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Abstract
Objectives—The relation betweem serum
lipids and ischaemic stroke remains con-
troversial. Studies of lipid related risk fac-
tors in cerebrovascular disease have
varied greatly in their findings and also in
their definition of the cerebrovascular end
points. Serum lipids are thought to inter-
act with the pathogenesis of stroke
through an atherosclerosis mechanism.
Stroke in young patients have been shown
to be related to non-atherosclerotic causes
most of the time. The aim was to deter-
mine the serum lipid profile and the
vascular risk factors for ischaemic stroke
in a series of patients under 45 with an
ischaemic stroke and to compare them
with a series of controls of the same age.
Methods—Ninety four consecutive pa-
tients with ischaemic stroke were com-
pared with 111 controls of the same age
recruited from a regional electoral list.
Vascular risk factors were recorded and
serum lipid profile was determined in all
of them.
Results—Multivariate analyses showed
that low HDL cholesterol, male sex, smok-
ing, hypertension, and oral contraceptives
were risk factors for intracerebral arterial
occlusion.
Conclusion—Low HDL cholesterol was
the only serum lipid index to be associated
to an increased risk of stroke in this popu-
lation. Low HDL cholesterol must be con-
sidered in the care management of young
patients regardless of the detectable pres-
ence of atherosclerosis.
(J Neurol Neurosurg Psychiatry 2000;69:29–33)
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The relation between serum lipids and lipopro-
teins in ischaemic cerebrovascular disease is
not clear as it is in coronary heart disease.1 The
role of high concentrations of serum choles-
terol as a risk factor for stroke is still undecided
at the present time.2 Studies of lipid related risk
factors in cerebrovascular disease have varied
greatly in their findings and also in their defini-
tion of the cerebrovascular end points.3–11

Several clinical trials showed an association
between high concentrations of serum choles-
terol and ischaemic stroke.12–15 On the other
hand, case-control studies of stroke which
examined cholesterol as a risk factor have gen-
erally produced negative findings16 17and pro-
spective studies have generally failed to show a
direct and strong association.18 Prospective

Studies Collaborators concluded from a review
of 13 000 strokes and 45 prospective cohorts
that after standardisation for age, there was no
association between blood cholesterol and
stroke.19 However, others have shown the
eVects of cholesterol lowering treatment on the
prevention of stroke.20–22 Recently, pravastatin
was shown to reduce the risk of stroke in a
population of patients with coronary disease.23

Several biases can have modified the results
of studies and their interpretation: multiple
aetiologies and stroke subtypes, ethnical influ-
ence, diagnosis criteria, and influence of the
stroke on serum lipid concentrations.24 25 In
most of the studies, high serum concentration
of cholesterol was suspected to increase the risk
of stroke through the genesis of atherosclerotic
lesions. It seemed to us interesting to investi-
gate serum lipids in a population of patients
with arterial occlusion but with little athero-
sclerosis.

Ischaemic stroke in young patients has been
extensively studied in the past few years.11 26–31

It was shown in most of these series that
atherosclerosis has little role in the mechanism
of stroke.

The aim of our study was to select prospec-
tively a series of consecutive patients under 45
who presented with an ischaemic stroke, to
perform extensive aetiological investigations to
evaluate the cause of the stroke as precisely as
possible, and to compare their serum lipid and
lipoprotein profiles with a control population
of the same age.

Patients and methods
PATIENTS

From 1993 to 1997, 94 consecutive patients
aged 15 to 45 years (55 males, 39 females aged
35.8 (SD 8.2) years) admitted to the Depart-
ment of Neurology of the Purpan Hospital in
Toulouse (France) for acute ischaemic stroke
were included in this study.

All of them presented a focal neurological
deficit of sudden onset. Transient ischaemic
attacks (complete regression of all neurological
deficits in less than 24 hours) and strokes were
both included.

Clinical examination by a neurologist and
cerebral CT without contrast injection were
performed in all of them after admission.

All the patients were asked for personal and
familial medical history. Previous stroke, mi-
graine, deep venous thrombosis, coronary
heart disease, and foetal loss were recorded.

Extensive aetiological investigations were
performed as follows:

In all patients ECG, chest radiography,
blood chemistry, red and white blood cell
counts, and erythrocyte sedimentation rate
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were evaluated. Immunological tests included
immunoelectrophoresis, antinuclear antibod-
ies, and antiphospholipid antibodies. Serologi-
cal tests for syphilis and HIV were performed
with the patients’ consent.

