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Abstract
To plan a multisite, ischemic stroke genetic study, stroke patients were surveyed about the availability
and characteristics of a convenience sample of spouse/friend controls. 65% of all stroke-affected
probands reported a living spouse. A more detailed survey was conducted at the University of
Virginia, Charlottesville, Va., USA: 51% of stroke patients reported a living, stroke-free spouse who
would be willing to serve as a control, and 49% reported having a stroke-free friend who would be
willing to serve as a control. Overall, 75% of stroke patients reported at least 1 individual willing to
participate as a control. Cases without an identified control were more likely to be non-white (48%)
than were cases with a control (13%; p = 0.00004). Cases were older than controls (67.3 vs. 59.2
years; p = 0.000002), and a greater proportion of cases than controls were male (57 vs. 33%; p =
0.0002). Without proper attention to matching, the use of a spouse/friend convenience sample would
result in imbalances in basic demographic characteristics.
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Introduction
The study of the genetics of cerebrovascular disease poses a number of challenges for
investigators. Few doubt a hereditary contribution to cerebrovascular risk, but the
quantification of genetic factors remains elusive. Several large-scale epidemiological studies
have demonstrated that family history is associated with increased risk of stroke; the strength
and consistency of that relationship has been variable [1,2]. The association may be stronger
than observed in these studies because of differential and nondifferential misclassification.
Many studies relied upon unconfirmed recollections or diagnoses made in the era preceding
the routine use of computed tomography (CT) in clinical practice. Similarly, many studies did
not distinguish among ischemic stroke subtypes [3-5] and, in some cases, even between
ischemic and hemorrhagic strokes [2,6].
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Stroke is a phenotypically heterogeneous disease of the elderly. Many of the usual tools
available to study the genetic contribution to a disease have limited utility in the study of
cerebrovascular disease. Few pedigrees have multiple living affected family members in
multiple generations due to both the high mortality associated with stroke and the late age of
onset. Although affected sibling-pair strategies remain promising [7], case-control genetic
association studies will continue to dominate efforts to tease out the complex genetics of
cerebrovascular disease [8]. The use of spousal controls is frequent in genetic studies [9-11]
and may have specific advantages, including convenience and controlling for adult
environmental exposures [12]. We found no published empirical data on the appropriateness
of spousal controls in genetic cerebrovascular studies. We sought to assess the feasibility of
an ischemic stroke genetics study using cases with incident stroke and controls drawn from
spouses and unrelated friend controls.

Methods
Multisite Survey

Data were collected prospectively on potential cases of recent ischemic stroke at the following
academic medical centers: Mayo Clinic, Jacksonville, Fla.; Mayo Clinic, Rochester, Minn.;
Shands/University Hospital, Jacksonville, Fla., and the University of Virginia Health System,
Charlottesville, Va., USA. During the spring of 2001, all individuals admitted to the neurology
services at these hospitals were screened. Cases were patients with a recent CT- or MR-
confirmed ischemic stroke not associated with a surgical/interventional procedure,
subarachnoid hemorrhage, biopsy-proven vasculitis, mechanical heart valve, endocarditis, or
a monogenic disorder known to cause stroke. Cases had to be over 18 years of age and had to
have the capacity to provide informed consent for a genetics study. Each case was asked the
question whether he/she had a living spouse. All data were collected anonymously. The
multisite survey had been approved by each local institutional review board.

University of Virginia Survey
The University of Virginia Health System includes a 600-bed hospital with over 450 stroke
admissions annually that provides both primary and tertiary care to the town of Charlottesville,
Va., USA, and a surrounding 7-county region. At the University of Virginia site, a neurologist
investigator administered a structured questionnaire to characterize cases and controls in better
detail. All individuals admitted to the University of Virginia neurology service with a diagnosis
of stroke were approached. Subjects were presented with a hypothetical scenario in which they
would be invited to participate in a nontherapeutic stroke genetics study. Investigators collected
basic demographic information about the cases including age, race/ethnicity, and marital status.
They also collected basic medical information regarding common vascular risk factors and
stroke subtype. A neurologist with subspecialty expertise in cerebrovascular diseases sub-typed
the presenting stroke by the TOAST classification system using all available clinical and
laboratory information [13]. Cases were asked about the availability of their spouse to serve
as a control in a genetics study. They were also asked about the availability of unrelated, stroke-
free friends to serve as controls. To be deemed available, spouses/friends needed to be living,
free of a history of stroke, and willing to participate in the estimation of their respective case.
Data on age and race/ethnicity were also collected for both spouses and friend controls.

Statistical Methods
Simple frequencies and means were calculated for the entire cohort and for those with and
without available controls. Comparisons were made using a nonparametric χ2 test for
categorical variables and one-way ANOVA for continuous variables. Alpha was set at 0.05.
In addition, we used Bonferroni’s methods for correcting for multiple comparisons in the
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University of Virginia dataset; a total of 13 statistical comparisons were made giving a
corrected alpha of 0.004.

