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Heterozygous familial hypercholesterolemia (FH) is an autosomal dominant disorder known to be associated
with elevated cholesterol levels and increased risk of premature coronary heart disease. Since increased
cholesterol levels lead to atherosclerosis, FH has also been proposed as a risk factor for peripheral vascular and
ischemic cerebrovascular disease. Currently, the association between clinical FH and risk of stroke is unclear:
Two studies conducted in the 1980s indicated an increased risk of stroke in FH subjects; however, two others
found no higher risk, and all had methodological limitations. A recent prospective study of familial
hypercholesterolemia by the United Kingdom-based Simon Broome Register Group did not find an excess risk
of stroke mortality for subjects with clinical FH. By contrast, the prevalence of peripheral arterial disease is
increased from five- to 10-fold in FH subjects compared with non-FH controls. In addition, the intima-media
thickness of the carotid and/or femoral artery is increased in FH subjects. Better understanding of the association
between FH and the incidence of ischemic stroke events could have a public health impact by improving the
diagnosis, prognosis, and treatment of individuals with FH and their relatives and by elucidating the relation
between cholesterol levels and ischemic cerebrovascular disease.

APOB; cerebrovascular accident; epidemiology; genetics; hypercholesterolemia, familial; LDLR; peripheral 
vascular diseases 

Abbreviations: FH, familial hypercholesterolemia; SD, standard deviation.

Editor’s note: This article is also available on the website
of the Human Genome Epidemiology Network (http://
www.cdc.gov/genomics/hugenet/reviews.htm).

 GENES AND GENE VARIANTS

Familial hypercholesterolemia (FH) is an autosomal domi-
nant disorder affecting approximately one of 500 Caucasians
(1). The clinical phenotype is marked by elevated cholesterol
levels, tendinous xanthomata, and a family history of prema-
ture coronary disease, and the phenotype is considerably
more severe for homozygotes than heterozygotes (2). The
clinical FH phenotype was first shown to result from muta-
tions in the low density lipoprotein receptor gene (LDLR) (3,

4) located on chromosome 19p13.1-p13.3 (5). The FH clin-
ical phenotype can also result from the mutations in the
apolipoprotein B-100 gene (APOB) (6, 7), located on chro-
mosome 2p23-24 (8–10). Recent work has localized a third
gene, proprotein convertase subtilisin/kexin type 9 (PCSK9),
associated with the clinical FH phenotype (11). This gene is
located on chromosome 1p34.1-p32 and encodes NARC-1, a
novel proprotein convertase (11).

Two mutations in APOB (R3500Q and R3500W) (7, 12)
and over 700 mutations in LDLR (13, 14) have been identi-
fied in studies of individuals with a clinical FH phenotype.
The prevalence of these mutations in FH subjects from
different populations and ethnic groups has been reviewed
for the Human Genome Epidemiology Network (15), while
the PCSK9 gene has not yet been studied at the population
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level. The prevalence review showed that there are a few
founder populations in which a small number of mutations
predominate, but most populations have a large spectrum of
distinct LDLR mutations among FH individuals, with each
mutation found in only a small number of individuals (15).
Furthermore, studies often fail to detect the underlying muta-
tion in 15–40 percent, or more, of the subjects screened for
LDLR and APOB, indicating additional genetic and/or envi-
ronmental causes for the FH phenotype (15).

DISEASES

Cerebrovascular disease and peripheral vascular disease
are both composite terms that encompass a number of
phenotypes and etiologic pathways. These conditions fall
under the broader category of cardiovascular disease, along
with coronary heart disease. The relation between FH and
coronary heart disease is reviewed separately (16).

Cerebrovascular disease and its clinical manifestation of
stroke comprise ischemic stroke (cerebral thrombosis and
cerebral embolisms) and hemorrhagic stroke (cerebral
hemorrhage and subarachnoid hemorrhage) (17), and these
categories can be further divided into heterogeneous
subtypes (18). Stroke is the third leading cause of death in
the United States (17) and is a leading cause of death world-
wide (19). Stroke is also a major cause of morbidity in
Western countries (17), with over 1 million American adults
reporting long-term disabilities due to stroke events (20).

