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Nurse‑based secondary preventive 
follow‑up by telephone reduced 
recurrence of cardiovascular 
events: a randomised controlled 
trial
Anna‑Lotta Irewall*, Anders Ulvenstam, Anna Graipe, Joachim Ögren & Thomas Mooe

Enhanced follow‑up is needed to improve the results of secondary preventive care in patients with 
established cardiovascular disease. We examined the effect of long‑term, nurse‑based, secondary 
preventive follow‑up by telephone on the recurrence of cardiovascular events. Open, randomised, 
controlled trial with two parallel groups. Between 1 January 2010 and 31 December 2014, consecutive 
patients (n = 1890) admitted to hospital due to stroke, transient ischaemic attack (TIA), or acute 
coronary syndrome (ACS) were included. Participants were randomised (1:1) to nurse‑based telephone 
follow‑up (intervention, n = 944) or usual care (control, n = 946) and followed until 31 December 2017. 
The primary endpoint was a composite of stroke, myocardial infarction, cardiac revascularisation, and 
cardiovascular death. The individual components of the primary endpoint, TIA, and all‑cause mortality 
were analysed as secondary endpoints. The assessment of outcome events was blinded to study 
group assignment. After a mean follow‑up of 4.5 years, 22.7% (n = 214) of patients in the intervention 
group and 27.1% (n = 256) in the control group reached the primary composite endpoint (HR 0.81, 
95% CI 0.68–0.97; ARR 4.4%, 95% CI 0.5–8.3). Secondary endpoints did not differ significantly 
between groups. Nurse‑based secondary preventive follow‑up by telephone reduced the recurrence of 
cardiovascular events during long‑term follow‑up.

Abbreviations
NAILED-CV  Nurse-based, age-independent intervention to limit evolution of disease—cardiovascular
TIA  Transient ischemic disease
ACS  Acute coronary syndrome
RCT   Randomised controlled trial
LDL-C  Low-density lipoprotein cholesterol
MI  Myocardial infarction
UA  Unstable angina
SAH  Subarachnoid hemorrhage
CABG  Coronary artery bypass grafting
PCI  Percutaneous coronary intervention
GP  General practinoner
ARR   Absolute risk reduction
NNT  Numbers needed to treat
IQR  Interquartile range
CI  Confidence interval

Patients with previous acute manifestations of cardiovascular or cerebrovascular disease are at high risk of 
recurring cardiovascular  events1–3. Due to the ageing population and decreasing case fatality, this high-risk 
group is growing in absolute numbers and secondary prevention is a lifelong  perspective4,5. This makes effective 
implementation of secondary preventive measures in clinical practice both important and challenging. Reports of 
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insufficient achievements in terms of modifiable risk factor control have been published for more than 20  years6–9. 
This may reflect the fact that evidence guiding the implementation of enhanced, long-term, and cost-effective 
secondary preventive follow-up on the population level is still scarce.

Different secondary prevention programmes have been evaluated in randomised controlled trials (RCTs)10–22, 
but most studies have had a short-term  perspective11,15,17,18,20,21 and small study  samples11,15–17,19,22, and few have 
evaluated the effect on the recurrence of cardiovascular  events10,12–14,17,20. To make interventions broadly feasible 
in clinical practice, there is good reason to keep follow-up procedures as simple as possible. As high-intensity 
follow-up has been a common feature of both positive and neutral  trials10,11,13,16,17,19,21,22 no firm conclusions can 
be drawn about the required frequency intervals of follow-ups.

The Nurse-based Age-independent Intervention to Limit Evolution of Disease (NAILED) trial was an inter-
ventional RCT initiated in 2010 to investigate whether improvements in cardiovascular risk and outcome can be 
achieved through a structured, telephone-based follow-up programme including life style counselling, repeated 
risk factor assessment, and adjustment of pharmacological treatment to meet treatment target levels. Results 
regarding risk factor control after 12 and 36 months of follow-up were published previously and showed favour-
able outcomes in terms of lower blood pressure and low density lipoprotein cholesterol (LDL-C) levels in the 
intervention group compared to the control  group23–26.

In the present cardiovascular outcome study, NAILED-CV, we hypothesised that long-term secondary preven-
tive follow-up according to the NAILED intervention programme would decrease the risk of stroke, myocardial 
infarction (MI), cardiac revascularisation, and cardiovascular death.

Methods
Study design. The NAILED-CV trial was an interventional, single-centre, open RCT with two parallel 
groups. The research protocol is available as a supplement (Reasearch Protocol).

Participants. We identified consecutive patients hospitalised due to acute MI, unstable angina (UA), ischae-
mic or haemorrhagic stroke (excluding subarachnoid haemorrhage, SAH), or transient ischemic attack (TIA). 
The study took a pragmatic approach and strived to include as unselected a study sample as possible. However, 
the study intervention follow-up required the participants to be physically and cognitively able to communicate 
by telephone and to receive information and health instructions by this medium. Consequently, patients with 
aphasia or severely impaired hearing or cognition (i.e., dementia) were excluded. In addition, patients in whom 
intensive secondary preventive measures were considered inept due to severely impaired health, often with short 
remaining life expectancy, were excluded. This included patients severely disabled due to stroke, heart disease, 
or other conditions, including terminal cancer. In addition, we excluded participants of concurrent, incompat-
ible clinical trials.

Setting. The inclusion period ran from 1 January 2010 to 31 December 2014. During the last year of inclu-
sion, only patients with MI or UA as the qualifying event were included. The intervention follow-up and follow-
up of outcome events was performed until 31 December 2017. Participants who moved out of the county could 
no longer be followed for outcome events through the medical records and were considered lost to follow-up. 
For these participants, follow-up of outcome events terminated at the date of migration or, when not available, 
the date of the last documented medical contact.

