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Association of low serum cholesterol levels with
increased risk of primary intracerebral hemorrhage

Kriangsak Champawong and Chumpon Jetjumnong
Department of Surgery, Faculty of Medicine, Chiang Mai University

Objective Several of the risk factors that increase the risk of primary intracerebral hemorrhage
(PICH) are well documented. However, the association between serum cholesterol levels and
PICH is still controversial. The objective of this study was to evaluate the correlation between serum
cholesterol levels and PICH in Thai people.

Methods In this retrospective case-control study, the serum cholesterol levels in PICH patients
were compared to an independent control group in a primary care practice hospital in patients
having yearly health check ups during the study. Participants were matched for age, gender, and
race. The lowest quartile of the pooled blood lipid distribution was designated as the low cholesterol
threshold.

Results From 2015 to 2016, 55 cases of PICH and 112 control cases were enrolled. The mean
total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) level in the PICH group was
significantly lower than the control group (TC 176 mg/dL vs 211 mg/dL, p<0.001; LDL-C 107.2 mg/dL
vs 145 mg/dL, p<0.001, respectively). Alow LDL-C also increases the odds of hemorrhage by 11.78-fold
(3.78-36.67, p< 0.001) after adjustment for covariates.

Conclusions Low serum TC and LDL-C levels are associated with an increased risk of PICH in
Thai people. Chiang Mai Medical Journal 2018;57(4):165-71.
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Introduction

Cerebrovascular disease or stroke is a sig-
nificant public health issue in most countries.
The number of disabilities and deaths due
to strokes are continuously rising due to the
aging of populations. Ten to fifteen percent of
all strokes are caused by intracerebral hemor-
rhage (ICH), and 85% are considered to be
primary intracerebral hemorrhage (PICH) (1).
Even with the best medical or surgical treat-
ment, the 30-day mortality rate is still as high

as 35-52% (2). Hence, identification of modifi-
able risk factors is crucial for disease preven-
tion.

Several risk factors for PICH, including old
age, hypertension (HTN), cerebral amyloid an-
giopathy (CAA), and alcohol consumption are
well documented (3-5). However, the ideal
level of serum cholesterol is still controversial.
While hyperlipidemia has been demonstrated
to be a risk factor for cardiovascular disease
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and ischemic stroke, a low cholesterol level
has been found to increase the risk of PICH in
many population-based studies done in various
countries.

In addition, the 3-hydroxy-3-methyl glutaryl-
coenzyme A (HMG-CoA) reductase inhibitors
or statins, which primarily reduce serum levels
of TC and LDL-C, are widely used and have
achieved favorable outcomes for both primary
and secondary prevention in ischemic stroke
patients (6-9). In post hoc analysis, however,
a stroke prevention by aggressive reduction in
cholesterol level trial (SPARCL trial) demon-
strated that atorvastatin was associated with
an increased risk of PICH (8,10). This contro-
versy may affect secondary prevention strate-
gies and the use of lipid-reducing drugs in
PICH patients (11-17).

In Thailand, no study has reported an as-
sociation between serum cholesterol and the
risk of PICH. This study tested the hypothesis
that low serum cholesterol levels might be as-
sociated with PICH and investigated the rela-
tionship between different categories of cho-
lesterol and the risk of PICH.

Methods

The protocol for this retrospective case-control
study was approved by the Research Ethics Commit-
tee, Faculty of Medicine, Chiang Mai University. The
study was conducted with the informed consent of all
participants or their guardians.

One hundred and fifty-five consecutive adult pa-
tients admitted to Maharaj Nakorn Chiang Mai Hospi-
tal, Chiang Mai, Thailand from January 2015 through
December 2015 with a diagnosis of ICH were enrolled
in this study. The diagnosis of ICH was defined as a
sudden onset of an acute neurological event with con-
firmation of acute intraparenchymal hematoma shown
on brain computed tomography (CT) scans. Of 155
cases, a total of 55 patients were considered as hav-
ing PICH after excluding patients who had had a prior
cerebrovascular accident (n=16); secondary ICH related
toaneurysm (n=13), arteriovenous malformations (n=11),
trauma (n=11) or tumors (n=14), excessive anticoagu-
lation (international normalized ratio>1.3), or who had
received anticoagulant therapy (n=12). Because of the
effect of diabetes on lipid levels, patients requiring dia-
betes medication (insulin or oral hypoglycemic agent
(n=23) were also excluded.

The control group consisted of 112 individuals
who presented to a primary care clinic for a routine
check-up examination without a prior cerebrovascular
accident and who did not require diabetes medication
treatment during the study period. The patient and
control groups were matched for age, sex, and race. A
flow chart summarizing inclusion and exclusion criteria
is shown in Figure 1.

