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The authors analyzed data on 9950 participants taking
antihypertensive medications in the nationwide Reasons
for Geographic and Racial Differences in Stroke
(REGARDS) study to determine the association between
medication adherence and incident stroke symptoms.
Medication adherence was assessed using a validated 4-
item self-report scale and participants were categorized
into 4 groups (scores of 0, 1, 2, and 3 or 4, with higher
scores indicating worse adherence). The incidence of 6
stroke symptoms (sudden weakness on one side of the
body, numbness, painless loss of vision in one or both
eyes, loss of half vision, losing the ability to understand
people, and losing the ability to express oneself verbally or

in writing) was assessed via telephone interviews every
6 months. During a median of 4 years, the incidence of
any stroke symptom was 14.6%, 17.9%, 20.2%, and
24.9% among participants with adherence scores of 0, 1,
2, and 3 or 4, respectively (P<.001). The multivariable
adjusted hazard ratio (95% confidence interval) for any
stroke symptom associated with adherence scores of 1, 2,
and 3 or 4, vs 0, was 1.20 (1.04–1.39), 1.23 (0.94–1.60),
and 1.59 (1.08–2.33), respectively (P<.001). Worse adher-
ence was also associated with higher multivariable
adjusted hazard ratios for each of the 6 stroke symptoms.
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Population-based studies indicate that stroke symp-
toms are common among individuals without a prior
medical diagnosis of stroke or transient ischemic
attack (TIA).1,2 Stroke symptoms may indicate a
minor stroke and are associated with worse quality of
life and an increased risk for future stroke events.3–5

However, few data are available on the risk factors
for stroke symptoms.

Hypertension is one of the most important risk fac-
tors for stroke, and antihypertensive medications are
often required to achieve blood pressure (BP) con-
trol.6,7 However, low adherence to antihypertensive
medications is a common problem.8–10 In prior stud-
ies, the prevalence of low antihypertensive medication
adherence has frequently exceeded 20%11–13 and low
adherence to antihypertensive therapies has consis-
tently been found to be associated with uncontrolled
hypertension.12,14–17 For example, in a study of 1367
patients by Morisky and colleagues,12 43.3%, 54.5%,
and 67.2% of individuals with high, medium, and low
adherence, assessed via a self-report scale, had uncon-
trolled hypertension. Beyond hypertension control, few

data are available on health outcomes associated with
low antihypertensive medication adherence.

The goal of the present analysis was to assess
whether individuals with low medication adherence
have a higher risk for developing stroke symptoms. To
do so, we analyzed data on participants taking antihy-
pertensive medication from the population-based Rea-
sons for Geographic and Racial Differences in Stroke
(REGARDS) study. Specifically, we determined the
incidence of new stroke symptoms during a median of
4 years of follow-up associated with level of medica-
tion adherence among individuals without stroke, TIA,
or stroke symptoms at baseline.

MATERIALS AND METHODS
The REGARDS study is a nationwide prospective
cohort study among US adults aged 45 years and
older.18 The study was designed to oversample African
Americans and to provide approximate equal represen-
tation of men and women. Overall, 30,239 African
American and white US adults were enrolled between
January 2003 and October 2007. The current analysis
was limited to participants with hypertension who
were taking antihypertensive medication, confirmed
via self-report and pill bottle review, and had no prior
history of stroke, TIA, or stroke symptoms at baseline.
Individuals without complete medication adherence
and follow-up data were also excluded. Of the partici-
pants taking antihypertensive medications (n=14,692),
2222 reported a history of stroke or TIA at baseline,

Address for correspondence: Paul Muntner, PhD, Department of
Epidemiology, University of Alabama at Birmingham School of Public
Health, RPHB 230J 1530, 3rd Avenue South, Birmingham, AL
35294-0022
E-mail: pmuntner@uab.edu

Manuscript received September 27, 2010; Revised: January 19, 2011;
Accepted: January 22, 2011
DOI: 10.1111/j.1751-7176.2011.00464.x

Official Journal of the American Society of Hypertension, Inc. The Journal of Clinical Hypertension Vol 13 | No 7 | July 2011 479



2054 reported a history of stroke symptoms at
baseline, 243 had missing items on the adherence
screener, and 223 had no follow-up data, leaving 9950
participants for analysis.

