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correlated to bilirubin
Zheng Li, MD?, Jiahui Zhang, MMed®, Yun Luo, MD®"

Abstract \
Major lipids making effects on the occurrence of acute ischemic stroke (AIS) is well recognized, but their roles on stroke severity |
remain uncertain. To explore the exact roles of lipids playing on stroke severity and the possible mechanism, we conduct this
observational study.

Data was collected from patients with AIS from February 2008 to May 2012. The level of major lipids was compared among AlS
groups with different severity and investigated the correlation. Also, the relationship existed between major lipids and bilirubin.
Mechanism of major lipids playing on stroke severity was researched to determine if oxidative stress reflected by bilirubin.

Lower triglyceride (TG) and higher high density lipoprotein cholesterol (HDL-C) were observed in severe stroke, and obvious
correlation existed between TG and stroke severity or HDL-C and stroke severity. TG was associated negatively with direct bilirubin
(DBIL) and total bilirubin (TBIL), and lower level of DBIL and TBIL were related to higher quartiles of TG. There was no obvious difference of
DBIL and TBIL among the groups of quartiles of HDL-C. TG was the influence factor of stroke severity in severe stroke through multiple
univariable logistic regression. But it was not the independent influence factor after multivariable logistic regression adjusted by DBIL or
TBIL. However, HDL-C was the influence factor of stroke severity through both univariable and multivariable logistic regression.

Lower TG or higher HDL-C predicted severer stroke. The effect of TG on stroke severity was mediated by bilirubin, not HDL-C.

Abbreviations: AIS = acute ischemic stroke, DBIL = direct bilirubin, HDL-C = high density lipoprotein cholesterol, LDL = low
density lipoprotein, LDL-C = low density lipoprotein cholesterol, NIHSS = National Institute of Health Stroke Scale, TBIL = total
bilirubin, TC = total cholesterol, TG = triglyceride, UA = uric acid.
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1. Introduction

Dyslipidemia increases the risk for acute ischemic stroke (AIS),
which has been widely accepted. Elevated blood lipids could induce
changes in the arterial and microcirculatory system by increasing
the production of oxygen free radicals which causing oxidative
stress.!!! Guidelines suggest that controlling hyperlipidemia by
statins is very important in the treatment and prevention of AIS.
The most widely accepted view is that low density lipoprotein
cholesterol (LDL-C) can increase cholesterol deposition in the
arterial wall and lower triglyceride (TG) finally cause the
atherosclerosis. It has been found that TG may be more important
than LDL-C as a risk factor in cardiovascular disease."”! TG could
inhibit the anti-inflammatory and anti-atheroscllerotic activities of
high density lipoprotein and finally damage endothelial cell.”*!

Major lipids play an important role in the occurrence and
development of AIS. Markaki et al reported that higher
cholesterol levels were associated with improved long-term
survival after AIS.!"*! Once the ischemic stroke occurred, lipids can
also have the impact on stroke severity and prognosis. Some
studies found that patients with lower level of TG were shown to
suffer from severer stroke,”™"! unlike others reported opposite
result that higher level of TG suffered from severer stroke.'®! This
kind of negative correlation was also reported between high
density lipoprotein cholesterol (HDL-C) and stroke severity,”~'1!
while some studies showed that there were no association
between these two at all.”*'?! Total cholesterol (TC) was same to
the HDL-C,!®7%13 but studies demonstrated LDL-C was no
association with stroke severity.!®”! In conclusion, the relation
between lipids level and stroke severity is inconsistent.
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What about its possible mechanism of major lipids playing on
the stroke severity, there was none of studies involved in.
Oxidative stress plays the important role through the whole
course of atherosclerosis diseases induced by lipids, while
bilirubin can partly reflect the level of oxidative stress.!'*1!
Bilirubin has been provided as an endogenous anti-oxidant for it
has the ability to scavenge peroxyl radicals and to inhibit low
density lipoprotein (LDL) oxidation.!"®) Bilirubin is also involved
in the pathogenesis of cardiometabolic disorders, during which
oxidative-stress is considered to play an important role.'”!
Dullaart et al found that higher level of bilirubin was related to
lower risk of atherosclerosis diseases such as cardiocerebral
vascular diseases.!'®! The aim of this study is to find the exact
relationship between major lipids and stroke severity, and its
possible mechanism whether the oxidative stress reflected by
bilirubin was involved in.

2. Materials and methods

2.1. Study subjects

Data for this study was collected from the hospitalized patients of
department of neurology at the affiliated drum tower hospital of
Nanjing university medical school from February 2008 to May
2012. The study was approved by the institutional committee of
affiliated drum tower hospital of Nanjing university medical
school (No. 2011051). At admission, plain CT scan of the head
was done to rule out haemorrhage and MRI was done to identify
the new infarction. Baseline clinical information and blood index
(including lipids and bilirubin, et al) were collected and recorded.

