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ABSTRACT

Introduction Many studies to date on the link between blood lipid lev-
els and cerebrovascular disease have been hampered by conceptual
and methodological limitations, especially failure to separate different
types of stroke.

Objective Determine the relationship between serum lipid levels and
the occurrence of different types of stroke.

Methods Two case and control studies were undertaken. The first
consisted of three groups: subjects with cerebral infarction (Cl), sub-
jects with cerebral hemorrhage (CH) and a control group of healthy
individuals with no history of cerebrovascular disease. The second
study included three groups: those with atheromatous Cl, those with
Cl of other etiology, and the healthy control group. The influence of
variables such as age, sex, and presence of risk factors was also
assessed.

Results Cl patients were found to have higher total cholesterol lev-
els (p<0.01), low-density lipoprotein (LDL) cholesterol (p<0.01), and

INTRODUCTION

The scientific community recognizes the association between
blood lipids levels and risk of cardiovascular disease.[1] Strong
association has been found between high levels of serum cho-
lesterol — especially of low-density lipoprotein (LDL) cholesterol
— and the development of atherosclerosis, while elevated levels
of high-density lipoprotein (HDL) cholesterol seem to play a pro-
tective role.[1] However, evidence linking blood lipids to cere-
brovascular diseases has failed to put an end to a long-standing
controversy: Is there a correlation between blood lipid levels and
occurrence of stroke? In our opinion, a conclusive answer has not
been found, since many studies to date have been hampered by
conceptual and methodological limitations.

These limitations can be summarized as follows: (1) stroke has
been studied as a single entity, without distinguishing between
cerebral infarction (Cl) and cerebral hemorrhage (CH); (2) strokes
of ischemic origin have been studied without separate consider-
ation of each etiopathogenic subtype; (3) populations have been
studied that were selected according to other criteria — such as
those with high cardiovascular risk — not necessarily represen-
tative of normal stroke behavior; and (4) blood lipid levels have
been considered a nominal, rather than a continuous, variable
using arbitrary lipid level classification categories.

A good example of the above is the well-known Prospective
Studies Collaboration, a meta-analysis of 450,000 persons in 45
prospective cohorts studied over an average of 16 years. These
studies did not find an association between total cholesterol lev-
els and stroke.[2] Cerebrovascular accidents (CVA) were not
analyzed by type of stroke (ischemic or hemorrhagic), and in par-

triglycerides (p<0.01) than those in the control group. CH patients had
lower total cholesterol levels (p<0.05), and higher triglycerides levels
(p<0.05) than the control group. The second study revealed a link be-
tween blood lipid levels and Cl only in cases of atheromatous stroke.
This association was prevalent in women, and was independent of
other risk factors.

Conclusions The type of stroke (ischemic or hemorrhagic) and
the etiopathogenic subtype of Cl must be considered when study-
ing association between blood lipids and occurrence of stroke.
Elevated levels of total cholesterol, LDL and triglycerides are as-
sociated with occurrence of atheromatous Cl, while low total cho-
lesterol levels and high triglycerides levels are associated with the
CH occurrence.

Keywords: cholesterol, HDL, LDL, triglycerides, cerebral hemor-
rhage, cerebral infarction, atherosclerosis, vascular diseases, cere-
brovascular disorders, stroke, cerebrovascular accident, CVA, isch-
emia, hyperlipidemias

ticular, atherothrombotic Cl was very poorly represented. Many of
the cohorts were initially selected to study incidence of coronary
heart disease (CHD) and thus consisted of middle-aged individu-
als at risk of myocardial infarction. That is, the primary aim of the
study was not to explore occurrence of stroke.