All patients were Thai and each patient’s history,
physical examination, baseline characteristics including,
age, sex, presence of hypertension (defined as pre-
hemorrhage blood pressure documented to be >140
mmHg systolic or >90 mmHg diastolic or use of an anti-
hypertensive agent), and use of statins were recorded.

For the patient group, serum lipid profiles were ob-
tained after eight or more hours of fasting within 48
hours of an acute vascular event and were reported in
mg/dL. TC, high density lipoprotein cholesterol (HDL-
C), and triglyceride (TG) levels were measured in serum
by standard chemical methods and the LDL-C levels
were calculated using the Friedewald formula.

Statistical analysis

The low serum lipid threshold (TC <186mg/dL,
HDL-C<40mg/dL, LDL-C<109.7mg/dL, TG <83 mg/dL)
was designated as the lowest quartile based on the
pooled blood lipid distribution as described in a study
by Sturgeon et al. (18). The proportion of individu-
als with low cholesterol and TG in the PICH and the
control group was compared using 2x2 tables using
Fisher’s exact test to determine statistical significance.
Demographic data, cholesterol levels, and TG values
of PICH patients and controls were compared using
either the t-test or the Mann-Whitney U test. All the sig-
nificance tests were two-sided, with p<0.05 designated
as statistically significant unless stated otherwise. All
confidence intervals (Cl) were set at 95%. Multivariate
logistic regression analysis was performed. The poten-
tial covariates examined were hypertension and statin
use. All analyses were performed using Stata software.

Results

A total of 55 patients and 112 healthy con-
trols were enrolled in this study. The demo-
graphic data is summarized in Table 1. The
mean age was 57.7+14.1 years for patients
and 58.4+£12.7 years for controls. Forty-five
patients (81.8%) and eighty-three controls
(74.1%) were male. There were no significant
differences in the distribution of age, sex, or
statin use between the two groups. However,
the frequency of hypertension was significantly
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Primary care practice unit for routine
check-up from Jan through Dec 2015

Exclusion criteria Exclusion criteria
16  Prior CVA Prior CVA <
13 Aneurysm DM
11 AVM
—p 11 Trauma
14 CNS tumor
12 Coagulopathy
23 DM
Age, Sex, Race matched
v v
55 cases 112 controls
X N
Blood exam within 48 hr. after Low serum lipid level: lowest Fasting for 8 hr.
neurological deficits/ Fasting for quartile of the pooled blood lipid
8 hr. distribution
TC<186mg/dL
HDL-C<40mg/dL
LDL-C<109.7mg/dL
TG<83mg/dL

Figure 1. Flow chart of inclusion and exclusion criteria

Table 1. Demographic data in patients with primary intracerebral hemorrhage (PICH) and controls

Characteristics PICH patients (n=55) controls (n=112) p-value
Age in years 57.7 £14.1 58.4+12.7 0.756
Sex, male/female 45 (81.8%)/10 (18.2%) 83 (74.1%)/29 (25.9%) 0.332
Hypertension 29 (562.7%) 29 (25.9%) 0.001
Statin use 2 (3.6%) 10 (8.9) 0.340

higher in the patients than in the control group,
(57% vs 25.9%, p=0.001).

The mean TC and LDL-C levels in patients
were significantly lower than in the control
group (TC 176 mg/dL vs 211mg/dL, p<0.001;
LDL-C 107.2mg/dL vs 145.4, p<0.001, respec-
tively). There were no significant differences
in HDL-C or TG in mean analysis between pa-
tients and controls (Table 2).

A significantly higher proportion of patients
had TC and LDL-C values in the lowest quar-
tile compared to controls. Lower TC values
(below 186 mg/dL) were found in 60% of the

patients and 27.7% of the control group (p<
0.001); lower LDL-C (below 109.7 mg/dL) was
found in 56.4% of the patients and 11.6% of
the control group (p<0.001).

Multivariate analysis was performed to con-
trol for potential covariates of cholesterol such
as hypertension and prior use of statin. The
presence of low LDL-C remained a significant
predictor of hemorrhage. The odds ratio of low
LDL-C in the hemorrhage patients was 9.84
(95% Cl=4.48-21.59) unadjusted and 11.78
(95% CI=3.78-36.67) after adjusting for hyper-
tension and prior use of statins (Table 3).
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Table 2. Serum lipid levels in patients with primary intracerebral hemorrhage (PICH) and controls

Serum lipid level PICH patients (n=55)  controls (n=112) p-value
TC
Mean +SD (mg/dL) 176151.6 211+40.2 <0.001
<186 mg/dL, n (%) 33 (60.0) 31 (27.7) <0.001
HDL-C
Mean +SD(mg/dL) 49.7+14.6 53.9+14.8 0.085
<40 mg/dL, n (%) 15 (27.3) 14 (12.5) 0.028
LDL-C
Mean +SD(mg/dL) 107.2+44.2 145.4+31.6 <0.001
<109.7 mg/dL, n (%) 31 (56.4) 13 (11.6) <0.001
TG
Median (range) (mg/dL) 105 (41-1480) 119 (49-400) 0.352
<83 mg/dL, n (%) 17 (30.9) 27 (24.1) 0.356

