
The risk of cardiovascular events is high
for patients who survive a stroke or tran-
sient ischemic attack.1,2 Treatment of

hypertension and dyslipidemia can substantially
reduce this risk.3–7 However, vascular risk factors
are often suboptimally managed after stroke or
transient ischemic attack, even among patients
admitted to hospital or seen in specialized stroke
prevention clinics.8–10

Multiple barriers are responsible for the sub-
optimal control of risk factors, and traditional
means of educating practitioners and patients
have limited effectiveness.11 Although it has been
suggested that “case managers” may be able to
improve the management of risk factors, evi-
dence is sparse and inconsistent between stud-

ies.12–16 The most recent Cochrane review on this
topic concluded that “nurse- or pharmacist-led
care may be a promising way forward … but
these interventions require further evaluation.”16

Thus, we designed this trial to evaluate whether a
pharmacist case manager could improve risk fac-
tors among survivors of stroke or transient
ischemic attack.17 Because we have previously
shown that hypertension control can be improved
by monthly evaluation by nurses (with patient
counselling and faxing of blood pressure mea-
surements with guideline recommendations to
primary care physicians),18 and this is an alternate
method of case management implemented in
many health organizations, we used this approach
as the active control group for this study. Thus,
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Background: Optimization of systolic blood
pressure and lipid levels are essential for sec-
ondary prevention after ischemic stroke, but
there are substantial gaps in care, which could
be addressed by nurse- or pharmacist-led care.
We compared 2 types of case management
(active prescribing by pharmacists or nurse-led
screening and feedback to primary care physi-
cians) in addition to usual care.

Methods: We performed a prospective ran-
domized controlled trial involving adults with
recent minor ischemic stroke or transient
ischemic attack whose systolic blood pressure
or lipid levels were above guideline targets.
Participants in both groups had a monthly
visit for 6 months with either a nurse or phar-
macist. Nurses measured cardiovascular risk
factors, counselled patients and faxed results
to primary care physicians (active control).
Pharmacists did all of the above as well as
prescribed according to treatment algorithms
(intervention). 

Results: Most of the 279 study participants
(mean age 67.6 yr, mean systolic blood pressure
134 mm Hg, mean low-density lipoprotein [LDL]
cholesterol 3.23 mmol/L) were already receiving
treatment at baseline (antihypertensives:
78.1%; statins: 84.6%), but none met guideline
targets (systolic blood pressure ≤ 140 mm Hg,
fasting LDL cholesterol ≤ 2.0 mmol/L). Substan-
tial impro vements were observed in both
groups after 6 months: 43.4% of participants in
the pharmacist case manager group met both
systolic blood pressure and LDL guideline tar-
gets compared with 30.9% in the nurse-led
group (12.5% absolute difference; number
needed to treat = 8, p = 0.03).

Interpretation: Compared with nurse-led case
management (risk factor evaluation, counselling
and feedback to primary care providers), active
case management by pharmacists substantially
improved risk factor control at 6 months among
patients who had experienced a stroke. Trial
registration: ClinicalTrials.gov, no. NCT00931788
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our study represents a controlled comparison of
2 modes of case management: active prescribing
(pharmacist-led case management) versus screen-
ing and delegating to primary care physicians
(nurse-led case management).

Methods

Study design
We conducted a 6-month prospective, randomized
controlled open-label trial, with blinded ascertain-
ment of outcomes. Patients were screened and allo-
cated 1:1 to the pharmacist-led case manager group
(intervention) or to the nurse-led case management
group (active control) between 2009 and 2012. The
design details have been previously published.17

Study participants
We included patients older than 18 years who had
an ischemic stroke or transient ischemic attack
confirmed by a stroke specialist at 1 of the 3 stroke
prevention clinics in Edmonton, Alberta. Patients
were eligible if they had systolic blood pressure or
low-density lipoprotein (LDL) cholesterol levels
above guideline-recommended targets (average
systolic blood pressure over 2 visits > 140 mm Hg,
fasting LDL cholesterol > 2.0 mmol/L, or
total:high-density lipoprotein (HDL) cholesterol
ratio > 4.0). Patients were excluded if they had
impaired cognition, severe disability, were institu-
tionalized, had a condition that would preclude
follow-up, had hypertensive urgency (systolic
blood pressure ≥ 200 mm Hg) or had treatment-
refractory hypertension or dyslipidemia (i.e.,
already taking 3 medications and above target lev-
els), or if they were participating in another trial.

