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Abstract
Background—Stroke symptoms are common among people without a history of stroke or
transient ischemic attack; however, it is unknown if particular attention should be focused on
specific symptoms for subgroups of patients.

Methods—Using baseline data from 26,792 REasons for Geographic and Racial Differences in
Stroke (REGARDS) participants without a history of transient ischemic attack or stroke, we
assessed the association between age, sex, race, current smoking, hypertension and diabetes and
the six stroke symptoms in the Questionnaire for Verifying Stroke-Free Status.

Results—The mean age of participants was 64.4 ± 9.4 years, 40.7% were black and 55.2%
women. After multivariable adjustment, older persons more often reported an inability to
understand (odds ratio [OR] = 1.16 per 10 years older age, 95% confidence interval [CI]: 1.07–
1.25) and unilateral vision loss (OR=1.09, 95% CI: 1.01–1.18) and less often reported numbness
(OR=0.83, 95% CI: 0.79–0.87) and weakness (OR=0.85, 95% CI: 0.80–0.90). Women reported
difficulty communicating more often than men (OR=1.36, 95% CI: 1.19–1.56). The OR for blacks
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compared to whites for each of the six stroke symptoms was increased, markedly so for unilateral
numbness (OR=1.97, 95% CI: 1.81–2.16), unilateral weakness (OR=1.96, 95% CI: 1.76–2.18) and
inability to understand (OR=1.87, 95% CI: 1.61–2.18). Current smoking, hypertension, and
diabetes were associated with higher ORs for each stroke symptom.

Conclusion—The association of risk factors with six individual stroke symptoms studied was
not uniform, suggesting the need to emphasize individual stroke symptoms in stroke awareness
campaigns when targeting populations defined by risk.
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individual stroke symptoms; stroke symptoms; risk factors

INTRODUCTION
Stroke symptoms are common among people without a history of transient ischemic attack
(TIA) or stroke 1–3. Evidence is accumulating that stroke symptoms among individuals
without a history of TIA or stroke may be indicative of a clinically unrecognized stroke, and
important indicators of an increased risk for future stroke events 4–8. However, self-reported
stroke symptoms are often neglected by both patients and their physicians. Less than 60% of
individuals seek care after having stroke symptoms 4, 9–11. It is possible that particular
symptoms may be differentially present and/or reported by subgroups of patients, and this
work aims to assess this possibility. Given the powerful predictive ability of stroke
symptoms for future stroke events, identifying individuals with a history of stroke symptoms
may provide a clinically effective and cost efficient approach for targeting prevention of
stroke.

There are several self-report tools available to identify individuals with stroke
symptoms 4, 5, 12–14. In general, these tools assess multiple stroke symptoms. Prevalent
stroke symptoms have often been considered collectively, with few data available on risk
factors for individual symptoms 1, 2, 4. Individual stroke symptoms may represent disruption
of flow in different anatomical locations, and different aspects of both cerebrovascular and
non-cerebrovascular neurologic disease. As such, risk factors for individual stroke
symptoms may differ. Utilizing data from the baseline visit of the population-based REasons
for Geographic and Racial Differences in Stroke (REGARDS) study, we conducted a cross-
sectional analysis to examine the association between risk factors and each of six stroke
symptoms among people without a diagnosis of either TIA or stroke. We chose six risk
factors to investigate in this analysis: three demographic factors (age, sex, and race) and
three highly prevalent and well-established modifiable risk factors for incident stroke
(current cigarette smoking, hypertension, and diabetes).