Participants were recruited at Östersund Hospital, which is the only hospital in the county of Jämtland-
Härjedalen and, thus, the only referral centre in the county for patients with suspected MI, stroke, or TIA. 
Patients with these diagnoses are generally referred and treated in-hospital, with the exception of some patients 
in terminal care. At the beginning of the study, the county had approximately 126 500 inhabitants, 35.0% of which 
lived in the centrally located city of Östersund, and the remaining in villages and the more sparsely populated 
surroundings. Primary health care was provided by 28 primary health care centres. During the first half of the 
study period, all patients in need of invasive cardiac revascularisation (coronary artery bypass grafting, CABG, or 
percutaneous coronary intervention, PCI) were referred to the University Hospital of Northern Sweden, Umeå. 
Elective invasive coronary angiography was performed in Östersund during the entire study period. In 2015, 
the county of Jämtland established a 24/7 primary PCI network, after which all PCI procedures were performed 
at Östersund Hospital.

Randomisation. At inclusion, participants were randomly assigned to the intervention or control group 
(1:1). The randomised allocation sequences were computer-generated in blocks of four and put into sequentially 
numbered, opaque, sealed envelopes (managed by T.M.). For participants with stroke or TIA as the qualifying 
event, the randomisation was stratified for sex and degree of disability (modified Rankin scale < 3 or ≥ 3) close 
to hospital discharge. The randomisation of participants with MI or UA was stratified for sex and the qualifying 
event. The resulting group allocation was not blinded to the participants, study team, or other caregivers. The 
process of enrolment and random group assignment was performed by study nurses.

Intervention follow‑up. The intervention consisted of a secondary preventive follow-up programme in 
which study nurses systematically performed telephone-based follow-up of cardiovascular risk factors and phar-
macological treatment. Before each follow-up call, the blood pressure and blood lipids were measured. During 
telephone counselling, the nurses interviewed the patients about adherence and persistence to pharmacological 
treatment and life style-related matters. They encouraged physical activity (a minimum 30  min/day, 5  days/
week), smoking cessation, and a diet in accordance with the recommendations from the Swedish Food Agency. 
Briefly, the latter included general recommendations to increase the intake of fruits, vegetables, and fibre and to 
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decrease the intake of saturated fats in favour of unsaturated fats. When participants did not meet the treatment 
target levels for blood pressure or LDL-C, the study nurse consulted a study physician for evaluation and adjust-
ment of the pharmacological treatment. All pharmacological adjustments were individualised and not restricted 
to any fixed algorithm or protocol. The treatment target level for blood pressure was < 140/90 mmHg throughout 
the study period. The corresponding level for LDL-C was < 2.5 mmol/l when the study began but changed during 
the course of the study to comply with updates of the local guidelines. On 31 March 2013, the level was lowered 
to < 1.8 mmol/l for patients with diabetes, and this treatment target was adopted for all patients with established 
cardiovascular disease (i.e., all study participants) from 1 January 2017. The first follow-up occurred 1 month 
after discharge, and then yearly thereafter until the intervention follow-up was terminated. Adjustments to phar-
macological treatment were evaluated through a new contact after 4 weeks. When necessary, further adjust-
ments were made and the procedure repeated until the treatment target was reached or no further adjustments 
were considered possible.

Secondary preventive follow‑up in the control group. Participants in the control group received 
secondary preventive follow-up in accordance with local standard procedures. Secondary preventive treatment 
was generally initiated in hospital. Patients with stroke or TIA were referred to their general practitioner (GP) 
after discharge. Most patients with MI or UA had a follow-up visit with a cardiology nurse after 1 month and 
with a cardiologist after 2–3 months.

For all patients, their GP at the primary health care centre held primary responsibility for the long-term 
secondary preventive follow-up.

Outcomes. The primary outcome was a composite of the first occurrence of MI, stroke, cardiac revascu-
larisation or cardiovascular death. Secondary outcome measures included the individual components of the 
primary outcome, all-cause mortality, and TIA. Our definition of MI was based on the  3rd universal definition, 
and only type 1 MIs were counted as outcome events. Stroke was defined as an acute episode of focal or global 
neurological dysfunction caused by cerebral infarction or spontaneous haemorrhage, excluding SAH. Episodes 
of focal cerebral dysfunction without evidence of brain infarction and with symptoms resolving within 24 h were 
counted as TIA. Cardiac revascularisation included PCI and CABG, regardless of indication. Events of stroke, 
TIA, and MI had to be evaluated at the hospital to be counted as outcome events. Cause of death was classified 
as cardiovascular or non-cardiovascular based on the underlying cause of death, which was determined based 
on all available information in the medical record, including the death certificate and post-mortem report (when 
performed). An MI or stroke followed by death within 30 days was considered fatal and included in the primary 
composite outcome as a cardiovascular death. A detailed description of event definitions is available in Supple-
mentary Methods 1.

Data collection. Baseline characteristics were collected in-hospital during hospitalisation for the qualifying 
event by study nurses through participant interviews and a review of the medical records.

Identification and review of potential outcome events was performed by four medical doctors who were part 
of the study team. The review process followed a standardised work-flow routine in which the reviewers were 
unaware of the study group allocation of participants and events were strictly evaluated according to the study 
outcome definitions. Each reviewer worked with their assigned cases independently, but consecutive meetings 
were held to discuss difficult cases as well as more general matters concerning appliance of the event definition.

To identify potential outcome events, all discharge records for hospitalisations at the Department of Internal 
Medicine during the study follow-up period were obtained and scrutinised. This included hospitalisation at the 
stroke unit and the cardiology unit, as well as other internal medicine wards. To identify events occurring at 
other hospital departments, we used the hospital in-patient register to search for relevant discharge diagnoses 
(Supplementary Methods 2). Events of cardiac revascularisation were identified through the Swedish Coronary 
Angiography and Angioplasty Registry (SCAAR). For all potential events identified through these two registries, 
the medical records were reviewed to confirm accordance with the respective outcome definition and preclude 
duplicate registrations. For stroke, TIA, and MI, the date of hospitalisation was set as the event date.