Results change dramatically when ischemic and hemorrhagic
strokes are assessed separately. For example, the Multiple Risk
Factor Intervention Trial (MRFIT) demonstrated that mortality risk
from non-hemorrhagic stroke increased proportionately with se-
rum cholesterol levels in 351,000 men aged 35-57 years. Con-
versely, negative association was found between hemorrhagic
stroke and cholesterol levels below 200 mg/dl: the lower the
blood cholesterol level the greater risk of hemorrhagic stroke.[3]
This suggests a U-shaped correlation between blood cholester-
ol levels and risk of stroke. Combining both types of stroke in a
single study, as in the cohort examined for the Prospective Stud-
ies Collaboration, masks correlation between blood cholesterol
levels and risk of stroke.[2]

The advent of HMCoA reductase inhibitors (statins), has contrib-
uted new evidence supporting association of total cholesterol and
LDL levels with risk of Cl, with no modification of risk for hemor-
rhagic stroke. A meta-analysis of nine clinical trials of statins[4]
showed that these drugs reduced Cl risk in patients with a history
of CHD. Furthermore, the Stroke Prevention by Aggressive Re-
duction in Cholesterol Levels (SPARCL) study found that statins
use significantly reduced relapse risk in patients who had suffered
Cl or a transient ischemic attack (TIA).[5] A possible limitation of
such trials’ ability to demonstrate association between blood lip-
ids and Cl is that statins apparently have a favorable effect on
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atheromatous lesions, unrelated to reduction in total cholesterol
and LDL levels.[6]

The objectives of this study are to: (1) determine differences be-
tween blood lipid levels in subjects with one of two types of stroke
(ischemic or hemorrhagic), compared to those of a control group;
and (2) determine differences in blood lipids between etiopatho-
genic subtypes of Cl.

METHODS

A case and control study was conducted to determine differences
in serum lipid levels among individuals suffering different types of
stroke.

Participants included patients in the acute phase of stroke (within
24 to 72 hours of onset) admitted to Havana’s Institute of Neurol-
ogy and Neurosurgery from August 2002 to January 2004. Stroke
diagnosis was based on clinical examination and a cranial com-
puter tomography (CT) scan.

For our first objective, subjects were divided into 3 groups: cerebral
infarction (Cl) patients, cerebral hemorrhage (CH) patients, and a
control group. For our second objective, subjects were divided into 3
groups: patients with atheromatous cerebral infarction (ACI) (includ-
ing atherothrombotic and lacunar infarction), patients with non-ather-
omatous cerebral infarction (NACI) (those with cardioembolic Cl and
those with ClI of unknown origin), and the healthy control group. Indi-
viduals in the control group, those with no history of cerebrovascular
disease, were randomly selected from the geographic health areas
served by the Moncada and Rampa community polyclinics in the
Plaza de la Revolucion municipality of Havana. Relevant character-
istics of patients and control group are presented in Table 1.

The study was approved by the Institute of Neurology and Neuro-
surgery’s Ethics Committee. All potential participants were given
the necessary information about the study, and each participant
provided written informed consent.

Dependent variables Serum lipid levels: LDL, HDL and total
cholesterol (TC); and triglycerides (TG). All were considered
continuous variables. Independent variables Study group as
a nominal variable. For analysis related to the first objective,
groups were: cerebral infarction (Cl), cerebral hemorrhage
(CH), and control group. For analysis related to the second
objective, groups were: atheromatous cerebral infarction (ACI),

Table 1: Baseline Characteristics of Patients and Controls

ACI NACI CH Control
(n=48) (n=31) (n=131)

(n=85)

Age 61.3+11.6 58.5+10.4 52+9.7 60+12.3
Sex M 39 19 15 77

F 46 29 16 54
Hypertension 68 32 18 48
Diabetes Mellitus 54 22 11 55
History of Vascular 56 31 18 41
Disease
Hyperlipidemia 61 15 13 79

n=total number of individuals in each group.