Data Collection
Sociodemographic and clinical data were collected
at baseline through a telephone interview, a self-
administered questionnaire, and an in-home examina-
tion. Trained interviewers conducted computer-assisted
telephone interviews to obtain information on partici-
pants’ demographics, current cigarette smoking and
alcohol consumption, self-rated health, annual house-
hold income, education, symptoms of depression, cog-
nitive impairment, and self-reports of prior physician-
diagnosed major comorbid conditions (eg, diabetes,
hypertension, stroke, TIA, atrial fibrillation, and myo-
cardial infarction). Symptoms of depression were
defined as being present for participants with scores
�4 on the 4-item Centers for Epidemiologic Studies of
Depression scale.19 Cognitive impairment was assessed
using a 6-item test of global cognitive function that
includes recall and temporal orientation items.20

Trained and certified health professionals conducted
in-home study visits that included the review of medica-
tion pill bottles, a physical examination, electrocardiog-
raphy, and the collection of blood and urine samples.
Participants were asked to provide the bottles for all
medications they had taken in the past 2 weeks, and
medication names were recorded and subsequently
coded into drug classes. Antihypertensive medication
classes were defined using those listed in the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7).21 BP was measured two times using
aneroid sphygmomanometers following a standardized
protocol. A history of coronary artery disease was
defined as a self-report of myocardial infarction, percu-
taneous coronary intervention, coronary artery bypass
graft, or evidence of a myocardial infarction on the
study electrocardiogram collected during the in-home
examination. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared.
Diabetes was defined as a serum glucose �126 mg ⁄ dL
for participants who had fasted �8 hours prior to their
blood draw, serum glucose �200 mg ⁄ dL for those who
had not fasted, or self-report of a prior diagnosis of dia-
betes and current use of insulin or oral hypoglycemic
medications. Dyslipidemia was defined as serum total
cholesterol �240 mg ⁄ dL, low-density lipoprotein cho-
lesterol �160 mg ⁄ dL or high-density lipoprotein choles-
terol <40 mg ⁄ dL, or a self-reported prior diagnosis of
high cholesterol and current use of cholesterol-lowering
medications. Using isotope-dilution mass spectrometry
(IDMS)–traceable serum creatinine, estimated glomeru-
lar filtration rate (eGFR) was calculated using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.22 Albuminuria was calculated as
the ratio of urinary albumin to urinary creatinine, which

were collected via a random spot urine collection. C-
reactive protein was measured using a high-sensitivity,
particle-enhanced immunonepholometric assay.

Adherence Scale
Medication adherence was assessed using a validated
4-item scale.23 In a prior study, this scale was reported
to have acceptable internal consistency (Cronbach’s
a=0.61), the items maintained a high item-to-total cor-
relation (>0.4 for each item), and scores were corre-
lated with BP control.23 The 4 items have response
options of ‘‘no’’ or ‘‘yes’’ and are listed in the Appen-
dix. One point was assigned to each ‘‘yes’’ response,
the points were summed, and medication adherence
was grouped into 4 levels: scores of 0, 1, 2, and 3 or
4, with a higher score indicating worse adherence.24

Scores of 3 and 4 were pooled together for analysis
due to a low number of participants in these groups.

Outcomes
Incident stroke symptoms were ascertained during
biannual follow-up telephone interviews. Using the
Questionnaire for Verifying Stroke-Free Status (QVSFS),
participants were asked about the sudden onset of
each of 6 stroke symptoms (Appendix).25 The QVSFS
is a validated questionnaire proposed as a quick
screening instrument for identification of stroke-free
individuals in the general population.26,27 Incident
stroke symptoms included follow-up through March
2010. At the time of this analysis, participants had
completed up to 14 follow-up interviews (median=7
follow-up interviews).

The REGARDS protocol was approved by the insti-
tutional review boards governing research in human
subjects at the participating centers and all partici-
pants provided informed consent.