Sample size. We planned for study groups of approximately 1000 participants to have 80% power to detect 
an absolute risk reduction for the primary outcome of 6% (two-sided alpha 0.05), assuming an incidence of 
approximately 40% in the standard treatment group during a mean follow-up of 4 years. The assumed incidence 
rate was a conservative estimate originally based on unpublished 2-year outcome data from the KAPRIS project, 
a non-randomized, secondary preventive, interventional study with similar inclusion criteria conducted in the 
same geographical region between 2007 and 2009. The ARR was an arbitrary estimate based on what we believed 
would be of clinical significance and also a difference large enough to have the potential to change the prevailing 
practice.

During the course of the study, the inclusion period was extended to include a larger study sample. The pur-
pose was to enable sub studies of certain risk groups, but it was also an adjustment to meet the general decline 
in cardiovascular event rate reported by contemporary studies.

Statistical analysis. We conducted all analyses in accordance with the intention-to-treat principle. The 
number of cases with missing data was small and reported for each variable separately. We did not use imputa-
tion. Baseline characteristics are presented as median values with interquartile ranges (IQR) for continuoues 
variables and as proportions (percentages) for categorical variables. For between-group comparisons, we used 
the Mann–Whitney U-test, chi-squared test, or Fischer’s exact test as appropriate. All tests were two-sided and 
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significance determined at an alpha level of 0.05. Cumulative incidence of the primary and secondary outcomes 
was presented using Kaplan–Meier survival analysis with log rank test for between-group comparisons. The day 
of discharge was set as day 0. Univariate Cox proportional hazards regression was used to calculate hazard ratios 
for outcome events and the result was also presented as absolute risk reduction (ARR) and numbers needed to 
treat (NNT).

Baseline characteristics and the occurrence of outcome events were compared between subgroups defined 
by sex and qualifying event. The same statistical methods were used with the addition of an interaction analysis 
in which randomised group allocation and the respective subgroups were included as variables in Cox propor-
tional hazards models, both individually and as interaction variables. All analyses were performed using SPSS 
software, version 24.0.

Trial registration. The NAILED-CV trial is registered in the ISRCTN registry (ISRCTN30433343). The 
strict ICMJE requirement of prospective registration of clinical trials came to our attention when recruitment 
had already begun. Therefore, the study was retrospectively registered (4 December 2014).

Ethics approval. The study was originally approved by the Regional Ethics Review Board, Umeå, Sweden, 
on 28 October 2009 (ref: Dnr 09-142M). An amendment mainly concerning an extended follow-up period was 
passed on 10 June 2013 (ref: Dnr 13-204-32M). The study was performed in accordance with the Declaration of 
Helsinki and all participants provided informed written consent of participation.

Results
Between 1 January 2010 and 31 December 2014, 3228 consecutive patients with acute stroke, TIA, MI, or UA 
were identified. Among those who survived the acute phase (n = 3011), 1890 patients (62.8%) were included in the 
follow-up study and randomly assigned to the intervention group (n = 944) or control group (n = 946). Patients 
included in the study constituted 83.1% of all patients considered physically and cognitively able to participate 
in the telephone-based follow-up. The flow of participants is illustrated in Fig. 1.

The median age of the participants was 71.0 (IQR 63.1–78.7) years, and 36.5% (n = 689) were women. MI 
(n = 925, 48.9%) was the most common qualifying event, followed by stroke (n = 538, 28.5%), TIA (n = 332, 
17.6%), and UA (n = 95, 5.0%). Baseline characteristics were well balanced between the randomised groups, 
except for a slightly higher proportion of participants with low education level (≤ 10 years of formal education) 
in the control group (p = 0.040, Table 1).

Compared to patients excluded from the study, participants were younger, included a higher proportion of 
men, and cardiovascular comorbidity and risk factors were generally less prevalent. Patients who declined partici-
pation had characteristics more similar to the excluded group than to the participants (Supplementary Table 1).

During a mean follow-up of 4.5 years, a total of 470 patients (5.5% per year at risk) reached the primary 
composite endpoint, with a significantly lower incidence in the intervention group (HR 0.81, 95% CI 0.68–0.97) 
compared to the control group (Fig. 2).

In the intervention group, the primary endpoint occurred in 22.7% (n = 214) of participants, compared to 
27.1% (n = 256) in the control group, resulting in an ARR of 4.4% (95% CI 0.5–8.3) and NNT of 22.7. Though 
cardiovascular death was similar between groups, all the other three components of the composite primary 
endpoint (stroke, MI, cardiovascular revascularisation) appeared to numerically favour the intervention group 
(Table 2), i.e. the observed difference in the primary endpoint was not driven by any specific endpoint compo-
nent. No significant differences were seen for any of the secondary endpoints, although there might be a trend 
in favour of the intervention group regarding the occurrence of stroke (HR 0.76, 95% CI 0.56–1.02, p = 0.07).

Subgroup analysis of the primary endpoint showed very similar results across groups defined by the qualifying 
event (stroke/TIA vs. MI/UA), but did not reach statistical significance at this level. The weight of the different 
endpoint components differed between subgroups (Table 3). Among patients with MI or UA as the qualifying 
event, the difference between the randomised groups was driven mainly by a lower occurrence of new cardiac 
events in the intervention group. In contrast, a difference in the occurrence of new stroke events was predominant 
among stroke/TIA participants. Overall, stroke was the dominating component of the primary endpoint among 
stroke/TIA participants, whereas a more even distribution of events was seen among AMI/UA participants.

In subgroup analyses based on sex, the between group difference in incidence of the primary endpoint 
appeared to be more pronounced among women than men, but the interaction was not significant (p = 0.48). The 
results of subgroup analyses for secondary endpoints are available in Supplementary Table 2. Among participants 
with stroke/TIA as the qualifying event, the incidence of stroke during follow-up was lower in the intervention 
group compared to the control group (12.0% vs. 17.4%, HR 0.68, 95% CI 0.48–0.98), but the interaction was not 
significant (p = 0.253).

