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Abstract

Background

Enhanced secondary preventive follow-up after stroke or transient ischemic attack (TIA) is

necessary for improved adherence to recommendations regarding blood pressure (BP) and

low-density lipoprotein cholesterol (LDL-C) levels. We investigated whether nurse-led, tele-

phone-based follow-up was more efficient than usual care at improving BP and LDL-C lev-

els at 12 months after hospital discharge.

Methods

We randomized 537 patients to either nurse-led, telephone-based follow-up (intervention)

or usual care (control). BP and LDL-C measurements were performed at 1 month (baseline)

and 12 months post-discharge. Intervention group patients who did not meet target values

at baseline received additional follow-up, including titration of medication and lifestyle coun-

selling, to reach treatment goals (BP < 140/90 mmHg, LDL-C < 2.5 mmol/L).

Results

At 12months, mean systolic BP, diastolic BP and LDL-C was 3.3 (95% CI 0.3 to 6.3) mmHg,

2.3 mmHg (95%CI 0.5 to 4.2) and 0.3 mmol/L (95%CI 0.1 to 0.4) lower in the intervention

group compared to controls. Among participants with values above the treatment goal at

baseline, the difference in systolic BP and LDL-C was more pronounced (8.0 mmHg, 95%CI

4.0 to 12.1, and 0.6 mmol/L, 95% CI 0.4 to 0.9). A larger proportion of the intervention group
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reached the treatment goal for systolic BP (68.5 vs. 56.8%, p = 0.008) and LDL-C (69.7% vs.

50.4%, p < 0.001).

Conclusions

Nurse-led, telephone-based secondary preventive follow-up, including medication adjust-

ment, was significantly more efficient than usual care at improving BP and LDL-C levels by

12 months post-discharge.

Trial Registration

ISRCTN Registry ISRCTN23868518

Introduction
Stroke is a major cause of morbidity and mortality worldwide [1] and it is well-established that
stroke survivors are at high risk of suffering subsequent vascular events [2–4]. From a global
perspective, the prevalence of stroke survivors has increased over the last two decades [1],
increasing the need for secondary prevention.

Antihypertensive and lipid-lowering treatment after stroke to prevent vascular events is
supported by the results of randomized controlled trials [5, 6] and is recommended by clinical
guidelines [7, 8]. However, observational follow-up data from different countries show that the
proportion of patients who achieve the recommended target values for blood pressure (BP)
and low-density lipoprotein cholesterol (LDL-C) may be as low as 24–38% [9–11] and 14–24%
[9, 10], respectively.

Various strategies to improve control of modifiable risk factors after stroke or TIA have
been evaluated in randomized controlled trials; however, very few to date have resulted in any
significant improvement compared to usual care [12]. A systematic review of interventions
intended to improve BP values in patients with essential hypertension concluded that 1)
improved BP control generally requires a systematic approach, including both regular BP mon-
itoring and review of pharmacological treatment, and that 2) secondary preventive follow-up
programs that are led by nurses or pharmacists show promising but heterogeneous results [13].
In studies in which participant populations are restricted to stroke and TIA patients, follow-up
programs that are mainly led by nurses, as compared to the usual follow-up care have, so far,
achieved modest results, mostly without statistical significance, in terms of improved BP and
LDL-C levels [12, 14–20]. Most of these studies have, however, been rather small [12, 14–16,
18, 19] and have not included pharmacological titration as part of the intervention [14, 15, 18–
20].

The NAILED stroke risk factor trial is an on-going population-based, randomized con-
trolled trial to test the hypothesis that nurse-led, telephone-based, secondary preventive fol-
low-up, including pharmacological titration, may be a more effective approach than usual care
with respect to improving modifiable risk factors after stroke or TIA [21]. The objective of our
present study was to investigate whether the NAILED trial intervention would prove to be
more efficient than usual care at improving BP values and LDL-C levels at 12 months after hos-
pital discharge.

The NAILED Stroke Risk Factor Trial
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Materials and Methods

Study design
The NAILED stroke risk factor trial was designed to be an open, population-based, randomized
controlled trial comprising two parallel groups with an allocation ratio of 1:1. The design of the
trial and the intervention evaluated is described in further detail in the published study proto-
col [21] and we will describe it below in brief.

Outcomes
The primary outcome of our present study was to determine the mean difference in seated sys-
tolic blood pressure (SBP) between patients in the two groups at 12 months post-discharge. We
analysed the following variables as secondary outcomes: the mean differences in diastolic blood
pressure (DBP) and LDL-C between groups, differences in the proportion of patients who
reached the target values for each measure, and changes in SBP, DBP, and LDL-C between
baseline and 12 months within each group. Measurement of outcome variables at 12 months
was pre-specified in the study protocol, but since the primary outcome of the NAILED stroke
risk factor trial is the seated systolic blood pressure measured after 36 months of follow-up, the
analyses of our present report are exploratory.

Sample size
To reliably detect a difference between groups in mean SBP of 5 mmHg, study groups of 180
participants (standard deviation 19 mmHg, mean SBP 140 versus 135 mmHg, alpha 0.05 two-
tailed, power 80%) were needed. To allow for drops-outs, we planned for study groups of at
least 200 participants.

Setting and eligibility criteria
We recruited participants at Östersund Hospital between Jan 1st, 2010 and June 30th, 2012. The
hospital is the only hospital in a geographically large, rural area in central Sweden that is inhab-
ited by approximately 125,000 people.