Table 2: Etiology of Cerebral Infarction by Ibero-American Society of
Cerebrovascular Diseases Classifications

Atherothrombotic Usually medium-sized or large ischemic le-
Infarction (large sion, located in the cortical or subcortical area,
vessel caused by carotidal or vertebrobasilar stenosis.

atherosclerosis) One of the following two criteria is met:

» Atherosclerosis with stenosis: stenosis of 50%
or more of the luminal diameter, or occlusion
of extracranial carotid artery or of large intrac-
ranial carotid artery in the absence of another
etiology.

* Atherosclerosis without stenosis: presence
of atheromatous plaques or of stenosis (less
than 50%) in the abovementioned arteries, in
the absence of another possible etiology, plus
at least two of the following cerebrovascular
risk factors: age >50 years, hypertension,
diabetes mellitus, tobacco use or hypercholes-

terolemia.
Small Vessel Small ischemic lesion (<1.5 cm diameter)
Arterial Occlusive in the area supplied by a perforating artery,
Disease which usually causes lacunar syndrome (pure

(Lacunar Infarction) motor hemiparesis, pure sensory syndrome,
sensorimotor syndrome, ataxic hemiparesis
and dysarthria/clumsy hand), in the absence of

another etiology.

Cardioembolic
Infarction

Usually medium-sized or large ischemic lesion,
normally located in the cortical area, accompa-
nied by presence of high-risk embolic cardiopa-
thy, in the absence of another etiology.

Stroke of Unknown
Origin

Medium-sized or large ischemic lesion, located
in cortical or subcortical area, in area supplied
by the carotid or vertebrobasilar arteries, when,
following an in-depth diagnostic study, the
following types of stroke have been ruled out:
atherothrombotic, cardioembolic, lacunar, of
unusual origin, or when more than one possible
etiologies exist.

non-atheromatous cerebral infarction (NACI), and control
group.

Intermediate variables Age (continuous variable); sex (nominal,
dichotomous variable); and presence of other risk factors, includ-
ing hypertension (HTN), diabetes mellitus (DM) or coronary heart
disease (CHD). These are all nominal, dichotomous variables
with only one value: “yes” or “no”.

To determine serum lipids levels, blood samples were taken following
a 12-hour fast, and then processed. Serum was stored at -20°C for no
longer than 20 days. TC was determined by enzyme assay (ELISA),
CHOD-PAP method, and triglycerides levels by GPO-PAP method.
[7] HDL was analyzed following a selective precipitation in the pres-
ence of phosphotungstic acid and magnesium. LDL levels were ob-
tained through precipitation with heparin.[8] All reagents used were
manufactured by Merck (Germany). Normal values for lipid variables
used as reference were: total cholesterol: 3.5-6.1 mmol/L; triglycer-
ides: 0.2-1.7 mmol/L; LDL: 2.7-3.4 mmol/L and HDL: >1.0 mmol/L.

The Ibero-American Society of Cerebrovascular Disease’s criteria
for classification of cerebrovascular diseases were used for etio-
pathogenesis, as shown in Table 2.[9]
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A simple-classification variance analysis (ANOVA) was used to
compare lipid levels among the groups studied, and differences
among mean values obtained were defined by Tukey test.[10] To
determine the effect of intermediate variables on the association
between lipid levels and study groups, a multivariate ANOVA-
MANOVA test was used. The t-Student mean-difference test was
used to determine differences among dichotomous variables.[10]
In all cases, a 95% confidence level was used.

A statistical strength of 80% and a confidence level of 95% were
considered when calculating the number of patients in the sample.

Figure 1: Serum Lipids Levels of Three Groups Studied
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Study Groups: (1) Control, (2) Cerebral Infarction, (3) Cerebral Hemorrhage
Results of the ANOVA Test:

Cholesterol: F=12.06; p=0.000
Triglycerides: F=8.07; p =0.000
HDL: F=1.02; p =0.36
LDL: F=14.72; p= 0.000
RESULTS

Figure 1 shows that CI patients had higher mean levels of total
cholesterol (p<0.01), LDL (p<0.01), and triglycerides (p<0.01)
than the control group — a statistically significant difference.