Discussion
In the present study, the nurse-based, secondary preventive follow-up focused on improving modifiable risk 
factors resulted in a lower incidence of the composite of cardiovascular death, MI, stroke, and cardiac revascu-
larisation during long-term follow-up. The benefits of the intervention appeared to be similar regardless of the 
qualifying event (stroke/TIA or ACS), although the result regarding the primary endpoint was not significant 
at the subgroup level. Secondary endpoints did not differ significantly between the intervention group and the 
control group, although there was a trend towards lower incidence of stroke in the intervention group, a trend 
driven by a difference in the subgroup with stroke/TIA as the qualifying event.

Several previous RCTs of enhanced secondary preventive follow-up have achieved improved risk factor 
 levels10,11,15,17–19,21,22, but very few have been large enough to evaluate the effect on long-term recurrence of 
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cardiovascular  events10,12,13. In PREseAP (n = 1224), nurse-led follow-up every 4 months over 2.75 years did 
not significantly improve risk factor levels or recurrence of cardiovascular events at 3 years in a population of 
ischaemic heart disease/stroke/TIA/peripheral artery disease  patients12. INSPiRE-TMS (n = 2098) evaluated a 
secondary preventive programme focused on risk factor management after acute stroke/TIA10. The programme 
was delivered as eight face-to-face appointments with a nurse and physician over 2 years. Though the intervention 
did improve risk factor levels at 3 years, it did not translate into any significant reduction of major cardiovascular 
events. Notably, the between-group difference in blood pressure and LDL-C levels at 3 years was larger in the 
NAILED trial than INSPiRE-TMS23,26. As the control groups achieved similar results between studies, this was 
primarily a result of better achievements in the NAILED intervention group. In the GOSPEL trial (n = 3241), 2-h 
multidisciplinary sessions delivered monthly for 6 months and then every half a year resulted in improved levels 
of physical activity and psychological stress, improved dietary habits, and a reduction in secondary cardiovascular 
outcome events after 3  years13. However, the results regarding the composite primary cardiovascular outcome 
were not significant and, compared to the NAILED-CV trial, the GOSPEL study sample had a much lower mean 
age, considerably lower incidence of cardiovascular events during follow-up overall, and the intervention was 
comparably high in resource demand.

Figure 1.  Study flow chart. *Patients who moved were censored from the outcome analysis at the date they 
moved or, when unavailable, the date of the last documented medical contact. **Cumulative count.
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The overall event rate in the NAILED-CV trial turned out lower than what was expected when the trial was 
originally designed. We believe that this was a natural consequence of the reduction in both cardiovascular 
mortality and the incidence of myocardial infarction and stroke seen in  Sweden27,28 and other  countries29 during 
the last decades. The event rates in clinical trials have also decreased, requiring larger study samples for proper 
outcome  evaluation30. Through extension of the inclusion period we increased our study sample, which increased 
the possibility to detect a clinically relevant difference between groups (avoiding a type 2 error).

Mechanisms. Previous publications from the NAILED trial have shown that the intervention group achieved 
significantly lower blood pressure and LDL-C levels than the control group at 12  months24,25, and that the gap 
between the groups continued to increase over the subsequent 2  years23,26. For LDL-C, an increase was observed 
for the control group during follow-up, contributing considerably to the between-group difference at 3 years, 
especially among patients with ACS as the qualifying event. Analysis of adherence to lipid-lowering medication 
in this subgroup showed that discontinuation at some point during follow-up was common in both treatment 
groups, and that adverse symptoms with a non-compelling relationship to treatment was the dominating cause. 
In the control group, this was also the most common reason for permanent  discontinuation31.

The possibility to adjust pharmacological treatment has been an integrated part of many intervention pro-
grammes with an effect on blood pressure and/or LDL-C  levels15,17,32, though there are also examples in which 
medical prescribing has been recommended but not executed by the study  team18,19,33. In INSPiRE-TMS, a GP 

Table 1.  Baseline characteristics of the study population. Data are given as N (%) or median (interquartile 
range). No significant differences were present except a higher proportion of participants with low education 
in the control group (p = 0.040). Low education level was defined as no more than 10 years of formal 
education. Drug treatment variables refer to treatment at discharge. BMI, body mass index; eGFR, estimated 
glomerular filtration rate; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; CKD, chronic 
kidney dysfunction; TIA, transient ischemic attack. *Missing values for 3 control group participants and 2 
intervention group participants. † Missing values for 2 control group participants and 1 intervention group 
participant. ‡ Missing values for 3 control group participants and 9 intervention group participants. § Missing 
values for 11 control group participants and 18 intervention group participants. **Missing values for 4 control 
group participants and 3 intervention group participants. †† Missing values for 34 control group participants 
and 39 intervention group participants. ‡‡ Missing values for 4 control group participants and 2 intervention 
group participants. §§ Missing value for 1 intervention group participant. ***Missing values for 3 control group 
participants and 9 intervention group participants.

Intervention Control

N (%) 944 (49.9) 946 (50.1)

Women 346 (36.7) 343 (36.3)

Age, years 70.6 (62.6–79.0) 71.4 (63.7–78.5)

Low education level* 451 (47.9) 496 (52.6)

BMI† 26.6 (24.0–29.6) 26.5 (23.9–29.5)

eGFR, ml/min‡ 81.1 (66.6–92.2) 82.0 (65.5–91.7)

Systolic BP,  mmHg§ 140.0 (123.0–152.0) 138.0 (121.0–151.0)

Diastolic BP, mmHg** 79.0 (70.0–85.0) 78.0 (70.0–85.0)

LDL-C, mmol/l†† 3.2 (2.4–3.9) 3.1 (2.4–3.8)

mRS >  2‡‡ 68 (7.2) 69 (7.3)

Current/former  smoker§§ 540 (57.3) 538 (56.9)

Atrial fibrillation 155 (16.4) 144 (15.2)

Ischaemic heart disease 152 (16.1) 174 (18.4)

Peripheral artery disease 23 (2.4) 22 (2.3)

Diabetes 168 (17.8) 182 (19.2)

CKD (GFR < 60 ml/min)*** 159 (17.0) 183 (19.4)

Congestive heart failure 39 (4.1) 34 (3.6)

Hypertension 538 (57.0) 550 (58.1)

Previous stroke 86 (9.1) 84 (8.9)

Previous TIA 37 (3.9) 32 (3.4)

Antihypertensive treatment 829 (87.8) 829 (87.6)

  1 drug 198 (21.0) 216 (22.8)

   2 drugs 347 (36.8) 330 (34.9)

   ≥ 3 drugs 284 (30.1) 283 (29.9)

Lipid-lowering agent 796 (84.3) 804 (85.0)

Antiplatelet drug 835 (88.5) 843 (89.1)

Warfarin 115 (12.2) 97 (10.3)
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Figure 2.  Cumulative incidence of the primary outcome. The primary outcome included non-fatal stroke, non-
fatal myocardial infarction, cardiac revascularisation, and cardiovascular death.

