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Associations between Lipid Levels and Intracerebral
Hemorrhage
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Background: Intracerebral hemorrhage (ICH) is a complex medical condition found to be associated with various factors, including advanced age,
male gender, Asian ethnicity, tobacco use, hypertension, and chronic renal insufficiency. Despite the aforementioned associations, the relationship
between lipid fractions and ICH remains ambiguous and has received limited attention in the literature, particularly with respect to Thai populations.

Objective: To investigate the potential association between lipid levels and primary ICH.

Materials and Methods: The present study employed a retrospective case-control design and enrolled 314 primary ICH cases presented at Rajavithi
Hospital between 2012 and 2022. A control group of 366 subjects was established using an age-matching procedure and computer-generated
randomization. Participants with coagulopathies or those receiving anticoagulant therapy were excluded. Statistical analysis was performed using
binomial and multivariate logistic regression to evaluate the relationship between ICH and the various factors.

Results: The present study identified six factors that were independently associated with ICH through bivariate analysis, including male gender
(odd ratio [OR] 2.497, 95% confidence interval [CI] 1.829 to 3.407; p<0.001), systolic blood pressure (SBP) (OR 1.023, 95% CI 1.016 to 1.029;
p<0.001), diastolic blood pressure (DBP) (OR 1.050,95% CI 1.037 to 1.062; p<0.001), total cholesterol (OR 0.994,95% CI 0.991 to 0.998; p=0.001),
high-density lipoprotein cholesterol (HDL) (OR 0.985,95% CI 0.975 to 0.995; p=0.003), and low-density lipoprotein cholesterol (LDL) (OR 0.994,
95% CI 0.991 to 0.998; p=0.002). Multivariate logistic regression revealed five factors to be associated with ICH, including male gender (adjusted
OR 1.904, 95% CI 1.293 to 2.803; p=0.001), elevated SBP (adj. OR 1.024, 95% CI 1.017 to 1.032; p<0.001), elevated DBP (adj. OR 1.051, 95% CI
1.037 to 1.064; p<0.001), decreased total cholesterol levels (adj. OR 0.993, 95% CI 0.988 to 0.997; p=0.001), and decreased LDL (adj. OR 0.994,
95% CI 0.990 to 0.999; p=0.010). HDL was found to not be significantly associated with ICH (adj. OR 1.003, 95% CI 0.990 to 1.016; p=0.643).

Conclusion: The results of the present study suggest that male gender and elevated levels of SBP and DBP were independently associated with
ICH, as were decreased levels of total cholesterol and LDL.
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Stroke is a leading cause of death and disability
globally, with intracerebral hemorrhage (ICH)
accounting for 10% to 15% of all stroke cases!'-?.
The incidence of ICH is particularly high in Asian
populations, with an estimated 20% of all stroke
cases being attributed to ICH®. This type of stroke
is associated with high mortality and morbidity rates,
with a mortality rate of 25% to 50% within the first
month and only 12% to 39% of survivors being able to
perform normal daily activities without assistance®.
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Additionally, ICH is often followed by secondary
ischemic strokes and other blood vessel abnormalities
in the brain®. The location of ICH within the brain
can be classified as ganglionic, lobar, cerebellar,
or pontine!”. Similarly, lipids can be classified into
many types, such as total cholesterol, triglycerides,
high-density lipoprotein cholesterol (HDL), and low-
density lipoprotein cholesterol (LDL), which have
different functions. Moreover, diagnostic criteria
for hyperlipidemia vary in definition based on the
lipid type.

Several risk factors have been identified as
being associated with ICH including advanced age,
male gender, Asian ethnicity, genetics, smoking,
hypertension, alcohol consumption, chronic renal
failure, high uric levels, and coagulopathy®*59.
Interestingly, high cholesterol levels have been
documented to be a protective factor against
ICH®*379_ The relationship between ICH risk
and various factors such as lipid levels, diabetes
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Figure 1. Flowchart of patient selection.

