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Abstract
We targeted stroke/transient ischemic attack (TIA) survi-
vors to engage in self-management practices to manage
secondary stroke risk factors. We conducted a random-
ized, regional pilot trial of a locally adapted, secondary
stroke prevention program. We implemented the program
at two Veterans Administration Medical Centers. Program
sessions targeted stroke risk factor self-management.
Specifically, we evaluated the effect of the program on the
reach, implementation, and effectiveness on patient self-
efficacy; stroke-specific, health-related quality of life; and
medication adherence for the prevalent stroke risk fac-
tors: (1) diabetes, (2) hypertension, and (3) hyperlipid-
emia. Medication possession ratios were calculated to
evaluate medication adherence using VA pharmacy ben-
efits data pre (6 months prior) and post (6 months after)
the stroke/TIA event. Based upon the literature standard
of 80 % compliance rate, we dichotomized compliance
and modeled the data using logistical regression. Final
sample included 174 veterans with an acute stroke or TIA
who were randomized to receive either the intervention
(n=87) or attention control program (n=87). Patient self-
efficacy and stroke-specific, health-related quality of life
at 6 months did not significantly differ between groups.
We found improvements in medication adherence within
the intervention group. In the intervention group, the odds
of compliance with diabetes medications post-stroke
were significantly larger than the odds of compliance prior
to the stroke (odds ratio=3.45 (95%CI=1.08–10.96). For
compliance to hypertensionmedications, the intervention
group showed significantly greater odds of compliance
post intervention than pre intervention (odds ratio=3. 68
(95 % CI=1.81–7.48). The control group showed no dif-
ference in compliance rates from baseline to follow-up.
For adherence to hypercholesterolemia medications, both
the intervention (odds ratio=5.98 (95 % CI=2.81–12.76)
and control groups (odds ratio=3.83 (95 % CI=1.83–
8.01), had significant increases in the odds of compliance
to statin medications; however, the comparison of
changes in log odds of compliance between these two
groups showed that the increases were not significantly
different. We observed within group improvements in
medication adherence among those receiving a post-

stroke risk factor self-management program suggesting
that a self-management format may be feasible to enable
adherence to prescribed medications to reduce second-
ary stroke risk after stroke in concordance with guideline
care. Additional research is needed to enhance interven-
tion components to improve effectiveness outcomes.
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BACKGROUND
Stroke is the fifth leading cause of death [1], produces
the greatest number of hospitalizations for neurologi-
cal disease, and is the leading cause of adult acute-
onset and long-term disability in the USA [2]. In
addition to physical disabilities, stroke survivors may
experience disruptions to their daily roles (e.g., work,
family) whichmay affect their health-related quality of
life [3–5].
Moreover, patients who have had a stroke or a

transient ischemic attack (TIA) are at an increased risk
for recurrent stroke and death [2]. Modifiable risk
factors are most effectively managed through a com-
bination of lifestyle and medication management and
thus require the combined and collaborative efforts of
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Implications
Policy:Nursing work tasks should be allocated for
patient education to foster self-management prac-
tices during post-acute stroke care.

Research: Medication possession ratios from
pharmacy data may serve as objective medication
adherence outcomes.

Practice: Inclusion of medication adherence strat-
egies during post-acute stroke care including how
to refill, and strategies for adhering to prescriptions
may improve patient adherence.

TBM page 457 of 468



providers and patients. Although many stroke risk
factors are modifiable, often, patients with stroke or
TIA do not have adequate control of their stroke risk
factors [6]. Despite knowledge of the methods and
impact of risk reduction, providers may not systemat-
ically counsel or treat patients with behavioral or med-
ical interventions specifically for stroke prevention [7].
Currently, we are aware of no systematic programs

or support available in the Veterans Health Adminis-
tration (VHA) to improve guideline adherence for
secondary stroke risk factor management. Although
some programs exist to support specific primary risk
factor management (e.g., diabetes or hypertension),
these are not routinely targeted to veterans with recent
stroke or TIA. Further, there is less support for man-
agement of behavioral risk factors and for improving
stroke survivors’ education and self-management prac-
tices. Yet, educating stroke survivors on stroke risk
management is mandated by the VA/DoD stroke re-
habilitation guidelines [8, 9], championed by the
American Stroke Association Get with the Guidelines
(GWTG) Stroke [10, 11], and included in the Joint
Commission criteria for stroke care [12, 13].
We utilized intervention mapping [14] to systemati-