All participants provided written informed
consent, and the study protocol was approved by
the Health Research Ethics Board at the Univer-
sity of Alberta.

Nurse-led case management (control)
All 3 stroke prevention clinics in Edmonton
enrolled patients, and the attending neurologists
provided written suggestions to primary care
phys icians with respect to treatment targets for
vascular risk factors. As per local practice, the
neurologists delegated ongoing management to
the patient’s primary care physician and rarely
saw patients after the initial visit. All patients in
this group also had monthly clinic visits for
6 months with a study nurse who provided
lifestyle advice (exercise, low-salt diet, smoking
cessation, medication adherence), checked the
patient’s blood pressure and LDL level, and faxed
blood pressure measurements and a list of current
medications to the patient’s primary care physi-
cian after each visit. 

Pharmacist-led case management 
Our intervention involved active case manage-
ment by 4 pharmacists who saw study partici-
pants monthly in a clinic setting for 6 months.
Pharmacists performed the same tasks as the
nurses in the control arm, as well as initiated or
titrated antihypertensive and/or lipid-lowering
therapy as appropriate (using treatment algo-
rithms and targets consistent with current Cana-
dian guidelines).19 The pharmacists did not
undergo standardized training; however, they
were all at similar stages of their career and were
provided with the same patient educational mat -
erials and treatment algorithms.17

Allocation
Randomization was done at the time of screening
by use of computer-generated random numbers
with variable-sized blocked randomization strati-
fied by stroke prevention clinic to preserve alloca-
tion concealment. Although patients were not
blinded to their intervention status, all outcomes
were collected in an independent and blinded
manner by observers who were masked to base-
line measurements and group assignment.

Data collection and measurements
Systolic blood pressure was ascertained at all
study visits using the Bp TRU device (VSM
MedTech). Six readings were performed 1 minute
apart, and the last 5 readings were averaged. All
laboratory measurements were independently ana-
lyzed at a central facility (DynaLIFEDx, Edmon-
ton). Data collation, entry, quality assurance, and
analysis were carried out at the EPICORE Centre
at the University of Alberta. 

Outcomes
Our primary outcome was prespecified as the
proportion of participants at 6 months who
attained optimal blood pressure and lipid control
(defined as systolic blood pressure ≤ 140 mm Hg
and fasting LDL cholesterol ≤ 2.0 mmol/L, based
on Canadian clinical practice guidelines).19 This
was an active control trial, so we expected im -
provements for all aspects of care in the control
group because of active intervention by stroke
specialists in the stroke prevention clinics or the
primary care physicians in response to the
monthly reminders about each participant’s vas-
cular risk factors, secular trends in vascular risk
reduction, study volunteer and Hawthorne effects,
and regression to the mean.

Data were collected for a variety of sec-
ondary outcomes (e.g., mortality, self-reported
adherence, body mass index [BMI], smoking
status); these are described in full in our meth-
ods manuscript.17
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Sample size
Based on a survey of members of the divisions of
neurology and general internal medicine at the
University of Alberta, we determined that the min-
imal clinically important difference for the phar-
macist case manager intervention to be considered
useful was a 10% absolute improvement over and
above any improvements in the active control
group for our primary outcome. This required a
sample size of 280.17

Statistical analyses
We used χ2 tests to compare the proportion of
patients who attained optimal blood pressure and
lipid control at 6 months (because the proportion at
baseline was zero by design); we used χ2 testing
for other binary secondary outcomes. To compare
changes in systolic blood pressure, LDL choles-
terol, and total:HDL cholesterol ratios between the
intervention and control groups, we used 2-sample
independent t tests. We conducted multiple logistic
regression for our primary outcome to adjust for
study site and any clinically important (> 10%
imbalance between arms) or statistically signifi-
cant (p < 0.1 between arms) baseline differences.