METHODS
Study population

The objective and general design of the REGARDS study has been described elsewhere 15.
In brief, the REGARDS study was designed to investigate the causes for the excess stroke
mortality in the southeastern US and among blacks compared to whites. Between January
2003 and October 2007, 30,239 black and white US adults ≥ 45 years of age from the
continental US were enrolled into the REGARDS study. By design, blacks and residents of
the southeastern US were oversampled for inclusion. Potential study participants were sent
an introductory letter followed by a telephone call. Those agreeing to participate were
administered a telephone interview followed by an in-home study examination conducted by
a trained health professional. For the current analysis, we excluded participants with a prior
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self-reported history of TIA or stroke (n=3,050), or missing data on stroke symptoms
(n=397), leaving 26,792 participants in the current analysis. The study methods were
approved by Institutional Review Boards at all participating institutions and all participants
provided written informed consent.

Data Collection
The REGARDS study baseline data were collected through telephone interviews,
examinations by health professionals during an in-home study visit, and self-administered
questionnaires. Of relevance to the current analysis, the following items were obtained via
self-report: age, race, sex, current cigarette smoking, and use of antihypertensive
medication, oral hypoglycaemic agents and insulin. During the in-home visit, physical
measurements and a blood sample were obtained. With participants in a seated position,
systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice
following a standardized protocol. Using the mean of these measurements, hypertension was
defined as a SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or antihypertensive medication use.
Diabetes was defined as taking insulin or oral hypoglycemic agents, a fasting serum glucose
≥ 126 mg/dL or a non-fasting serum glucose ≥ 200 mg/dL.

During the telephone interview participants were administered the Questionnaire for
Verifying Stroke-free Status (QVSFS) for identifying stroke symptoms 11–13. The QVSFS is
a validated questionnaire proposed as a quick screening instrument for identification of
stroke-free individuals in the general population with high sensitivity (>80%) and moderate
specificity (60%–70%). The six symptoms of stroke specified in the questionnaire are:
sudden unilateral painless weakness, sudden unilateral numbness or dead feeling, sudden
painless bilateral loss of vision, sudden unilateral loss of vision, sudden loss of ability to
understand people, and sudden loss of ability to express oneself in speech or in writing
(Appendix) 11.

Statistical Analysis
Characteristics of study participants were calculated as mean ± standard deviation (SD) for
continuous variables, or as counts with percentages for categorical variables. The prevalence
of each stroke symptom was calculated by age group (<55, 55 to 64, 65 to 74, and ≥ 75
years), race, sex, current cigarette smoking status, and for individuals with and without
hypertension and diabetes. The odds ratios for individual stroke symptoms were calculated
by logistic regression models. In these models, age was modeled as a continuous variable
and region of residence (stroke belt, stroke buckle, other region) was included as a covariate
to account for the over-sampling of residents of the southeastern US. The difference in
magnitude of the association between each risk factor with each stroke symptom was
assessed using generalized estimating equations (GEE) with an unstructured working
correlation matrix. The significance level was set at 0.05. SAS version 9.2 (SAS Institute,
Cary NC) was used for all analyses.

RESULTS
The mean age of REGARDS study participants included in this analysis was 64.4 ± 9.4
years, 55.2% were women and 40.7% were black (Table 1). The prevalence of hypertension,
diabetes, and current cigarette smoking were 57.1%, 20.4% and 14.3% respectively.

Overall, 2758 (10.3%) REGARDS participants in this analysis reported one or more stroke
symptom. The prevalence of each stroke symptom is presented overall, and by age, race,
sex, and risk factors in Table 2. Sudden unilateral numbness was the most common stroke
symptom (8.4%), overall, and within each sub-group investigated. In the overall population,
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sudden loss of the ability to understand was the least common stroke symptom, reported by
2.6% of participants. This symptom and sudden loss of one half of vision were the least
commonly reported symptoms in each of the sub-groups.