cally adapt existing stroke prevention tools at two
Veterans Administration Medical Centers (VAMCs).
In that process, we conducted a formative evaluation
and queried both stroke clinical providers and stroke/
TIA survivors on barriers and facilitators to systematic
secondary stroke prevention delivery in VHA, and
received feedback by key stakeholders on how to best
modify existing stroke prevention tools to veterans
and the VHA system of healthcare [7]. Based on the
intervention mapping results, we developed a Veter-
ans Stroke Prevention Program (VSPP) and locally
adapted the implementation of VSPP at two VHA
facilities. Like the Stroke PROTECT program, a
provider- and patient-focused program to implement
evidence-based, stroke prevention strategies at the
time of discharge from acute stroke care [15], and in
concert with the Chronic CareModel [16], we targeted
both providers and patients for medication adherence
and lifestyle modification to promote patient self-
management and reduce stroke risk factors for second-
ary stroke prevention. Based on the American Stroke
Association and the VHA/Department of Defense
guidelines and feedback by both stroke survivors and
clinical providers, we have chosen to implement this
program at the time of hospitalization for stroke or
transient ischemic attack (TIA) given that changes
made around hospitalization may be more likely to
be sustained. In addition, our preliminary data from
stroke survivors suggest that stroke survivors are ready
to make lifestyle changes shortly after their stroke
hospitalization [17, 18]. The specific aim of this study
was to conduct a randomized controlled pilot trial of
the locally implementation of VSPP at two VAMCs to
evaluate the impact of the program on patient self-
efficacy, stroke self-management practices of medica-
tion adherence, and stroke-specific, health-related
quality of life (SSQoL) at 6 months post-stroke.

METHODS
Design—We conducted a pragmatic, randomized con-
trolled pilot study to implement a tailored, patient-
focused VA stroke prevention program (VSPP). The
intervention was based upon the current guideline
practice recommendations and the input from the for-
mative evaluation for enhancement of secondary
stroke prevention practices [7]. The local institutional
review boards at both sites approved all research
reported in this paper and participants provided writ-
ten consent. The pragmatic design allowed a degree of
flexibility in how the intervention was implemented,
no incentives were offered formeasurement follow-up,
and we utilized intention to treat analyses [19].
Setting—The research study occurred at twoVeterans

Administration Medical Centers (VAMCs). Both sites
provide acute stroke services and are designated as VA
Primary Stroke Centers, offering acute stroke care
services including time sensitive thrombolysis 24 h a
day across 7 days per week.
Subject identification—We prospectively recruited

patients hospitalized for stroke at the two VAMCs.
Subjects were identified during their stroke or TIA
admission and emergency room visits. For all potential
study subjects, permission to discuss the study with the
patient was obtained from the attending physician
prior to recruitment. Study personnel at each site con-
ducted daily screenings of neurology, emergency ser-
vice, medicine, and rehabilitation admissions (includ-
ing review of electronic medical record and/or written
admission logs and verbal contact with providers at
both sites) to identify all patients with acute ischemic
stroke/TIA. Patients who did not wish to participate in
this study were excluded.
Patient eligibility—The criteria included the following:

(1) age 18 or older, (2) acute diagnosis of ischemic stroke
or TIAwithin the past 12 months, (3) able to speak and
understand English, (4) no severe cognitive impair-
ment, (5) access to a telephone, (6) willing to follow-up
in VA outpatient care, (7) had a previous outpatient
primary care visit during the past 12 months in VA
outpatient care, (8) willing to attend all individual phone
and group meetings during the 6-month intervention,
and (9) life expectancy of at least 6months as defined by
the patient’s neurologist at stroke event. Cognitive
screening was conducted using the Short PortableMen-
tal Status Questionnaire [21], which assesses short- and
long-term memory and orientation. This screener has
been validated in a study of older community-dwelling
adults [22] and we have also successfully used this
screener in our VA study of post-stroke depression [5,
20]. All patients with a score >6 were enrolled, as this
score has previously identified patients without severe
dementia, which would decrease reliability of self-
reported symptoms and satisfaction, while allowing
the inclusion of patients with cognitive effects of stroke.
Language screening was conducted using the National
Institutes of Health Stroke Scale, commands and lan-
guage questions [9, 23]. Patients with significant lan-
guage comprehension (commands score >0) or recep-
tive language deficits (aphasia score≥2) were excluded.
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Consent and enrollment—We obtained written consent,
conducted the baseline assessment, and enrolled par-
ticipants into the randomized controlled trial. Ran-
domization to one of two groups (self-management
or usual care attention control) was completed using
computer-generated assignment, was stratified by
stroke vs. TIA diagnosis; and within the subjects with
stroke, randomized by receipt of inpatient rehabilita-
tion to control for stroke severity. Enrollment, written
informed consent, and other patient variables were
collected at baseline (prior to hospital discharge or
within 12 weeks of discharge). Patients assigned to
attention control received usual care and stroke edu-
cation pamphlets and general phone calls to assess
stroke symptoms (with no self-management training)
at identical time points as intervention patients as an
active attention control.