Results
Multisite Stroke Registry Results

A total of 446 potential cases were identified during the surveillance period. Sixty-five percent
(290/446) of the cases from all sites had a living spouse [Mayo Clinic, Jacksonville, Fla., 66%
(73/110); Mayo Clinic, Rochester, Minn., 68% (128/188); Shands/University Hospital,
Jacksonville, Fla., 64% (16/25); University of Virginia Hospital, Charlottesville, Va., 60%
(73/123), p = 0.45].

University of Virginia Survey of Potential Probands
From May 15, 2001 to December 31, 2001, 123 of the 154 stroke admissions (80%) met
enrollment criteria and were willing to answer the questionnaire. Three patients were admitted
twice during the study interval but were only counted as single individuals. Reasons for
exclusion included the following: unlikely to be able to provide informed consent for a genetics
study (n = 17), discharged prior to approach (n = 9), admitted to another service (n = 2), lost
paperwork (n = 2), and nonqualifying stroke (n = 1). Demographic, risk factor, and stroke
subtype data are summarized in table 1. A total of 51% (63/123) of cases reported a living,
stroke-free spouse who would be willing to serve as a control. Only one such couple was not
matched for race. Of the 73 cases who were married, 8% (6/73) did not believe their spouses
would agree to participate and 5% (4/73) reported that their spouse had a history of stroke.
Forty-nine percent of cases (61/123) reported having an unrelated, stroke-free friend who
would be willing to serve as a control. All but 3 of the 61 case-friend control pairs were matched
for race. Twenty-seven percent (33/123) reported both a living stroke-free spouse and a living
stroke-free friend. Overall, 75% (92/123) of stroke patients reported at least 1 unrelated, stroke-
free individual who would likely be willing to serve as a control.

Differences between Cases with and without Controls
Table 1 shows the characteristics of cases with and without an identified control. Cases without
an identified control were significantly more likely to be non-white (48%) than were cases with
a control (13%; p = 0.00004). Marital status also differed between the two groups: those without
controls were more frequently widowed, divorced, or single compared with those with an
identified control (29 vs. 74%; p = 0.00009). Cases with an available spouse/friend control
tended to be younger (66.1 ± 11.4 vs. 70.6 ± 12.7 years; p = 0.07). The proportion of men was
nonsignificantly higher between cases with (61%) controls compared with those without
controls (45%, p = 0.13). The overall distributions of stroke subtypes did not differ (p = 0.15).
This study was not powered to detect differences in risk factor profiles, but gross differences
were not noted.

Sixty-six percent of those reporting a living and available spouse were men compared with
32% of those reporting no available spouse being men (p = 0.0002). By contrast, men were
underrepresented among those reporting a stroke-free friend who might be willing to serve as
a control (43 vs. 58%; p = 0.09). More than 1/4 of men (29%) and women (25%) reported both
a spouse and a friend who could potentially serve as a control.

Differences between Cases and Controls
Table 2 compares cases and controls. Controls were significantly younger than all cases (59.2
± 13.8 years vs. 67.3 ± 11.8 years; p = 0.00003). There was a significantly greater proportion
of females among controls (67%) than among cases with (39%, p = 0.0002) or without (55%,
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p = 0.0005) controls. There was a suggestion that the controls were more likely to be white (85
vs. 78%; p = 0.08). If all cases agreed to participate, the cases would be 57% male (70/123),
78% white (96/123), and have a median age of 69 years. If all identified potential controls
agreed to participate, the control group would be 33% (43/129) male, 85% white (110/129)
and have a median age of 61 years.

Discussion
Our study shows that approximately two thirds of adults with recent ischemic stroke reported
having a living spouse. The availability of spouse controls was consistent across sites; however,
it may differ in populations outside the USA. In a recent study of 727 patients seen at a single
cerebrovascular clinic in London, UK, there were 222 (30.5%) available stroke-free spouses;
but the authors did not define what constituted an available spouse in their study [14]. Thus,
the difference in rates of spouse controls may be due to a bias in ascertainment.

At the University of Virginia site, three quarters of ischemic stroke cases reported having an
available spouse or unrelated friend who would likely serve as a control. As would be
anticipated, cases were more likely to have living spouses available for controls if they were
male or younger in age, making a greater proportion of controls female and younger. Care must
be taken to avoid imbalances between cases and controls with regard to basic demographic
characteristics such as age and sex.

The University of Virginia survey inquired about patients’ willingness to participate in a
hypothetical genetics study. The number of controls stating a willingness to participate in a
hypothetical study likely exceeds the number of controls who would provide informed consent
for an actual nontherapeutic study. Complex factors influence rates of refusal to participate in
medical research. Refusal of elderly subjects to participate in observational studies has been
shown to be influenced by the functional [15] and cognitive status [16]. Even the manner with
which informed consent is obtained can affect refusal rates. The Eastern Cooperative Oncology
Group, for example, found that rates of refusal to bank biological samples for future research
were lower when more detailed information was included in the informed consent form [17].