Conversely, CH patients had significantly lower levels of total
cholesterol (p<0.05) and higher levels of triglycerides (p<0.001)
than the control group. CI patients were found to have higher
levels of total cholesterol and LDL (p<0.05) and lower levels of
triglycerides (p<0.05) than those with CH.

Figure 2 shows mean serum lipids levels in the ACI, NACI and
control groups. When mean levels were compared by variance
analysis, F-values and significance levels were noteworthy. As
can be observed, individuals with ACI exhibited statistically sig-
nificant higher levels of TC and LDL than the other two groups.
TC levels of NACI patients did not differ significantly from those
of the control group, while differences in LDL levels between the
two groups were less significant.

Triglycerides levels were highest in the ACI group, showing
highly significant differences with the control group and less sig-
nificant differences with the NACI group. The highest HDL levels
were found in the control group; but differences among the other
groups were not statistically significant.

Figure 2: Serum Lipids Levels in Cerebral Infarction (Cl) by
Etiopathogenesis
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Groups: (1) Control (n=131), (2) NACI (n=48), (3) ACI (n=85)
Results of the ANOVA Test:

Cholesterol: F=17.94; p=0.000
Triglycerides: F=4.87; p = 0.002
HDL: F=3.35; p= 0.066
LDL: F =18.34; p = 0.000

Table 3 presents variance analysis results according to two fac-
tors: group (ACI, NACI or control) and sex.

These factors were considered for each of the serum lipids
variables included in the study. Post-hoc comparison analysis
revealed that differences in mean lipids levels between the ACI
group and the other two were only significant in women.

Table 4 presents multivariate analysis assessments of the in-
fluence of the study group and additional risk factors (HTM,
DM, tobacco use and history of CHD) on serum lipids level

Table 3: Comparison of Mean Serum Lipids Levels by Sex
and Study Groups, Two-Factor Variance Analysis

Group Total Cholesterol Triglycerides LDL HDL
(mmol/L) (mmol/L)  (mmol/L) (mmollL)
Male-ACI 5.54 2.19 3.47 1.16
Male-NACI 5.10 2.34 BI85 1.01
Male-Control 5.15 1.94 2.72 1.18
Female-ACI 5.92a 2.26a 3.85a 1.06a
Female-NACI 5.07b 1.31b 3.11b 1.18a
Female-Control 4.86b 1.44b 2.68b 1.28b

Letters (a,b) identify mean values for each of the analytes evaluated: means with
same letters indicate no statisically significant difference; means with different letters
indicate significant results (p < 0.05)

Table 4: Impact of Selected Risk Factors on Cholesterol
and Triglycerides Serum Levels, Multivariate Analysis

Cholesterol Triglycerides

Factor F p F p

Study Group 7.34 0.000** 1.40 0.246
Hypertension 1.60 0.206 0.00 0.965
Diabetes Mellitus 0.00 0.975 1.20 0.275
Smoking 0.27 0.603 2.72 0.100
History of Coronary 0.09 0.768 413 0.043*

Heart Disease

*In post-hoc analysis, no significant differences were found in the levels of triglycerides
in relation with the factors studied (study group and history of coronary heart disease).
** Highly significant
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variation. As can be observed, all variation can be attributed
to the study group under consideration.

DISCUSSION

Concerning the study’s first objective: we found that Cl patients
had a more atherogenic serum lipids profile than the healthy
control group or CH patients. The Cl patients’ lipids profile was
characterized by higher total cholesterol, LDL, and triglycerides
levels than those in the control group; as well as higher total
cholesterol and LDL levels, and lower triglycerides levels when
compared to the CH group. CH patients had lower levels of to-
tal cholesterol and higher levels of triglycerides than the control

group.

The difference in serum lipids behavior between patients with
ischemic and hemorrhagic stroke addresses the controversy sur-
rounding the role of blood lipids levels in risk of cardiovascular ac-
cidents (CVA). Many studies conducted thus far have compared
a group of CVA patients with the general population, without dis-
tinguishing the type of stroke under consideration.