In order to identify all of the patients who were admitted to the hospital and subsequently
diagnosed with an acute stroke or TIA, we conducted daily review of the hospital records of all
patients who had computed tomography (CT) brain scans. In addition, we checked the stroke
unit on a daily basis to catch any patient who was diagnosed with stroke or TIA without under-
going a CT scan.

We considered all of the identified stroke and TIA patients who were admitted to the hospi-
tal during the inclusion period to be eligible. However, participants in other, concurrent trials
and patients who were considered unable to participate in the study follow-up due to aphasia,
cognitive impairment, impaired hearing, or severe, often terminal, disease had to be excluded.

Randomization and blinding
Eligible patients who consented to participate and who did not meet any of the exclusion crite-
ria were randomly assigned to the intervention or the control group. The randomized alloca-
tion sequence was computer generated in blocks of four and was 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.

The NAILED Stroke Risk Factor Trial
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Data collection
We collected baseline data, including prevalence of cardiovascular risk factors, prior cardiovas-
cular events, and comorbidity, by patient interviews in-hospital and data were further supple-
mented by review of the medical records.

Baseline and follow-up measurements of BP and blood lipids at 1 and 12 months post-dis-
charge, respectively, was performed by a health care professional at the patients’ closest health
care facility and reported to the study team. Shortly after the baseline and 12-month BP and
blood lipid measurements, a study nurse telephoned participants in both study groups and
interviewed them about their sense of well-being, use of tobacco, level of physical activity, and
compliance with recommended medical treatments.

In addition, we conducted a systematic review of patient medical records to retrospectively
collect descriptive data on secondary preventive follow-up provided via primary care visits and
at the hospital out-patient clinic during the first year after discharge.

Intervention follow-up
For the intervention group, follow-up included telephone-based lifestyle counselling and
assessment of pharmacological treatment. If the target value for BP and/or lipids was not met
at the baseline measurement, the study nurse consulted a study physician for assessment and
adjustment of the patient’s pharmacological treatment. Within approximately 4 weeks after a
pharmacological adjustment, participants where called for a new measurement and the process
was repeated if necessary. All pharmacological adjustments were individualized to the needs of
the patient, not restricted to any fixed algorithm or protocol. Prescription of lipid-lowering
therapy was restricted to patients who had ischemic events [7, 8].

Secondary preventive follow-up in the control group
The control group participants received secondary preventive care according to local standard
procedures, hence referred to as “usual care.” Telephone contact with participants in the con-
trol group did not include any lifestyle counselling or any pharmacological assessment. BP and
LDL-C values from the study measurements were forwarded to the patient’s GP for assessment
and no further action was taken by the study team.

Secondary preventive treatment was generally initiated in-hospital. Thereafter, the patients’
general practitioners (GPs) held primary responsibility for their care.

Target values
For the purpose of this study, we considered a systolic blood pressure (SBP)<140 mmHg, a
diastolic blood pressure (DBP)<90 mmHg, and an LDL-C value<2.5 mmol/L to be within
target with respect to compliance with national guidelines.

Definition of disease
The qualifying events, prior vascular events, and comorbid conditions refer to diagnoses made
by clinical physicians. Stroke included both ischemic and hemorrhagic events, with the excep-
tion of subarachnoid hemorrhage. We defined prior ischemic heart disease to include previous
acute myocardial infarction, percutaneous coronary intervention, and/or coronary artery
bypass grafting.

The NAILED Stroke Risk Factor Trial
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Statistical method
We performed the analysis in accordance with the intention-to-treat principle. Comparisons of
baseline characteristics between groups (intervention vs. control, participants vs. lost to follow-
up) were performed using independent sample t-tests and chi-square tests as appropriate. We
used paired sample t-tests to evaluate changes in mean BP and LDL-C values between baseline
and 12 months within a single group.

We calculated the adjusted mean differences between groups (intervention vs. control) in
BP and LDL-C levels at 12 months using a general linear model adjusted for sex and degree of
disability in order to reflect the stratified randomization [21].

A second general linear model was constructed to test the hypothesis that any difference
detected between groups at 12 months might be primarily attributable to benefits affecting inter-
vention group participants who had not reached the target at baseline. In addition to accounting
for sex and degree of disability, this second model included 1) a binary indicator variable denot-
ing participants as either above or below the target value at the baseline measurement and 2) an
interaction variable between the same variable and the treatment group allocation.

Hemorrhagic stroke patients were not included in analyses concerning LDL-C, with the
exception of the baseline table (Table 1).

All analyses were performed using SPSS software, version 22.0, and we defined the signifi-
cance threshold at the level of p = 0.05.

Ethics
The study was approved by the Regional Ethics Committee of Umeå University, Umeå, on Oct
28, 2009. All participants signed an informed, written consent document.

Table 1. Baseline characteristics of participants who completed the 12months follow-up.

