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It is not clear if programs for lifestyle change are effec-
tive in the primary prevention of cardiovascular dis-
eases. Some studies have shown lifestyle improvements

with cardiovascular rehabilitation programs,1–3 and studies in
primary prevention have suggested small, but potentially
important, reductions in the risk of cardiovascular disease.
However, these studies have had limitations and have rec-
ommended further research.4,5 According to national and
international guidelines for cardiovascular risk management,
measures to prevent cardiovascular disease, such as patient
education and support for lifestyle change, can be delegated
to practice nurses in primary care.6–8 However, we do not

know whether the delivery of primary prevention programs
by practice nurses is effective. We also do no know the
effect of nurse-led prevention, including shared decision-
making and risk communication, on cardiovascular risk.

Because an unhealthy lifestyle plays an important role in
the development of cardiovascular disease,9,10 preventive
guidelines on cardiovascular disease and diabetes recommend
education and counselling about smoking, diet, physical exer-
cise and alcohol consumption for patients with moderately
and highly increased risk.6,11 These patients are usually moni-
tored in primary care practices. The adherence to lifestyle
advice ranges from 20% to 90%,12–15 and improving adherence
requires effective interventions, comprising cognitive, behav-
ioural and affective components (strategies to influence
adherence to lifestyle advice via feelings and emotions or
social relationships and social supports).16 Shared treatment
decisions are highly preferred. Informed and shared decision-
making requires that all information about the cardiovascular
risk and the pros and cons of the risk-reduction options be
shared with the patient, and that the patients’ individual 
values, personal resources and capacity for self-determination
be respected.17–19 In our cardiovascular risk reduction study,20

we developed an innovative implementation strategy that
included a central role for practice nurses. Key elements of
our intervention included risk assessment, risk communica-
tion, use of a decision aid and adapted motivational inter-
viewing (Box 1).19,21,22

In the present study, we investigated whether a nurse-led
intervention in primary care had a positive effect on lifestyle
and 10-year cardiovascular risk. We hypothesized that involv-
ing patients in decision-making would increase adherence to
lifestyle changes and decrease the absolute risk of 10-year
cardiovascular mortality.
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Background: Preventive guidelines on cardiovascular risk
management recommend lifestyle changes. Support for
lifestyle changes may be a useful task for practice nurses,
but the effect of such interventions in primary prevention
is not clear. We examined the effect of involving patients
in nurse-led cardiovascular risk management on lifestyle
adherence and cardiovascular risk.

Methods: We performed a cluster randomized controlled
trial in 25 practices that included 615 patients. The interven-
tion consisted of nurse-led cardiovascular risk management,
including risk assessment, risk communication, a decision aid
and adapted motivational interviewing. The control group
received a minimal nurse-led intervention. The self-reported
outcome measures at one year were smoking, alcohol use,
diet and physical activity. Nurses assessed 10-year cardiovas-
cular mortality risk after one year.

Results: There were no significant differences between the
intervention groups. The effect of the intervention on the
consumption of vegetables and physical activity was small,
and some differences were only significant for subgroups.
The effects of the intervention on the intake of fat, fruit
and alcohol and smoking were not significant. We found no
effect between the groups for cardiovascular 10-year risk.

Interpretation: Nurse-led risk communication, use of a
decision aid and adapted motivational interviewing did
not lead to relevant differences between the groups in
terms of lifestyle changes or cardiovascular risk, despite
significant within-group differences.
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Methods

Practices and participants
The Improving Patient Adherence to Lifestyle Advice
(IMPALA) study (Current Controlled Trials registration no.
ISRCTN 51556722) is a cluster randomized controlled trial
involving 25 practices and 615 patients in the Netherlands.
Measurements were made at baseline and after 1 year.21 We
included practices that employed a practice nurse and used
electronic patients records. Practices were invited by letter
and were visited by 1 or 2 of the researchers. We recruited
practices in October and November 2005. The ethics commit-
tee of Maastricht University approved this study.

