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Abstract
Background: Strategies are needed to improve adherence to the blood pressure (BP) and low-density lipoprotein
cholesterol (LDL-C) level recommendations after stroke and transient ischemic attack (TIA). We investigated whether
nurse-led, telephone-based follow-up that included medication titration was more efficient than usual care in
improving BP and LDL-C levels 36 months after discharge following stroke or TIA.
Methods: All patients admitted for stroke or TIA at Östersund hospital that could participate in the telephonebased follow-up were considered eligible. Participants were randomized to either nurse-led, telephone-based
follow-up (intervention) or usual care (control). BP and LDL-C were measured one month after discharge and yearly
thereafter. Intervention group patients who did not meet the target values received additional follow-up, including
lifestyle counselling and medication titration, to reach their treatment goals (BP < 140/90 mmHg, LDL-C < 2.5 mmol/L).
The primary outcome was the systolic BP level 36 months after discharge.
Results: Out of 871 randomized patients, 660 completed the 36-month follow-up. The mean systolic and diastolic BP
values in the intervention group were 128.1 mmHg (95% CI 125.8–130.5) and 75.3 mmHg (95% CI 73.8–76.9),
respectively. This was 6.1 mmHg (95% CI 3.6–8.6, p < 0.001) and 3.4 mmHg (95% CI 1.8–5.1, p < 0.001) lower than in the
control group. The mean LDL-C level was 2.2 mmol/L in the intervention group, which was 0.3 mmol/L (95% CI 0.2–0.5,
p < 0.001) lower than in controls. A larger proportion of the intervention group reached the treatment goal for BP
(systolic: 79.4% vs. 55.3%, p < 0.001; diastolic: 90.3% vs. 77.9%, p < 0.001) as well as for LDL-C (69.3% vs. 48.9%, p < 0.001).
Conclusions: Compared with usual care, a nurse-led telephone-based intervention that included medication titration
after stroke or TIA improved BP and LDL-C levels and increased the proportion of patients that reached the treatment
target 36 months after discharge.
Trial registration: ISRCTN Registry ISRCTN23868518 (retrospectively registered, June 19, 2012).
Keywords: Stroke, TIA, Secondary prevention, Modifiable risk factors, Blood pressure, Cholesterol, Randomized
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Background
Stroke is a major cause of mortality and morbidity
worldwide. Today, more patients than ever survive
strokes, thereby increasing the prevalence of stroke
survivors [1]. These patients have an increased risk of
new vascular events [2–4], but this risk can be
reduced by hypertension treatment as well as by
statin treatment [5, 6]. Current guidelines therefore
recommend both [7, 8].
Notably, observational studies show that after stroke,
only 25 to 49% of all patients reach treatment targets for
blood pressure (BP) and only 14 to 77% reach treatment
targets for low-density lipoprotein cholesterol (LDL-C)
[9–13]. Strategies to improve patient control of modifiable risk factors have been tested in randomized controlled trials (RCTs) with heterogeneous results [13–18].
Considering the high prevalence of stroke survivors and
the limited available resources for public health care, involving health care professionals other than physicians
as well as telemedicine-based strategies might offer alternative cost-effective solutions to improve secondary
prevention.
The RCTs of risk factor interventions delivered mainly
by nurses or pharmacists have a variety of designs and
have shown variable results [13, 14, 17, 19]. Most
programs that improve risk factor control after stroke or
transient ischemic attack (TIA) include medical treatments that can be adjusted by a physician or by a nurse
or pharmacist [15, 17, 20, 21]. In a recent systematic review of telemedicine strategies in patients after a stroke
or TIA, a meta-analysis including four studies showed
significant improvements in BP [22] using telemedicine
compared to usual care. The studies were heterogeneous
in terms of their methods and results, and the components, duration, and intensity of the follow-up programs
also varied in the studies. However, in two of the four
studies, the intervention program included follow-up
and adjustment of medical treatment.
The nurse-based age independent intervention to
limit evolution of disease after stroke or TIA
(NAILED) trial combined a nurse-based, telemedicine
strategy with systematic review of medical treatment,
including titration of medicine. This approach decreased BP and LDL-C compared significantly better
than in a control group at 12 months [20]. However,
the secondary preventive perspective is generally
considerably longer in terms of treatment duration,
and there is currently insufficient knowledge of how to
perform cost-effective follow-up to ensure long-term
adherence to risk factor treatment goals. Currently, the
only available study with an intervention that continued
beyond 12 months after stroke or TIA did not show
significant improvements in BP or LDL-C [23], but it did
not use medication titration