Intervention Control

N (%) 241 (49.8) 243 (50.2)

Age, years ± SD 71.5 ± 11.1 70.1 ± 10.4

Male, N (%) 137 (56.8) 139 (57.2)

TIA, N (%) 89 (36.9) 89 (36.6)

Ischemic stroke, N (%) 143 (59.3) 146 (60.1)

Hemorrhagic stroke, N (%) 9 (3.7) 8 (3.3)

mRS <3, N (%) 203 (83.8) 216 (88.9)

Diabetes mellitus, N (%) 40 (16.6) 46 (18.9)

Atrial fibrillation, N (%) 39 (16.2) 39 (16.0)

Congestive heart failure, N (%) 10 (4.1) 7 (2.9)

Previous stroke, N (%) 41 (17.0) 32 (13.2)

Previous IHD, N (%) 30 (12.4) 29 (11.9)

Current smoker, N (%) 28 (11.6) 41 (16.9)

1 month after discharge (baseline):

Antihypertensive drug (�1), N (%) 177 (73.4) 186 (76.5)

Lipid-lowering drug, N (%) 191 (79.3) 193 (79.4)

Anti-platelet drug, N (%) 191 (79.3) 199 (81.9)

OAC, N (%) 36 (14.9) 31 (12.8)

The intervention and control group did not differ significantly in any of the baseline characteristics. mRS, modified Rankin Scale; IHD, ischemic heart

disease; OAC, oral anticoagulation; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; SD, standard

deviation.

doi:10.1371/journal.pone.0139997.t001
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Trial registration
The NAILED stroke risk factor trial is registered in the ISRCTN registry (ISRCTN23868518).
The ICMJE strict requirement of prospective registration of clinical trails came to our attention
when the recruitment had already begun. The study was therefore retrospectively registered.
The authors confirm that all on-going and related trials for this intervention are now
registered.

Updates to the original study protocol
Before patient enrolment, a few minor adjustments to the protocol was made compared to the
protocol approved by the ethics committee (S1 Protocol): 1) Patient enrolment begun on Jan
1st 2010 instead of Jan 4th, 2010. 2) We changed the time range from hospital discharge to the
first follow-up from 6–10 weeks to 1 month. 3) We reprioritized the outcome variables of the
study so that the absolute difference in risk factor values became the primary outcome. 4) We
used stratified randomization in order to assure equal distribution of clinically important
covariates. 5) We revised the statistical method for outcome variables in order to reflect the
stratified randomization. In addition, minor updates to the risk factor target values were made
in order to follow new guidelines published during the course of study. None of these adjust-
ments required reapproval from the ethics committee.

Results
The flow of participants is illustrated in Fig 1. Out of the 537 patients originally randomized, a
total of 484 participants, 276 male (57.0%) and 208 female (43.0%), completed the 12-month
follow-up and were included in our final analysis. Stroke (63.2%, n = 306) was more common
compared to TIA (36.8%, n = 178) and the mean patient age overall was 70.8 (±10.7). Detailed
baseline characteristics are given in Table 1. The participants who were lost to follow-up
(n = 53) were significantly older, more often female, and compared to the participants who
completed the 12-month follow-up they showed a poorer functional status upon hospital dis-
charge, with a higher prevalence of modified Rankin Scale� 3, congestive heart failure and
atrial fibrillation.

Secondary preventive follow-up
In Table 2 we provide a summary of the health-care contacts made with participants in the
intervention and control groups from baseline (1 month after discharge) until the 12-month
follow-up.

BP at 12-month follow-up
At the 12-month follow-up, both the mean SBP (-5.7 mmHg, 95% CI -8.3 to -3.0, p) and the
mean DBP (-2.2 mmHg, 95% CI -3.8 to -0.7) had decreased significantly among patients in the
intervention group, whereas no significant change in either mean SBP or DBP was observed
among controls (Table 3). The mean difference in SBP and DBP between the two groups at the
12-month follow-up, adjusted for sex and for degree of disability, was 3.3 (95% CI 0.3 to 6.3)
mmHg and 2.3 (95% CI 0.5 to 4.2) mmHg.

Compared to the control group, a significantly larger proportion of participants in the inter-
vention group reached the SBP target value (absolute difference of 11.7%, 95% CI 3.1 to 20.1)
at the 12-month follow-up (Fig 2).

The NAILED Stroke Risk Factor Trial
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LDL-C levels at 12-month follow-up
At the 12-month follow-up, the mean LDL-C value in the intervention group had decreased by
0.2 mmol/L (95% CI 0.1 to 0.3), whereas a significant increase (0.1 mmol/L, 95% CI 0.0 to 0.2)
was observed among controls. The mean difference between the two groups at 12 months,

Fig 1. Study design flow-chart. Participants who were lost to follow-up during the 12-month period were not included in the final analysis due to missing
values for BP and LDL-C from the 12-month follow-up measurement. BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; TIA, Transient Ischemic
Attack. * 1 month post-discharge. † The LDL-C target value only concerned participants who had experienced an ischemic stroke.

doi:10.1371/journal.pone.0139997.g001
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adjusted for sex and for degree of disability, was 0.3 (95% CI 0.1 to 0.4) mmol/L. The target
value was reached by 69.7% of the participants in the intervention group, compared to 50.4%
of the control group (absolute difference 19.3%, 95% CI 10.3 to 27.8) (Fig 2).

Table 2. Secondary preventive follow-up from baselinemeasurement (1 month after discharge) until 12 months after discharge.

Intervention Control

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

baseline?

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

baseline?