After stratification into 4 geographical regions, an inde-
pendent statistician performed central block randomization to
allocate 13 practices to the intervention group and 12 prac-
tices to the control group. The nurses could not be blinded to
the intervention because of the required training. To minimize
potential bias, we informed patients about the aim of the
study but not about the intervention or control groups. The
outline of the study is shown in Appendix 1 (available online
at www .cmaj .ca /cgi /content /full /cmaj.081591/DC1).

Nurses and general practitioners enrolled adult patients 
eligible for cardiovascular risk management who met one or
more of the following criteria (based on the Dutch National
Guideline for cardiovascular risk management6): blood pres-
sure ≥ 140 mm Hg or receiving treatment for high blood pres-
sure; total cholesterol ≥ 6.5 mmol/L or receiving treatment for
high cholesterol; smoker aged ≥ 50 years (men) or ≥ 55 years
(women); diabetes; a positive family history of cardiovascular
disease; and visible obesity (based on the physician’s opin-
ion). We excluded patients who had existing cardiovascular
disease, those with familial hypercholesterolemia only and
those whose care was primarily managed in secondary care. 

Patients were enrolled from February 2006 to August 2006.
The inclusion method was consistent with a clinical approach

to primary prevention. Patients received a written consent form
and a baseline questionnaire before the intervention. A follow-
up questionnaire was sent to patients’ home address after 1
year. A more detailed description of the inclusion and the logis-
tics of the measurements can be found in the study protocol.21

Intervention
In both groups, general practitioners delegated the task of car-
diovascular risk management to the practice nurses. Nurses in
the control group received a 2-hour training session on risk
assessment, while practice nurses in the intervention group
received a 2-day training program involving 4 strategies: risk
assessment, risk communication, distribution of a decision aid
and adapted motivational interviewing. 

Motivational interviewing is a directive, client-centred
counselling style that helps clients explore and resolve
ambivalence about behaviour change.29 Adapted motivational
interviewing has been used to assess patients’ motivations for
behaviour change and build motivation for healthy behav-
iours, to clarify values, to achieve goal setting and concrete
action plans and to reveal both positive and negative conse-
quences of behaviour change.30–32 Motivational interviewing is
a useful tool, in addition to the use of a risk chart and a deci-
sion aid, to uncover implementation problems18 and to reach a
shared decision on cardiovascular risk management. 

Each patient in the intervention group had 2 face-to-face
meetings (15–20 min) with a practice nurse. This gave the
patients time between meetings to reflect on the information
received.19

During the first meeting, the nurses explained to the patients
their 10-year risk of cardiovascular mortality by use of the risk
communication tool. This tool was given to the patients. For
patients whose risk was increased, the nurses explained the
options for risk reduction and gave the patients a decision aid to
review at home. During the second meeting, the nurses
increased the patients’ confidence by asking questions about
the decision aid (e.g., did the patient understand the informa-
tion). The nurses set the adgenda for the meeting in cooperation
with the patients by asking what they wanted to talk about. An
agenda-setting chart was used to support this process. The
nurses guided the patients in formulating their main personal
goals for lifestyle change. The nurses consulted with the gen-
eral practitioners if medication was being considered.

Nurses used a 10-minute telephone consultation to initiate
follow-up.16,20 During the telephone call, the nurses used moti-
vational interviewing. They set the agenda, explored the
importance of the personal goal that was chosen during the
first meeting and increased the patients’ confidence. The
nurses guided the patients in formulating their main goals for
lifestyle change, gave the patients support and referred them
to local facilities as necessary.

The intervention is described more extensively in the
IMPALA study protocol.21

Outcomes
The effect measures were self-reported lifestyle (smoking 
status, saturated fat intake, fruit and vegetable consumption,
physical activity and alcohol use). We used a composite
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Box 1: Key features of the nurse-led intervention 

• Risk assessment (intervention and control): The absolute
10-year mortality risk from cardiovascular diseases was
assessed with use of a risk table from the Dutch guidelines
(for patients without diabetes) or the UK Prospective
Diabetes Study risk engine (for patients with diabetes).6,23

Nurses in the control group continued to provide usual
care after this step.