Page 2 of 9

Objectives

The primary aim of the present study was to investigate whether the NAILED trial intervention improved
BP values and LDL-C levels 36 months after stroke
or TIA compared to usual care. The secondary aim
was to evaluate whether a larger proportion of the
intervention group reached set treatment targets.
Finally, we aimed to investigate whether there were
any trends in the effects of the intervention during
the study period. An abstract of the current study has
been previously published [24].

Methods
Trial design

The NAILED stroke risk factor trial was a
population-based RCT with two parallel groups and an
allocation ratio of 1:1. The design of the study was
described previously in the published study protocol [25]
and has been used and described in the published analysis of the 12 months follow-up of the NAILED-stroke
trial [20]. It is described briefly below.
Participants

All patients treated with an intracerebral hematoma
(ICH), ischemic stroke (IS) or TIA at Östersund hospital,
the only hospital in the county of Jämtland Sweden
between January 1, 2010 and December 31, 2013 were
considered for participation in the study. To be considered eligible the participants also had to be able to
participate in a telephone-based follow-up and sign an
informed, written consent. Patients with aphasia,
impaired hearing, cognitive impairment, or severe, often
terminal disease, were excluded..
Randomization and blinding

Eligible patients were randomly assigned to the intervention group or the control group. The randomized
allocation sequence was computer-generated in blocks
of four and stratified for sex and for degree of disability
(modified Rankin Scale < 3 or ≥ 3). The resulting group
allocation was not blinded to participants, the study
team, or other caregivers.
Data collection and follow-up

Measurments of BP and blood lipids were performed at
the patients’ closest healthcare facility at 1, 12, 24, and
36 months post-discharge. A study nurse then interviewed participants in both the intervention and control
groups about their compliance with recommended treatment, sense of well-being, use of tobacco, and physical
activity level. The information was collected systematically according to the variables in the study protocol. To
perform the follow-up a nurse working 0.5–0.75 of a full
time was required. The study nurse was experienced in
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stroke care and had participated in courses in motivational
interviewing (MI) and good clinical practice (GCP).

and diastolic blood pressure (DBP), LDL-C, and the
proportion of patients reaching set targets for these
variables. Sitting SBP at 36 months was analyzed as the
primary outcome, and the other variables were analyzed as
secondary outcomes. SBP < 140 mmHg, DBP < 90 mmHg,
and an LDL-C value < 2.5 mmol/L (or < 1.8 mmol/L in
patients with diabetes) were considered to be within the
target range according to local guidelines at the time of the
assessments.
BP was measured once in the seated position after
5 min of rest. LDL-C values were calculated using the
Friedewald formula. Cause of death data were obtained
from the national cause of death register.

Intervention

The intervention group received telephone-based
counselling and an assessment of their pharmacological
treatment [25]. A study physician was consulted to
assess and adjust the medical treatment when the participants did not achieve the set target for LDL-C and/or
BP. There were no pre-specified algorithm to the
pharmacological adjustments; rather, individualized for
each participant. The process was repeated after
approximately 4 weeks, when necessary (see flow chart
in Fig. 1). Lipid-lowering therapy was restricted to
patients with ischemic events.
In the control group, treatment was generally initiated
in-hospital and after discharge they received secondary
preventive care according to local standards, most often
by each patient’s general practitioner.

Sample size

To reliably detect a difference of 5 mmHg between
the groups for the mean SBP, we needed study groups
of 180 participants (standard deviation 19, mean SBP
140 versus 135, alpha 0.05 two-tailed, power 80%).
Study groups of at least 200 participants were
planned to allow for drop-outs. This sample size was
also adequate for detection of a group difference of
0.3 mmol/L in LDL values.