Statistical Analysis
Participant characteristics were calculated by adher-
ence scale scores (0, 1, 2, and 3 or 4) as means for
continuous variables and proportions for categoric
variables. The statistical significance of trends across
adherence scale scores was determined using least
squares and maximum likelihood, as appropriate. The
percent of participants developing each stroke symp-
tom, any stroke symptom, and the total number of
stroke symptoms was calculated by adherence scale
score. The hazard ratio for developing each, as well as
any, stroke symptom during follow-up was calculated
for adherence scale scores of 1, 2, and 3 or 4, with
participants having scores of 0 (indicating the highest
level of adherence) serving as the reference group. Ini-
tial regression models included adjustment for age,
race, sex, and region of residence (stroke belt, stroke
buckle, or other region) with subsequent models
including additional adjustment for education, house-
hold income, current smoking, alcohol consumption,
physical activity, self-rated health, cognitive impair-
ment, symptoms of depression, BMI, systolic BP,
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health insurance, number of antihypertensive medica-
tion drug classes, total number of prescription and
nonprescription drugs being taken, dyslipidemia, dia-
betes, atrial fibrillation, coronary artery disease, log-
transformed C-reactive protein, eGFR, and log-trans-
formed albuminuria. Since the exact date a participant
developed stroke symptoms was not known (ie, stroke
symptoms were assessed at 6-month intervals), we
used interval-censored regression models to calculate
hazard ratios.28,29 Participants who died were right-
censored on their date of death. Those who did not
develop stroke symptoms were right-censored on the
date of their last REGARDS follow-up interview, and
those developing a stroke symptom were left- or inter-
val-censored. Linear trends across level of medication
adherence were assessed using adherence scale scores
as a continuous variable in the regression models. In a
secondary analysis, the incidence and hazard ratios for
developing any stroke symptoms associated with level
of medication adherence was calculated for whites and
African Americans separately. Differences in the asso-
ciation between medication adherence and incident
stroke symptoms by race was evaluated by including
an interaction term in the multivariable-adjusted
regression model. All analyses were performed using
SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS
The mean age of the REGARDS study sample who
were taking antihypertensive medication and were
included in the current analysis was 66.0 (standard
deviation, 8.8) years, 57.2% were women, and 48.1%
were African American. Also, 70.1% had adherence
scores of 0 (best adherence) and 23.1%, 5.0%, and
1.9% had scores of 1, 2, and 3 or 4 (worst adherence),
respectively. Those with worse medication adherence
at baseline were more likely to be younger, African
American, female, and reside outside the stroke belt
region of the United States (Table I). Additionally,
lower income, lack of health insurance, being physi-
cally inactive, current smoking, symptoms of depres-
sion, and worse self-rated health were associated with
worse medication adherence. Cognitive impairment
was more common among participants with the best
and worst levels of adherence. Levels of BMI, systolic
and diastolic BP levels, C-reactive protein, eGFR, and
albuminuria were higher among individuals with
worse adherence.

During a median of 4 years of follow-up (maximum
follow-up, 7 years), 16.6% of the study sample devel-
oped stroke symptoms. The incidence of any stroke
symptom was 14.6%, 17.9%, 20.2%, and 24.9%
among participants with adherence scores of 0, 1, 2,
and 3 or 4, respectively (P<.001). The incidence of
each stroke symptom was higher among individuals
with worse adherence (Figure 1; P<.001 each). Addi-
tionally, the incidence of multiple stroke symptoms
was more common among individuals with worse
adherence (Figure 2). For example, the incidence of

�3 stroke symptoms was 1.9%, 1.9%, 3.6%, and
7.0% among individuals with medication adherence
scores of 0, 1, 2, and 3 or 4, respectively.

After adjustment for age, race, sex, and region of
residence and compared with their peers with an adher-
ence scale score of 0 (best adherence), the hazard
ratios for any stroke symptom were 1.29 (95% confi-
dence interval [CI], 1.11–1.50), 1.53 (95% CI, 1.16–
2.01), and 2.05 (95% CI, 1.39–3.04) among individu-
als with adherence scale scores of 1, 2, and 3 or 4
(worst adherence), respectively (Table II). Graded
associations were present between worse adherence
and higher hazard ratios for each individual stroke
symptom. The association of lower adherence with a
higher hazard ratio for any stroke symptoms, as well
as each stroke symptom except sudden painless loss of
vision in one or both eyes (P=.056 after multivariable
adjustment), was attenuated but remained statistically
significant after multivariable adjustment.