Table 2.  Primary and secondary endpoints. The primary endpoint components, subtypes of the secondary 
endpoints, and fatality are presented as proportions (%) of the main outcome event for each group. MI, 
Myocardial infarction; STEMI, ST elevation myocardial infarction; NSTEMI, Non-ST elevation myocardial 
infarction; PCI, Percutaneous coronary intervention; CABG, Coronary artery bypass grafting; TIA, Transient 
ischemic attack. *The first event to occur was counted.

Intervention, N (%) Control, N (%) Absolute difference (%) HR (95% CI) p value

Primary endpoint

Cardiovascular death, MI, stroke, or 
cardiac revascularisation* 214 (22.7) 256 (27.1)  − 4.4 0.81 (0.68–0.97) 0.02

 Cardiovascular death 64 (29.9) 62 (24.2)

 MI (non-fatal) 38 (17.8) 54 (21.1)

 Stroke (non-fatal) 65 (30.4) 84 (32.8)

 Cardiac revascularisation 47 (22.0) 56 (21.9)

Secondary endpoints

All-cause mortality 211 (22.4) 220 (23.3)  − 0.9 0.94 (0.78–1.14) 0.54

Cardiovascular death 88 (9.3) 105 (11.1)  − 1.8 0.82 (0.62–1.09) 0.18

Myocardial infarction 57 (6.0) 73 (7.7)  − 1.7 0.77 (0.54–1.08) 0.13

 STEMI 16 (28.1) 11 (15.1)

 NSTEMI 41 (71.9) 62 (84.9)

 Fatal within 30 days 10 (17.5) 10 (13.7)

Cardiac revascularisation 70 (7.4) 79 (8.4)  − 1.0 0.87 (0.63–1.20) 0.40

 PCI 56 (80.0) 61 (77.2)

 CABG 14 (20.0) 18 (22.8)

Stroke 78 (8.3) 101 (10.7)  − 2.4 0.76 (0.56–1.02) 0.07

 Ischaemic 74 (94.9) 87 (86.1)

 Haemorrhagic 3 (3.8) 12 (11.9)

 Undefined 1 (1.3) 2 (2.0)

 Fatal within 30 days 11 (14.1) 12 (11.9)

TIA 31 (3.3) 36 (3.8)  − 0.5 0.85 (0.53–1.37) 0.50
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or neurologist who was not part of the study team was responsible for prescribing in 6 out of 7 participating 
centres. This may have resulted in less effective management of pharmacological treatment and explain the more 
modest effect on risk factor levels in the InSPiRE-TMS  study10.

It is reasonable to conclude the following: (1) the NAILED intervention effect on cardiovascular event recur-
rence was mediated through improved control of cardiovascular risk factors, and (2) the structured and repeated 
assessment of risk factor levels with prompt follow-up of pharmacological treatment contributed considerably to 
this effect. The latter included follow-up of adherence, re-challenge of treatment if non-compelling side-effects, 
switch to an alternative agent when needed, and enhancement of treatment through dose titration and/or addi-
tion of agents when indicated.

Implications. From a health economics point of view, it is crucial to optimise preventive strategies so that as 
much prevention as possible can be achieved with minimal resources. Keeping follow-up intensity and commit-
ments to a minimum may also be favourable to maximise patient participation and endurance over time, espe-
cially in high risk groups such as those with lower socioeconomic  position34. The intervention evaluated in the 
NAILED trial represents a structured but simple form of long-term, secondary preventive follow-up designed to 
be broadly implemented on the population level. In this context, NAILED-CV makes a unique contribution to 
the evidence base, as previous studies have generally evaluated more resource-demanding interventions.

To put the NAILED-CV results into perspective, it is worth noting that the relative risk reduction achieved 
in our study is comparable to the gain of adding the newly introduced PCSK9 inhibitors to statin treatment, and 
the absolute risk reduction is considerably  higher35,36. Though the preventive contribution of expensive agents, 
such as PCSK9 inhibitors, may be a valuable option in certain groups of patients, our results emphasise that, 
at the population level, there is still more to be gained by optimisation of already established and considerably 
cheaper alternatives. To further address the clinical implication of the NAILED intervention effect, a future cost 
effectivity analysis is needed and planned for.

Strengths and limitations. The major strengths of NAILED-CV lie in the relatively unselected study sam-
ple, the large sample size, the long-term follow-up, and the blinded review of outcome events. The NAILED-CV 
study was a pragmatic trial striving to include all patients with a potential gain from optimised secondary pre-
ventive treatment. Exclusion criteria were kept to a minimum. In addition, the participation rate among eligible 
patients was high and few were lost to follow-up. Thus, the results are representative of what could be achieved 
by this intervention if implemented in clinical practice, at least in countries with similar populations and health 
care systems. The relatively large sample size enabled evaluation of the intervention effect on cardiovascular 
events, which is crucial for subsequent cost effectivity analysis. However, the study sample was too small to make 
firm conclusions on the subgroup level or regarding the effect on secondary endpoints, which is a limitation of 
the study. We followed and validated outcome events through overlapping sources, including the patients’ medi-
cal records, hospital registers, and death certificates. This created high sensitivity for identifying potential events, 
and any potential bias in validation based on treatment group allocation was avoided through blinded assess-
ment. Although hospitalisation was generally indicated in all event classes included in this trial, we cannot rule 
out that occasional events were treated solely within primary care or that patients abstained medical contact in 
cases in which symptoms were perceived by the patient as mild or transient. Also, any event resulting in hospi-
talisation outside of the county and without subsequent transfer to Östersund Hospital would have been missed. 
Finally, blinding of study group allocation is not possible in this type of intervention study, and it is possible that 
the treatment of the control group was affected by study participation and, thus, deviated from the intended 
“usual care”. Although contacts with the control group were kept to a minimum, the yearly telephone interview 
for data collection may have improved adherence to pharmacological treatment, heightened awareness of risk 
factors, and affected life style behaviour. Furthermore, GPs were supplied with the results of blood pressure and 