• Risk communication (intervention only): Nurses informed
the patients of their absolute 10-year cardiovascular
mortality risk using a risk communication tool developed
for this study.24–37

• Decision support (intervention only): Nurses provied
support to the patients using an updated decision aid.28

This tool facilitated the nurses’ interaction with the
patients to arrive at informed, value-based choices for risk
reduction. The tool provided information about the
options and their associated relevant outcomes.

• Adapted motivational interviewing (intervention only):
Nurses discussed the options for risk reduction. The
patient’s personal values were elicited using adapted
motivational interviewing.
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adherence score as well as scores for each of the 6 lifestyle
outcomes. We also assessed the absolute 10-year mortality
risk from cardiovascular disease, as measured by the practice
nurses.6 The instruments are described in the IMPALA study
protocol21 and in Appendix 2 (available online at www .cmaj
.ca /cgi /content /full /cmaj.081591/DC1)

Smoking was measured by use of a 2-item questionnaire to
asses smoking status (yes v. no).33 Fat intake was measured
using the Dutch Fat list,34 a questionnaire with 35 questions that
gives a score (range 0–80) for saturated fat intake. The con-
sumption of fruits and vegetables was measured by use of the
Food Frequency Questionnaire,35 a 10-item questionnaire to
assess the weekly intake of fruits and vegetables. Physical exer-
cise was assessed with a modified Dutch version of the Com-
munity Healthy Activities Model Program for Seniors
(CHAMPS) questionnaire,36 a 15-item questionnaire to assess
the weekly frequency of participation and weekly duration of
moderate-intensity (or greater) physical activity. Alcohol intake
was measured using a 2-item questionnaire about the frequency

and quantity of alcohol use, resulting in a score of drinking
above the national recommendation (males: ≤ 3 alcohol units
per day, females: ≤ 2 alcohol units per day). For smoking, con-
sumption of fat, fruits and vegetables, and physical activity,
meeting the national recommendation was also used as a mea-
sure. The 10-year risk of cardiovascular mortality was based on
age, sex, smoking, blood pressure and cholesterol ratio. For
patients without diabetes, the risk was calculated with help of
the risk estimator of SCORE,37 which is used in the Dutch
national guideline for cardiovascular risk management.38 The
10-year cardiovascular mortality risk of patients with diabetes
was calculated with the UK Prospective Diabetes Study risk
engine.39

Sample size
This study was powered to detect an absolute mean difference
between groups of 15% (50%–65%) in patients’ self-reported
adherence to lifestyle advice (50% is the average adherence to
lifestyle advice in patients with chronic diseases.15 The sample
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Included patients  
n = 322

Included patients  
n = 293

Received 
usual care  

n = 293

Received 
the intervention  

n = 320

Included in the 
final analysis 

n = 11 practices, 
n = 236 patients

Included in the
final analysis 

n = 13 practices, 
n = 252 patients

Randomized 
n = 25 practices

Excluded n = 1 practice 
• No practice nurse appointed

Control group
n = 12 practices

Intervention group 
n = 13 practices

Included in 
cardiovascular risk 

analysis
n = 286

Included in 
cardiovascular risk 

analysis 
n = 261

Received cardiovascular 
risk assessment  

n = 305

Received cardiovascular 
risk assessment 

n = 287
Did not receive the 
intervention  n = 2
• Did not attend 

consultation  n = 1
• Did not provide informed 

consent  n = 1

Excluded  n = 70 
• Lost to follow-up  n = 56

(moved, disease, family  
problems, death or 
unknown reason)   

• Incomplete data  n = 14
(missing questionnaire at 
baseline [n = 1] and medical 
data from nurses [n = 13])

Excluded  n = 57
• Lost to follow-up  n = 39

(moved, disease, family problems, 
death or unknown reason) 