Peripheral vascular disease is defined by the American
Heart Association as “diseases of blood vessels outside of
the heart and brain” (17, p. 26). This review follows that
definition and includes the extracranial carotid vessels.
Peripheral arterial disease, the most common form of periph-
eral vascular disease, results from atheroslerotic buildup in
the peripheral arteries (17), with clinical manifestations
ranging from intermittent claudication (leg pain during exer-
cise) to critical limb ischemia, gangrene, and amputation
(21). Peripheral arterial disease affects approximately 27
million people in Europe and North America (22), and it is a
strong predictor of morbidity and mortality (22). Often
asymptomatic and underdiagnosed, the public health signifi-
cance of peripheral arterial disease should not be underesti-
mated (21, 23). The risk of death within 10 years is sixfold
higher for symptomatic and asymptomatic peripheral arterial
disease patients compared with patients without peripheral
arterial disease (21).

According to recent reviews (17, 23), the risk factors for
both cerebrovascular disease and peripheral vascular disease
include smoking, diabetes, advanced age, male gender,
hypertension, hyperlipidemia, family history of cardiovas-
cular disease, and prior heart or vascular disease. Therefore,
as a predictor of elevated cholesterol levels, FH seems a
logical risk factor for both peripheral vascular disease and
cerebrovascular disease. The association between elevated
cholesterol levels and disease risk is fairly well established
for peripheral arterial disease as an atherosclerotic disease
(21) and, while cholesterol is not thought to be associated
with hemorrhagic stroke events, it is traditionally listed as a
potential risk factor for ischemic stroke (17).

However, current literature does not fully support the para-
digm of elevated cholesterol levels as a risk factor for stroke
events. An investigation of 10-year trends in the incidence
and mortality of coronary heart disease and stroke in 15
populations worldwide showed that trends in stroke and
heart disease differ, implying differences in underlying risk
factors (24), with one possibility being that cholesterol is a
strong risk factor for coronary heart disease but not for
stroke. In addition, the results of several recent large-scale
cohort studies indicate that cholesterol levels are not associ-
ated with ischemic stroke events (25, 26). This is in contrast
to the results of other observational studies that have found
an association between cholesterol levels and stroke (27, 28)
and to the results of clinical trials of statins that have demon-
strated that the decrease in cholesterol levels is accompanied
by a decrease in the risk of stroke events (29), although it had
been suggested that this may be due to cholesterol-indepen-
dent actions of statins (30). Since individuals with clinical
FH have roughly twofold elevated cholesterol levels from
birth until diagnosis and treatment and they often continue to
have elevated cholesterol levels even when treated (31),
studies of stroke risk in FH subjects will contribute to this
debate.

ASSOCIATIONS

To identify epidemiologic studies of FH, stroke, and periph-
eral arterial disease, we searched MEDLINE and PubMed
using combinations of the terms “familial hypercholester-
olemia,” “LDLR” [low density lipoprotein receptor], “apoli-
poprotein B” (“APOB”), “stroke,” “cerebrovascular disease,”
“peripheral vascular disease,” “peripheral arterial disease,”
and “intima-media thickness.” Articles were identified
through September 2003. We identified additional studies by
reviewing the reference lists of all retrieved articles.

Stroke events

Epidemiologic studies of the association of the clinical FH
phenotype with stroke events by geographic location are
summarized in Web table 1. (This information is described
in the first of three supplementary tables; each is referred to
as “Web table” in the text and is posted on the website of the
Human Genome Epidemiology Network (http://
www.cdc.gov/genomics/hugenet/reviews.htm) as well as on
the Journal’s website (http://aje.oupjournals.org/).) Three
studies conducted in the 1980s had contrasting results. A
Finnish study prospectively followed 54 subjects with clin-
ical FH (34 men and 20 women aged 21–50 years) for an
average of 10 years (32). The incidence of brain infarction
was 7.4/1,000 years, a level 20 times that of the general
population (32). Unfortunately, the study lacked a defined
control group so there was potential for surveillance bias.
Specifically, since physicians were closely following the FH
subjects, the FH subjects may be more likely to be diagnosed
with cerebrovascular disease. Furthermore, a large propor-
tion (77 percent) of the patients had preexisting coronary
heart disease or cerebrovascular disease at entry into the
study (32). Such patients may represent individuals with
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more severe forms of FH, and thus the results are likely to be
biased.

A case-only study in India examined 25 young patients (15
males and 10 females aged 9–38 years) with cerebral infarc-
tion of unknown etiology (33). Examination of the patients
found 15 to be hyperlipidemic, nine with familial forms of
the disease. Further examination of family members showed
that two of the 25 (8 percent) had pedigrees indicative of FH
(33). Again, the study lacked a control group, but the preva-
lence of FH in stroke survivors was higher than that of the
general population and was similar to early findings that 5
percent of myocardial infarction survivors have FH (34, 35).