Table 3.  Distribution of the primary endpoint and its components in subgroups defined by qualifying event 
and sex. Data are presented as N (%). CV death, Cardiovascular death; MI, Myocardial infarction; Revasc, 
Cardiac revascularisation; TIA, Transient ischemic attack.

Primary endpoint

Primary endpoint components

CV death MI Stroke Revasc

Intervention group

Myocardial infarction/unstable angina 117 (22.9) 31 (26.5) 30 (25.6) 21 (17.9) 35 (29.9)

Stroke/TIA 97 (22.5) 33 (34.0) 8 (8.2) 44 (45.4) 12 (12.4)

Women 81 (23.4) 29 (35.8) 13 (16.0) 30 (37.0) 9 (11.1)

Men 133 (22.2) 35 (26.3) 25 (18.8) 35 (26.3) 38 (28.6)

Control group

Myocardial infarction/unstable angina 137 (27.0) 37 (27.0) 37 (27.0) 19 (13.9) 44 (32.1)

Stroke/TIA 119 (27.2) 25 (21.0) 17 (14.3) 65 (54.6) 12 (10.1)

Women 102 (29.7) 23 (22.5) 22 (21.6) 37 (36.3) 20 (19.6)

Men 154 (25.5) 39 (25.3) 32 (20.8) 47 (30.5) 36 (23.4)
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blood lipid assessments, which may have resulted in actions that would not have been taken otherwise. However, 
such interference with usual care should primarily have resulted in underestimation of the intervention effect.

Conclusion
Enhanced secondary preventive follow-up through yearly telephone contacts with a nurse for assessment and 
discussion of modifiable risk factors and adjustment of pharmacological treatment resulted in a decreased inci-
dence of major cardiovascular events during long-term follow-up. The results can reasonably be concluded to 
have been mediated through improved adherence to treatment and improved risk factor control. NAILED-CV 
is the first study to show that improvement in cardiovascular morbidity and mortality can be achieved through 
this relatively simple model of secondary preventive follow-up after stroke, TIA, or ACS.

Data availability
As open access to individual-level data was not specified in the original application approved by the ethics com-
mittee, the underlying data is only available upon reasonable request. Please contact the corresponding author.

Received: 27 March 2021; Accepted: 9 July 2021

References
 1. Jernberg, T. et al. Cardiovascular risk in post-myocardial infarction patients: nationwide real world data demonstrate the impor-

tance of a long-term perspective. Eur. Heart J. 36, 1163–1170. https:// doi. org/ 10. 1093/ eurhe artj/ ehu505 (2015).
 2. Boulanger, M., Bejot, Y., Rothwell, P. M. & Touze, E. Long-term risk of myocardial infarction compared to recurrent stroke after 

transient ischemic attack and ischemic stroke: Systematic review and meta-analysis. J. Am. Heart Assoc. https:// doi. org/ 10. 1161/ 
JAHA. 117. 007267 (2018).

 3. Pennlert, J., Eriksson, M., Carlberg, B. & Wiklund, P. G. Long-term risk and predictors of recurrent stroke beyond the acute phase. 
Stroke 45, 1839–1841. https:// doi. org/ 10. 1161/ STROK EAHA. 114. 005060 (2014).

 4. Feigin, V. L. et al. Update on the global burden of ischemic and hemorrhagic stroke in 1990–2013: The GBD 2013 study. Neuroepi-
demiology 45, 161–176. https:// doi. org/ 10. 1159/ 00044 1085 (2015).

 5. Moran, A. E. et al. The global burden of ischemic heart disease in 1990 and 2010: The global burden of disease 2010 study. Circula-
tion 129, 1493–1501. https:// doi. org/ 10. 1161/ circu latio naha. 113. 004046 (2014).

 6. Hambraeus, K., Tyden, P. & Lindahl, B. Time trends and gender differences in prevention guideline adherence and outcome after 
myocardial infarction: Data from the SWEDEHEART registry. Eur. J. Prev. Cardiol 23, 340–348. https:// doi. org/ 10. 1177/ 20474 
87315 585293 (2016).

 7. Heuschmann, P. U. 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. 22, 1354–1362. https:// doi. org/ 10. 1177/ 20474 87314 546825 (2015).

 8. Kotseva, K. et al. Cardiovascular prevention guidelines in daily practice: A comparison of EUROASPIRE I, II, and III surveys in 
eight European countries. Lancet 373, 929–940. https:// doi. org/ 10. 1016/ S0140- 6736(09) 60330-5 (2009).

 9. Kotseva, K. et al. EUROASPIRE IV: A European Society of Cardiology survey on the lifestyle, risk factor and therapeutic manage-
ment of coronary patients from 24 European countries. Eur. J. Prev. Cardiol. 23, 636–648. https:// doi. org/ 10. 1177/ 20474 87315 
569401 (2016).

 10. Ahmadi, M. et al. A support programme for secondary prevention in patients with transient ischaemic attack and minor stroke 
(INSPiRE-TMS): An open-label, randomised controlled trial. Lancet Neurol. 19, 49–60. https:// doi. org/ 10. 1016/ S1474- 4422(19) 
30369-2 (2020).