2.2. Definition of the stroke severity

Stroke severity was reflected by National Institute of Health
Stroke Scale (NIHSS) scores!'”! on the day of admission. Subjects
were divided into mild stroke (NIHSS < 8), moderate to severe
stroke (8= <NIHSS < =15) and severe stroke (NIHSS > 15).

2.3. Blood collection and analysis

Venous blood was collected following overnight fasting for at
least 12 hours at the day of hospitalization, and analyzed by a
solid-phase chemiluminescent immunometric assay on Immulite
2000 with the manufacturer’s reagents as directed to direct
bilirubin (DBIL), total bilirubin (TBIL), uric acid, blood glucose,
TG, TC, HDL-C, and LDL-C.

2.4. Statistical analyses

Statistical analyses were performed with SPSS 17.0 software. The
results were expressed as mean + SD for the continuous variables
(¢-test) depending on their normal distribution. Logistic regres-
sion was used to determine the correlation. The level-risk
relationship was denoted by OR, with a corresponding 95% ClI,
using logistic regression. Level of significance for statistical
purposes was stated at P<.035.

3. Results

3.1. Baseline characteristics

We enrolled AIS patients who signed an informed consent were
hospitalized in the department of neurology from February 2008 to
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May 2012. A total of 610 patients, including 385 males and 225
female, with an average age of 66.7 years old were enrolled. There
were 434 patients who had hypertension and 202 patients who had
DM and 81 patients who had AF coexistence with AIS. According
to the NIHSS scores, 472 patients were allocated into mild stroke
group, 108 were into moderate to severe stroke group and 30 were
into severe stroke group. The mean+SD of DBIL, TBIL, blood
glucose, uric acid, TG, TC, HDL-C, LDL-C was 4.706 +2.541
umol/L, 18.313 +9.432umol/L, 6.919+2.832mmol/L, 329.086
+102.708 umol/L, 1.507+0.987mmol/L, 4.799+1.031 mmol/
L, 1.144+£0.363mmol/L, 2.563 + 0.747 mmol/L respectively.

3.2. Correlation between major lipids and stroke severity

Lower level of TG and higher level of HDL-C were observed in
the severe stroke group compared to the mild stroke group, and
the difference was significant. Despite the difference of TC was
also existed among 3 groups, but the highest level of it was in the
moderate to severe stroke group. There was obvious correlation
between TG and NIHSS scores (negative correlation), HDL-C
and NIHSS scores (positive correlation) (Table 1).

3.3. Correlation between major lipids and bilirubin

There was obvious correlation between TG and DBIL or TBIL
(negative correlation), HDL-C and DBIL or TBIL (positive
correlation). Then, TG was categorized into 4 groups according
to the quartiles (Q1<0.88, 0.88=<Q2<1.27, 1.27=<
03<1.8, O4>=1.8), we found that there was significant
difference in DBIL and TBIL among groups with the change
of TG. While HDL-C was categorized into 4 groups according to
the quartiles (O1 <0.88, 0.88=<02<1.07,1.27=<Q3 < 1.35,
Q4> =1.39), there was no obvious difference in DBIL and TBIL
among 4 groups according to the level of HDL-C (Table 2).

3.4. Influence factors of the stroke severity

TG was correlated to the stroke severity, so did the bilirubin.
Also, HDL-C was correlated to the stroke severity, despite of
there was no obvious difference of DBIL or TBIL among the
quartiles of HDL-C. The relation among the lipids including TG

Comparison of major lipids among different severe stroke groups
and correlation between major lipids and NIHSS.

Moderate to Severe
Mild stroke severe stroke stroke
Variables (n=472) (n=108) (n=30) P
TG 1.549+1.022 1.440+0.899 1.089+0.516" .034
TC 4721+1.017 5.09211.076: 4.968 +0.885 .002
HDL-C 1.105+0.344 1.243+0.380 1.401+0.420 .000
LDL-C 2.528+0.743 2.717+0.776 2.551+0.631 .060
Variables R P
TG and NIHSS —0.121 .003
TC and NIHSS 0.087 .032
HDL-C and NIHSS 0.194 .000
LDL-C and NIHSS 0.030 464

HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, NIHSS =
National Institute of Health Stroke Scale, TC = Total cholesterol, TG = triglyceride.

“P<.05 vs Mild stroke.

#P<.05 vs Moderate to severe stroke.
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Correlation between maijor lipids and bilirubin and comparison of bilirubin among group of quartiles of TG or HDL-C.