Intervention
Patient-based VSPP intervention—The two sites locally
tailored the VSPP patient intervention. The stroke self-
management program applied theoretical concepts of
Bandura’s self-efficacy [24] to the intervention compo-
nents: verbal persuasions, social modeling/vicarious
experiences, past achievements, and reinterpretation of
sensations/physical State. Participants received up to 6
biweekly telephone sessions to deliver the stroke self-
management program or a general telephone call pro-
gram that mimicked the intervention schedule. Sessions
targeted patient stroke self-management and self-efficacy.
We based our self-management intervention on the Stan-
ford Chronic Disease Self-Management Program [25,
26], a program centered on enhancing patient self-
efficacy to manage symptoms. The topics included
expectations after stroke, negative/positive thinking,
addressing fears,meaningful activities, follow-upmedical
visits, communication with providers and caregivers,
adapting/coping with disabilities, medication adherence,
physical activity to improve mood and energy, access to
community resources, and stroke risk factor modifica-
tion. Each session targeted building self-efficacy to per-
form specified self-management behaviors using goal
setting and behavioral contracting. Each patient was
coached to choose at least one specific goal to work on
in each session, including the specifics of when, where,
and for how long they would do the specific behavior.
Patients rated their confidence in carrying out each be-
havior andwere encouraged to only select behaviors that
they rated a 7 out of a possible 10 (completely confident
in doing). In the follow-up telephone calls, patients re-
ceived individualized feedback about their progress to-
ward their selected goal(s) and were encouraged to con-
tinue towork on the chosen behavior or to select or add a
new behavior goal for the next 2 weeks.

Measured outcomes
To convey the degree of implementation of the VSPP,
we applied the RE-AIM framework to guide the
reporting of our outcomes on reach, implementation,

and effectiveness [27]. We defined reach as the pro-
portion of the eligible population enrolled into our
program at the two sites. Implementation is the extent
that our intervention was delivered as intended. We
define effectiveness as the impact of the implemented
VSPP on patient outcomes of self-efficacy, medication
adherence, and stroke-specific, health-related quality
of life.
Self-efficacy (i.e., confidence to perform specific

behaviors) was measured using established scales
designed to measure a patient’s confidence level to
manage stroke self symptoms, communicate with their
providers, and engage in self-management behaviors
(e.g., exercise regularly) [28]. We have used these
scales in our previous research where patient’s rate
their self-efficacy on a 1–10 scale where 10 denotes
high self-efficacy.
Medication adherence—Given that guideline treatment
for stroke and TIA secondary prevention calls for
medication therapy for strong risk factors of comorbid
diabetes, hypertension, and hyperlipidemia, medica-
tion adherence was promoted in the intervention as a
self-management strategy [29]. We evaluated medica-
tion adherence using a similar method as previously
reported utilizing medication possession ratios [30,
31]. We identified study participants discharged on
medications for treatment of these conditions as fol-
lows (each patient could be treated for multiple
conditions):

a. Diabetes (n=46 participants): The diabetes cohort
included all subjects with medical records indicat-
ing at least one oral anti-diabetic drug was pre-
scribed prior to admissions or at discharge or those
on insulin plus oral medications.

b. Hyperlipidemia (n=143): The hyperlipidemia co-
hort included subjects with an LDL-c≥100 in the
most recent LDL measured prior to the admission
or during hospitalization with medical records data
that indicated at least one statin was prescribed
prior to admissions or at discharge.

c. Hypertension (n=149): The hypertension cohort
included subjects with medical records data that
indicated blood pressure at discharge was uncon-
trolled (defined as >140/90 for non-diabetic and
>130/80 for diabetic) or was prescribed at least
one anti-hypertensive at discharge or was already
taking an anti-hypertensive at admission.