Our primary analysis was intention-to-treat.
Missing data at the 6 month follow-up assess-
ment were imputed with a last-observation car-
ried forward strategy; this approach conserva-
tively assumes that all participants lost to
follow-up had no change in their blood pressure
or lipid levels after their last recorded value. 

In a per-protocol analysis, we repeated the
analyses but only included patients who attended
at least 1 visit with a case manager. Because of the
controversy related to blood pressure targets for
patients with type 2 diabetes, we performed a sen-
sitivity analysis in which we reanalyzed outcomes
using an optimal systolic blood pressure goal of
130 mm Hg or lower for patients with diabetes
(instead of ≤ 140 mm Hg).

Results

Of 3696 patients screened for inclusion, 279
consented and were randomly assigned to a
study group (Figure 1). All 279 participants were
included in the intention-to-treat analysis. In the
pharmacist-led group, 13 participants attended
the baseline visit but no other visits because an
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Assessed for eligibility 
n = 3696

Excluded n = 3417
• Did not meet eligibility criteria n = 3022
• Declined to participate n = 395

Allocated to pharmacist-led 
group (intervention)

n = 143 

Allocated to nurse-led group 
(active control)

n = 136

Excluded n = 9
•  Declined further participation 

before 6 month visit n = 7
•  Moved out of region n = 1
•  Died n = 1

•  Received allocated intervention  n = 130
•  Included in intention-to-treat analysis  n = 143
•  Included in per-protocol analysis (did not  

withdraw and attended at least 1 visit) n = 110

•  Included in intention-to-treat analysis  n = 136
•  Included in per-protocol analysis (did not 

withdraw and attended at least 1 visit)
n = 110

R

Excluded  n = 31
• Did not receive allocated intervention 

(alternate nonstroke cause for  
symptoms detected)  n = 13

•  Early withdrawal  n = 18
(declined further participation before 
6-month visit  n = 16; moved out of 
region  n = 1; enrolled in another trial  
n = 1)

Figure 1: Flow of participants through the trial.



alternate cause for their symptoms (e.g., brain
tumour, migraine, epilepsy) was detected; these
patients were included in our intention-to-treat
analysis but were excluded from our per-protocol
analysis because they were not exposed to any
therapeutic visits with the pharmacist case man-
ager. The baseline demographics of the 27 patients
who withdrew from the study early were similar to
those of the patients who did not withdraw.

Baseline characteristics
The characteristics of both study groups were simi-
lar at baseline (Table 1). The mean age was
67.6 years, 60.2% were aged 65 years or older,
58.0% were men, 15.6% had diabetes and 53.4%
had a transient ischemic attack as their qualifying
event. Because of our exclusion criteria, virtually
all of the patients had no or only slight disability at
baseline (based on modified Rankin score), but
ABCD scores (an estimate of risk of stroke recur-
rence) were moderate or high in about two-thirds of
patients in both arms (Table 1). Self-reported health
utility and satisfaction with health care were high in
both arms at baseline (Table 1). At the time of study
entry, 98.2% of trial participants were taking an
antiplatelet agent, 78.1% were taking an antihyper-
tensive medication, and 84.6% were taking a statin.

Optimal blood pressure and LDL control 
At baseline, none of the trial participants met both
the systolic blood pressure and LDL targets rec-
ommended in the Canadian Stroke Guidelines. By
6 months, there were substantial improvements in
both groups, with a clinically important and signif-
icantly greater improvement among patients in the
pharmacist-led group than in the nurse-led group
(pharmacist-led group: 43.4% met both systolic
blood pressure and LDL goals; nurse-led group:
30.9% met both goals; 12.5% absolute difference,
number needed to treat 8; p = 0.03) (Table 2). Mul-
tivariable analyses confirmed that there was greater
attainment of the guideline-recommended targets
in the pharmacist case manager group than in the
control group (adjusted odds ratio 2.31, 95% confi-
dence interval 1.29–4.20, p = 0.005 at 6 months;
adjusted for age, comorbidities, sex, smoking sta-
tus and waist circumference). 