All Yes No All Yes No

Return visit to the hospital out-patient clinic, yes % (n) 16.2 (39) 14.0 (34)

In contact with a primary care center, yes* % (n) 97.1 (234) 95.1 (231)

No of contacts with a physician, median (IQR) 3.0 (1.0–6.0) 4.0 (2.0–6.0) 3.0 (1.0–5.0) 3.5 (1.0–6.0) 3.0 (1.5–7.0) 4.0 (1.0–6.0)

No of BP and/or LDL-C evaluations†, median (IQR) 1.0 (0.0–2.0) 1.0 (0.0–2.0) 1.0 (0.0–2.0) 3.0 (1.0–4.0) 2.0 (1.0–3.0) 3.0 (2.0–4.0)

The NAILED study follow-up:

No of contacts with a study nurse, median (IQR) 4.0 (3.0–7.0) 2.0 (2.0–2.3) 6.0 (4.0–8.0) 2.0 (2.0–2.0) 2.0 (2.0–2.0) 2.0 (2.0–2.0)

No of BP and/or LDL-C evaluations†, median (IQR) 2.0 (1.0–3.0) 1.0 (1.0–1.0) 3.0 (2.0–4.0) - - -

IQR, interquartile range; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol.

*Indicates at least one contact with a health professional at a primary care center in addition to the measurements performed for the study.

†All BP or LDL-C measurements documented in the medical record (BP measurements performed in situations of acute illness are not included).

doi:10.1371/journal.pone.0139997.t002

Table 3. SBP, DBP and LDL-C values at baseline, end of titration and at 12 months after discharge.

Intervention Control

Baseline End of
titration*

12
months

Baseline 12
months

Adjusted difference (95% CI) between
groups at 12 months†

SBP (mmHg), mean (± SD) 137.5
(17.1)

126.9 (9.5)‡ 131.9
(15.7)

136.9
(19.2)§

135.0
(17.5)

3.3 (0.3–6.3)

SBP <140 mmHg, % (n) 54.4 (131) 92.5 (222) 68.5 (165) 52.7 (127) 56.8 (138)

Unadjusted mean (95% CI) change
from last measurement

10.5 (8.6–
12.4)

5.0 (3.0–
6.9)

1.9 (-0.6–
4.4)

DBP (mmHg), mean (± SD) 79.5 (10.9) 73.9 (8.9)‡ 77.3
(10.3)

79.3§

(10.5)
79.6 (10.5) 2.3 (0.5–4.2)

DBP <90 mmHg, % (n) 79.7 (192) 98.8 (237) 84.6 (204) 80.5 (194) 81.1 (197)

Unadjusted mean (95% CI) change
from last measurement

5.6 (4.3–6.9) 3.5 (2.2–
4.8)

0.3 (-1.2–
1.7)

LDL-C (mmol/L), mean (± SD)** 2.5 (0.8) 2.0 (0.4) 2.3 (0.7)‡ 2.5 (0.8)§ 2.6 (0.9)†† 0.3 (0.1–0.4)

LDL-C <2,5 mmol/L, % (n) 55.6 (129) 94.8 (220) 69.7 (161) 57.1 (133) 50.4 (115)

Unadjusted mean (95% CI) change
from last measurement

0.5 (0.4–0.6) 0.3 (0.3–
0.4)

0.1 (0.0–
0.2)

There were no significant differences between the intervention group and the control group at baseline. SBP, systolic blood pressure; DBP, diastolic blood

pressure; LDL-C, low-density lipoprotein cholesterol.

* The SBP/DBP/LDL-C values measured at the conclusion of the intensified follow-up in the intervention group. Blood pressure and LDL-C measurements

for intervention group participants with values below target at baseline were not repeated until the 12 months follow-up. Indicated values were therefor

calculated assuming that blood pressure and LDL-C values that were below target at baseline remained unchanged.
† Adjusted for sex and for degree of disability.
‡ Missing value for 1 intervention group participant.
§ Missing value for 2 control group participants.

** The LDL-C analyses does not include participants with a hemorrhagic stroke as the qualifying event.
†† Missing value for 7 control group participants

doi:10.1371/journal.pone.0139997.t003
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Interaction between treatment group allocation and baseline level of BP
and LDL-C
Group allocation (intervention vs. control) and baseline values for BP/LDL-C (participants
found above or below the target value) showed a significant interaction effect with the SBP
(p = 0.001) and LDL-C (p< 0.001) levels measured at the 12-month follow-up, respectively
(Fig 3). In the subgroup of participants who had a BP measurement above the target value at
baseline, the adjusted mean SBP in the intervention group at 12 months was 8.0 (95% CI 4.0 to
12.1) mmHg lower compared to the control group. In the corresponding analysis for LDL-C,
the adjusted mean at 12 months was 0.6 (95% CI 0.4 to 0.9) mmol/L lower. Conversely, no sig-
nificant differences in SBP or LDL-C levels were observed at the 12-month follow-up between
participants in the intervention group and control group whose values were below the respec-
tive targets at baseline.

Maintenance of SBP and LDL-C values over time
Among the intervention group participants whose SBP and LDL-C were above the target values
at baseline, treatment targets were achieved by 84.4% (92/109) and 90.3% (93/103) at the end
of the intensified follow-up period. At the 12-month follow-up measurement, however, these
proportions had significantly decreased to 62.7% (69/110) and 64.1% (66/103), respectively
(absolute differences: SBP 21.7%, 95% CI 10.1 to 32.6; LDL-C 26.2%, 95% CI 15.0 to 36.8). A

Fig 2. Participants with SBP, DBP and LDL-C below the target level at baseline and at 12 months. The lightly shaded portion of each 12 months stack
represents the proportion of patients whose values changed from above target at baseline to below target at 12 months, whereas the dark shaded portion
represents the proportion whose values remained below the target from baseline to 12 months. The differences observed between the intervention group and
control group in the total proportion of participants with values below target at 12 months were significant with respect to SBP (p = 0.008) and LDL-C
(p < 0.001). SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol.

doi:10.1371/journal.pone.0139997.g002

The NAILED Stroke Risk Factor Trial
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Fig 3. Effect of group allocation and baseline levels on the 12-month adjustedmean SBP, DBP and
LDL-C. Effect of the interaction between group allocation and the baseline level of BP or LDL-C on the
12-month adjusted mean (A) SBP (p = 0.001), (B) DBP (p = 0.054), or (C) LDL-C (p < 0.001) value. BP, blood
pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein
cholesterol.

doi:10.1371/journal.pone.0139997.g003
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similar pattern was observed among the intervention and control group participants whose val-
ues were below the targets at baseline (Fig 2).