The odds ratios for each stroke symptom associated with demographics and risk factors are
presented in Figure 1 with detailed results of the models provided in Supplemental Tables 1
and 2. After adjustment for sex, race and region of residence, older age was associated with
higher odds ratios for reporting sudden loss of ability to understand and sudden loss of half-
vision. In contrast, older age was associated with lower odds ratios for reporting sudden
weakness or numbness. The association of female sex with reporting sudden loss of ability
to communicate was significantly higher than reporting unilateral numbness, unilateral
weakness, loss of half vision, loss of both vision, and loss of ability to understand. The age,
sex, and region of residence adjusted odds ratios for blacks compared to whites were
significantly increased for all six symptoms with the odds ratios for unilateral numbness,
unilateral weakness and loss of ability to understand significantly higher than for the other
three stroke symptoms. After adjusting for age, race, sex and region of residence, current
smoking, hypertension, and diabetes were associated with increased odds ratios for each of
the six stroke symptoms. The magnitude of the odds ratios associated with current smoking
and diabetes differed among the stroke symptoms. Smoking had a larger odds ratio for
weakness than for the symptom of loss of one-half vision. Hypertension had a larger odds
ratio for unilateral weakness than for unilateral numbness, loss of ability to communicate,
bilateral loss of vision, and unilateral loss of vision. Diabetes had a larger odds ratio for
bilateral loss of vision and unilateral loss of vision than for unilateral numbness and loss of
ability to communicate.

Discussion
Previous studies have noted a high prevalence of stroke symptoms in the general population
without a prior diagnosis of stroke or TIA 1, 2. The relationship between demographics and
stroke risk factors with individual stroke symptoms has not been well characterized 4. For
the current study, we analyzed the association between age, race, sex, current smoking,
hypertension and diabetes with six individual stroke symptoms. Blacks, current smokers and
those with hypertension and diabetes had increased odds ratios for all six stroke symptoms
while older age and female sex were associated with some but not all of the symptoms. Of
particular relevance to the current analysis, the magnitude of associations of the risk factors
with each of the six stroke symptoms varied.

The prevalence of any stroke symptom was 18% in a prior report from the REGARDS
study 2. Additionally, 13% of participants in the Atherosclerosis Risk in Communities
(ARIC) study reported a history of TIA/stroke symptoms 1, 4. In the ARIC study, the odds
ratios for any TIA/stroke symptoms were significantly elevated for diabetes mellitus, current
smoking, and hypertension, among other risk factors 4. However, risk factors for individual
stroke symptoms were not reported. Additionally, our findings are consistent with a prior
report from the REGARDS study in that both women and blacks were more likely to report
stroke symptoms. However, the current data extend the prior observation by reporting
individual stroke symptoms and evaluating the different magnitude on each of the six stroke
symptoms associated with both demographics and stroke risk factors.

The report of stroke symptoms may reflect the occurrence of an undiagnosed stroke /
subclinical ischemia, or symptoms mistaken as ischemia 16, 17. It is well established that
certain populations have lower access to healthcare and, thus despite no report of a prior
stroke or TIA, may report stroke symptoms more often. This would not necessarily explain
the association between risk factors and some, but not all, stroke symptoms. An alternative
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explanation is that for persons with certain risk factors, individual stroke symptoms may
reflect the occurrence of symptoms that may be misconstrued as ischemia. For example,
vision loss (half or complete vision) was more often reported by individuals with diabetes
compared to individuals without diabetes. While this finding may reflect undiagnosed
stroke, other causes of visual symptoms in this population alternatively explain this finding.
Diabetes mellitus commonly causes progressive visual loss due to retinopathy 18 and can
cause transient visual loss due to reversible cataracts 19–21 and transient homonymous
hemianopsia with non-ketotic hyperglycemia 22.

There have been very few epidemiologic studies on risk factors for stroke symptoms. Two
recent studies 23, 24 among hospitalized patients with diagnosed ischemic stroke/TIA
reported no significant differences in the prevalence of traditional stroke symptoms between
men and women. Our study differs from the previous reports in that the REGARDS study
participants self-reported that they were free from stroke and TIA at the time of analysis and
were not necessarily seeking care. This implies that there may be a sex difference in the
threshold to present for medical care with stroke symptoms or to recognize symptoms as
related to stroke, and physicians should be sensitive to the potential that men may be
underreporting symptoms related to communication. Likewise we observed black
participants were more likely to report all six symptoms (but particularly numbness,
weakness and understanding), suggesting that physicians should be particularly aware of
these symptoms in blacks, but also sensitivity to the possibility that these symptoms could
be underreported in white populations. Finally, prevalent cerebrovascular risk factors
(hypertension, diabetes and smoking) all raised the prevalence of stroke symptoms,
suggesting that a higher level of vigilance for the potential stroke symptoms in these
populations is likely warranted. Identifying differences in the association between
demographics and individual stroke symptoms may help disentangle the higher stroke risk
present in some sub-groups of the population.