ICH=intracerebral hemorrhage; HDL=high-density lipoprotein cholesterol; LDL=low-density lipoprotein cholesterol

mellitus, body mass index (BMI), exercise, smoking,
and alcohol consumption remains uncertain, with
numerous studies yielding inconsistent results®.
Currently, there is no empirical evidence to support
the use of statins for the prevention of recurrent
ICH(]O-IZ)_

Given the severe health consequences and the
urgency of treatment required for ICH, it is important
to explore associated factors to develop preventive
measures that may reduce its incidence. Research
on the association between lipid levels and ICH
is still limited, particularly in the Thai population.
Furthermore, some investigations have been carried
out in patients receiving recombinant tissue-type
plasminogen activators, anti-coagulants, and anti-
platelet aggregation medications. There is still a need
for further research in this area.

Materials and Methods

The present study was designed as a retrospective
case-control investigation, wherein the data were
collected through a review of medical records from
both inpatients and outpatient departments between
2012 and 2022. The study population consisted of
370 Thai individuals diagnosed with ICH at Rajavithi
Hospital, and had at least one recorded lipid level
result, served as the case group. An additional 370
Thai individuals free of ICH, having recorded lipid
level results, were enrolled through 1:1 age-matching
by means of computer randomization constituted as
the control group. The exclusion criteria were the
presence of health conditions that could lead to ICH,
such as atrioventricular aneurysm, head injury, and
coagulopathy, as evidenced by factors such as low
platelet count or prolonged international normalized
ratio (INR). Consequently, 56 participants from the
case group and four participants from the control
group were excluded from the analysis.
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Rajavithi Hospital’s laboratory system had
obtained certification from the International
Organization for Standardization (ISO) for both
15189 and ISO 15190. The certification of Rajavithi
Hospital’s laboratory system for both standards
demonstrate the hospital’s commitment to maintaining
a high level of quality and competency in its medical
laboratory services, as well as its effective use of
technology to support laboratory processes.

Three hundred seventy patients diagnosed with
ICH were enrolled in the present study, of which
314 were eligible for analysis after exclusion of 56
cases due to non-primary ICH diagnosis or presence
of coagulopathy. The control group consisted of 366
age-matched participants, randomized by computer,
with four cases excluded due to coagulopathy.
Ultimately, both the study group with 314 cases, and
the control group with 366 participants, were included
in the analysis, as demonstrated in Figure 1.

The present study utilized statistical methods
to analyze the associations between ICH and the
various factors. Continuous variables were compared
using either the t-test or the Mann-Whitney U
test, depending on the distribution of the data.
Categorical variables were compared using the
chi-square test or Fisher’s exact test. Bivariate
and multivariate logistic regression analyses were
performed using Stata Statistical Software, version
16 (StataCorp LLC, College Station, TX, USA)
to explore the association between ICH and the
different factors. The level of statistical significance
was set at p-value less than 0.05, indicating that a
p-value less than 0.05 was considered statistically
significant.

Additionally, collinearity was assessed for
the data and found to be not significant. Effect
modification (interaction effect) was also evaluated
and found to be not significant.
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Table 1. Characteristics of both ICH and non-ICH patients