Discussion
In this study, we found that nurse-led, telephone-based, secondary preventive follow-up
improved BP and LDL-C levels and increased the proportion of patients who achieved the tar-
get values at 12 months post-discharge. Among participants whose values were above the tar-
gets at baseline, the intervention strategy resulted in mean SBP and LDL-C levels that were 8.0
mmHg and 0.6 mmol/L lower than the levels resulting from usual care. The overall differences
between the intervention and control groups were diluted due to the inclusion of participants
with risk factor levels that were already within the target range at baseline. This study design
allowed us to demonstrate two additional findings of potential importance with respect to
implementation of secondary preventive care: 1) About one-fourth of participants who had
risk factor values within the target range at baseline were found above the target level at 12
months and 2) the proportion of intervention group participants achieving target values after
intensified follow-up and pharmacological titration had decreased by about one-fourth at 12
months. This indicates that active monitoring of risk factors needs to extend beyond 12 months
to maintain adequate risk factor control.

Improving the control of modifiable risk factors is necessary to reduce the incidence of
recurrent vascular events and the resulting mortality. As health care resources, including access
to stroke treatment and secondary preventive drugs, vary widely across different parts of the
world, different regions face varying challenges in the improvement of secondary preventive
care [22]. According to data from the Swedish stroke register, Riksstroke, Sweden has made
progress in initiation of secondary preventive treatment [23], but the extent to which set treat-
ment targets are reached and maintained on a population level is unknown. In our study popu-
lation, the proportions of patients treated with different secondary preventive drugs at baseline
were similar to the proportions in Riksstroke [24]. Despite this high adherence to recom-
mended therapy, only about half of the population had achieved the recommended BP and
LDL-C target values 1 month after hospital discharge. In the control group, these proportions
did not improve over the 12 months following, even though most patients within that group
had been in contact with their GP on average 3.5 times, and had their BP and/or LDL-C mea-
sured and evaluated on an average of 3 occasions during that year. Similar findings were
described in a Danish cohort study. In this stroke and TIA population only 38% had a
BP<140/90 mmHg at 12 months post-discharge. At 12 months, the proportion of patients on
antihypertensive treatment had not increased compared to baseline and even among the 50%
of the population who had their BP evaluated on at least 3 occasions during the 12 month
period, only 34% had a BP<140/90 mmHg [25]. This emphasizes the need for improved sec-
ondary preventive follow-up to reach the full potential of available pharmacological treatment.

In our study, the total frequency of BP and LDL-C evaluations performed in the interven-
tion group was very similar to the control group, suggesting that the number of follow-ups is
not the single determinant of a successful program. A structured, out-reaching framework with
capacity of systematic extra follow-up among those not reaching targets are, however, probably
essential components according to our results.

Since human as well as monetary resources are limited within healthcare, increased involve-
ment of various healthcare professionals other than physicians might be a cost effective way of
improving secondary preventive care. Our study shows that secondary preventive follow-up
delivered by nurses can be more efficient than usual care in terms of risk factor control. Our
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results do, however, not propose superiority of nurses over other healthcare professionals in
this context and the question of cost effectiveness will be a matter of future analyses.

With few exceptions [19], previous studies of mainly nurse-led follow-up in stroke and TIA
patients have failed to significantly improve BP compared to usual care [12, 14–18, 20]. In con-
trast to most previous studies [14, 15, 18–20], the NAILED intervention included pharmaco-
logical titration as part of the intensive follow-up given in response to elevated BP/LDL-C
levels. Instead of direct adjustment of medication, a common strategy in previous studies was
to refer participants to a physician not involved in the study team, either by sending informa-
tion directly to the physician [14] or by advising the participant to contact the physician single-
handed [15, 18–20]. One study found that even though the advice to see a GP was commonly
followed by the participant, only one third of the patients had their hypertensive medication
adjusted [15]. Similarly, a recently published observational study conducted among American
veterans, showed that less than two thirds of all BP evaluations where intensified treatment was
indicated led to altered pharmacological treatment [26]. Therapeutic inertia, defined as the
physician’s decision not to intensify pharmacological treatment despite measurement of
patient risk factors above recommended levels, has been previously recognized as an important
barrier to improving adherence to clinical guidelines [27, 28]. Systematic pharmacological
titration might, therefore, be a key component of a more effective secondary preventive follow-
up program. This is supported by the recently published PREVENTION study, in which fol-
low-up conducted by a pharmacist who was authorized to prescribe drugs was found to be sig-
nificantly more effective than follow-up performed by nurses who lacked this authority [29].