The evidence linking total cholesterol and LDL with CI risk is
based on three types of studies: case and control studies, lon-
gitudinal prospective studies, and clinical trials using HMCoA re-
ductase inhibitors (statins).

In addition to research published by our team,[11] we have found
four case and control studies carried out in China,[7,12-14] which
obtained similar results: Cl patients had significantly higher levels
of total cholesterol, LDL, and triglycerides than those in control
groups. Furthermore, CH subjects exhibited significantly lower
levels of total cholesterol and LDL.[13] A study conducted in Italy
by Denti et al showed an independent association of high levels
of LDL and low levels of HDL with risk of cerebral infarction.[15]

A study conducted of 24,342 women with no history of cardiovas-
cular disease, using data from eight US studies included in the
Women'’s Pooling Project, found that high blood cholesterol is a
risk factor for mortality from non-hemorrhagic stroke in women
aged <55 years.[16]

Amarenco et al. carried out a meta-analysis of 70,020 persons
who participated in clinical trials on HMCoA reductase inhibitors
(statins), finding a 21% risk reduction of Cl, with no increased
risk of brain hemorrhage.[4] In another more detailed study, the
author reported that each 10% reduction in LDL levels resulted
in a 15.6% annual reduction in risk of stroke.[17] Other clinical
trials with statins report that patients at risk of cardiovascular dis-
ease and stroke should be treated with this type of medication
regardless of sex, race or baseline blood cholesterol levels.[18]
In addition to the SPARCL study, earlier research by Sasaki et
al — Kyushu Lipid Intervention Study — involving 4,615 men aged
45-74 years followed up for 5 years, found that cholesterol reduc-
tion with statins reduced risk of stroke by 70%.[19]

Over the last decade, HDL has also been the subject of research
and controversy in scientific literature; a protective effect against
ischemic coronary episodes has been suggested.[20] We found no
significant differences in HDL among the three groups studied, even
when the etiopathogenesis of ischemic stroke was considered.

These findings contradicted some earlier reports such as those
from the Israeli Ischemic Heart Study. This 21-year prospective
study of 8,586 men concluded that adjusted mortality due to isch-
emic stroke is 1.3 higher among men with low levels of HDL than
in those with higher levels of this cholesterol fraction.[21] Soyama
et al, in a 10-year follow-up study of 4,989 individuals aged 35-79
years, found significant association between low HDL levels and
increased risk of stroke.[22]

The second aim of our study was to address the other part of
the controversy regarding the role of serum lipids levels in cere-
brovascular disease. The results obtained for patients with ather-
omatous CI (including atheromatosis of both large and small
vessels) were markedly different to those found for the control
group. In other words, a separate analysis based on the etio-
pathogenic subtype showed that atheromatous CI patients have
a more atherogenic serum lipids profile than patients with CI of
other origins, the latter exhibiting a serum lipids profile — exclud-
ing triglycerides — similar to that of the healthy control group.

Due to its varied etiopathogenesis, Cl can be considered a syn-
drome. Hence, risk and associated factors must be considered
independently and according to subtype. The vast majority of
studies conducted to date have not done so. Although ischemic
heart disease is caused almost exclusively by coronary athero-
matosis, ischemic cerebral diseases have a wide range of causal
factors, of which atheromatosis accounts for only about 30%-50%
of cases.[23,24]

In an earlier study of another sample of patients, our team ob-
tained similar results.[25] However, studies separating the differ-
ent etiological subtypes of Cl are still rare in the literature. Studies
such as the one conducted by Bowman et al, of 296 CI patients
and the same number of controls, found that levels neither of to-
tal cholesterol, triglycerides nor HDL were associated with risk of
ischemic stroke, although a high total cholesterol/HDL ratio was
found to increase risk. In this study, the etiopathogenic subtypes
of Cl were not considered separately.[26]

Significant statistical differences were found between the trig-
lycerides levels in patients in the NACI group and those in the
control group. This coincides with findings reported by Laloux et
al, which showed that hypertriglyceridemia is relatively common
among patients with CI of any origin.[27]

A noteworthy finding in our study was that most of the differences
found between both study groups were more prevalent among
women (60%). Although men with ACI exhibited the highest lev-
els of total cholesterol and LDL, highly statistically significant dif-
ferences were found only among women, according to two-factor
variance analysis used. Differences were especially significant in
the case of triglycerides, whose levels were similar among men,
but very different among women.