Factors Cases (n=314) Controls (n=366) p-value
Age (years); mean+SD 60.03+13.84 59.61+13.66 0.687
Sex; n (%) <0.001*
Female 110 (35.03) 210 (57.38)
Male 204 (64.97) 156 (42.62)
BMI (kg/m?); mean+SD 25.0145.04 24.68+4.69 0.429
Underlying health conditions; n (%) 140 (44.59) 182 (49.73) 0.181
Diabetes mellitus; n (%) 46 (14.65) 70(19.13) 0.123
Hypertension; n (%) 114 (36.31) 155 (42.35) 0.108
Chronic kidney disease; n (%) 27 (8.60) 19 (5.19) 0.081
Atrial fibrillation; n (%) 5(1.59) 2 (0.55) 0.199
Antiplatelet; n (%) 16 (5.10) 30 (8.2) 0.112
SBP (mmHg); mean+SD 148.14432.82 133.17419.23 <0.001*
DBP (mmHg); mean+SD 86.52+20.92 74.11+£11.83 <0.001*
TC (mg/dL); mean+SD 187.05+48.31 199.48+44.56 0.001*
Triglycerides (mg/dL); mean+SD 137.13£93.76 140.67+90.10 0.621
HDL (mg/dL); mean+SD 50.671+16.71 54.621+15.39 0.003*
LDL (mg/dL); mean+SD 117.70+44.34 128.19+42.20 0.002*
GFR (mL/minute/1.73 m?); mean+SD 83.48+26.28 81.13+21.95 0.219
Platelet (X10%/mL); mean+SD 259.47184.78 270.23475.63 0.095

SD=standard deviation; BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure; TC=total cholesterol; HDL=high-density
lipoprotein cholesterol; LDL=low-density lipoprotein cholesterol; GFR=glomerular filtration rate

Ethical considerations

The present study was granted ethical approval
by the Ethics Committee of Rajavithi Hospital in
May 2022 (approval number 083/2022).

Results

The present study comprised a sample of 680
participants, with a mean age of 59.80 (+13.73)
years and a mean BMI of 24.83 (+4.85) kg/m?. A
significant proportion or 47.35% of the participants
had preexisting health conditions, including 17.06%
with diabetes mellitus, 39.56% with hypertension,
6.76% with chronic kidney disease, and 1.03%
with atrial fibrillation. Additionally, 46 participants
(6.76%) were taking antiplatelet medication. The
patient characteristics are presented in Table 1.

The majority of participants diagnosed with ICH
were male at 204 participants (64.97%), whereas the
majority of participants in the control group were
female at 210 participants (57.38%). Significant
differences were observed between the two groups
with regards to gender, systolic blood pressure (SBP)
(148.14+32.82 mmHg versus 133.17+19.23 mmHg),
diastolic blood pressure (DBP) (86.52+20.92 mmHg
versus 74.11+11.83 mmHg), total cholesterol levels
(TC) (74.11+11.83 mg/dL versus 199.48+44.56 mg/
dL), HDL (50.67+16.71 mg/dL versus 54.62+15.39
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mg/dL), and LDL (117.70+44.34 mg/dL versus
128.19442.20 mg/dL). These findings are presented
in Table 1.

The results of the logistic regression analyses
revealed that six factors were independently
associated with ICH, male gender (odds ratio [OR]
2.497, 95% confidence interval [CI] 1.829 to 3.407);
p<0.001), SBP (OR 1.023, 95% CI 1.016 to 1.029;
p<0.001), DBP (OR 1.050, 95% CI 1.037 to 1.062;
p<0.001), TC (OR 0.994, 95% CI 0.991 to 0.998;
p=0.001), HDL (OR 0.985, 95% CI 0.975 to 0.995;
p=0.003), and LDL (OR 0.994, 95% CI 0.991 to
0.998; p=0.002), as demonstrated in Table 2.

The results of the multivariate logistic regression
analyses revealed that five factors were associated
with ICH, male gender (adjusted OR 1.904, 95% CI
1.293 to 2.803; p=0.001), SBP (adj. OR 1.024, 95%
CI 1.017 to 1.032; p<0.001), DBP (adj. OR 1.051,
95% CI 1.037 to 1.064; p<0.001), TC (adj. OR
0.993, 95% CI 0.988 to 0.997; p=0.001), and LDL
(adj. OR 0.994, 95% CI 0.990 to 0.999; p=0.010), as
demonstrated in Table 2.

Discussion

The results of the current study revealed that six
factors were found to be independently associated
with increased risk of ICH, including male gender,
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Table 2. Multivariate logistic regression analysis of factors associated with ICH

Factor Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
Sex

Female Ref. Ref.