Strengths and weaknesses
The intervention approach tested in the NAILED stroke risk factor trial was designed to be
broadly implementable in clinical practice. To best mimic a real clinical setting, each patient
who fulfilled the basic inclusion criteria was assessed for enrolment based only on their ability
to take part in the follow-up program. It could be argued that the absence of more precisely
defined exclusion criteria might reduce the reproducibility of the study. However, on the con-
trary, we believe that the more pragmatic form of enrolment adopted in this study generated a
study sample that is more representative of the general stroke and TIA patient population that
could realistically be reached by this type of intervention. In addition, only a fairly small pro-
portion of the eligible patients declined participation initially, and few ended their participation
during this first year of follow-up. This increases the external validity of the results and should
be considered a strength of the study.

We cannot rule out that the study setting, to some degree, influenced the secondary preven-
tive treatment that was given to the control group. The study team provided the GPs with BP
and LDL-C values, which might not have been measured otherwise. It is also possible that
patients, by participating in the study, developed a heightened awareness and thereby became
more prone to contact their GP for secondary preventive assessment. It is therefore reasonable
to believe that any influence on the control group would have led to an underestimation, rather
than an exaggeration, of the effect of the intervention.

Conclusion
Evaluation of data from the first 12 months of the NAILED stroke risk factor trial showed that
nurse-led, telephone-based follow-up, including titration of pharmacological treatment, was
significantly more effective than the usual care provided to patients in improving control of
both BP and LDL-C levels. Active intervention and monitoring of risk factors probably needs
to extend beyond 12 months to maintain control over risk factors.

The NAILED Stroke Risk Factor Trial

PLOS ONE | DOI:10.1371/journal.pone.0139997 October 16, 2015 12 / 14



Supporting Information
S1 CONSORT Checklist. CONSORT checklist.
(DOC)

S1 Protocol. Original study protocol. Original study protocol as approved by the ethics com-
mittee.
(DOC)

Acknowledgments
The authors would like to acknowledge the study nurses for their indispensable contribution to
the study.

Author Contributions
Conceived and designed the experiments: TM. Analyzed the data: ALI. Wrote the paper: ALI
JÖ LB LS KL TM. Statistical guidance: LS. Interpretation of results: ALI JÖ LB KL LS TM.

References
1. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al. Global and

regional burden of stroke during 1990–2010: findings from the Global Burden of Disease Study 2010.
Lancet. 2014; 383(9913):245–54. Epub 2014/01/23. PMID: 24449944.

2. FengW, Hendry RM, Adams RJ. Risk of recurrent stroke, myocardial infarction, or death in hospitalized
stroke patients. Neurology. 2010; 74(7):588–93. Epub 2010/02/17. doi: 10.1212/WNL.
0b013e3181cff776 PMID: 20157161.

3. Mohan KM,Wolfe CD, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk and cumu-
lative risk of stroke recurrence: a systematic review and meta-analysis. Stroke. 2011; 42(5):1489–94.
Epub 2011/04/02. doi: 10.1161/STROKEAHA.110.602615 PMID: 21454819.

4. Touze E, Varenne O, Chatellier G, Peyrard S, Rothwell PM, Mas JL. Risk of myocardial infarction and
vascular death after transient ischemic attack and ischemic stroke: a systematic review and meta-anal-
ysis. Stroke. 2005; 36(12):2748–55. Epub 2005/10/29. doi: 10.1161/01.STR.0000190118.02275.33
PMID: 16254218.

5. Liu L, Wang Z, Gong L, Zhang Y, Thijs L, Staessen JA, et al. Blood pressure reduction for the second-
ary prevention of stroke: a Chinese trial and a systematic review of the literature. Hypertens Res. 2009;
32(11):1032–40. Epub 2009/10/03. doi: 10.1038/hr.2009.139 PMID: 19798097.

6. Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein LB, Hennerici M, Rudolph AE, et al. High-
dose atorvastatin after stroke or transient ischemic attack. N Engl J Med. 2006; 355(6):549–59. Epub
2006/08/11. doi: 10.1056/NEJMoa061894 PMID: 16899775.

7. KernanWN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz MD, et al. Guidelines for
the prevention of stroke in patients with stroke and transient ischemic attack: a guideline for healthcare
professionals from the American Heart Association/American Stroke Association. Stroke. 2014; 45
(7):2160–236. Epub 2014/05/03. doi: 10.1161/STR.0000000000000024 PMID: 24788967.

8. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. European Guidelines on car-
diovascular disease prevention in clinical practice (version 2012). The Fifth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of nine societies and by invited experts). Eur Heart J. 2012; 33
(13):1635–701. Epub 2012/05/05. doi: 10.1093/eurheartj/ehs092 PMID: 22555213.

9. Heuschmann PU, Kircher J, Nowe T, Dittrich R, Reiner Z, Cifkova R, et al. Control of main risk factors
after ischaemic stroke across Europe: data from the stroke-specific module of the EUROASPIRE III
survey. Eur J Prev Cardiol. 2014. Epub 2014/08/21. doi: 10.1177/2047487314546825 PMID:
25139770.

10. Alvarez-Sabin J, Quintana M, Hernandez-Presa MA, Alvarez C, Chaves J, Ribo M. Therapeutic inter-
ventions and success in risk factor control for secondary prevention of stroke. J Stroke Cerebrovasc
Dis. 2009; 18(6):460–5. Epub 2009/11/11. doi: 10.1016/j.jstrokecerebrovasdis.2009.01.014 PMID:
19900649.