Haemostatic laboratory investigations (in-
cluding platelet count, activated partial throm-
boplastin time (aPTT), prothrombin time,
plasma concentrations of fibrinogen, anti-
thrombin III, C and S protein, lupus antico-
agulant) were systematically performed before
anticoagulant treatment.

Four vessel cerebral angiography was per-
formed as soon as possible after admission (85
out of 94 patients). In comatose patients
angiography was not performed. During the
past year cerebral magnetic resonance angio-
graphy (MRA) was done in seven patients.

On the eighth day after admission, inpatients
underwent cerebral CT with contrast injection
or cerebral MRI was performed to assess brain
infarct localisation.

Systematic cardiac evaluation included
transthoracic (TTE) and transoesophageal
(TEE) echocardiography. When patients were
unable to swallow, TEE was not done. TEE
was performed with a 5 MHz multiplan probe.
An intravenous saline contrast injection was
given to all the subjects to search for any
interatrial septum defect. Atrial septal aneu-
rysm (ASA) was defined as a mobile zone of
the fossa ovalis with an excursion of at least 15
mm into one of the atria during the cardiac
cycle. Patent foramen ovale (PFO) was defined
as an interatrial septum defect with appearance
of bubbles in the left atrium within three
cardiac cycles after brachial saline contrast
injection.

Significant aortic atheroma was defined as a
protrusion>5 mm into the aortic lumen.

Aetiology of strokes
The aetiology of ischaemic stroke was attrib-
uted using TOAST classification criteria (table
1).32 Twenty three patients were found with
cervical large vessel lesions, mainly arterial dis-
sections. Stroke was considered of atheroma-
tous origin when significant (>70%) carotid
stenosis was established on cerebral arteriogra-
phy. Three patients only had a significant
cerebral vessel atheroma. Lacunar infarction
was defined as a typical neurological syndrome
associated with a small subcortical infarct on
CT or cerebral MRI. Cardioembolic strokes
were classified into high risk and medium risk

of embolism according to the TOAST classifi-
cation. Nineteen of our 20 patients with
medium risk cardiopathy were found with sep-
tal abnormalities (PFO and ASA). Stroke was
considered of undetermined cause if no
aetiology was found despite complete investi-
gations or if more than two causes were found
(table 1).

CONTROLS

One hundred and eleven volunteers of the
same age (36.8 (SD 0.98)) years, range 35–45)
were randomly recruited during the same
period from a survey of a random sample of
those registered on the electoral rolls of the
Toulouse region.

VASCULAR RISK FACTORS

Vascular risk factors such as cigarette smoking,
arterial hypertension (systolic blood pres-
sure>160 mm Hg, and diastolic blood pres-
sure>90 mm Hg), hyperlipoproteinaemia (pa-
tients with total cholesterol >5.7 mmol/l or
LDL cholesterol >3.5 mmol/l or with lowering
cholesterol treatment), diabetes mellitus, and
oral contraceptives were also reported for
patients and controls.

LIPOPROTEIN ANALYSIS

Blood samples were obtained in the morning
after an overnight fast for patients and controls.
For patients, blood samples were taken in the
morning after their admission. Some of the
patients were already on heparin while blood
samples were taken but in no cases did the
duration of ongoing heparin treatment exceed
24 hours.

Venous blood samples were collected into
EDTA tubes and were centrifuged at 4°C and
2500 g for 15 minutes. Serum total cholesterol
was measured by the cholesterolesterase/
cholesterol oxidase technique using commer-
cial kits (Boehringer, Mannheim, Germany).33

Likewise, triacylglycerols were measured enzy-
matically (Boehringer, Mannheim, Ger-
many).34 HDL cholesterol was determined
after precipitation of lower density lipoproteins
by a phosphotungstic reagent (Boehringer,
Mannheim, Germany). Interassay coeYcients
of variation were 2% for cholesterol and
triacylglycerols and 8% for HDL cholesterol.
Apolipoproteins AI and B were measured by
first order immunoprecipitation (Cobas
MIRA, Roche, Basel, Switzerland) with inte-
rassay coeYcients of variation less than 5%.

Lipoprotein particles Lp AI and Lp(a) were
determined by rocket immunoelectrodiVusion
using commercial plates (Sebia, Issy-les-
Moulineaux, France). CoeYcients of variation
were 5% for LpAI and 10% for Lp(a).35

STATISTICAL ANALYSIS

Comparison between the two groups was made
using Student’s t test for independent samples.