 11. Bridgwood, B. et al. Interventions for improving modifiable risk factor control in the secondary prevention of stroke. Cochrane 
Database Syst. Rev. 5, CD009103. https:// doi. org/ 10. 1002/ 14651 858. CD009 103. pub3 (2018).

 12. Brotons, C. et al. Randomized clinical trial to assess the efficacy of a comprehensive programme of secondary prevention of car-
diovascular disease in general practice: The PREseAP study. Rev. Esp. Cardiol. 64, 13–20. https:// doi. org/ 10. 1016/j. recesp. 2010. 
07. 005 (2011).

 13. Giannuzzi, P. et al. Global secondary prevention strategies to limit event recurrence after myocardial infarction: Results of the 
GOSPEL study, a multicenter, randomized controlled trial from the Italian Cardiac Rehabilitation Network. Arch. Intern. Med. 
168, 2194–2204. https:// doi. org/ 10. 1001/ archi nte. 168. 20. 2194 (2008).

 14. Hagberg, G. et al. Long-term effects on survival after a 1-year multifactorial vascular risk factor intervention after stroke or TIA: 
Secondary analysis of a randomized controlled trial, a 7-year follow-up study. Vasc. Health Risk Manag. 15, 11–18. https:// doi. org/ 
10. 2147/ VHRM. S1918 73 (2019).

 15. Ihle-Hansen, H. et al. Multifactorial vascular risk factor intervention to prevent cognitive impairment after stroke and TIA: A 
12-month randomized controlled trial. Int. J. Stroke 9, 932–938. https:// doi. org/ 10. 1111/j. 1747- 4949. 2012. 00928.x (2014).

 16. Olaiya, M. T. et al. Community-based intervention to improve cardiometabolic targets in patients with stroke: A randomized 
controlled trial. Stroke 48, 2504–2510. https:// doi. org/ 10. 1161/ STROK EAHA. 117. 017499 (2017).

 17. Snaterse, M. et al. Effective components of nurse-coordinated care to prevent recurrent coronary events: A systematic review and 
meta-analysis. Heart 102, 50–56. https:// doi. org/ 10. 1136/ heart jnl- 2015- 308050 (2016).

 18. Vale, M. J. et al. Coaching patients on achieving cardiovascular health (COACH): A multicenter randomized trial in patients with 
coronary heart disease. Arch. Intern. Med. 163, 2775–2783. https:// doi. org/ 10. 1001/ archi nte. 163. 22. 2775 (2003).

 19. Wienbergen, H. et al. Effects of an intensive long-term prevention programme after myocardial infarction—A randomized trial. 
Eur. J. Prev. Cardiol. 26, 522–530. https:// doi. org/ 10. 1177/ 20474 87318 781109 (2019).

 20. Willeit, P. et al. STROKE-CARD care to prevent cardiovascular events and improve quality of life after acute ischaemic stroke or 
TIA: A randomised clinical trial. EClinicalMedicine https:// doi. org/ 10. 1016/j. eclinm. 2020. 100476 (2020).

 21. Wood, D. A. et al. Nurse-coordinated multidisciplinary, family-based cardiovascular disease prevention programme (EUROAC-
TION) for patients with coronary heart disease and asymptomatic individuals at high risk of cardiovascular disease: A paired, 
cluster-randomised controlled trial. Lancet 371, 1999–2012. https:// doi. org/ 10. 1016/ S0140- 6736(08) 60868-5 (2008).

 22. Redfern, J., Briffa, T., Ellis, E. & Freedman, S. B. Choice of secondary prevention improves risk factors after acute coronary syn-
drome: 1-year follow-up of the CHOICE (Choice of Health Options In prevention of Cardiovascular Events) randomised controlled 
trial. Heart 95, 468–475. https:// doi. org/ 10. 1136/ hrt. 2008. 150870 (2009).

 23. Ogren, J., Irewall, A. L., Soderstrom, L. & Mooe, T. Long-term, telephone-based follow-up after stroke and TIA improves risk 
factors: 36-month results from the randomized controlled NAILED stroke risk factor trial. BMC Neurol. 18, 153. https:// doi. org/ 
10. 1186/ s12883- 018- 1158-5 (2018).

https://doi.org/10.1093/eurheartj/ehu505
https://doi.org/10.1161/JAHA.117.007267
https://doi.org/10.1161/JAHA.117.007267
https://doi.org/10.1161/STROKEAHA.114.005060
https://doi.org/10.1159/000441085
https://doi.org/10.1161/circulationaha.113.004046
https://doi.org/10.1177/2047487315585293
https://doi.org/10.1177/2047487315585293
https://doi.org/10.1177/2047487314546825
https://doi.org/10.1016/S0140-6736(09)60330-5
https://doi.org/10.1177/2047487315569401
https://doi.org/10.1177/2047487315569401
https://doi.org/10.1016/S1474-4422(19)30369-2
https://doi.org/10.1016/S1474-4422(19)30369-2
https://doi.org/10.1002/14651858.CD009103.pub3
https://doi.org/10.1016/j.recesp.2010.07.005
https://doi.org/10.1016/j.recesp.2010.07.005
https://doi.org/10.1001/archinte.168.20.2194
https://doi.org/10.2147/VHRM.S191873
https://doi.org/10.2147/VHRM.S191873
https://doi.org/10.1111/j.1747-4949.2012.00928.x
https://doi.org/10.1161/STROKEAHA.117.017499
https://doi.org/10.1136/heartjnl-2015-308050
https://doi.org/10.1001/archinte.163.22.2775
https://doi.org/10.1177/2047487318781109
https://doi.org/10.1016/j.eclinm.2020.100476
https://doi.org/10.1016/S0140-6736(08)60868-5
https://doi.org/10.1136/hrt.2008.150870
https://doi.org/10.1186/s12883-018-1158-5
https://doi.org/10.1186/s12883-018-1158-5


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15628  | https://doi.org/10.1038/s41598-021-94892-0

www.nature.com/scientificreports/

 24. Irewall, A. L. et al. Nurse-led, telephone-based, secondary preventive follow-up after stroke or transient ischemic attack improves 
blood pressure and LDL cholesterol: Results from the first 12 months of the randomized, controlled NAILED stroke risk factor 
trial. PLoS ONE 10, e0139997. https:// doi. org/ 10. 1371/ journ al. pone. 01399 97 (2015).