Outcomes

Outcome variables were measured at 1, 12, 24 and 36
moths and included sitting systolic blood pressure (SBP)

Consecutive stroke/TIA patients 1st Jan 2010 until
31st Dec 2013, admitted to Östersund hospital
(n=1776)

Eligible for randomization and
consenting to participate?

No

In-hospital mortality (n=130)
Excluded (n=548)
Declined to participate (n=225)
Missing (n=2)

Yes

Randomization
(n=871)
Intervention
(n=433)

Measurement of
BP and LDL-C
Died (n=40)
Active withdrawal (n=46)
Unable to continue (n=25)
No 36-m measurement (n=2)

Control
(n=438)

1, 12, 24
months

Measurement of
BP and LDL-C
Died (n=31)
Active withdrawal (n=34)
Unable to continue n=29)
No 36-m measurement (n=4)

BP <140/90
mmHg
LDL-C <2.5/<1.8
mmol/L

Usual care

Titration

No

Yes

Measurement of
BP and LDL-C
(n=320)

36 months
(n=660)

Measurement of
BP and LDL-C
(n=340)

Fig. 1 Study flow chart. TIA transient ischemic attack, BP blood pressure, LDL-C low-density lipoprotein cholesterol
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Statistical methods

SBP at the 36-month follow-up

The analyses were performed according to the intention
to treat principle. Baseline characteristics comparisons
between groups were performed using an independent
sample t-test or a chi-square test as appropriate.
We calculated the adjusted mean differences between
groups (intervention vs. control) in BP and LDL-C levels
at 36 months using a general linear model adjusted for
sex and degree of disability in order to reflect the stratified randomization. We used paired sample t-tests to
evaluate changes in mean BP and LDL-C values between
1 and 36 months within a single group.
All analyses were performed using SPSS software,
version 24.0, and we defined the significance threshold
at the level of p = 0.05.

At 36 months, the mean adjusted SBP was 128.1 mmHg
(95% CI 125.8–130.5) in the intervention group and
134.2 mmHg (95% CI 131.8–136.6) in the control group,
with a difference of 6.1 mmHg (95% CI 3.6–8.6, p < 0.001)
between the groups. The decreases in BP compared to the
1 month measurements were 8.1 mmHg (95% CI 5.8–
10.3) and 2.3 mmHg (95% CI 0.1–4.4) in the intervention
and control groups, respectively.

Trial registration

The NAILED stroke risk factor trial is registered in the
ISRCTN registry (ISRCTN23868518). The ICMJE strict
requirement of prospective registration of clinical trials
came to our attention when the recruitment had already
begun. The study was therefore retrospectively registered
on June 19, 2012. The authors confirm that all ongoing
and related trials for this intervention are now
registered.

Results
Out of the 871 randomized patients, 660 participants
completed the 36-month follow-up and were included in
the analysis (mean age: 69.6 years, 40.8% women, 58.6%
with IS, 3.5% with ICH, and 37.9% with TIA). Figure 1
shows the flow chart of the participants. The baseline
characteristics of the participants that are included in
the final analysis were well balanced, except for diabetes,
which was more common in the control group. Table 1
shows the baseline data of the participants in the final
analysis, and Additional file 1: Table S1 shows the baseline characteristics of all of the participants who were
randomized in the study.
Of the 211 participants that did not complete the
36-month follow-up, 80 patients chose to discontinue
follow-up, 54 were not able to continue due to severe
disease, and 71 died. Six participants wanted to continue
to participate in the study but were unable to complete
the 36-month follow-up. The participants who did not
complete the 36-month follow-up were older and had
more co-morbidities. A total of 99 patients died between
randomization and the 36-month follow-up; of these, 21
of 55 deaths in the intervention group and 17 of 44
deaths in the control group were classified as
cardiovascular-related deaths. The intervention group
and the control group did not differ significantly in
terms of the proportions of cardiovascular or all-cause
mortality (p = 0.51 and p = 0.24).