The relation between demographic, clinical,
and biological indices and the presence or
absence of cardiovascular disease was exam-
ined by multiple logistic regression. Likelihood
ratio statistics were used to compare models
with diVerent combinations of predictors. Both

Table 1 Aetiologies of ischaemic strokes (TOAST classification)

Large artery disease: 20 (21.3%) Arterial dissection n=14
Moya-Moya disease n=3
Significant carotid stenosis n=1
Intracranial atheromatosis n=1
Significant aortic atherosclerosis n=1

Cardiac embolism: 35 (37.2%) High risk of embolism : 15
Medium risk of embolism : 20
(19/20 with PFO and ASIA)

Lacunar infarction: 5 (5.3%)
Other cause of ischaemic stroke: 9 (9.6%) Haemostatic disturbances : 2

Antiphospholipid antibodies syndrome : 1
Rendu-Osler disease : 1
Behçet’s disease : 1
Cerebral arteritis : 3
Eclampsia : 1

Strokes of undetermined causes: 25 (26.6%)
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forward stepwise and backward stepwise trait
selection procedures were used to identify a
parsimonious set of predictors. Forward step-
wise trait selection was also carried out to
identify pairwise interactions. The predictors in
the simplest adequate model, identified by the
stepwise procedure, were then evaluated by the
likehood ratio statistical test with a significance
level of 0.05.

Results
SINGLE VARIABLE ANALYSIS

Serum lipid and apolipoprotein concentrations
Total serum cholesterol concentrations, LpA1,
and Lp(a) did not diVer between patients and
controls whereas LDL cholesterol, VLDL
cholesterol, ApoB, and triglycerides were
significantly higher in patients than in controls.
HDL cholesterol and ApoA1 were significantly
lower in patients (table 2). Six of our 94
patients presented a previously known hyperli-
poproteinaemia whereas only two the 111 con-
trols did.

Other vascular risk factors and ischaemic stroke
Hypertension—Twelve of our 94 patients showed
pre-existing hypertension (12.7%) compared
with only two of the 111 controls (1.8%).
Smoking—At the moment of the stroke 57 of our
94 patients (60.6%) were smokers whereas only
31 of 111 controls (27.9%) were recorded as
smokers (p<0.001).
Diabetes mellitus—A very low incidence of
diabetes was found in our population of
patients (3/94; 3.2%) that was not diVerent
from controls.
Oral contraceptives—Eighteen of the 39 women
from our series of patients with stroke were
taking oral contraceptives (46.1%) but only six
from 49 in the control group (12.2%)
(p<0.01).
Fibrinogen—Serum fibrinogen concentration
was significantly higher in patients (3.13 (SD
1) g/l) than in controls (2.67 (SD 0.52) g/l)
(p<0.001).

Multivariable analysis
Multivariable analysis showed that among all
lipid indices HDL cholesterol was the only one
to be highly associated with stroke as an inde-
pendent variable. Sex (risk higher in men)
smoking habit, hypertension, and oral contra-
ceptives in women can also be recognised as
independent variables positively associated
with stroke in our series (table 3).

Discussion
We chose to study serum lipids and lipopro-
teins in a highly selected population of young
patients (under 45) with stroke. Stroke in
young patients is a relatively rare event but it
has been extensively studied in the past few
years.11 26–31 The causes of stroke of the young
are multiple (table 1) but a low rate of athero-
sclerosis is recognised in the genesis of stroke.
The incidence of demonstrated atherosclerosis
varies from 5%26 to 17%27 of the patients. In
our series atherosclerosis was detected in three
of our 94 patients only (3.2%). This aspect
represents a major diVerence with the global
population of patients with stroke and makes
stroke in young people a remarkable “model”
of arterial occlusion with very few clinically
significant atherosclerosis components.

In our study, the blood samples were taken
from the patients at the very beginning of the
hospital stay (within the first 24 hours) most of
the time before heparin administration, after
12 hours fasting to avoid any eVects of the hos-
pital diet. Butterworth et al showed that
changes in serum lipids were found after a
stroke. Total cholesterol, LDL, and HDL chol-
esterol significantly fell during the first week
after stroke although the concentrations nor-
malised after 3 months.36 We think that in our
study, blood samples were taken early enough
to prevent any false negative interpretation of
our data.