 25. Huber, D., Henriksson, R., Jakobsson, S. & Mooe, T. Nurse-led telephone-based follow-up of secondary prevention after acute 
coronary syndrome: One-year results from the randomized controlled NAILED-ACS trial. PLoS ONE 12, e0183963. https:// doi. 
org/ 10. 1371/ journ al. pone. 01839 63 (2017).

 26. Henriksson, R. Secondary prevention after acute coronary syndrome : antiplatelet therapy and risk factor control [Internet] [PhD 
dissertation]. [Umeå]: Umeå Universitet. (Umeå University medical dissertations). http:// urn. kb. se/ resol ve? urn= urn: nbn: se: umu: 
diva- 176364 (2020).

 27. The National Board of Health and Welfare (Sweden). Statistics on Myocardial Infarctions 2019. https:// www. socia lstyr elsen. se/ 
globa lasse ts/ share point- dokum ent/ artik elkat alog/ stati stik/ 2020- 12- 7062. pdf (2020).

 28. The National Board of Health and Welfare (Sweden). Statistics on stroke 2019. https:// www. socia lstyr elsen. se/ globa lasse ts/ share 
point- dokum ent/ artik elkat alog/ stati stik/ 2020- 11- 7048. pdf (2020).

 29. Townsend, N. et al. Cardiovascular disease in Europe: Epidemiological update 2016. Eur. Heart J. 37, 3232–3245. https:// doi. org/ 
10. 1093/ eurhe artj/ ehw334 (2016).

 30. Hong, K. S., Yegiaian, S., Lee, M., Lee, J. & Saver, J. L. Declining stroke and vascular event recurrence rates in secondary prevention 
trials over the past 50 years and consequences for current trial design. Circulation 123, 2111–2119. https:// doi. org/ 10. 1161/ circu 
latio naha. 109. 934786 (2011).

 31. Huber, D., Wikén, C., Henriksson, R., Soderstrom, L. & Mooe, T. Statin treatment after acute coronary syndrome: Adherence and 
reasons for non-adherence in a randomized controlled intervention trial. Sci. Rep. 9, 12079. https:// doi. org/ 10. 1038/ s41598- 019- 
48540-3 (2019).

 32. McAlister, F. A. et al. Case management for blood pressure and lipid level control after minor stroke: PREVENTION randomized 
controlled trial. CMAJ 186, 577–584. https:// doi. org/ 10. 1503/ cmaj. 140053 (2014).

 33. Ellis, G., Rodger, J., McAlpine, C. & Langhorne, P. The impact of stroke nurse specialist input on risk factor modification: A ran-
domised controlled trial. Age Ageing 34, 389–392. https:// doi. org/ 10. 1093/ ageing/ afi075 (2005).

 34. Capewell, S. & Graham, H. Will cardiovascular disease prevention widen health inequalities?. PLoS Med 7, e1000320. https:// doi. 
org/ 10. 1371/ journ al. pmed. 10003 20 (2010).

 35. Sabatine, M. S. et al. Evolocumab and clinical outcomes in patients with cardiovascular disease. N. Engl. J. Med. 376, 1713–1722. 
https:// doi. org/ 10. 1056/ NEJMo a1615 664 (2017).

 36. Schwartz, G. G. et al. Alirocumab and cardiovascular outcomes after acute coronary syndrome. N. Engl. J. Med. 379, 2097–2107. 
https:// doi. org/ 10. 1056/ NEJMo a1801 174 (2018).

Acknowledgements
The authors would like to acknowledge the study participants and study nurses for their indispensable contribu-
tions to the study.

Author contributions
T.M.conceived and designed the NAILED CV trial. A.L.I., A.U., and A.G. performed the blinded adjudication 
of outcome events. A.L.I. analysed the data in consultation with a senior statistician, interpreted the results, and 
drafted the initial manuscript. A.U., A.G., J.Ö., and T.M. were involved in interpreting the results, revising for 
important intellectual content, and assisted A.L.I. in writing the final manuscript. All authors had access to the 
underlying data. All authors have approved the submitted version of the manuscript and have agreed to act as 
guarantors of the work.

Funding
Open access funding provided by Umea University. The study received funding from the Unit of Research, Devel-
opment and Education, Region Jämtland Härjedalen, and the Swedish Heart–Lung Foundation. The funders had 
no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 94892-0.

Correspondence and requests for materials should be addressed to A.-L.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1371/journal.pone.0139997
https://doi.org/10.1371/journal.pone.0183963
https://doi.org/10.1371/journal.pone.0183963
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-176364
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-176364
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2020-12-7062.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2020-12-7062.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2020-11-7048.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/statistik/2020-11-7048.pdf
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1161/circulationaha.109.934786
https://doi.org/10.1161/circulationaha.109.934786
https://doi.org/10.1038/s41598-019-48540-3
https://doi.org/10.1038/s41598-019-48540-3
https://doi.org/10.1503/cmaj.140053
https://doi.org/10.1093/ageing/afi075
https://doi.org/10.1371/journal.pmed.1000320
https://doi.org/10.1371/journal.pmed.1000320
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1038/s41598-021-94892-0
https://doi.org/10.1038/s41598-021-94892-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Nurse-based secondary preventive follow-up by telephone reduced recurrence of cardiovascular events: a randomised controlled trial
	Methods
	Study design. 
	Participants. 
	Setting. 
	Randomisation. 
	Intervention follow-up. 
	Secondary preventive follow-up in the control group. 
	Outcomes. 
	Data collection. 
	Sample size. 
	Statistical analysis. 
	Trial registration. 
	Ethics approval. 

	Results
	Discussion
	Mechanisms. 
	Implications. 
	Strengths and limitations. 

	Conclusion
	References
	Acknowledgements


