the severity of
stroke, imaging results, and the time and
regularity of taking anticoagulant or anti-
platelet drugs were not collected. Finally,
because this study was in a single center
with small number of samples, the results
cannot be extrapolated.

Conclusion

In patients with non-valvular atrial fibrilla-
tion, serum total bilirubin levels are an
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independent risk factor for initial ischemic
stroke, and there is a nonlinear relationship
between them. The risk of ischemic stroke is
lowest when the total bilirubin level is
approximately 17.0 pmol/L. Our research
indicates that serum total bilirubin levels
may contribute to the risk stratification of
atrial fibrillation and detection of bilirubin
levels may have a vital role in early warning
of ischemic stroke. Furthermore, there is
the potential for total bilirubin to serve as
a therapeutic target for oxidative stress-
related diseases, such as ischemic stroke.
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