• Incomplete data  n = 18 
(missing questionnaire at baseline 
[n = 2] and medical data from 
nurses [n = 16])

Excluded  n = 19
• Lost to follow-up

Excluded  n = 26
• Lost to follow-up

Figure 1: Flow diagram of the progress of clusters and individuals through the phases of the trial. 
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size calculation assumed an intraclass
correlation coefficient of 0.02, α of 0.05
and a power of 0.80. Thus, a total of 450
patients (225 per group) were needed. To
compensate for 20% loss to follow-up, we
required a total of 580 patients (29
patients per practice, assuming 20 partici-
pating practices).

Statistical analysis
We examined the differences between
the groups by use of the t test for contin-
uous variables (composite adherence
score, consumption of fat, fruit and veg-
etables, and physical activity and 10-
year mortality risk from cardiovascular
disease. We used a χ2 test for dichoto-
mous variables (smoking and alcohol
consumption).

The 6 lifestyle factors (smoking, con-
sumption of alcohol, fat, fruit and vegeta-
bles, and physical activity) were further
explored by multilevel regression analy-
ses (backward procedure) in 6 models,
with each lifestyle factor as a dependent
variable. We controlled for group alloca-
tion, preintervention scores, patients’ age,
sex and socio-economic status, hyperten-
sion, hypercholesterolemia, diabetes and
obesity. A random intercept was included
in each model to account for the intraclus-
ter correlation. We adjusted for skewed
distribution of data for certain outcomes,
such as fruit and vegetables, by means of
log-transformation. To avoid zero values,
we first added 1 to the data before log-
transforming.

The 6 lifestyle factors were combined
in a composite standardized adherence
score expressing the agreement between a
patient’s lifestyle and the national recom-
mendations. Meeting the national recom-
mendation was scored as 1, and not meet-
ing it was scored as 0. We used a t test to
compare the sum of the scores (0–6) of
the intervention group with that of the
control group.

We explored cardiovascular risk by
use of a multilevel regression analysis,
with cardiovascular risk as a dependent
variable. We controlled for group alloca-
tion and preintervention score.

Finally, we examined differences
between baseline and after 1 year by a
paired t test for continuous variables and a
McNemar test for dichotomous variables.

All analyses were based on “intention
to treat.” The multilevel regression
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Table 1: Characteristics of the general practices, nurses and patients included in 
the study of nurse-led interventions for cardiovascular risk management 

Mean (SD)* 

Group; baseline characteristic Intervention Control 

Practice n = 13 n = 11 

No. of patients per practice 7894 (6642) 6729 (3076) 

No. of general practitioners per practice 4 (3) 4 (1) 

Practice nurses n = 13 n = 11 

Age, yr 38 (7) 39 (9) 

Sex, female, no. (%) of nurses 13 (100) 11 (100) 

Work experience as a practice nurse focused on:   

Diabetes   

Yes, no. (%) of nurses 8 (53) 9 (82) 

No. of years 3.4 (1.3) 3.8 (1.4) 

Cardiovascular risk   

Yes, no. (%) of nurses 12 (80) 9 (82) 

No. of years  1.8 (1.3) 1.6 (1.0) 

Hypertension   

Yes, no. (%) of nurses 12 (80) 8 (73) 

No. of years 3.7 (5.3) 2.7 (1.3) 

General or other   

Yes, no. (%) of nurses 11 (73) 8 (73) 

No. of years 4.4 (5.0) 5.1 (4.5) 

Full-time equivalent 0.46 (0.2) 0.64 (0.2) 

Patients n = 304 n = 285 

Age, yr 56 (10) 58 (10) 

Sex, male, no. (%) 130 (43) 134 (47) 

Socio-economic status, no. (%)   

High 76 (26) 58 (21) 

Intermediate 123 (42) 105 (38) 

Low 92 (32) 112 (41) 