11. Amar J, Cambou JP, Touze E, Bongard V, Jullien G, Vahanian A, et al. Comparison of hypertension
management after stroke and myocardial infarction: results from ECLAT1—a French nationwide study.

The NAILED Stroke Risk Factor Trial

PLOS ONE | DOI:10.1371/journal.pone.0139997 October 16, 2015 13 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139997.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139997.s002
http://www.ncbi.nlm.nih.gov/pubmed/24449944
http://dx.doi.org/10.1212/WNL.0b013e3181cff776
http://dx.doi.org/10.1212/WNL.0b013e3181cff776
http://www.ncbi.nlm.nih.gov/pubmed/20157161
http://dx.doi.org/10.1161/STROKEAHA.110.602615
http://www.ncbi.nlm.nih.gov/pubmed/21454819
http://dx.doi.org/10.1161/01.STR.0000190118.02275.33
http://www.ncbi.nlm.nih.gov/pubmed/16254218
http://dx.doi.org/10.1038/hr.2009.139
http://www.ncbi.nlm.nih.gov/pubmed/19798097
http://dx.doi.org/10.1056/NEJMoa061894
http://www.ncbi.nlm.nih.gov/pubmed/16899775
http://dx.doi.org/10.1161/STR.0000000000000024
http://www.ncbi.nlm.nih.gov/pubmed/24788967
http://dx.doi.org/10.1093/eurheartj/ehs092
http://www.ncbi.nlm.nih.gov/pubmed/22555213
http://dx.doi.org/10.1177/2047487314546825
http://www.ncbi.nlm.nih.gov/pubmed/25139770
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2009.01.014
http://www.ncbi.nlm.nih.gov/pubmed/19900649


Stroke. 2004; 35(7):1579–83. Epub 2004/05/25. doi: 10.1161/01.STR.0000131547.71502.81 PMID:
15155960.

12. Lager KE, Mistri AK, Khunti K, Haunton VJ, Sett AK, Wilson AD. Interventions for improving modifiable
risk factor control in the secondary prevention of stroke. Cochrane Database Syst Rev. 2014; 5:
CD009103. Epub 2014/05/03. doi: 10.1002/14651858.CD009103.pub2 PMID: 24789063.

13. Glynn LG, Murphy AW, Smith SM, Schroeder K, Fahey T. Interventions used to improve control of
blood pressure in patients with hypertension. Cochrane Database Syst Rev. 2010;(3: ):CD005182.
Epub 2010/03/20. doi: 10.1002/14651858.CD005182.pub4 PMID: 20238338.

14. Flemming KD, Allison TG, Covalt JL, Herzig DE, Brown RD. Utility of a post-hospitalization stroke pre-
vention programmanaged by nurses. Hosp Pract (1995). 2013; 41(3):70–9. Epub 2013/08/21. doi: 10.
3810/hp.2013.08.1070 PMID: 23948623.

15. Hornnes N, Larsen K, Boysen G. Blood pressure 1 year after stroke: the need to optimize secondary
prevention. J Stroke Cerebrovasc Dis. 2011; 20(1):16–23. Epub 2010/12/29. doi: 10.1016/j.
jstrokecerebrovasdis.2009.10.002 PMID: 21187254.

16. Welin L, Bjalkefur K, Roland I. Open, randomized pilot study after first stroke: a 3.5-year follow-up.
Stroke. 2010; 41(7):1555–7. Epub 2010/05/22. doi: 10.1161/STROKEAHA.109.576165 PMID:
20489176.

17. Brotons C, Soriano N, Moral I, Rodrigo MP, Kloppe P, Rodriguez AI, et al. Randomized Clinical Trial to
Assess the Efficacy of a Comprehensive Programme of Secondary Prevention of Cardiovascular Dis-
ease in General Practice: The PREseAP Study. Rev Esp Cardiol. 2011; 64(1):13–20. Epub 2011/01/
01. doi: 10.1016/j.rec.2010.06.007 PMID: 24774784.

18. Adie K, James MA. Does telephone follow-up improve blood pressure after minor stroke or TIA? Age
Ageing. 2010; 39(5):598–603. Epub 2010/07/30. doi: 10.1093/ageing/afq085 PMID: 20667838.

19. Ellis G, Rodger J, McAlpine C, Langhorne P. The impact of stroke nurse specialist input on risk factor
modification: a randomised controlled trial. Age Ageing. 2005; 34(4):389–92. Epub 2005/06/16. doi: 10.
1093/ageing/afi075 PMID: 15955759.

20. Kerry SM, Markus HS, Khong TK, Cloud GC, Tulloch J, Coster D, et al. Home blood pressure monitor-
ing with nurse-led telephone support among patients with hypertension and a history of stroke: a com-
munity-based randomized controlled trial. Cmaj. 2013; 185(1):23–31. Epub 2012/11/07. doi: 10.1503/
cmaj.120832 PMID: 23128283; PubMed Central PMCID: PMC3537777.

21. Mooe T, Bergstrom L, Irewall AL, Ogren J. The NAILED stroke risk factor trial (nurse based age inde-
pendent intervention to limit evolution of disease after stroke): study protocol for a randomized con-
trolled trial. Trials. 2013; 14:5. Epub 2013/01/08. doi: 10.1186/1745-6215-14-5 PMID: 23289919;
PubMed Central PMCID: PMC3551832.