A Japanese study prospectively followed 15 individuals
with homozygous FH and 527 individuals with heterozygous
FH (36). Forty-one heterozygous individuals died during the
10-year follow-up, including four from cerebrovascular
events. The study calculated proportional mortality, using
autopsy reports, hospital records, and physician interviews,
to determine the proportion of deceased individuals who
died from stroke. The observed proportional mortality for
strokes of 9.8 percent was similar to the proportional
mortality for stroke events based on census information in
the general Japanese and British populations (36). These
results complemented an earlier cross-sectional study in
Norway, which also found mortality for cerebrovascular
disease to be lower in xanthomata patients (likely FH
heterozygotes) compared with that in the general population
(37).

The contrasting results from these three studies from the
1980s may be due to spurious results due to small sample
sizes, and they may also be due to differences in the
endpoints measured. The first two studies (32, 33) examined
young adults who survived incident cases of ischemic stroke,
and they found an association between FH and stroke. In
contrast, the third study (36) examined overall mortality
from stroke and did not find an association. Given the large
competing risk of death due to coronary disease, studies of
cerebrovascular mortality are likely to underestimate the
actual risk of disease in FH patients (38). Further, the inclu-
sion of hemorrhagic strokes, which are not associated
atherosclerosis, could attenuate the observed association
toward the null.

A more recent Danish study examined 36 female and 44
male patients with ischemic stroke events before 50 years of
age (39). Patients were screened for five LDLR mutations
known to be common in the Danish population and for three
mutations in APOB. None of the subjects was found to carry
a mutation in either gene (39). However, since less than 50
percent of clinical FH patients in Denmark carry one of these
eight mutations, this does not completely rule out the possi-
bility of FH among the stroke patients studied (40). The
authors noted a higher mean cholesterol level for the stroke
cases compared with a control group of 3,366 individuals
from the general Danish population, and they postulated that
some patients might have rare LDLR mutations (39). Ideally,
future studies of molecular causes of FH will comprehen-
sively screen for mutations in LDLR, APOB, and PCSK9.

A recent well-designed study by the United Kingdom-
based Simon Broome Familial Hypercholesterolemia
Register Group followed 1,405 men and 1,466 women

prospectively from 1980 to 1998 for 22,992 person-years
(38). All participants were diagnosed with clinical FH, and
the mean age at registration was 42.3 years. A total of nine
deaths from stroke were observed. This number is similar to
the 11.4 deaths expected based on 5-year age and 5-year
calendar year mortality rates for stroke in the general popu-
lation of England and Wales. The estimated relative risk,
presented as a standardized mortality ratio, was 0.79 (95
percent confidence interval: 0.36, 1.50), indicating no excess
risk of death from stroke for subjects with clinical FH (38).
The proportional mortality for stroke was also similar to that
of the general population. As noted in their paper, interpreta-
tion of these results is limited by low statistical power
resulting from the small number of events observed, the use
of stroke mortality rather than ischemic stroke incidence as
the endpoint, and the widespread use of statins in the popu-
lation. Further analysis did not note a difference in the stan-
dardized mortality ratio for the pre- and post-statin eras (38),
whereas coronary heart disease deaths were approximately
halved (41).

Peripheral arterial disease

Early studies of clinical manifestations of FH reported the
prevalence of symptomatic peripheral arterial disease, as
indicated by intermittent claudication, to be 8–16 percent in
clinical FH heterozygotes (42–44). The use of echo-Doppler
methods in the 1980s allowed for presymptomatic assess-
ment of arterial lesions and measures of reduced blood flow.
Using this method, two studies identified prevalent periph-
eral arterial disease in 30–45 percent of FH patients, with the
severity increasing with age (45, 46).

Several other studies have also reported that the preva-
lence of peripheral arterial disease is greatly increased in FH
subjects relative to non-FH controls (Web table 2). An
Italian study of 62 FH patients (13 homozygous and 49
heterozygous) and 50 controls of similar age found a fivefold
increase in arterial lesions in iliac arteries and an increase of
from threefold to fourfold in the prevalence of reduced blood
flow in the leg arteries (47). A small Finnish study of 20 FH
patients and 20 age- and sex-matched controls found an
abnormal ankle/arm blood pressure ratio in 65 percent of the
cases compared with only 5 percent of the controls (48).
Similar results were found in a 1995 study of 72 FH subjects
in the Netherlands (49). This study noted a nearly 10-fold
increase in the prevalence of peripheral arterial disease
measured by ankle/arm blood pressure ratios and femoral
artery blood flow in FH patients (31 percent) compared with
age-, sex-, weight-, smoking-, and hypertension-matched
controls (3.7 percent). Peripheral vascular disease was
apparent in FH heterozygotes as young as 30 years, and,
contrary to the pattern for coronary heart disease, the age of
onset of peripheral arterial disease was similar for males and
females (49).