Smokers, no. (%) 100 (34) 53 (19)‡ 

Systolic blood pressure (mm Hg) 144 (19) 150 (19)‡ 

Hypertension,† no. (%) 186 (62) 198 (71)§ 

Cholesterol ratio 4.5 (1.4) 4.6 (1.4) 

LDL cholesterol, mmol/L 3.7 (1.0) 3.8 (1.0) 

Hypercholesterolemia,† no. (%) 151 (51) 104 (37)‡ 

Glucose, mmol/L, 5.8 (1.0) 6.0 (1.6) 

Diabetes, no. (%) 34 (11) 49 (17)§ 

Family history of cardiovascular disease,  
no. (%) 

138 (45) 95 (33) 

Body mass index 29 (4.9) 29 (5.3) 

Obesity, no. (%) 117 (39) 95 (33) 

10-year risk of cardiovascular mortality 4.3 (4.9) 5.4 (6.3)§ 

High risk patients, no. (%) 85 (28) 112 (39)‡ 

Note: LDL = low-density lipoprotein, SD = standard deviation. 
*Unless stated otherwise. 
†Included patients receiving medical treatment. 
‡p ≤ 0.01 between groups. 
§p ≤ 0.05 between groups. 
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analyses with the dependent variables smoking and alcohol
were only performed for patients who smoked or who con-
sumed alcohol above the national recommendation at base-
line. We considered p ≤ 0.05 to be statistically significant.

Results

Practices and patients
We visited 29 practices. Four practices decided not to partici-
pate in the study, and 1 control practice withdrew after ran-
domization. Thus, 13 practices were included in the interven-
tion group and 11 in the control group (Figure 1).

We included 615 patients: 322 in the intervention group
and 293 in the control group. In the intervention group, 56
patients were lost to follow-up after 1 year, and 39 were lost
to follow-up in the control group. Thirty-two patients were
excluded from data analyses because of incomplete data. We
analyzed the lifestyle outcomes for 488 patients (79%; 252 in
the intervention group, 236 in the control group), and we ana-
lyzed the cardiovascular outcomes for 547 patients (89%; 286
in the intervention group, 261 in control group).

Baseline characteristics
The mean age of patients was 57, and 55% were women
(Table 1). In the intervention group, 34% were smokers, com-
pared with 19% in the control group. There were more
patients with diabetes (17%) and hypertension (71%) in the
control group than in the intervention group (11% with dia-
betes; 62% with hypertension). Patients in the control group
had higher mean systolic blood pressure (150 mm Hg, stan-
dard deviation [SD] 19 mm Hg) and 10-year mortality risk
from cardiovascular disease (5.4%) compared with patients in
the intervention group (mean systolic blood pressure 144  [SD
19] mm Hg; mean 10-year cardiovascular disease mortality
risk 4.3%).

Outcomes
The composite adherence score at baseline showed a mean
number of national recommendations being met of 3.3 (out of
a possible 6 points) in the intervention group and 3.4 in the
control group. We found no significant difference between
the groups after 1 year (Table 2); however, there was a signif-
icant improvement in the intervention group (3.7, p < 0.001),
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Table 2: Main outcomes at baseline and at 1 year 

 Baseline; mean (SD)* One year; mean (SD)* 

Outcomes Intervention Control p value  Intervention Control p value  

 n = 304 n = 285  n = 252 n = 236  

Composite adherence score 3.3 (1.2) 3.4 (1.3) 0.07 3.7 (1.4) 3.6 (1.2) 0.33 

Smoking, yes, no. (%) of patients 100 (34) 53 (19) < 0.001 68 (27.3) 40 (17.5) 0.011 

Fat score 16.6 (5.7) 17.2 (5.3) 0.19 14.4 (5.4) 15.4 (5.4) 0.034 

Met the NR for fat intake,† no. (%)  
of patients 

123 (41) 93 (33) 0.049 140 (56) 111 (47) 0.06 

No. of pieces of fruit eaten per week 12.1 (9.2) 13.1 (10.5) 0.21 13.7 (9.8) 14.1 (11.0) 0.70 