DBP at the 36-month follow-up

The mean adjusted DBP values in the intervention and
control groups were 75.3 mmHg (95% CI 73.8–76.9) and
78.8 mmHg (95% CI 77.2–80.3), respectively, with a
difference of 3.4 mmHg (95% CI 1.8–5.1, p < 0.001)
between the groups. The mean DBP decreased between
1 and 36 months by 4.4 mmHg (95% CI 2.9–5.8) and
0.2 mmHg (95% CI -1.0–1.5), respectively.
LDL-C at the 36-month follow-up

The mean adjusted LDL-C values in the intervention
and control groups were 2.2 mmol/L (95% CI 2.1–2.4,
86.5 mg/dL) and 2.5 mmol/L (95% CI 2.4–2.7, 98.1 mg/
dL), respectively, a mean difference of 0.3 mmol/L (95%
CI 0.2–0.5, p < 0.001). The decrease in the intervention
group was 0.2 mmol/L (95% CI 0.1–0.3), while there was
a significant increase of 0.1 mmol/L (95% CI 0.0–0.2) in
the control group.
Proportion of patients reaching the treatment targets

At 36 months, 79.4% and 55.3% of participants reached
the treatment target for SBP in the intervention and
control groups, respectively (p < 0.001). The corresponding proportion were 90.3% vs. 77.9% (p < 0.001) for DBP
and 69.3% vs. 48.9% (p < 0.001) for LDL-C. Figure 2
shows the results for 36 months as well as for 1, 12, and
24 months before and after titration of medication.
Trends over time

At 1 month, 71.9% and 73.2% (p = 0.727) of the participants in the intervention and the control groups,
respectively, had at least one LDL-C, SBP, or DBP measurement that did not reach the treatment target. At
36 months, the corresponding percentages were 44.1%
and 72.9% (p < 0.001). Only 5.9% and 4.7% (p = 0.493) of
the participants were below the treatment target values
at all measurements during the study period (Fig. 3).
The difference in the mean SBP and DBP values between the two groups increased during the study period,
while the difference at 12 months remained unchanged
at 36 months for LDL-C (Fig. 2).
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Table 1 Baseline characteristics of the study participants
Intervention group (n = 320)

Control group (n = 340)

P value

Mean age, years

69.9

69.3

ns

Women no. (%)

130 (40.6)

139 (40.9)

ns

181 (56.6)

206 (60.6)

ns

Intracerebral hematoma

11 (3.4)

12 (3.5)

ns

TIA

128 (40.0)

122 (35.9)

ns

mRS 3–5 no. (%)

37 (11.6)

31 (9.1)

ns

Stroke

41 (12.9)

37 (10.9)

ns

Myocardial infarction

22 (6.9)

30 (8.8)

ns

Qualifying event no. (%)
Ischemic stroke

Medical history no. (%)

Heart failure

8 (2.5)

9 (2.6)

ns

Atrial fibrillation

47 (15.2)

52 (15.4)

ns

Diabetes

45 (14.1)

68 (20.1)

0.049

Smoker no. (%)

42 (13.1)

48 (14.1)

ns

Antihypertensive drug

231 (72.2)

264 (77.6)

ns

Statin

253 (79.8)

276 (81.7)

ns

Antiplatelet drug

253 (79.1)

276 (81.2)

ns

Anticoagulant drug

48 (15.1)

45 (13.3)

ns

SBP (mmHg)

136.9 ± 16.7

137.2 ± 18.5

ns

DBP (mmHg)

80.8 ± 11.6

80.2 ± 10.4

ns

LDL-C (mmol/L)

2.5 ± 0.8

2.4 ± 0.8

ns

Medications at 1 month no. (%)

Baseline values ± SD

mRS modified Rankin scale, TIA transient ischemic attack, SBP systoilc blood pressure, DBP diastolic blood pressure, LDL-C low-density lipoprotein cholesterol