Male 2.497 (1.829 t0 3.407) <0.001* 1.904 (1.293 to 2.803) 0.001*
SBP 1.023 (1.016 to 1.029) <0.001* 1.024 (1.017 to 1.032) <0.001*
DBP 1.050 (1.037 to 1.062) <0.001* 1.051 (1.037 to 1.064) <0.001*
TC 0.994 (0.991 to 0.998) 0.001* 0.993 (0.988 to 0.997) 0.001*
HDL 0.985 (0.975 to 0.995) 0.003* 1.003 (0.990 to 1.016) 0.643
LDL 0.994 (0.991 to 0.998) 0.002* 0.994 (0.990 to 0.999) 0.010*

OR=odds ratio; CI=confidence interval; SBP=systolic blood pressure; DBP=diastolic blood pressure; TC=total cholesterol; HDL=high-density lipoprotein

cholesterol; LDL=low-density lipoprotein cholesterol

elevated SBP and DBP, and decreased levels of TC,
HDL, and LDL levels. After conducting multivariate
logistic regression analysis, it was found that only five
factors remained to be significantly related to elevated
risk of ICH, which are male gender, elevated SBP and
DBP, reduced levels of TC and LDL.

The finding of a relationship between gender and
ICH is similar to the conclusions of previous studies,
which stated that male gender was associated with
an increased risk of ICH®>%!3 However, Lofissa
et al."M_ in their research in Indonesia, reported a
greater prevalence of ICH in females than in males.
They found a higher rate of ICH among young
males of 21 to 78 years old. However, among older
aged participants, of more than 70 years old, they
reported a higher prevalence in females. This could
be attributable to the fact that females usually have
a longer life expectancy than males.

Hypertension, as an underlying health condition,
has been found to be a major risk factor for ICH,
together with high SBP and DBP@3579:1319)  Thig
disease has been reported in many studies to be the
strongest factor associated with ICH®, and Carlsson
etal.? found that 84% of ICH cases had this underlying
disease. Interestingly, hypertensive patients whose
blood pressures were well controlled did not have
an increased risk of ICH, and this is compatible with
the findings of other large multinational studies®'>.
Rasool et al." found that blood pressure was also
related to health outcomes after the incidence of ICH,
potentially increasing the number of complications,
such as rebleeding and expansion of hematoma.
Despite this, in several countries, blood pressure has
been observed to decrease over time, which might
reflect an improvement in the availability of treatment
for hypertension, but the overall incidence of ICH has
remained stable®'. In contrast, blood pressure levels
among female populations have been found to have
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decreased, and this has been accompanied by a lower
incidence of ICH"*'®. This could be because of the
longer female life expectancy of the global population
or the ageing demographic transition, together with
the fact that the effect of blood pressure on the vessels
in the brain could be different in the two genders.

The results found that low TC and LDL in
combination were associated with ICH, while low
HDL was independently related, and no association
was found between triglycerides and the disease.
These results were quite similar to the findings of
various previous studies. TC has been reported to
be inversely related to ICHG#11121922) " apnd some
researchers have claimed that intensively controlled
lipid levels increase the risk of ICH"?. Not only
does lower TC increase the chance of an ICH event,
but it is also independently related to the severity
of the neurological symptoms on presentation?.
Furthermore, it entails poorer prognosis and recovery
outcomes than those of low BMI patients®, and it
is related to a high mortality rate in ICH patients
especially in the elderly®.

With regard to LDL, other studies have reported
results compatible with the results. Low LDL
has been found to be related to the incidence of
ICH®!Y, along with poorer prognosis and increased
mortality®?. It has also been reported to promote
hematoma expansion, which can be fatal®®.

Low HDL was independently associated with
ICH, but when combined with other factors, there was
no association, and this is similar to the results of the
Framingham Heart Study®. Some researchers have
found that high HDL increases the risk of ICH® in
females, and high HDL has also been reported to be
related to poor prognosis of ICH®®. Therefore, gender
could affect the pathophysiology of ICH.