Met the NR for fruit intake,‡ no. (%)  
of patients 

117 (39) 121 (43) 0.33 114 (45) 108 (46) 0.91 

Vegetables eaten per week, no. of 
tablespoons 

23.7 (11.2) 22.7 (12.9) 0.32 25.5 (12.7) 23.4 (13.3) 0.09 

Met the NR for vegetable intake,§ no. 
(%) of patients 

95 (32) 79 (29) 0.48 93 (39) 65 (30) 0.045 

Drank alcohol, no. (%) of patients 
whose intake was above the NR** 

28 (10) 30 (11) 0.59 24 (9.9) 24 (10.8) 0.75 

Physical activity,†† minutes per week 405 (343) 447 (345) 0.16 460 (362) 449 (365) 0.74 

Physical activity, no. (%) who met  
the NR§§ 

183 (60) 181 (64) 0.41 163 (65) 153 (65) 0.97 

 n = 304 n = 285  n = 286 n = 261  

Systolic blood pressure, mm Hg 144 (19) 150 (19) 0.000 138 (16) 142 (16) 0.004 

Cholesterol ratio 4.5 (1.4) 4.6 (1.4) 0.45 4.3 (1.3) 4.3 (1.3) 0.77 

10-year cardiovascular risk 4.3 (4.9) 5.4 (6.3) 0.025 3.8 (4.1) 4.7 (5.5) 0.023

High risk, no. (%) of patients 85 (28) 112 (39) 0.004 72 (25) 99 (38) < 0.001 

Note: NR = national recommendation, SD = standard deviation. 
*Unless otherwise stated. 
†Total fat ≤ 100 g/day for men, ≤ 80 g/day for women; saturated fat ≤ 28 g/day for men, ≤ 22 g/day for women. 
‡200 g/day (2 pieces). 
§200 g/day. 
**≤ 3 units/day for men; ≤ 2 units/day for women. 
††Moderate or vigorous intensity. 
§§ Accumulate 30 minutes or more of moderate-intensity physical activity (gardening, brisk walking, bicycling, housework, dancing) at least 5 days each week. 
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and a nonsignificant improvement in the control group (3.6,
p = 0.058). In the intervention group, there was a significantly
lower intake of fat (p = 0.034) and a significantly higher per-
centage of patients who met the national recommendations
for vegetable intake (p = 0.045) than in the control group
(Table 2).

In the multilevel regression analyses, we found no relevant
differences for all outcomes between the groups (Figure 2,
Appendix 2 [available online at www .cmaj .ca /cgi /content /full
/cmaj.081591/DC1]). We found significant differences for fat
intake, vegetables consumption and physical activity, but these
differences were small and only significant for subgroups. 

After 1 year, there was no effect of the intervention on the
absolute risk of 10-year cardiovascular disease mortality
because the difference at baseline remained (Table 2). Correc-
tion for baseline scores did not change this result, although
the risk was significantly decreased in both the intervention
(from 4.3% to 3.8%, p = 0.047) and control (from 5.4% to
4.7% p = 0.004) groups.

Interpretation

We found that a nurse-led intervention, which included risk
communication, a decision aid and motivational interviewing,
did not improve the self-reported lifestyle factors or 10-year
risk of cardiovascular disease mortality. Although we found
improvements in some outcomes in both the intervention and
control groups, there were only a few, small significant differ-
ences that were not clinically relevant between the groups.

We do not have one clear explanation for the lack of dif-
ference in effects between groups. One reason might be a lack
of contrast between the performance of the nurses in the inter-
vention and control groups. In our opinion, the control group
was not a real control group but was in fact another interven-
tion group. The practice nurses were very experienced and
eager to participate in the study and were highly motivated to
improve the quality of care. It seems that the nurses in our

study were early adopters of innovations in primary care and
that the overall performance of the nurses was high, which
made it difficult to attain a contrast between the groups with
one training course. In addition, motivational interviewing is
a hot topic in the Netherlands, with many of the nurses eager
to be trained in this technique. Further, a 2-day training
course in motivational interviewing may have been too short
to considerably improve the nurses’ communication skills.
Long-term additional training may be necessary to allow
them to work in accordance with the principles of motiva-
tional interviewing. A second reason for the lack of difference
between the groups may be because of the low-risk profile of
the included patients. The intervention would probably have
been more effective if high-risk patients had been included.