Subjects with a diagnosis of diabetes, hyperlipidemia,
and/or hypertension were followed for 6 months
(180 days) following hospital discharge, or until date
of death if dead, to assess medication adherence post-
stroke. We used VA electronic medication data and
were guided by a standard list ofmedications advocated
in the stroke risk factor management program for the
three risk factors and available through the VHA PBM
(pharmacy benefits management) pharmacy formulary
(see Appendix A). The PBM database contains outpa-
tient prescriptions for all medications dispensed from a
VA pharmacy. To assess medication adherence, we
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calculated medication prescription ratios (MPR) in the
6 months before the stroke/TIA hospitalization and in
the 6 months post-stroke/TIA discharge. MPR is de-
fined as a continuousmeasure ofmedication availability
[32] within each therapeutic drug class for the three risk
factors (see Appendix A) and is based upon any medi-
cation within the drug class. MPR was calculated as the
number of days on a medication within its therapeutic
class divided by the number of days in the follow-up
period (i.e., 180 days). If multiple drugs were prescribed
in a class, an MPR was calculated for each drug and
then averaged. For each therapeutic class, we then di-
chotomized the average MPR defining a patient adher-
ent if their MPR≥80 % based upon prior studies that
defined adherence as 80 % or greater [31, 33].
Stroke-specific, health-related quality of life was
assessed with the SS-QOL [3, 34]. This 62-item instru-
ment assesses 12 domains relevant to stroke patients
including energy, mobility, work, upper extremity
function, ADLs, family roles, social roles, vision, lan-
guage, thinking, mood, and personality. Our work has

shown that the SS-QOL has good psychometric prop-
erties and that it provides a more meaningful assess-
ment of overall post-strokeHRQOL than the SF-36 [3,
34]. In addition to the separate domains, an overall
score was calculated.

Analyses plan
Baseline characteristics were summarized using mean
(standard deviation (SD)) or proportion by groups for
continuous and categorical variables and compared
using t tests or chi-square tests. For each of the three
types of compliance, we summarize the mean (SD) of
MPR by intervention/control groups at each time
point (6 months prior to the acute stroke/TIA versus
6 months post-acute stroke/TIA event). Good adher-
ence was defined as having MPR ≥80 % [31, 33]. The
dichotomous outcome for each of the three medica-
tion adherence types was modeled using repeated
measurement logistic regression with terms for site;

1274 patients were screened from all sites

332 patients were considered eligible

189 patients were consented to participate

15 patients who were consented, refused baseline

174 consented patients
completed baseline

86 patients were
randomized to interventionIntervention88 patients were

randomized to usual care Usual Care

Of the 86 patients through 3
month assessment:

3 withdrew
3 deaths

15 lost to follow up
3 Couldn’t be reached
62 completed interview

Of the 65 patients through 6
month assessment:

5 withdrew
1 deaths

3 lost to follow up
56 completed interview

Of the 88 patients through 3
month assessment:

10 withdrew
0 deaths

5 lost to follow up
9 Couldn’t be reached
64 completed interview

Of the 73 patients through 6
month assessment:

1 withdrew
1 deaths

4 lost to follow up
67 completed interview

Fig. 1 | Study reach and recruitment flow chart

ORIGINAL RESEARCH

TBMpage 460 of 468



strata (stroke, stroke with inpatient rehabilitation,
TIA); randomization group; time; and the group by
time interaction. A random subject effect was included
to incorporate the correlation of repeated measure-
ments into the model. The model yielded estimates
and 95 % confidence intervals of the ratio of odds of
good adherence at 6 months post event versus
6 months pre event for each group. For patient self-
efficacy and SSQOL, scores at 6 months were com-
pared between groups by using a mixed model with
terms for site, strata, baseline score, group, month, and
the group by month interaction. A random subject
effect was used to correlate observations from the same
subject. The analyses were conducted using SAS/
STAT® software, Version 9.3 of the SAS System for
Windows. Copyright © [2010] SAS Institute Inc. SAS
and all other SAS Institute Inc. product or service
names are registered trademarks or trademarks of
SAS Institute Inc., Cary, NC, USA.