Race-Stratified Associations
During follow-up, 14.2% of whites and 19.3% of
African Americans developed stroke symptoms. The
cumulative incidence of stroke symptoms associated
with medication adherence scores of 0, 1, 2, and 3 or
4 was 13.5%, 15.5%, 16.0%, and 23.0%, respec-
tively, among whites and 18.2%, 20.7%, 22.9%, and
25.8%, respectively, among African Americans (each
P<.001). After multivariable adjustment for age, sex,
region of residence, high school education, current
smoking, alcohol consumption, household income,
symptoms of depression, BMI, systolic BP, number of
antihypertensive classes, diabetes, high cholesterol, his-
tory of coronary artery disease, C-reactive protein,
eGFR, albuminuria, the hazard ratio for developing
any stroke symptoms associated with medication
adherence scores of 1, 2, and 3 or 4, vs 0, was 1.20
(95% CI, 0.99–1.46), 1.32 (95% CI, 0.86–2.04), and
1.90 (95% CI, 1.00–3.62), respectively (P=.014)
among whites. The analogous multivariable-adjusted
hazard ratios for incident stroke symptoms were 1.21
(95% CI, 0.98–1.51), 1.31 (95% CI, 0.93–1.85), and
1.55 (95% CI, 0.95–2.53) among African Americans
(P=.017). Test for statistical interaction between medi-
cation adherence and stroke symptoms by race was
not significant (P=.692).

DISCUSSION
Few studies have investigated risk factors for incident
stroke symptoms. In the current study of individuals
with hypertension, a graded association was present
between worse medication adherence and a higher risk
for developing new stroke symptoms. Among individu-
als with the worst level of adherence, 24.9% devel-
oped stroke symptoms during the 4-year follow-up
period. The relationship between worse adherence and
increased stroke symptoms was not explained by
potential confounding variables including sociodemo-
graphic factors, comorbid conditions, number of
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antihypertensive medication classes being taken, and
systolic BP. Additionally, worse levels of medication
adherence were associated with increased hazard ratios
for each of the 6 stroke symptoms studied except sud-
den painless loss of vision in one or both eyes.

Stroke symptoms in the absence of a diagnosis of
stroke or TIA may reflect the occurrence of a cerebral
infarction that has not come to clinical attention.30

Importantly, stroke symptoms are associated with an
increased risk for clinically diagnosed stroke in the

TABLE I. Characteristics of REGARDS Study Participants With Hypertension Taking Antihypertensive Medication
by Level of Adherence

Adherence Score

0 (Best Adherence)

(n=6969) 1 (n=2301) 2 (n=495)

3 or 4 (Worst Adherence)