Intima-media thickness

Since the 1990s, a frequent surrogate measure of periph-
eral arterial disease is the intima-media thickness of the
carotid and/or femoral artery. This noninvasive measure-
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ment can identify preclinical stages of atherosclerosis, and
large-scale epidemiologic studies have shown an association
between increased intima-media thickness and future coro-
nary heart disease and stroke events (50, 51). As a result,
intima-media thickness is often presented as an intermediate
phenotype in studies of cardiovascular disease (50–54) in the
general population.

Studies of 53 Swedish FH subjects and 53 age-, height-,
and sex-matched controls showed that the intima-media
thickness of both the femoral and carotid arteries is increased
for FH subjects (55, 56). These results have been corrobo-
rated by additional studies that have shown an increase of
from 1.17-fold to 1.52-fold in common carotid intima-media
thickness for FH individuals versus both normolipidemic
(57–61) and hyperlipidemic (62, 63) controls (Web table 3).
Two studies did not find a significant increase in the
common carotid intima-media thickness; however, both
noted other signs of arterial disease in FH patients (60, 64).
A French study of FH children (64) found increased stiffness
in the common carotid artery, and a Norwegian study (60)
found an increase in carotid bifurcation intima-media thick-
ness (in millimeters) for both men (FH subjects: mean =
0.81, standard deviation (SD) = 0.15; controls: mean = 0.74,
SD = 0.19) and women (FH subjects: mean = 0.74, SD =
0.17; controls: mean = 0.66, SD = 0.15).

Intima-media thickness can also serve as an intermediate
phenotype for cardiovascular risk in FH subjects. For
example, a study of 248 FH subjects in the Netherlands
found that intima-media thickness levels were predictive of
coronary heart disease severity (65), with the mean intima-
media thickness higher in FH subjects with coronary heart
disease than in subjects without coronary heart disease. As
an intermediate phenotype, intima-media thickness has been
used as a marker to study environmental and genetic risk
factors within FH individuals. Family history (62), gender
(60, 66), lipoprotein levels (62, 66, 67), underlying LDLR
mutation (63), and the paraoxonase 1 (PON1) gene (68) have
all been shown to be associated with increased intima-media
thickness and, by extension, are postulated as risk factors for
cardiovascular disease, including clinical manifestations of
cerebrovascular disease and peripheral vascular disease, in
FH subjects.

Intima-media thickness has also been used to evaluate
treatment regimens for FH. For example, a clinical trial
comparing two different statin regimens in 325 patients with
FH found that the decreased low density lipoprotein choles-
terol levels were accompanied by decreased intima-media
thickness, particularly in the group randomized for the more
aggressive treatment (69). Similar results have been found in
observational studies, with a regression of carotid intima-
media thickness being noted in patients undergoing treat-
ment with statins (59, 70–72). However, as with any inter-
mediate phenotype, caution should be used when
extrapolating from measures of intima-media thickness to
predictions of risk for future coronary heart disease or cere-
brovascular events. Of concern is the fact that treatments
might alter intima-media thickness levels without impacting
cardiovascular disease risk.

CONCLUSIONS AND RECOMMENDATIONS

Although FH is known to be associated with coronary
heart disease and peripheral arterial disease, the impact of
this clinical phenotype on the risk of stroke is still equivocal.
To date, epidemiologic studies of an association between FH
and stroke events have been inconclusive and have had
methodological limitations. Specifically, the studies that
found evidence for an association did not use a well-defined
control group, whereas the studies that did not find an asso-
ciation may have been underpowered. Further research
should be conducted to assess the strength of the association
between incident ischemic stroke events and FH. Such
studies would have a public heath impact by improving the
prognosis, diagnosis, and treatment of individuals with FH
and their relatives, and they would have a basic science
impact by helping to elucidate the relation among cholesterol
levels, atherosclerotic processes, and cerebrovascular
disease.
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