Variables R P
TG and DBIL —0.194 .000
HDL-C and DBIL 0.086 .033
TG and TBIL —0.160 .000
HDL-C and TBIL 0.110 .007
16
Variables Q1 (n=151) 02 (n=153) Q3 (n=153) 04 (n=153) P
DBIL 5.528 +3.585 4.930+1.987 4158+2.122 4.219+1.864 .000
TBIL 20.155+11.367 19.616+9.588 16.443+7.916 17.061+8.008 .001
[0,2-5]HDL-C#
a1 (1=143) Q2 (1=150) 03 (n=164) 04 (1=153)
DBIL 4.500+2.338 4.651+2.186 4.620+2.994 5.045+2.509 .270
TBIL 17.369 +10.467 18.145+9.252 17.845+8.227 19.860 +9.698 112

DBIL = direct bilirubin; HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; TBIL = total bilirubin; TC = Total cholesterol; TG = triglyceride.

" Quartiles of TG, Q1< 0.88, 0.88=<02<1.27, 1.27=<03<1.8, Q4 >=1.8.
#Quartiles of HDL-C, Q1< 0.88, 0.88=<Q2 < 1.07, 1.27 =< Q3<1.35, Q4 >=1.35.

and HDL-C, stroke severity and bilirubin is unclear. To
investigate the role of major lipids playing on the stroke severity,
multiple logistic regression (mild stroke was set as reference) was
performed between stroke severity and relative risk factors. It
demonstrated that HDL-C, DBIL and TBIL were the influence
factors of stroke severity, whatever univariable or multivariable
logistic regression both in group of moderate to severe stroke and
severe stroke. TG was also the influence factors of stroke severity
in severe stroke subgroup through univariable logistic regression,
with OR (95% CI, P) was 0.407 (0.205-0.808, 0.010), but the
significance of it disappeared after multivariable logistic regres-
sion adjusted by DBIL or TBIL, the result was 0.601 (0.304—
1.187, 0.142) or 0.586 (0.295-1.162, 0.126) (Table 3).

4. Discussion

Using the inpatients in our hospital with AIS, we confirmed that
low level of TG or high level of HDL-C resulted in severe stroke.
Both of TG and HDL-C have the impact on the stroke severity,
but the mechanism behind it was not different, which was
demonstrated with logistic regression that the role of TG playing
on stroke severity was mediated by bilirubin partly, nor did the
HDL-C.

Hyperlipidemia has a well-known association with atherogen-
esis.?’! It begins when excess lipoproteins such as LDL
accumulate in the subendothelial space, then they were
oxidatively modied and taken selectively by macrophages and

Relative risk of stroke severity versus risk factors though logistic regression.

Variable Beta estimate OR 95% CI P
Multiple (moderate to severe stroke) TG —0.122 0.885 0.700-1.119 .307
HDL-C 1.071 2917 1.651-5.155 .000
Univariable DBIL 0.172 1.187 1.092-1.291 .000
TBIL 0.048 1.049 1.028-1.072 .000
TG 0.071 1.074 0.853-1.351 .554
Multivariable HDL-C 1.041 2.831 1.562-5.134 .001
DBIL 0.165 1.180 1.083-1.285 .000
TG 0.058 1.059 0.841-1.334 .624
Multivariable HDL-C 1.016 2.763 1.520-5.023 .001
Multiple (severe stroke) TBIL 0.047 1.048 1.026-1.070 .000
TG —0.899 0.407 0.205-0.808 .010
HDL-C 1.811 6.116 2.648-14.130 .000
Univariable DBIL 0.193 1.213 1.084-1.357 .001
TBIL 0.056 1.058 1.026-1.090 .000
TG —0.510 0.601 0.304-1.187 142
Multivariable HDL-C 1.545 4.690 1.959-11.228 .001
DBIL 0.165 1.180 1.048-1.328 .006
TG —0.534 0.586 0.295-1.162 126
Multivariable HDL-C 1.521 4.579 1.916-10.944 .001
TBIL 0.049 1.051 1.018-1.085 .002

Multiple logistic regression: mild stroke (NHSS<8) was set as reference.

DBIL = direct bilirubin; HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; TBIL = total bilirubin; TC = Total cholesterol; TG = triglyceride.
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monocytes.*!! Atherothrombosis is the most common stroke
etiology as we all know,??! which may be caused by lifestyle
changing such as the increased dietary fat and cholesterol intake.
The relationship of major lipids to the risk of future ischemic
stroke!?®! and worse outcome®*! has been proved. Also, Yan’s
study showed that a lower TG/HDL-C was independently
associated with death and worse outcome at 3 months in AIS.!*!
But the correlation of lipids and stroke severity has long been
controversial. Several studies reported patients with lower TG
level suffered from severer stroke[569], but another study
deminstrated higher TG in patients with severer stroke.!®
HDL-C was also reported that it had negative correlation or
no correlation with stroke severity,” ! so did the TC[679],
while there was no correlation between LDL-C and stroke
severity[679]. In 1 word, there were few studies evaluated the
relationship between all major lipids and stroke severity, none of
which deal with the possible mechanism.