Conflicting results exist in the literature
about the correlation between the total plasma
cholesterol of patients and the risk of stroke.2

Case-control studies examining total choles-
terol as a risk factor have generally produced
negative findings.1 16 However, some clinical
observational studies found positive
correlation.12–15 In an overview of 10 prospec-
tive studies examining the relation between
total cholesterol and subsequent stroke, Qizil-
bash et al concluded that there was a significant
association.24 Other studies were less
conclusive.19 However, when patients under 45
were screened total cholesterol was associated
with an increased risk of stroke. The Copenha-
gen City Heart Study18 showed a non-log linear
pattern between plasma cholesterol and the
risk of ischaemic cerebrovascular disease. The
risk was confined to the upper 5% of the chol-
esterol distribution.

On the other hand, there are several
arguments in the literature for the eVects of
cholesterol lowering treatment on the preven-
tion of stroke. The Scandinavian Simvastatin
Survival Study20 provides evidence for the ben-
eficial eVect of cholesterol lowering on fatal
and non-fatal cerebrovascular events. Even if
the results of cholesterol-lowering trials on fatal

Table 2 Lipoprotein concentrations in patients and controls

Control subjects
(n=111) Patients (n=94) p Value

Cholesterol (mmol/l) 5.53 (1.03) 5.7 (1.2) NS
HDL cholesterol (mmol/l) 1.77 (0.5) 1.36 (0.4) 0.0001
LDL cholesterol (mmol/l) 3.26 (1) 3.66 (1.1) 0.0108
VLDL cholesterol (mmol/l) 0.48 (0.24) 0.63 (0.34) 0.0004
Triglycerides (mmol/l) 1.1 (0.66) 1.43 (0.8) 0.0014
ApoA1 (g/l) 1.61 (0.23) 1.49 (0.28) 0.0006
ApoB (g/l) 1.11 (0.26) 1.22 (0.34) <0.05
Lp (a) (g/l) 0.23 (0.36) 0.24 (0.35) NS
LPA1 (g/l) 0.48 (0.18) 0.51 (0.23) NS

Values are mean (SD).

Table 3 Multivariate analysis

Odds ratio and 95%
confidence intervals

Age (per y) 0.976 (0.910–1.047)
Sex (male/female) 3.15 (1.22–8.13)
Smoking (current smokers/non-smokers) 6.8 (2.67–17.28)
Diabetes mellitus (diabetes/no diabetes) 1.087 (0.058–20.38)
Hypertension (hypertension/no hypertension) 18.67 (2.04–170.76)
Hyperliproteinemia (hyperliporoteinaemia/no hyperlipoproteinaemia) 0.73 (0.077–6.88)
Oral contraceptives (use of oral contraceptives/no oral contaraceptives) 7.33 (1.79–29.9)
Fibrinogen (per g/l) 1.73 (0.95–3.16)
HDL cholesterol (per mmol/l) 0.174 (0.067–0.45)

Degrees of freedom=9 and −2 log-likelihood = 170.62.

Serum lipids in young patients with ischaemic stroke 31

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.69.1.29 on 1 July 2000. D

ow
nloaded from

 

http://jnnp.bmj.com/


and non-fatal stroke which have been investi-
gated in two reviews21 22 reached diVerent con-
clusions, it must be mentioned that more
recent meta-analysis including trials with
inhibitors of HMGCoA reductase suggested an
actual reduction of stroke risk in patients with
coronary heart disease of about 25%.37 38 More
recently, the CARE trial showed a strong
reduction in the occurrence of stroke in
patients with coronary heart disease with a
daily dose of 40 mg pravastatin.23