RESULTS
Reach—In Fig. 1, we display the prospective total num-
ber of patients screened (n=1274) at both medical
facilities during 2009–2011. Of these, we determined
332 (26 %) were eligible to participate and consented
174 (52.4 %) to participate in the implementation
study. The most frequent reason for ineligibility was
a confirmed diagnosis other than stroke/TIA. The

final sample included 174 veteran patients with an
acute stroke/TIA who were consented, completed a
baseline interview, and were randomized to receive
either the Veteran Secondary Stroke Prevention pro-
gram (n=87) or an attention control program (n=87).
Table 1 demonstrated the randomized groups did not
differ significantly on any of the demographic
characteristics.
Implementation—As part of the pragmatic design,

each site tailored the delivery of the secondary stroke
self-management. An example of the intervention fi-
delity tracking sheet by the case manager and com-
monly reported patient goals are listed in
Appendices B and C, respectively. Based upon the
case manager fidelity tracking spreadsheets, at site 1,
the average number of stroke self-management ses-
sions delivered to the intervention subjects by a nurse
case manager either by telephone or in person at the
medical center after discharge was 5 (90 % interven-
tion subjects received). At site 2, 74 % intervention
subjects received the self-management intervention
materials with nurse case management during the
acute hospitalization and the follow-up neurology out-
patient visit. At site 1, the nurse case manager provid-
ed patient support concurrent to usual outpatient care
and at site 2, the nurse case manager provided patient
support during hospitalization within a stroke unit and
stroke outpatient clinic. All intervention participants
received all of the self-management materials;

Table 1 | Participant demographics by randomized group

All

Control Intervention p value*
n=87 n=87

Strata Stroke 49 (56.3 %) 49 (56.3 %)
Stroke with rehabilitation 18 (20.7 %) 17 (19.5 %)
TIA 20 (23.0 %) 21 (24.1 %)
Age mean±SD 62.1±9.4 60.4±9.5 0.2423
(median: min, max) (62: 32, 86) (61: 30,78)

Gender Male 85 (97.7 %) 84 (96.6 %) 0.9999
Female 2 (2.3 %) 3 (3.4 %)

Race American Indian/Alaska native 1 (1.2 %) 1 (1.2 %) 0.6246
Native Hawaiian or other Pacific islander 1 (1.2 %) 0 (0.0 %)
Black or African-American 29 (33.3 %) 24 (27.6 %)
White 51 (58.6 %) 54 (62.1 %)
More than one race 0 (0.0 %) 1 (1.2 %)

Ethnicity Hispanic 4 (4.6 %) 11 (12.6 %) 0.0924
Education level Less than high school 10 (11.5 %) 7 (8.1 %) 0.4912

High school/GED 23 (26.4 %) 31 (35.6 %)
Some college or trade 33 (37.9 %) 26 (29.9 %)
College graduate 8 (9.2 %) 12 (13.8 %)
Graduate school or more 5 (5.8 %) 4 (4.6 %)
Missing 8 (9.2 %) 7 (8.1 %)

Living status Alone 25 (28.7 %) 18 (20.7 %) 0.2952
with only 1 other person 37 (42.5 %) 46 (52.9 %)
with 2+ 25 (28.7 %) 21 (24.1 %)
Missing 0 (0.0 %) 2 (2.3 %)

5.7 % of the participants in the control group and 8.1 % of the participants in the intervention group reported their race as Bdon’t know^ or this data wasmissing.
These data were excluded from the demographic comparisons of race
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however, when subjects attended less sessions with a
nurse case manager, they missed an opportunity to
engage in self-management skill building specifically
in goal setting and problem-solving.

Effectiveness
SSQoL and self-efficacy—Table 2 includes the means
(standard deviations) for the patient self-reported out-
comes of self-efficacy to manage stroke symptoms and
health and stroke-specific health-related quality of life
at baseline and 6 months. Although self-efficacy in-
creased in the intervention group and decreased in
the control group over time, the modeled changes
between randomization groups on these self-efficacy
and stroke-specific, health-related quality of life were
nonsignificant at 6 months.
Medication adherence—Table 3 lists the proportion of