A principal discovery of our study was that patients with lower
TG and higher HDL-C level were shown to suffer from severer
stroke. This kind of negative correlation between TG and stroke
severity was similar to that of Dziedzic et al[569]. Bouziana and
Tziomalos thought these associations might be explained by the
relationship between low TG and malnutrition caused by
stroke.[*®! Other believed it was possible that severe stroke with
swallowing disorder leading to maluntirtion.”*”! While our study
got the data of major lipids on the day of admission, so the
dysphagia of AIS patients could be excluded. In addition, 2nd
data in vitro suggested that TG might protect against fatty acid-
induced lipotoxicity,8! which might explain the consequence we
have achieved.

In the present study, higher HDL-C was associated with severer
stroke, which was in contrary to Tziomalos et al® " and never
reported in the past studies. Also, it was contrary to our
conventional belief that HDL-C has a protective effect on
cardiovascular and cerebrovascular diseases. Higher HDL-C
levels suffered from milder clinical manifestation, which can be
explained with its neuroprotective role of antioxidant, anti-
inflammatory or antithrombotic. What is the explanation of our
finding? Elevated TG and reduced HDL-C often occur together
for it may be a marker for impaired HDL-C function.”**! This
phenomenon could be explained as that elevation of TG may
increase the exchange from TG-rich lipoproteins to HDL or LDL
particles and finally caused the depression of HDL-C concentra-
tion in hypertriglyceridemia,*°! which may partly interpret the
result of our study.

In contrast to the results of TG and HDL-C, neither TC nor
LDL-C were related to the stroke severity in our research. There
seldom was evidence that TC had the impact on stroke severity,
besides that, patients with lower TC levels suffered from severer
stroke reported by Koton et al."3! But in the research, the TG
level was not evaluated, so researchers!”! thought the association
between lower TC and stroke severity might partly due to the
lower TG. In our study, moderate to severe stroke group had the
highest level TC and no correlation was between TC and NIHSS,
so did the LDL-C, which was in line with Jain!”! and Weir’s!®!
studies.

In addition, we studied the correlation between bilirubin and
major lipids above in patients of AIS, and we found that TG was
associated negatively while HDL-C was associated positively
with bilirubin, which was accorded with the previous report.['”!
Significant difference of DBIL or TBIL was also observed among
the quartiles of TG, nor did HDL-C, demonstrated that TG was
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related to bilirubin more tightly. Bilirubin is not only a terminal
metabolite of heme metabolism, but also an important endoge-
nous antioxidant, which is correlated with the stroke severity and
can partly reflect the intensity of oxidative stress of AIS.H*15!
Anti-oxidative activities was one of the key functional properties
of HDL,P!" revealed that lipids had an impact on the oxidative
stress. We want to know if the impact of lipids playing on stroke
severity is related to bilirubin. To confirm our hypothesis, with
univariable and multivariable logistic regression were performed,
we found that TG had the correlation with stroke severity in
univariable logistic regression, but had no association in
multivariable logistic regression after adjusting DBIL or TBIL,
which confirmed that the role of TG playing on stroke severity
was partly mediated by bilirubin, served as the marker of
oxidative stress. On the contrary, this kind of role was not found
in HDL-C, demonstrated that the role of HDL-C playing on
stroke severity was not through bilirubin.

Lower TG and higher HDL-C levels appeared to be associated
with severer stroke. Besides, the correlation between TG and
stroke severity was achieved through the effect of bilirubin, but
the specific upstream and downstream signaling pathways was
not clear. We look forward to the future, routine measurement
such as TG, HDL-C, bilirubin may be useful in risk stratification
in AIS. On the other hand, the specific mechanism remains
unclear, more studies are needed to be explored about the
molecular pathways behind it.

5. Limitations

Patients from a single neurological hospital in China is the
main limitation of this study, and it will be easy to cause the
deviation of grouping. Second, the number of severe stroke
subtype was very small, which may have affected the statistical
result of the study. Third, congounders like age, gender, DM,
AF were not taken into consideration. In the future, we will
expand the sample size, especially for the severe stroke subtype
and take more confounders into consideration to make the study
better.

6. Conclusion

Major lipids, such as TG and HDL-C, had an impact on the
stroke severity. The role of TG playing on stroke severity was
related to oxidative stress partly, nor did the HDL-C. Exact
mechanisms behind it need to be further explored, which might
be helpful to stroke treatment.
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