Discussion
The present study analyzed 660 participants at the end of
36-month follow-up. The results showed that nurse-led,
telephone-based, secondary preventive follow-up that
included medication titration improved SBP, DBP, and
LDL-C 36 months after a stroke or TIA compared to the
usual-care control group. Furthermore, a significantly
larger proportion of participants in the intervention group
reached the treatment targets for SBP and DBP as well as
for LDL-C. The BP levels and the proportion of participants who reached the BP targets improved each year in
the intervention group, but the proportion remained
almost unchanged in the control group.
The final SBP and DBP levels were 6.1 mmHg and
3.4 mmHg lower in the intervention group than in the
control group. These differences were comparable to the
reductions seen in RCTs of antihypertensive treatment
after stroke or TIA, which showed a 22 to 34% relative
risk reduction of recurrent stroke [5, 26]. The LDL-C was
reduced by 0.3 mmol/L in the intervention group, less
than in the Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (SPARCL) study [6]. The clinical
relevance of this reduction is uncertain.

Previous studies of interventions that aimed to improve the control of modifiable risk factors in the secondary prevention of stroke and TIA have had different
designs and variable results [14–19, 21]. This makes it
hard to distinguish which factors are responsible for
observed benefits. A Cochrane meta-analysis from 2014
found a non-significant decrease in SBP and a
non-significant increase in the proportion of patients
who reached the treatment target for BP [14], but it did
not identify any trends towards improvement in the
LDL-C levels or in the proportion of participants reaching
LDL-C treatment targets. Some studies have shown promising results for the improvement of modifiable risk factors
after stroke or TIA and also in patients at risk of other
cardiovascular diseases. These studies [15, 17, 19, 21, 27],
as well as the present trial, all involved adjustment of
pharmacological treatment by a nurse, a pharmacist, or a
physician.
At discharge, 73% to 78% of the participants were on
antihypertensive medication, and 80% were being treated
with statins (Table 1). These proportions are comparable
with the treatment data found in Riksstroke, the Swedish
national stroke register [28]. Despite the high proportion
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Fig. 2 Unadjusted mean values and proportions of participants reaching targets for SBP, DBP, and LDL-C at 1, 12, and 24 months before and after
medication titration and at 36 months. BP blood pressure, LDL-C low-density lipoprotein cholesterol, m months

Fig. 3 Proportion of participants with at least one SBP, DBP, or LDL-C measurement above the treatment target at 1, 12, 24 and 36 months
follow up and during the entire study period. m months

Ögren et al. BMC Neurology (2018) 18:153

of treated participants, only about half of the study
participants reached the treatment target for SBP and
LDL-C at the baseline assessment one month after discharge (Fig. 2). It is possible that the medication initiated
during the hospital stay had not yet reached its full effect
because there were plans to titrate it during follow-up or
because the doses were inadequate.
During the follow-up of high-risk cardiovascular
patients, failure to reach the treatment target should
prompt a review of the medical treatment, an inquiry
about adherence, and in most cases, reinforcement of
medication to improve risk factor levels. In addition, the
patient needs to be motivated and capable of following
treatment recommendations to ensure adherence. In this
study, the proportion of participants in the control
group who reached treatment targets remained unchanged for BP and decreased for LDL-C over time,
whereas the proportions increased in the intervention
group. The lack of improvement was seen in the control
group despite sending the follow-up measurements to
each patient’s general practitioner. Plus, as a consequence of study participation, there was probably a
higher-than-usual awareness of cardiovascular risk factors among the control group participants. The interference of the study with normal clinical practice in the
control group was unavoidable. However, it might have
been expected to contribute to an underestimation of
the effect of the NAILED intervention. In addition, the
control group achieved less than the intervention group
despite a fairly equal number of healthcare contacts and
risk factor assessments, at least during the first year,
according to previously published results from the
NAILED stroke risk factor trial [20]. We cannot know
for sure why these contacts resulted in improved risk
factor levels in the intervention group, but it is likely
that the NAILED trial intervention, with systematic
medication titration, decreased the risk that the physician would not respond to a value above the treatment
target (i.e. therapeutic inertia), a problem that has been
described in the follow-up after stroke or TIA [29].
Moreover, contact with the study nurse gave participants
the chance to discuss their treatment and possible side
effects, and this may have increased the participants’
adherence to medication. The combination of decreased
therapeutic inertia and increased adherence might explain the positive results of the intervention.
Time trends and the duration of follow-up