Case-Control Design
Although genome-wide scans for susceptibility genes will become easier as data accrue from
the human genome project, the case-control method remains a powerful tool for genetic
investigation [8,18]. This is especially true for diseases like cerebrovascular disease where
multiple genes, rather than one particular gene, determine the risk. Case-control studies are
most useful to detect the impact of common alleles that confer a modest effect [19]; however,
confounding due to gene-environment interactions remains a vulnerability [20].

The possibility of introducing an asymptotic bias secondary to ethnic stratification represents
a limitation in the case-control study design. Imbalances in the ethnic make-up between cases
and controls may lead to spurious results due to differences in the frequency of polymorphic
regions of the genome [21-23]. Real associations between ethnicity and disease may lead to
an artifactual association of that disease with benign polymorphisms [24,25]. Overcoming
ethnic stratification can be achieved through extremely narrow sampling, but this strategy
greatly sacrifices efficiency [26]. Nevertheless, ethnic stratification may be quantifiable and
smaller than previously thought [27]. Case-related control and combined case-control pedigree
designs provide alternative strategies that readily control for ethnic differences; however, these
methods may be less efficient for common low penetrant polymorphisms and curtail both
power and generalizability [28-30].
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Control Selection
The use of spousal controls has clear advantages both for convenience and for controlling for
adult environmental exposure [12]. Racial backgrounds are often matched in both spouses and
friends as can be seen from our population. Friends also provide a convenient pool of potential
controls with similar lifestyle characteristics [31]. However, some have criticized the use of
friend controls because of a tendency to oversample sociable individuals [32,33]. Genetic traits
may not be related to sociability, making this pool of controls perhaps more acceptable in
genetic association studies such as our planned study [31,34]. In genetic studies, these particular
issues of bias and issues of overmatching are of less significance because exposure to particular
genes is not likely related to social characteristics [12,31]. We therefore do not believe this to
be a significant limitation in our study.

Using a combination of spousal and friend controls is appealing and may allow for corrections
of anticipated imbalances between cases and potential controls. In our sample, given that males
were more likely to have male friends, it would be possible to correct for the difference in sex
between cases and spousal controls by supplementing with friend controls. As the ages of
spousal controls more closely approximated the cases’ age than the friends’ age, using friend
controls is less likely to be helpful in correcting for imbalances in age.

In an effort to address potential imbalances in demographic characteristics identified in our
survey of potential cases, we propose adapting methodologies developed in behavioral case-
control studies that apply random selection to a convenience sample. In that design, cases
provide a list of potential friend controls from which researchers randomly chose a single
control to minimize selection bias [35]. We propose using a similar strategy whereby cases
provide a list of potential controls that are added to a pool allowing selection of the most
appropriately matched control for each case.

Although spouse and friend controls can be used as controls in genetic studies, the availability
of such controls is limited by willingness of cases to identify potential controls, and the
controls’ willingness to participate. Although in some realms of research, case identification
of controls is limited [34], in our population this was not the case. Our study did not, however,
address the actual willingness of identified potential controls to participate. We will
systematically collect data regarding recruitment of spousal and friend controls as part of the
planned multisite ischemic stroke genetic study, which will allow further investigation of the
impact of actual willingness to serve as a control on the characteristics of the pool of potential
control subjects.

Conclusions
Genetic investigations in cerebrovascular disease are increasing as the tools available to
researchers expand. Risk stratification based on genetic profiles is expected to increase [36].
Genetic information may also expand or reform treatment modalities [37]. Recognition of the
genes that play a role in cerebrovascular risk is inherent to this process. The current study both
characterized the likely pool of spouse and unrelated friend controls and identified particular
features of potential controls, including sex, age, and race/ethnicity, which require careful
attention in designing and conducting case-control stroke genetic studies.
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Table 1
Demographic and clinical characteristics of University of Virginia survey
population

All admitted ischemic
stroke cases (n = 154)

Cases

all enrolled (n = 123) with control (n =
92)

without control (n =
31)

Age, years
Mean 66.6 67.3 66.1 70.6
Median 67.5 69 67 72
Range 27-92 33-92 33-85 40-92

Male, % 57 57 61 45

Race, %
White 76 78 87 52
African-American 23 20 13 42
Other1 1 2 0 6

Risk factors, %
Hypertension NA 71 71 71
Diabetes NA 31 29 35
Dyslipidemia NA 37 36 39
Atrial fibrillation NA 20 21 19
Coronary disease NA 31 32 29

Smoking status, %
Current NA 21 21 23
Ex-smoker NA 29 30 26
Nonsmoker NA 47 49 42

Marital status, %
Married NA 60 71 26
Widowed NA 24 16 48
Single NA 12 11 16
Divorced NA 4 2 10

Stroke subtype, %
Large vessel NA 22 21 26
Small vessel NA 28 28 26
Cardioembolic NA 15 13 19
Cryptogenic NA 25 29 13
Multiple mechanisms NA 5 3 10
Other specified NA 2 1 6
Work-up incomplete NA 3 4 0

NA = Not available.

1
1 Asian-American and 1 white Hispanic-American.
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