participants with stroke/TIA by randomization group
for each of the three comorbid, clinical cohorts (dia-
betes, hyperlipidemia, and hypertension) and the re-
spective Medication Possession Ratios 180 days
(6 months) prior and 6 months post-stroke/TIA
event. Table 4 displays the within and between
groups modeling of medication adherence at 80 %
or greater within the intervention group, the odds of
compliance to diabetes medications post-stroke were
significantly larger than the odds of compliance prior
to the stroke (odds ratio=3.45 (95 % CI=1.08–10.96)
p<0.04). The control group saw a decrease in the
likelihood of compliance to diabetes medications
from pre- to post-stroke hospitalization (odds ratio=
0.51 (95 % CI=0.10–2.70), p<0.42); however, the

decrease was not significant. The between compari-
son (ratio) of the odds (post versus pre) in the inter-
vention group to the odds in the control group was
not significant (odds ratio=6.74 (95 % CI=0.88–
51.31), p≤0.06). For hyperlipidemia, both groups
had significant increases in the odds of compliance
to statin medications (intervention odds ratio=5.98
(95 % CI=2.81, 12.76), p<0.0001 and control odds
ratio=3.83 (95 % CI=1.83–8.01), p<0.0004); howev-
er, the comparison of these two groups showed that
these increases were not significantly different. For
compliance to hypertension medications, the inter-
vention group showed significantly greater odds of
compliance post-stroke (odds ratio=3.68 (95 % CI=
1.81–7.48), p<0.0004). The control group showed no
difference in compliance rates between these two
time points. The comparison of the odds between
the intervention and control groups showed that this
increase was not significant (odds ratio=2.34 (95 %
CI=0.86–6.40), p<0.10).

DISCUSSION
This study demonstrated the feasibility of developing
and delivering a locally tailored intervention for sec-
ondary stroke prevention. The intervention reached
and promoted the implementation of secondary
stroke self-management by veteran patients with an
acute stroke/TIA. The program’s effectiveness was
mixed. There were no significant effects on patient
self-efficacy or stroke-specific, health-related quality

Table 2 | Patient self-reported outcomes of self-efficacy and stroke-specific quality of life (SSQoL)

All

Control Intervention Model effect p value*
n=87 n=87 (95 % CI)

SSQoL overall score
Baseline 3.92 (0.72) 3.72 (0.68) −0.04 (−0.26, 0.18)
6 months 3.94 (0.82) 3.82 (0.88)
Self-efficacy baseline 8.30 (1.6) 7.72 (1.68) 0.12 (−0.41, 0.65) 0.66
Self-efficacy 6 months 8.08 (1.8) 7.90 (1.78)
A higher score indicates better functioning. SSQoL scores range from 1 to 5 and self-efficacy scores range from 1 to 10. The model adjusted for randomization
group, site, strata, baseline score, month, and the group by month interaction

Table 3 | Medication possession ratios pre (180 days) and post-stroke (180 days)

Intervention (n=87) Control (n=87)

Diabetes cohort 32 (36.78 %) 14 (16.09 %)
MPR pre: mean±SD 0.50±0.42 0.63±0.43
MPR post: mean±SD 0.78±0.28 0.67±0.29
Hyperlipidemia cohort 72 (82.76 %) 71 (81.61 %)
MPR pre: mean±SD 0.36±0.38 0.39±0.40
MPR post: mean±SD 0.77±0.26 0.75±0.26
Hypertension Cohort 79 (90.8 %) 70 (80.5 %)
MPR pre: mean±SD 0.57±0.43 0.65±0.43
MPR post: mean±SD 0.84±0.31 0.79±0.30
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of life. However, we saw within the intervention
group significant improvements in medication adher-
ence among stroke survivors with diabetes, and hy-
pertension. These improvements were not signifi-
cantly different between the changes in the control
group. Also, there was a significant decrease in dia-
betic medication adherence among those assigned to
the control group. We also reported a significant
increase in medication adherence for hypertensive
stroke survivors assigned to the intervention group
while adherence for those assigned to the control
group remained the same. Among stroke survivors
with elevated cholesterol and discharged on statin
medication, there were significant increases within
both groups (intervention and control). This overall
increase may have reflected a statin performance
measure for facilities that had been recently imple-
mented in VHA.
These findings suggest that an acute stroke/TIA

event is a fertile period to focus on medication ad-
herence among veteran patients as guideline care
calls for medication management for diabetes, hyper-
lipidemia, and hypertension at discharge and follow-
up outpatient care. Our findings in increased medi-
cation adherence among stroke survivors with diabe-
tes and hypertension are meaningful given the poor
adherence rates previously reported among stroke
survivors [31–33]. Furthermore, poor medication ad-
herence by patients was identified by clinicians at
both sites as a major barrier to secondary stroke
prevention during our formative evaluation [7].
Moreover, our stroke self-management intervention
provided an opportunity for stroke survivors to ad-
dress specific medication concerns which has been
previously identified as a major barrier to medication
adherence in survivors of strokes and transient ische-
mic attacks (TIA) [35–37].
The local adaptation of the self-management por-