(n=185) P Value

Age, y 66.4 (8.8) 65.2 (8.8) 63.8 (8.8) 64.7 (9.7) <.001

African American, % 47.5 45.7 60.8 67.0 <.001

Women, % 56.6 56.6 64.4 66.5 <.001

Region, %

Non-belt 42.7 42.8 45.7 55.1 ref

Stroke belt 35.4 36.4 37.4 33.0 .321

Stroke buckle 21.9 20.8 17.0 11.9 <.001

High school education, % 86.8 88.0 83.2 83.8 .245

Income

<$20,000 20.6 19.0 27.9 33.3 ref

$20,000–$34,999 28.7 30.5 28.2 30.8 .092

$35,000–$74,999 34.7 35.4 33.1 25.2 .003

�$75,000 16.0 15.1 10.8 10.7 <.001

Health insurance, % 95.0 94.1 91.7 93.5 .003

Inactive, % 35.6 38.0 40.0 48.9 <.001

Current smoking, % 12.0 12.8 17.6 13.5 .004

Alcohol consumptiona, %

None 64.4 64.1 67.2 64.0 Reference

Moderate 31.9 31.2 28.5 34.8 .524

Heavy 3.7 4.7 4.3 1.1 .624

Symptoms of depression, % 8.7 11.1 17.1 16.9 <.001

Cognitive impairment, % 8.1 6.4 5.1 9.5 .040

Self-rated health, %

Excellent 11.0 8.6 6.5 5.4 Reference

Very good 30.2 27.2 22.0 22.8 .031

Good 39.9 44.4 41.5 42.4 <.001

Fair 16.5 17.2 24.0 21.2 <.001

Poor 2.6 2.7 6.1 8.2 <.001

Body mass index, kg ⁄ m2 30.5 (6.4) 31.2 (6.3) 31.2 (6.5) 32.0 (6.6) <.001

SBP, mm Hg 130.4 (15.9) 131.5 (17.1) 132.8 (18.0) 136.3 (17.9) <.001

DBP, mm Hg 77.4 (9.4) 77.8 (10.1) 79.7 (10.7) 82.5 (11.5) <.001

Number of antihypertensive

medication classes

1.95 (0.90) 1.94 (0.91) 1.90 (0.88) 1.92 (0.92) .256

Number of pills consumedb 6.8 (3.8) 7.1 (3.9) 6.9 (3.9) 6.6 (3.8) .263

Diabetes, % 27.7 28.9 30.7 29.7 .092

High cholesterol, % 63.7 65.9 61.8 65.2 .487

Atrial fibrillation, % 8.7 8.3 8.4 11.5 .734

History of CAD,c % 24.9 25.4 23.7 32.2 .255

C-reactive protein, mg ⁄ L 2.5 (1.1–5.8) 2.7 (1.2–6.0) 3.5 (1.4–6.8) 2.7 (1.2–5.6) .004

eGFR, mL ⁄ min ⁄ 1.73 m2 81.7 (21.3) 82.6 (21.2) 84.0 (22.4) 85.1 (25.1) .001

Albuminuria, mg ⁄ g 8.1 (5.0–18.6) 8.3 (5.1–20.0) 9.9 (5.8–24.9) 10.0 (5.7–26.8) <.001

Abbreviations: CAD, coronary artery disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.
Values are expressed as mean (standard deviation) or percentage except C-reactive protein and albuminuria, which are median (25–75 percentiles).
Adherence scores are based on the 4-item Morisky Medication Adherence Scale. aModerate and heavy alcohol consumption were defined using
National Institute on Alcohol Abuse and Alcoholism guidelines as some but <7 drinks a week for women (14 for men) and �7 (14 for men),
respectively. bIncludes prescription medications, nonprescription medications, vitamins, and supplements for hypertension and conditions other than
hypertension. cIncludes history of myocardial infarction, evidence of a myocardial infarction on the Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study baseline electrocardiogram, coronary artery revascularization, or coronary artery bypass surgery.
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future.3,4 For example, among 1077 participants in the
Rotterdam Scan Study, the presence of silent brain
infarcts was associated with a multivariable-adjusted
hazard ratio of 3.9 (95% CI, 2.3–6.8) for subsequent
clinically recognized stroke.5

Brain imaging to assess silent strokes was not avail-
able in the REGARDS study. However, questionnaires
are more feasible in large population-based epidemio-
logic studies. High sensitivity (sensitivity >80%) but

only moderate specificity (specificity of 60–70%) have
been reported for the questionnaire we used to identify
stroke symptoms.25–27 The positive and negative pre-
dictive values of this scale have been reported to be
71% and 96%, respectively.26

About 4 million US adults have a history of clini-
cally diagnosed strokes.31 However, there may be as
many as 10 million adults with prevalent ‘‘whisper-
ing’’ subclinical strokes in the United States.2 Addi-
tionally, the prevalence of stroke symptoms without a
clinical stroke diagnosis was 18% among white and
African American US adults aged 45 years and older
at the baseline REGARDS study visit.1 Given the high
burden of stroke symptoms among US adults, many of
which are not recognized as stroke but may well repre-
sent small ischemic strokes, there may be a tremen-
dous benefit in identifying modifiable risk factors for
stroke symptoms.