There is evidence that shared decision-making has a posi-
tive effect on intermediate outcomes such as decisional con-
flict, knowledge and realistic expectations;41 however, the
effect of shared decision-making on long-term health behav-
iour is not clear.42 The results of our study do not increase the
clarity. The reduced 10-year risk in both groups was surpris-
ing in light of the relatively low-risk level of patients in this
study. The improvements in lifestyle and 10-year risk after
1 year suggest that cardiovascular risk management by nurses
can have a positive effect on these outcomes. In our view,
these findings are promising. Earlier studies described cardio-
vascular prevention in rehabilitation projects1–3 or reported
only small potential effects.4,5 We believe that preventive
interventions by practice nurses keep motivated patients
going in their attempts to improve their health behaviour.
Recently, a study about nurses applying cardiovascular risk
management in primary prevention showed promising within-
group results as well.43 However, the role of nurses in our
study is more feasible and compatible with current care com-
pared with the model used in that study, and our study used
shared decision-making as the underlying model.

The real effects in terms of lifestyle change may be larger
than what we found in our study, because the analysis also
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Odds ratio (95% CI)

ICC = 0.12

3.14 (0.61–19.22)

3.64 (0.39–34.21)

0.12 (0.01–2.03)

4.67 (0.54–40.61)

4.23 (0.48–37.10)

0.08 (0.01–0.64)

Intervention group

High cholesterol

High cholesterol 
× group interaction

Intervention group

High blood pressure

Obesity

Alcohol

Smoking

Outcome
Decreased risk Increased risk

0.01 0.1 1 10 100
Odds ratio (95% CI)

ICC = 0

Figure 2: Multilevel logistic regression analysis of smoking (n = 114) and alcohol use (n = 48) at 1 year. Note: CI = confidence interval,
ICC = intraclass correlation coefficient.
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included patients who did not choose to change a specific
lifestyle factor. This may have diminished the detectable
effect in the intervention group. We interpret the significant
differences between the groups with caution, because these
results could be an overestimation because of multiple testing.
Further, the 10-year risk at baseline was significantly lower in
the intervention group than in the control group, thus reduc-
ing opportunities for improvement in the intervention group.

Limitations
The study was a cluster-randomized controlled trial in real
practices. There were some imbalances between the groups at
baseline that may have been caused by the relatively small
number of clusters. Despite our careful design, there was
some recruitment bias. There were significantly more smok-
ers in the intervention group than in the control group, possi-
bly because some nurses had already been trained in motiva-
tional interviewing by STIVORO, the Dutch smoking
prevention agency. The significantly higher number of
patients with diabetes in the control group than in the inter-
vention group may have been because nurses in the control
group have more experience with patients with diabetes
(Table 1). Recruitment bias after randomization is a well-
known problem in cluster-randomized controlled trials.44 We
minimized the influence of this bias on the results by control-
ling for patient characteristics. Controlling the recruitment of
patients was not desirable, because we wanted to maintain
high external validity. The number of included patients was
sufficient, as determined by our power calculation. 

Conclusion
We found no additional effect of a nurse-led intervention,
including risk communication, decision support and adaptive
motivational interviewing, on lifestyle factors and 10-year
risk of cardiovascular mortality among patients in primary
care. We are nevertheless cautious about concluding that the
intervention has no valuable effect, because the nurses in the
control group also seemed to be very experienced. Because of
the low cost per patient, investments to implement the inter-
vention could be worthwhile if the experiences with the inter-
vention among practice nurses and patients are positive. Eco-
nomic and process evaluation are needed to determine the
value of further implementation.
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