Sensitivity analysis (systolic blood pressure
target of 130 mm Hg for patients with diabetes)
confirmed the robustness of our main analysis:
42.0% of patients met both systolic blood pres-
sure and LDL targets in the pharmacist case
manager group compared with 30.9% in the
nurse-led control group (p = 0.04).

Nearly two-thirds of participants were already
at systolic blood pressure targets at baseline, and
patients in both groups had similar reductions in
systolic blood pressure during the trial. Thus, a

high proportion of participants in both groups
met the systolic blood pressure target by 6
months (pharmacist-led group: 80.4%; nurse-led
group: 89.7%; p = 0.2). The benefits of case man-
agement by pharmacists were largely driven by
the higher proportion of patients who met their
LDL cholesterol targets (pharmacist-led group:
51.1%; nurse-led group: 33.8%, p = 0.003).

The per-protocol analysis (restricted to the
220 patients who did not withdraw early and who
attended at least 1 study visit after the baseline
visit) showed a larger treatment effect. Systolic
blood pressure and lipid level targets were attained
by 52.7% of patients in the pharmacist case man-
ager group compared with 35.5% of patients in the
control group at 6 months (p < 0.001).

The results of subgroup analyses were consis-
tent with the main results. For example, among
patients who had experienced a transient ischemic
attack and who had moderate or high ABCD
scores at baseline, control rates after 6 months
were 48.7% in the pharmacist-led group compared
with 26.3% in the nurse-led group (p = 0.04).

Other outcomes
There were no appreciable differences in the sec-
ondary outcomes unrelated to systolic blood pres-
sure or LDL cholesterol, and there were few clin-
ical events by 6 months (9 cardiovascular events
and no deaths in the pharmacist-led group v. 
8 cardiovascular events and 1 death in the nurse-
led control group) (Table 2). Patients in the phar-
macist-led group had more medication changes
over the course of the study (192 by the pharma-
cist case managers, 71 by their attending physi-
cians, and 18 by the patients themselves) than in
the nurse-led group (85 by the attending physi-
cian, 26 by the patients). The median number of
antihypertensive medications taken at 6 months
was similar in both groups (pharmacist-led
group: 2 [interquartile range (IQR) 1–3]; nurse-
led group: 2 [IQR 1–2]; p = 0.1). 

At 6 months, 43.0% of patients in the phar-
macist-led group were taking an angiotensin-
converting-enzyme inhibitor or angiotensin
receptor blocker (14% at maximal daily dose)
compared with 32.8% (5% at maximal dose) in
the nurse-led group (p = 0.1 for usage, p = 0.02
for dosing). At 6 months, 58.9% of patients in the
physician-led group were taking a statin (32.7%
at maximal daily dose) compared with 56.3%
(25.8% at maximal dose) in the nurse-led group
group (p = 0.7 for usage, p = 0.2 for dosing).

Interpretation

Among patients with recent minor ischemic
stroke or transient ischemic attack, visits with a
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pharmacist case manager with prescribing authority
led to a 12.5% absolute improvement in the per-
centage of patients who achieved the targets for
systolic blood pressure and LDL cholesterol, over
and above the benefits attributable to the active con-
trol. Calling our control arm “usual care” would be
a misnomer, and patients in the active control group
(nurse-led group) showed a 30% absolute improve-

ment in risk factor control over a 6-month period.
The 43% absolute improvement at 6 months seen
in our pharmacist case manager group was
achieved despite the fact that over three-quarters of
patients were already taking an antihypertensive or
lipid-lowering medication at baseline.