Low adherence to medication is a well-recognized
barrier to controlling hypertension.8,16,32–34 Despite
the availability of effective antihypertensive medica-
tions, only 69% of US adults who report taking such
treatment have their BP controlled to recommended
targets.35 In prior studies, antihypertensive medication
adherence rates have differed widely depending on the
population, but generally exceed 20%.36 Consistent
with prior studies, 27% of REGARDS study partici-
pants reported at least one inappropriate medication-
taking behavior at baseline.14

Few studies are available on the relationship
between low antihypertensive medication adherence
and the incidence of cardiovascular disease and mor-
tality. A meta-analysis on medication adherence and
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FIGURE 1. Percent of Reasons for Geographic and Racial Differences in Stroke (REGARDS) study participants developing incident stroke
symptoms during a median follow-up of 4 years by level of medication adherence.
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group.  For example, 11.4% of participants with adherence scores of 3 or 4 developed 1 
stroke symptom during follow-up while 6.5% and 7.0% developed 2 and ≥3 stroke 
symptoms, respectively.  Overall, 24.9% (11.4% + 6.5% + 7.0%) of participants with 
adherence scale scores of 3 or 4 developed stroke symptoms. 

FIGURE 2. Number of incident stroke symptoms among Reasons for
Geographic and Racial Differences in Stroke (REGARDS) study partici-
pants occurring during a median follow-up of 4 years by level of medi-
cation adherence.
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mortality published in 2006 found no observational
cohort studies reporting this association for antihyper-
tensive medication adherence.37 A case-control study
using pharmacy fill databases published in 2009 found
patients who filled �80% of their antihypertensive
medications had a 22% lower risk of stroke.38 In
2010, an association between worse antihypertensive
medication adherence, assessed via pharmacy fill per-
sistency, and higher stroke and all-cause mortality
was reported among Medicaid recipients in Tennes-
see.39 While pharmacy fill data provide an objective
measure of access to pills in order to achieve high
adherence, it is unknown whether patients filling their
medications were actually taking them as prescribed.40

The current study provides data on self-reported
adherence to antihypertensive medication. Self-report
scales, like the one used in the current study, are rela-
tively simple and economically feasible and also have
the advantage of soliciting information regarding situ-
ational factors, which act as barriers to medication
adherence.

Limitations and Strengths
The current analysis should be interpreted within the
context of several limitations. To date, too few stroke
events have occurred in the REGARDS study to pro-
vide adequate statistical power for analyzing medi-
cation adherence and stroke outcomes among
participants taking antihypertensive medication. The
adherence scale used in the REGARDS study assessed
medication adherence in general and was not specific
to antihypertensive medication. Medication adherence
was assessed during a single study visit and we were
unable to ascertain the persistency of medication
adherence during follow-up. Despite these limitations,
the current analysis maintains several strengths. The
REGARDS study includes a nationwide population-
based sample of white and African American US
adults. Many prior studies of medication adherence
have included select populations (eg, randomized trial
participants, members of large managed care orga-
nizations, patients with Medicaid health insurance)
and, thus, had limited generalizability.37–39,41 The

TABLE II. Age, Race, Sex, Region and Multivariable-Adjusted Hazard Ratios for Stroke Symptoms Associated
With Medication Adherence Among REGARDS Study Participants With Hypertension Taking Antihypertensive
Medication

Adherence Score

P Value

0 (Best Adherence)

(n=6969) 1 (n=2301) 2 (n=495)

3 or 4 (Worst Adherence)

(n=185)

Any symptom

Age-, race-, sex-, region-adjusted 1 (reference) 1.29 (1.11–1.50) 1.53 (1.16–2.01) 2.05 (1.39–3.04) <.001

Multivariable-adjusted 1 (reference) 1.20 (1.04–1.39) 1.23 (0.95–1.61) 1.57 (1.07–2.30) <.001

Sudden weakness

Age-, race-, sex-, region-adjusted 1 (reference) 0.98 (0.73–1.31) 2.20 (1.43–3.39) 2.97 (1.62–5.46) <.001

Multivariable-adjusted 1 (reference) 0.92 (0.69–1.23) 1.72 (1.13–2.62) 2.04 (1.13–3.67) .008

Sudden numbness

Age-, race-, sex-, region-adjusted 1 (reference) 1.31 (1.01–1.69) 1.43 (0.90–2.29) 2.47 (1.29–4.72) .001