22. Yusuf S, Islam S, Chow CK, Rangarajan S, Dagenais G, Diaz R, et al. Use of secondary prevention
drugs for cardiovascular disease in the community in high-income, middle-income, and low-income
countries (the PURE Study): a prospective epidemiological survey. Lancet. 2011; 378(9798):1231–43.
Epub 2011/08/30. doi: 10.1016/S0140-6736(11)61215-4 PMID: 21872920.

23. Appelros P, Jonsson F, Asberg S, Asplund K, Glader EL, Asberg KH, et al. Trends in stroke treatment
and outcome between 1995 and 2010: observations from Riks-Stroke, the Swedish stroke register.
Cerebrovasc Dis. 2014; 37(1):22–9. Epub 2013/12/21. doi: 10.1159/000356346 PMID: 24355999.

24. The Riksstroke Collaboration. Riksstroke annual report 2013: Stroke and TIA. Riksstroke; 2014. Avail-
able: http://www.riksstroke.org/wp-content/uploads/2014/07/Strokerapport_AKUTTIA3man_LR.pdf.
Accessed 2015 Jan 29.

25. Hornnes N, Larsen K, Boysen G. Little change of modifiable risk factors 1 year after stroke: a pilot
study. Int J Stroke. 2010; 5(3):157–62. Epub 2010/06/12. doi: 10.1111/j.1747-4949.2010.00424.x
PMID: 20536611.

26. Roumie CL, Zillich AJ, Bravata DM, Jaynes HA, Myers LJ, Yoder J, et al. Hypertension treatment inten-
sification among stroke survivors with uncontrolled blood pressure. Stroke. 2015; 46(2):465–70. Epub
2015/01/01. doi: 10.1161/STROKEAHA.114.007566 PMID: 25550374; PubMed Central PMCID:
PMC4308422.

27. Okonofua EC, Simpson KN, Jesri A, Rehman SU, Durkalski VL, Egan BM. Therapeutic inertia is an
impediment to achieving the Healthy People 2010 blood pressure control goals. Hypertension. 2006;
47(3):345–51. Epub 2006/01/25. doi: 10.1161/01.HYP.0000200702.76436.4b PMID: 16432045.

28. Redon J, Coca A, Lazaro P, Aguilar MD, Cabanas M, Gil N, et al. Factors associated with therapeutic
inertia in hypertension: validation of a predictive model. J Hypertens. 2010; 28(8):1770–7. Epub 2010/
06/10. doi: 10.1097/HJH.0b013e32833b4953 PMID: 20531224.

29. McAlister FA, Majumdar SR, Padwal RS, Fradette M, Thompson A, Buck B, et al. Case management
for blood pressure and lipid level control after minor stroke: PREVENTION randomized controlled trial.
Cmaj. 2014. Epub 2014/04/16. doi: 10.1503/cmaj.140053 PMID: 24733770.

The NAILED Stroke Risk Factor Trial

PLOS ONE | DOI:10.1371/journal.pone.0139997 October 16, 2015 14 / 14

http://dx.doi.org/10.1161/01.STR.0000131547.71502.81
http://www.ncbi.nlm.nih.gov/pubmed/15155960
http://dx.doi.org/10.1002/14651858.CD009103.pub2
http://www.ncbi.nlm.nih.gov/pubmed/24789063
http://dx.doi.org/10.1002/14651858.CD005182.pub4
http://www.ncbi.nlm.nih.gov/pubmed/20238338
http://dx.doi.org/10.3810/hp.2013.08.1070
http://dx.doi.org/10.3810/hp.2013.08.1070
http://www.ncbi.nlm.nih.gov/pubmed/23948623
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2009.10.002
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/21187254
http://dx.doi.org/10.1161/STROKEAHA.109.576165
http://www.ncbi.nlm.nih.gov/pubmed/20489176
http://dx.doi.org/10.1016/j.rec.2010.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24774784
http://dx.doi.org/10.1093/ageing/afq085
http://www.ncbi.nlm.nih.gov/pubmed/20667838
http://dx.doi.org/10.1093/ageing/afi075
http://dx.doi.org/10.1093/ageing/afi075
http://www.ncbi.nlm.nih.gov/pubmed/15955759
http://dx.doi.org/10.1503/cmaj.120832
http://dx.doi.org/10.1503/cmaj.120832
http://www.ncbi.nlm.nih.gov/pubmed/23128283
http://dx.doi.org/10.1186/1745-6215-14-5
http://www.ncbi.nlm.nih.gov/pubmed/23289919
http://dx.doi.org/10.1016/S0140-6736(11)61215-4
http://www.ncbi.nlm.nih.gov/pubmed/21872920
http://dx.doi.org/10.1159/000356346
http://www.ncbi.nlm.nih.gov/pubmed/24355999
http://www.riksstroke.org/wp-content/uploads/2014/07/Strokerapport_AKUTTIA3man_LR.pdf
http://dx.doi.org/10.1111/j.1747-4949.2010.00424.x
http://www.ncbi.nlm.nih.gov/pubmed/20536611
http://dx.doi.org/10.1161/STROKEAHA.114.007566
http://www.ncbi.nlm.nih.gov/pubmed/25550374
http://dx.doi.org/10.1161/01.HYP.0000200702.76436.4b
http://www.ncbi.nlm.nih.gov/pubmed/16432045
http://dx.doi.org/10.1097/HJH.0b013e32833b4953
http://www.ncbi.nlm.nih.gov/pubmed/20531224
http://dx.doi.org/10.1503/cmaj.140053
http://www.ncbi.nlm.nih.gov/pubmed/24733770