Stroke survivors have a life-long increased risk of
recurrent stroke [3]. The effect of antihypertensive or
lipid-lowering treatment on new vascular events in RCTs
remains during follow-up periods of at least 36 months
[5, 6, 30]. However, only two studies on interventions to
improve secondary prevention after stroke or TIA had
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follow-up of more than 12 months [23, 31], and only
one implemented interventions after 12 months [23].
None of the studies showed any significant improvements in BP or LDL-C levels. In the present study, we
found a clinically relevant effect of the intervention on
BP levels at 36 months. Furthermore, we found that the
difference in BP between the study groups increased
continuously during follow-up (Fig. 2). During the study
period, the proportion of participants with at least one
SBP, DBP, or LDL-C measurement that did not reach the
target was nearly 95% in both the intervention and control groups (Fig. 3). However, the proportion of participants that needed treatment adjustment decreased
continuously in the intervention group but not in the
control group. In the intervention group, the proportion
of participants that needed adjustment markedly increased between the end of each titration and the next
follow-up (Fig. 2), and at 36 months, more than 40% of
the participants in the intervention group had at least
one SBP, DBP, or LDL-C value above the treatment
target. Furthermore, almost all of the participants who
did not need any medication adjustments at 1 month
had at least one value above the treatment target during
the follow-up period. Thus, regardless of the initial risk
factor levels, life-long follow-up, similar to the routines
for diabetic patients, seems necessary for an acceptable
level of secondary prevention after stroke or TIA.
Continuous improvement was not seen for LDL-C,
and the underlying reasons for this are unclear. This
may be attributable to side effects and decreasing adherence to statin treatment. Further analyses are planned to
explore this finding.

Treatment target and endpoints

The present study focused on risk factor levels and
on reaching treatment targets to decrease the risk of
new vascular events [5, 6]. There are presently insufficient data about the optimal treatment target for BP
after stroke or TIA, but guidelines recommend BP
levels < 140/< 90 mmHg [7, 8]. Moreover, no trials
have compared the use of different treatment targets
for LDL-C after stroke or TIA. In this study, we
chose BP levels < 140/< 90 mmHg and an LDL-C
level < 2.5 mmol/L (< 1.8 in participants with diabetes)
to be consistent with the treatment goals used in primary care during the study period, since the control
group participants were treated in primary care.
At 36 months of follow-up, there were more deaths in
the intervention group than in the control group (n = 55
vs. n = 44; p = 0.24). However, the present study was not
designed and powered to investigate mortality or new
vascular events. These analyses will be performed based
on the entire follow-up period for the NAILED cohort.
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Strengths and limitations

With 871 participants randomized and 660 in the final
analysis, this study is one of the largest in the field. We
used a population-based approach and a simple follow-up
routine in order to include a large proportion of the targeted population. Furthermore, the baseline treatments
corresponded well with national level data in the
Riksstroke registry. This should give the study high external validity. However, 35.7% of the patients could not
participate in the study due to physical or cognitive impairment [32]. Moreover, 211 out of the 871 randomized
participants did not reach the 3-year follow-up. This could
be considered a weakness of the study, but it also reflects
the reality of the characteristics of this study population.
Severe co-morbidities and a high mortality rate in this
population unavoidably increase the proportion of patients who cannot participate or who discontinue participation during follow-up. This limits the potential for
secondary prevention.

Conclusion
A nurse-led telephone-based intervention that included
medication titration after stroke or TIA improved BP
and LDL-C levels and increased the proportion of
patients that reached treatment targets 36 months after
discharge. The effect of the intervention on BP increased
over time. If implemented, the NAILED strategy could
improve BP and LDL-C levels in many stroke survivors.
Additional file
Additional file1: Table S1. Baseline characteristics of the participants
randomized in the trial. (DOCX 13 kb)
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