The mean age of participants shows that most were older adults.
This means that the women were postmenopausal, lacking pro-
tection from estrogen to keep blood lipids levels low.[28] During
this period in women'’s lives, risk of atherosclerosis increases, and
one cause may be the marked increase in total cholesterol and
LDL, as well as triglycerides levels. This finding requires further
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study beyond the scope of our current research. Furthermore,
results published in the literature to date are varied. As stated
earlier, two studies have reported that cholesterol was indeed re-
lated to ischemic stroke in women.[16,17] In the Women’s Pooling
Project study, the risk was found to be significantly higher among
premenopausal women.[16]

Although our findings indicate that CH is associated with lower
lipids levels, some studies have found that hypercholesterolemia
is a protective factor against CH and that low blood cholesterol
increases risk. A five-year prospective study by Okumura et al in
Japan followed 38,053 individuals selected from a mass blood
lipids screening carried out in 1983, to assess occurrence of
stroke from 1988 to 1991.[29]

This study showed that low levels of blood cholesterol was an
independent predictor for CH. Another prospective study, by
Iribarren et al, of 61,756 individuals enrolled in a health plan in
the San Francisco metropolitan area,[30] found an association
between low levels of serum cholesterol and CH; however, this
study included only men aged >65 years.

In a recent article, Amarenco and Steg[31] reviewed 61 prospec-
tive observational studies, and concluded that no association ex-
ists between total cholesterol and stroke mortality. These authors
acknowledged that stroke is a multifactorial disease and that its
various causes are not equally associated with blood cholesterol
levels. They also stated that if a correlation were to exist between
cholesterol levels and risk of stroke, it would be with atherothrom-
botic Cl. We find an explanation in our study for the lack of as-
sociation reported by these authors. Stratifying the different types
and etiologies of stroke has enabled us to demonstrate that pa-

tients with ClI have higher total cholesterol and LDL levels, and
lower triglycerides levels than patients with CH. Furthermore,
atheromatous cerebral infarction (ACI) was characterized by an
increase in total cholesterol, LDL, and triglycerides levels. This
was not the case among patients with non-atheromatous cerebral
infarction (NACI), whose lipids profile was found to be similar to
that of healthy individuals.

Our results contribute new evidence in the quest for an answer to
the long-standing question: Is there an association between blood
lipids levels and occurrence of stroke? According to our findings,
the answer is that high levels of total cholesterol, LDL, and triglyc-
erides are associated with the occurrence of ACI, while low levels
of total cholesterol and high levels of triglycerides are linked to
occurrence of cerebral hemorrhage.

These preliminary results may shed light on the scientific debate,
since they point to the need to stratify cerebral vascular accidents
based on their type (ischemic or hemorrhagic) and on their etio-
pathogenesis, in order to determine the real association between
lipid alterations and occurrence of these neurological events. For the
same reason, this study may also help guide future trials attempting
to relate lipid alterations with occurrence of vascular events.

CONCLUSIONS

The type (ischemic or hemorrhagic) and etiopathogenesis of stroke
must be considered when studying the association between its oc-
currence and blood lipids levels. High levels of total cholesterol,
LDL, and triglycerides are associated with occurrence of atheroma-
tous cerebral infarction, while low levels of total cholesterol and
high levels of triglycerides are linked with occurrence of cerebral
hemorrhage. -W—
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