TC; total cholesterol, HDL-C; high density lipoprotein cholesterol, LDL-C; low density lipoprotein
cholesterol, TG; triglyceride

Table 3. Logistic regression analysis of the association of low serum lipid fraction and PICH

Factors Univariate analysis of factors for Multivariate analysis of factors for
PICH PICH

OR 95% CI p-value OR 95% CI p-value
Hypertension 3.19 1.62106.29 0.001 4.35 1.881t010.03  0.001
Statin use 0.38 0.08 to 1.82 0.229 0.11 0.02 to 1.47 0.203
TC <186 mg/dL 3.92 1.99t07.74 <0.001 1.21 0.44 to0 3.32 0.706
HDL-C <40 mg/dL 2.63 1.16 t0 5.94 0.020 0.92 0.32 to 2.65 0.880
LDL-C <109.7 mg/dL 9.84 4.48 t0 21.59 <0.001 11.78 3.78t0 36.67  <0.001
TG < 83 mg/dL 1.41 0.69 to 2.89 0.349 0.63 0.23t0 1.76 0.378

TC; total cholesterol, HDL-C; high density lipoprotein cholesterol, LDL-C; low density lipoprotein cholesterol,

TG; triglyceride

Discussion

Thai patients with PICH had an average
age of 57.7 years and were predominantly
male (45 cases, 81.8%). Hypertensionin PICH
patients was significantly higher than in the
control group (57.2% vs 25.9%, p=0.001) with
an odds ratio of 3.19 (95% CIl=1.62-6.29, p=
0.001). This study confirmed that hypertension
is a consistent risk factor for PICH.

In this study, we found that TC and LDL-C
levels were significantly lower in the patient
group compared to the control group. However,
the HDL-C and TG levels were not significantly
different between the two groups. The propor-
tion of PICH patients who had TC and LDL-C
levels in the lowest quartile was also higher than
that of the control group. This finding is in con-
cordance with large epidemiological studies

in other Asian countries such as Japan, China,
Korea, and India, and even among several
Western countries (19-25).

Pathology studies in PICH patients with
chronic hypertension have shown hyperplasia
of the tunica media in the small artery walls
that eventually resulted in fibrinoid necrosis.
Lipids are essential components of the cell
membrane and play an important role in main-
taining the stability of endothelial cells and the
integrity of cerebral small vessels. It has been
proposed that lower cholesterol levels result
in a weakened endothelium that more readily
leads to arterial fragility, hemorrhages, or slower
repair after small hemorrhages. However, it re-
mains unclear whether low cholesterol directly
promotes ICH through these or other mecha-
nisms.
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Although statin therapy has been shown to
reduce the risk of ischemic stroke, its use in
PICH patients is still controversial. Because
statins can reduce platelet aggregation and
have antithrombotic effects, some authors sug-
gest avoiding statin therapy in PICH (26,27).
Nonetheless, other studies designed specifi-
cally to assess the effect of statin use after
ICH found statins to be safe and to have even
improved functional outcomes(17, 28-31). The
author suggests that until a well-designed ran-
domized controlled trial has been conducted,
statin therapy in PICH patients should be con-
sidered carefully and closely monitored.

Several limitations in this study should be
addressed. First, a potential source of error
in this study is the use of serum lipid levels
during the first 48 hours after ICH as an esti-
mate of pre-hemorrhage levels. Some studies
carried out following strokes have reported
that cholesterol levels decline in the first 24-48
hours after a stroke (32). Flint et al (30) studied
the cholesterol levels in a smaller group of
PICH patients and found TC to be lower after
one week than within 48 hours of hemorrhage.
They concluded that lipid profiles should be
assessed either within 48 hours of stroke on-
set or delayed for three months to avoid inac-
curate measurement (33). A second limitation
is that since PICH patients who were admitted
to the hospital and enrolled in this study were
those who had survived the onset of PICH, a
survival bias might exist. Furthermore, as the
largest teaching hospital in Chiang Mai, Thai-
land, patients with more critical conditions
tend to be admitted to this hospital, which may
have lead to the introduction of selection bias.

Conclusions

Low total and LDL cholesterol levels are as-
sociated with an increased risk of PICH. Clini-
cians should be aware of the risk of PICH in
hypertensive patients with very low cholesterol
levels. The use of cholesterol-lowering drugs
must be carefully prescribed and regularly
monitored. Because of the complex pathogen-
esis of PICH, however, we are still unable to
claim that this relationship is a causative factor
of PICH. Further investigation is warranted to
answer that question.
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