Our pharmacist case manager intervention
achieved greater reductions in systolic blood pres-
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Table 1: Baseline characteristics of participants 

Variable 

No. (%) or mean ± SD

Variable

No. (%) or mean ± SD

Pharmacist-led  
group 

n = 143 

Nurse-led  
group  

n = 136 

Pharmacist-led 
group 

n = 143 

Nurse-led  
group 

 n = 136 

General   Comorbidities   

Age, yr 68.8 ± 11.1 66.3 ± 11.3 Prior stroke 47 (32.9) 41 (30.2) 

Men 87 (60.8) 75 (55.2) Hypertension 102 (71.3) 101 (74.3) 

Systolic blood pressure, 
mm Hg 

134.9 ± 17.53 133.8 ± 16.0 Coronary artery disease 19 (13.3) 12 (8.8) 

Diastolic blood pressure, 
mm Hg 

76.0 ± 10.4 77.5 ± 10.4 Heart failure 2 (1.4) 3 (2.2) 

LDL cholesterol, mmol/L 3.20 ± 0.84 3.27 ± 0.84 Atrial !brillation 12 (8.4) 12 (8.8) 

HDL cholesterol, 
mmol/L 

1.30 ± 0.40 1.27 ± 0.38 Dyslipidemia 114 (79.7) 116 (85.3) 

Total:HDL ratio 4.23 ± 1.36 4.40 ± 1.24 Peripheral arterial disease 1 (0.7) 2 (1.5) 

Glomerular !ltration 
rate, mL/min 

79.1 ± 18.0 79.0 ± 21.5 Diabetes mellitus 25 (17.5) 16 (11.8) 

Serum creatinine, umol/L 84.0 ± 21.2 82.6 ± 23.3 Chronic kidney disease* 17 (15.6) 36 (29.0) 

Body mass index 28.2 ± 4.1 29.5 ± 4.9 COPD 6 (4.2) 3 (2.2) 

Waist circumference, cm 95.1 ± 11.2 96.9 ± 11.5 Left ventricular hypertrophy 21 (14.7) 9 (6.6) 

 Men 98.8 ± 8.6 100.3 ± 8.7 Current smoker 24 (16.8) 16 (11.8) 

 Women 89.6 ± 12.4 92.6 ± 13.1 Former smoker 63 (44.1) 55 (40.4) 

Qualifying event   Medications    

Stroke 65 (45.4) 55 (40.4) Antihypertensive 111 (77.6) 107 (78.7) 

Transient ischemic attack 73 (51.1) 76 (55.9) Antiplatelet 141 (98.6) 133 (97.8) 

Ocular stroke 5 (3.5) 5 (3.7) Statin 115 (80.4) 121 (89.0) 

ABCD score (out of 7)   Other lipid-lowering agent 2 (1.4) 2 (1.5) 

 Low (1–3) 20 (27.4) 31 (40.8) Warfarin 8 (5.9) 6 (4.7) 

 Moderate (4–5) 43 (53.1) 38 (50.0) Questionnaires   

 High (6–7) 10 (13.7) 7 (9.2) Self-reported adherence  
≥ 75% for blood pressure  
or lipid-lowering agents 

135 (94.4) 127 (93.3) 

Modi!ed Rankin score   Overall self-rated health† 3.18 ± 0.86 3.20 ± 0.83 

 No signi!cant 
disability 

72 (85.7) 70 (86.4) EQ-5D index score 0.83 ± 0.14 0.86 ± 0.12 

 Slight disability 11 (13.1) 11 (13.6) Health care satisfaction† 4.28 ± 0.75 4.39 ± 0.67 

 Moderate disability 1 (1.2) 0 (0) Physical activity meets 
Canadian guidelines‡ 

9 (6.3) 6 (4.4) 