Many reasons have been proposed to ac-
count for such discrepancies: errors in the
clinical diagnosis of stroke (absence of CT),
ethnic influence, multiple aetiologies,25 39 and
subtypes of stroke.40 In our study, total plasma
cholesterol was similar in the group of patients
and the controls. This confirms that total
plasma cholesterol when normal does not
guarantee the absence of lipid risk factor for a
stroke in young people. Our patients had lower
HDL cholesterol and ApoA1 than controls. We
found that HDL cholesterol was the only inde-
pendent serum lipid factor for stroke in young
people in this study. Low HDL cholesterol
concentration in patients with cerebrovascular
disease has been described in prospective
studies7 18 and in case-control studies.9 41 42 Few
found no association.43 Moreover, some argu-
ments now appear in the literature showing
that drug induced increases of HDL cholestrol
led to a reduced rate of progression of coronary
atherosclerosis with no change in the plasma
LDL cholesterol concentration44 These find-
ings were correlated with current conceptions
of atherosclerosis45 that HDL cholesterol is
responsible for the reverse transport of choles-
terol from tissues to the liver for bile formation
and prevents atherogenesis. Atherosclerosis is
considered to be the main pathology underly-
ing ischaemic stroke as well as myocardial inf-
arction. The generally accepted mechanism of
action of lipids in causing ischaemic stroke
relies on immediate precursors of arterial
occlusion: arterial stenosis, arterial embolus,
small vessel disease, etc. In our case, advanced
and detectable atherosclerosis cannot be sig-
nificantly implicated in stroke genesis in most
of the subjects. So, we suggest that low HDL
cholesterol is a risk factor for stroke in young
people through other mechanisms. Several
arguments can be found in the literature to
show the role of HDL in arterial wall metabo-
lism. Interactions between LDL particles, vas-
cular smooth muscle cells, endothelial cells,
and HDL particles have been described. LDL
induced cytotoxicity against human vascular
smooth muscle cells and endothelial cells was
inhibited by the presence of HDL.46 So, it can
be postulated that low HDL concentration
gives reduced protection against LDL toxicity.
Moreover, more recently, an HDL associated
paraoxonase was proved to give protection
against LDL oxidative modifications.47 48 These
complex interactions might participate in very
early phases of atherosclerosis development
and it might be that in our patients, the low
HDL concentration participates in early pre-
clinical developement of atherosclerosis.

Controversies also exist about the associ-
ation between concentrations of serum triglyc-
erides and the risk of stroke. Some studies led
to negative results6 12 43 49 whereas others
showed a positive association9 50 between the
risk of stroke and high serum triglyceride con-
centrations. In our study no correlation was
found and it seems that high plasma triglycer-
ide concentration cannot be recognised as a
risk factor of stroke in young people. More sur-
prising, in our study, was the absence of associ-
ation between Lp(a) concentration and stroke.
High concentrations of Lp(a) have been found
to be associated with ischaemic stroke in many
studies.51–55 Several potential reasons can be
proposed to explain the diVerence between our
negative data and some of the series in the lit-
erature. Firstly, the aetiologies of stroke were
perhaps diVerent and related to a variety of
mechanisms. Secondly, there was, in all the
studies, a very large distribution of liporotein
(a) values: SDs were high in our series and in
others. This suggests a two peak distribution of
Lp(a) values. We could not confirm this
hypothesis. In our study a very low rate of
atherosclerosis was detected (3.2%). This is a
major diVerence from other studies. From our
study, we think that Lp(a) can be considered as
a risk factor of ischaemic atherothrombotic
stroke but not as a risk factor for strokes of
other origins.

Sex, smoking, and hypertension were found
to be independent risk factors for stroke in our
series. This is in agreement with published
data. Oral contraceptives were also found to be
an independent risk factor for stroke. DiVer-
ences can be found between American and
European studies about the risk of myocardial
infarction and stroke in women taking oral
contraceptives. European studies showed oral
contraceptive use in general to be associated
with an increased risk of ischaemic stroke and
myocardial infarction whereas the United
States database does not confirm a direct rela-
tion between contraceptive use and arterial
risk.56 57 It is accepted that recent low dose oral
contraceptives only have a very moderate eVect
on arterial risk.58 59 We have no information
about the actual dose of ethinyl estradiol in our
patients so it is impossible to relate the
increased risk to a second or third generation
category of oral contraceptive. However, from
our data, oral contraceptives must still be con-
sidered as a risk factor for stroke.

We clearly showed risk factors for stroke in
young people in this study. HDL cholesterol
concentration seems the only serum lipid index
which can be independently associated with an
increased risk of stroke. Total cholesterol seems
to be poorly associated. The association
between low HDL cholesterol and risk of
stroke was very strong and HDL cholesterol
remains the strongest risk factor. It is also
important to notice that the evidenced risk fac-
tors for stroke in our study probably interacted
with the arterial occlusion through non-
atherosclerosis mechanisms as atherosclerosis
was rare in our population of patients. They
can be considered more as risk factors for
intracerebral arterial occlusion than as risk fac-
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tors for atherothrombotic events. We think that
HDL cholesterol should be systematically con-
sidered in our patients’ assessement regardless
of the detectable presence of arterial athero-
sclerosis lesions.
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