The results found no association between
triglycerides and ICH, and this is in keeping with the
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findings of other published research®*?*>_ Although
it has been reported that low levels of triglycerides
increase the risk of [CH in females, as well as having
poorer prognosis®?, some researchers have found
that high triglycerides are especially associated with
lobar ICH®®.

Giroud et al.?” found no association between
total cholesterol and ICH, while others have reported
that high total cholesterol levels increase the risk
of developing the disease®?®, and these apparent
anomalies may well be a result of different definitions
employed in the studies. On the whole, most meta-
analyses have found an inverse correlation.

Hypolipidemia has been identified as one of the
risk factors of small vessel abnormalities such as ICH,
lacunar infarction, white matter hyperintensity and
cerebral microbleed®”. Analysis of the results from
participants in the Framingham Heart Study showed
that low total cholesterol levels were related to an
increased risk of cerebral microbleed in patients with
previous ICH®. However, lipid-lowering medications
were found to be beneficial for small vessel disease
and intracranial atherosclerosis'?, and statins can
stabilize vulnerable plaques®".

The association between lipid-lowering agents
and ICH is still uncertain®. Several studies have
found no association between risk of ICH and the use
of statins with ezetimibe®?, while some researchers
have reported that statins increase the risk of ICH®Y.

As yet, there is no consensus on the best
strategy for controlling lipid levels in primary and
secondary preventative treatment of ICH. Recurrent
ICH is considered to be one of the adverse effects of
strictly controlled lipid levels®?, while Yu et al.?®
concluded that statins increased the risk of ICH
independently of their lipid-lowering effect. Ma et
al.® explained that statins did not increase the risk
of ICH because they have a pleiotropic effect that
inhibits inflammation of blood vessels and improves
the prognosis of ICH. However, high-dose statins in
older adults might increase the risk of the disease.
Judge et al.®¥ asserted that the advantages of using of
lipid-lowering treatment in the prevention of ischemic
stroke and ischemic heart disease greatly outweighed
the drawback of increased risk of ICH.

The present study has limitations that should
be acknowledged. As a retrospective case-control
study, it did not take into consideration the potential
confounding factors such as smoking, alcohol
consumption, and psychological factors. Conducting
future gender-specific analyses could help to mitigate
the impact of gender on the results. The connection
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between lipids and cerebrovascular disease appears
to be complex, with the underlying pathogenesis
of blood vessels in the brain potentially differing
between genders and locations in the brain. Further
investigation into the pathophysiology of lipids and
ICH is essential, as well as a comprehensive meta-
analysis of gender-specific risk factors.

Conclusion

The aim of the present study was to determine
the association between lipid levels and ICH. The
results revealed that five factors were significantly
related to increased risk of ICH, male gender, high
SBP and DBP, and low levels of TC and LDL.
Additionally, low HDL levels were independently
related to increased risk of ICH. However, when
combined with other factors, there was no significant
association between HDL levels and ICH.

These findings provide insights into the potential
risk factors for ICH and may inform the development
of preventive strategies. Further research is needed to
fully understand the complex interplay between these
factors and the development of ICH.

What is already known on this topic?

Studies found an association between lower
cholesterol and the incidence of ICH. However,
there are many types of cholesterol, which might
provide different results about the association. Thus,
the results might bring about a better understanding
and improvement in controlling the lipid levels of
patients.

What this study adds?

The relationship between lipid levels and the
incidence of ICH is an area of ongoing investigation.
Some studies have reported an association between
lower levels of cholesterol and increased incidence of
ICH. However, it is important to note that cholesterol
is a complex molecule exists in several distinct
forms, including TC, LDL, HDL and triglycerides.
These different types of cholesterol may exhibit
different associations with ICH. This examination
can provide a deeper understanding of the relationship
and may inform the development of strategies for
controlling lipid levels in patients. This, in turn, may
help to mitigate the risk of ICH and improve patient
outcomes.

Conflicts of interest
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