Multivariable-adjusted 1 (reference) 1.22 (0.94–1.57) 1.06 (0.69–1.69) 1.81 (0.97–3.36) .037

Sudden painless loss of

vision in one or both eyes

Age-, race-, sex-, region-adjusted 1 (reference) 1.22 (0.97–1.55) 1.52 (0.99–2.33) 1.72 (0.92–3.20) .006

Multivariable-adjusted 1 (reference) 1.16 (0.92–1.47) 1.29 (0.85–1.95) 1.33 (0.72–2.45) .056

Sudden loss of half vision

Age-, race-, sex-, region-adjusted 1 (reference) 1.31 (0.96–1.79) 1.42 (0.79–2.55) 2.56 (1.26–5.18) .004

Multivariable-adjusted 1 (reference) 1.28 (0.94–1.76) 1.20 (0.68–2.11) 1.92 (0.95–3.88) .038

Suddenly lost ability to

understand people

Age, race, sex, region adjusted 1 (reference) 1.24 (0.98–1.56) 1.36 (0.87–2.13) 2.86 (1.72–4.76) <.001

Multivariable-adjusted 1 (reference) 1.22 (0.97–1.55) 1.06 (0.69–1.63) 2.06 (1.26–3.36) .009

Suddenly lost ability to express

self verbally or in writing

Age-, race-, sex-, region-adjusted 1 (reference) 1.26 (0.96–1.66) 1.39 (0.82–2.36) 2.52 (1.34–4.75) .003

Multivariable-adjusted 1 (reference) 1.23 (0.93–1.61) 1.17 (0.70–1.95) 1.84 (1.00–3.38) .033

Abbreviation: REGARDS, Reasons for Geographic and Racial Differences in Stroke. Multivariable adjustment includes age, race, sex, region of
residence, high school education, current smoking, alcohol consumption (none, moderate, or heavy), household income (<$20,000, $20,000–$34,999,
$35,000–$74,999, �$75,000), symptoms of depression, body mass index, systolic blood pressure, number of antihypertensive classes (1, 2, 3, or �4),
diabetes, high cholesterol, history of coronary artery disease, C-reactive protein (log-transformed), estimated glomerular filtration rate, albuminuria
(log-transformed).
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REGARDS study recruited individuals irrespective of
socioeconomic or health insurance status. Addition-
ally, the REGARDS study uses standardized protocols
with stringent quality control procedures for data col-
lection and has active follow-up, which allowed for
the unbiased assessment of stroke symptoms over sev-
eral years of follow-up.

CONCLUSIONS
In the current nationwide study of white and African
American US adults, low medication adherence was
associated with an increased risk for the incidence of
stroke symptoms. These associations were strong,
graded, and present before and after multivariable
adjustment including systolic BP. Further work is
required to understand the factors that lead to low
medication adherence, interventions to improve adher-
ence, and whether improving adherence reduces the
incidence of stroke symptoms as well as other adverse
clinical outcomes. In the meantime, health care provid-
ers should continue to discuss medication adherence
with their patients, and, among patients with low
adherence, try to assist them in overcoming barriers to
taking their medication.
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APPENDIX

Adherence scale and stroke symptom questionnaire
used in the REGARDS study.

4-Item adherence scale

1. Do you ever forget to take medications?

2. Are you ever careless in taking your medications?

3. Do you ever miss taking your medications when you are feeling

better?

4. Do you ever miss taking any of your medications because you are

feeling sick?

Stroke symptoms from the questionnaire for verifying stroke-free sta-

tus used during the REGARDS study follow-up

1. Since the last time we talked, have you had sudden numbness or a

dead feeling on one side of your body?

2. Since the last time we talked, have you had sudden painless weak-

ness on one side of your body?

3. Since the last time we talked, have you had sudden painless loss

of vision in one or both eyes?

4. Since the last time we talked, have you had suddenly lost one half

of your vision?

5. Since the last time we talked, have you suddenly lost the ability to

understand what people were saying?

6. Since the last time we talked, have you suddenly lost the ability to

express yourself verbally or in writing?
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