The high rate of symptoms reported in the REGARDS study suggests individual stroke
symptoms may be important to collect in research studies and, perhaps, clinical practice. As
noted in the present study, populations known to have a high risk for stroke (e.g., blacks and
those with hypertension and diabetes) also report more stroke symptoms. Stroke symptoms
increase the risk for stroke 5–8. A recent publication from the REGARDS study indicates
that reporting of any of the six stroke symptoms is associated with a 36% increase in stroke
risk (hazard ratio = 1.36, 95% CI:1.08 – 1.72) after adjusting for components of the
Framingham Stroke Risk Score 8. However, the differential association of individual stroke
symptoms with stroke by demographics and risk factors has not been well characterized. For
example, in the current study, we found that blacks are more likely than whites to report
unilateral numbness, unilateral painless weakness, and the loss of ability to understand.
However, the implications of this finding on stroke risk are unclear and depend on the
association of these three stroke symptoms with incident stroke. The REGARDS study will
be able to test for differences in the relationship between individual stroke symptoms and
incident stroke across demographics and stroke risk factors after more stroke events accrue.
Such data will be important for guiding the utility of collecting information on stroke
symptoms in routine clinical care.

The current analysis should be considered in the context of several potential limitations.
Some stroke symptoms may be caused by conditions unrelated to cerebrovascular
disease15, 16. While brain imaging for evidence of prior cerebral infarction or an alternative
origin for the symptoms may provide insight into the occurrence of stroke symptoms among
individuals without self-reported stroke or TIA, this was not available in REGARDS. In
addition, we relied on self-report to exclude individuals with stroke and TIA. While the self-
reported history of stroke is reasonably accurate 25, there is a potential for misclassification
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wherein stroke survivors may not remember receiving a diagnosis. The REGARDS study
has several strengths, including the large national sample with systematic evaluation of
stroke symptoms using a validated questionnaire. In addition, data on risk factors including
current smoking, hypertension and diabetes were collected by trained staff using study
protocols.

In conclusion, data from the current study suggest that older age, female sex, black race,
hypertension, diabetes and current cigarette smoking are not uniformly associated with
individual stroke symptoms. These findings suggest that individual stroke symptoms should
be emphasized in stroke awareness campaigns.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Odds ratio and 95% confidence intervals for individual stroke symptoms associated
with age, sex, race, current smoking, hypertension, and diabetes
Stroke symptoms are ordered left-to-right by the decreasing magnitude of the odds ratio and
the order of stroke symptoms differs between the panels. Stroke symptoms that are
connected by a horizontal line above the graph are not statistically significantly different
(p>0.05), while symptoms not covered by a vertical line differ significantly (p ≤ 0.05).
Circles represent odds ratios with vertical lines representing 95% confidence intervals.
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Table 1

Characteristics of REGARDS study participants included in the current analysis.

Overall (n=26,792)

Age, years 64.4 (9.4)

Women 14,793 (55.2%)

Blacks 10,902 (40.7%)

Region of Residence

 Stroke Belt 9,295 (34.7%)

 Stroke Buckle 5,628 (21.0%)

 Non-belt 11,869 (44.3%)

Hypertension 15,248 (57.1%)

Diabetes 5,291 (20.4%)

Current Smoking 3,805 (14.3%)

Numbers in table are mean (standard deviation) or n (percent)
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