Note: COPD = chronic obstructive pulmonary disease, EQ-5D = EuroQol Health Questionnaire, HDL = high-density lipoprotein, LDL = low-density lipoprotein,  
SD = standard deviation.  
*Estimated glomerular !ltration rate < 60 based on the MDRD (modi!cation of diet in renal disease) equation. 
†Scored on a 5-point Likert scale with 5 being excellent and 1 being poor. 
‡Individuals reporting at least 120 minutes of moderate or strenuous physical activity per week. 
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sure and LDL cholesterol than reported in most
prior studies.15,20 Although 2 recent trials21,22 involv-
ing younger patients with uncontrolled hyperten-
sion reported similar systolic blood pressure
reductions and blood pressure control rates with
the involvement of pharmacist case managers, our
study enrolled older higher-risk patients with
lower systolic blood pressure at baseline; we also
assessed the impact of a pharmacist case manager
on a wider array of vascular risk factors. The
observed reductions in systolic blood pressure in
the nurse-led active control group were just as
large as those in the pharmacist case manager
group, which is consistent with our previous find-
ings about the efficacy of our nurse-led active
control intervention for blood pressure reduction.18

However, patients in the pharmacist case manager

group showed much better LDL control than
those in the nurse-led group. Whether this was
because of greater appreciation of the importance
of blood pressure control for stroke survivors
and/or greater therapeutic inertia for lipid man-
agement among participating primary care physi-
cians, or merely represents a ceiling effect for
blood pressure management are points for conjec-
ture and future study.

It is important to note that our intervention
involved active medication titration by a pharma-
cist case manager. A study involving stroke sur-
vivors with very similar baseline features as our
cohort found no benefit with case managers who
did not have prescriptive authority and who
merely advised patients with blood pressure mea-
surements above target to see their primary care
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Table 2: Outcomes at 6 months: intention-to-treat analysis 

Variable  

No. (%) or mean ± SD 

Difference  
(intervention – control), 

SD* (95% CI) 

Pharmacist-led 
group 
n = 143 

Nurse-led  
group 
n = 136 

At guideline-recommended systolic blood pressure level at baseline 91 (63.6) 85 (62.5) 1.1% (–10.8 to 13.1) 

At guideline-recommended lipid level at baseline 8 (5.6) 7 (5.2) 0.4% (–5.0 to 5.6) 

Attained guideline-recommended systolic blood pressure level by 6 mo 115 (80.4) 122 (89.7) –9.3% (–17.0 to –0.2) 

Attained guideline-recommended LDL level by 6 mo 73 (51.1) 46 (33.8) 17.2% (4.9 to 29.0) 

Primary outcome    

Attained optimal systolic blood pressure and lipid level by 6 mo  62 (43.4) 42 (30.9) 12.5% (0.4 to 24.0) 

Secondary outcomes    

Systolic blood pressure at 6 mo 126.5 ± 17.9 122.2 ± 13.0 4.3 (0.6 to 8.0) 

LDL cholesterol at 6 mo 2.21 ± 0.73 2.35 ± 0.81 –0.14 (–0.32 to 0.04) 

Change in systolic blood pressure over 6 mo –8.1 ± 16.0 –11.4 ± 16.3 3.3 (0.5 to 7.1) 

Change in LDL over 6 mo –0.98 ± 0.96 –0.90 ± 0.90 –0.7 (–0.30 to 0.16) 

Mortality 0 (0) 1 (0.7) –0.7% (–0.7 to 0.6) 

Vascular event† 9 (6.3) 8 (5.9) 0.4% (–5.4 to 6.0) 

Change in HDL cholesterol –0.01 ± 0.23 –0.04 ± 0.19 0.03 (–0.02 to 0.08) 

Change in total:HDL ratio –1.13 ± 1.13 –1.03 ± 1.07 –0.10 (–0.36 to 0.16) 

Self-reported adherence of 75% or higher for blood pressure or 
lipid-lowering medications 

138 (96.5) 132 (97.1) –0.6% (–4.3 to 3.7) 

Change in body mass index –0.20 ± 1.39 –0.09 ± 3.3 –0.11 (–0.70 to 0.48) 

Current smokers at baseline who stopped during  
6-mo period 

4/24 (16.7) 6/16 (37.5) –20.8% (–46.9 to 10.5) 

Overall self-rated health‡ 3.5 ± 0.9 3.4 ± 0.8 0.1 (–0.1 to 0.3) 