tion of the intervention permitted the sites to deliver
the program based on staffing and opportunities
within the facilities to deliver to the stroke survivors
during the acute hospitalization and the following
outpatient period. Both sites utilized nurse case man-
agers to deliver their respective programs concur-
rent to usual neurology care, and found comparable
adherence rates in this trial as those rates reported
in trials where clinical pharmacists delivered the
programs. [38] The majority of participants assigned
to the intervention received nurse-led support ses-
sions. The difference between sites on the propor-
tion of the intervention program delivery may be
due in part to the larger volume (i.e., twice the rate)
of acute stroke patients at site 2 compared to site 1.
Regardless of time spent with a nurse case manager,
all participants randomized to the intervention
group received the secondary stroke prevention
materials.
While we report significant improvements in med-

ication adherence among stroke survivors participat-
ing in the intervention with comorbid diabetes and
hypertension, there were several limitations to this

study. First, this was a bundled multi-level interven-
tion, making it difficult to ascertain the effect of each
component on the outcomes. However, both sites’
stroke self-management programs targeted medica-
tion adherence, a common component of self-
management programs. Second, because we includ-
ed participants with a wide range of stroke severity
(both acute stroke and TIA patients) at baseline, we
controlled for stroke severity at baseline by random-
izing stroke subjects within strata defined by inpa-
tient rehabilitation. Third, our sample was com-
prised of veteran patients who were predominantly
male. Thus, our data may have limited generaliz-
ability. Fourth, both VA facilities were involved in
ongoing stroke quality improvement efforts outside
of this study which may have influenced clinician
activities across patient groups. Finally, this evalua-
tion includes data based upon patient medication
refills. It is possible that medication may have been
refilled outside the Veteran Healthcare Administra-
tion or that the refilled medication may not have
been consumed as prescribed. However, veteran
patients typically refill their medications within
VHA, given the major financial draw of the VHA
prescription benefit. Nonetheless, our pilot imple-
mentation program which permitted two large VA
medical centers to locally adapt secondary stroke
prevention demonstrates the potential for improving
medication adherence after stroke to reduce second-
ary stroke risk. Prescribed medications are often the
therapeutic cornerstone for secondary stroke risk
factor reduction [29]. Despite some improvements
in medication adherence, overall stroke-specific,
health-related quality of life did not improve sug-
gesting that other components may be necessary to
promote in a stroke self-management program. We
speculate that a greater focus on social and role
functioning may potentially impact more global ef-
fectiveness outcomes.
Conclusions—A secondary stroke risk factor self-
management program for veterans with stroke/
TIA has the potential to improve medication ad-
herence for veteran patients with comorbid cardio-
vascular conditions (diabetes and hypertension) af-
ter an acute stroke/TIA event. Usual care practices
are already targeting patients with hyperlipidemia.
Additional intervention components may be needed
to enhance more global effectiveness outcomes of
patient self-efficacy and stroke-specific, health-
related quality of life.
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Appendix A

Table 5 | List of medications in VHA PBM prescribed for clinical conditions: diabetes, hypercholesterolemia, and hypertension

Anti-hypertensives/statins
CV100 Beta blockers/related
CV150 Alpha blockers/related
CV200 Calcium channel blockers
CV250 Antianginals
CV300 Antiarrhythmics
CV350 Antilipemic agents
CV400 Anti-hypertensive combinations
CV490 Anti-hypertensives, other
CV800 Ace inhibitors
CV805 Angiotensin II inhibitor
CV806 Direct renin inhibitor
CV900 Cardiovascular agents, other
Diuretics
CV700 Diuretics
CV701 Thiazides/related diuretics
CV702 Loop diuretics
CV703 Carbonic anhydrase inhibitor diuretics
CV704 Potassium sparing/combinations diuretics
CV709 Diuretics, other
Diabetes medications
HS500 Blood glucose regulation agents
HS501 Insulin
HS502 Oral hypoglycemic agents, oral
HS503 Antihypoglycemics
HS509 Hypoglycemic agents, other
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