EQ-5D index score 0.84 ± 0.15 0.86 ± 0.17 –0.02 (–0.06 to 0.02) 

Overall rating of health care satisfaction‡ 4.35 ± 0.92 4.40 ± 0.79 –0.05 (–0.25 to 0.15) 

Physical activity meets Canadian guidelines§ 11 (10.1) 6 (4.8) 3.3% (–2.9 to 8.1) 

Note: CI = con!dence interval, EQ-5D = EuroQol Health Questionnaire, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SD = standard deviation.  
*Unless otherwise stated. 
†Myocardial infarction, stroke or transient ischemic attack, coronary or carotid revascularization.  
‡Scored on a 5-point Likert scale with 5 being excellent and 1 being poor. 
§Individuals reporting at least 120 minutes of moderate or strenuous physical activity per week. 



physician (mean change in systolic blood pres-
sure 0.3 mm Hg at 12 months).23 Indeed, several
other studies have also found minimal benefit if
case management only involves monitoring of
risk factors, patient counselling and feedback to
patients and/or primary care physicians.14,16,24,25

Limitations
Our trial was too short and was underpowered to
detect changes in clinical events. However, the out-
comes we evaluated (systolic blood pressure and
cholesterol levels) are well-validated predictors of
subsequent stroke and cardiovascular events, and
there is a robust evidence base supporting blood
pressure and lipid optimization for secondary pre-
vention, making a very large outcomes-driven trial
unnecessary, in our opinion. For example, lower-
ing systolic blood pressure by 10 mm Hg ulti-
mately confers a 41% reduction in stroke and 22%
reduction in coronary events, even among patients
with vascular disease.26 In the same vein, statins are
beneficial for stroke survivors, and the magnitude
of benefit appears to be directly related to the
degree of LDL cholesterol reduction achieved.4,7,27

The EXPRESS study showed (in a controlled
before–after design) that prompt optimization of
risk factors after transient ischemic attack resulted
in an 80% reduction in recurrent stroke.28

However, there are some limitations of our
trial. First, we had 6-month measurements of
LDL and blood pressure for only 225 patients;
however, our primary analysis was intention-to-
treat using the last observation carried forward,
which would have biased our results toward the
null because all patients had blood pressure
and/or LDL cholesterol levels above target levels
at baseline. 

Second, our trial could not be blinded. Although
this would not influence our main outcomes (which
were objectively assessed using automated blood
pressure machines and fasting laboratory results),
this may have resulted in biased treatment estimates
for subjective outcomes (e.g., satisfaction with care,
quality of life). 

Third, some may question whether our data
are generalizable to other settings. However, our
study setting closely resembles the United King-
dom National Health Service and integrated
managed care organizations in the United
States, and the clinical profiles of our partici-
pants were similar to recent reports of stroke
survivors from other Canadian provinces, the
US, the UK and Europe.1,2,10,20,24,25,28 When consid-
ering the external validity of our results, the
under-treatment of vascular risk factors is a
nearly universal phenomenon and has been doc-
umented in many other settings and for other
atherosclerotic conditions.29,30

Conclusion
Although primary care physicians and special-
ists have made great inroads in the control of
cardiovascular risk factors for patients with
coronary disease over the past decade,31 stroke
prevention strategies need to extend beyond the
current emphasis on antithrombotic agents and
evaluation for carotid endarterectomy. We found
that a nurse-led case management program
based on monthly evaluation of risk factors,
patient counselling and feedback to primary
care physicians improved control of key risk
factors for stroke (hypertension and dyslipi-
demia) by 6 months. However, even greater
improvements were seen among patients whose
care was managed by a pharmacist case man-
ager who was empowered to initiate and titrate
medications to attain guideline-recommended
targets. We believe that both approaches hold
great promise, not only for patients with stroke
or transient ischemic attack but also for all
patients with, or at high risk of, vascular disease,
and our study provides much-needed informa-
tion on their comparative effectiveness.
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