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ARTICLE INFO ABSTRACT
Keywords: Objective: Non-adherence to guidelines and preventive measures is a major challenge, particularly so to ob-
Atherosclerosis tain long-term adherence to lifestyle changes and recommended medication. The objective was to investigate if

Cardiovascular disease
Carotid ultrasound
Prevention

pictorial information regarding subclinical carotid atherosclerosis provided to individuals and physicians gave
sustained effects on cardiovascular risk beyond the previously reported effect after 1 year and up to 3 years.

Methods: A Prospective Randomized Open Blinded End-point (PROBE) trial. Within a CVD prevention program
in Vasterbotten County, Sweden, 3532 healthy individuals aged 40, 50 or 60 years were enrolled and 1:1 ran-
domized to intervention (n = 1749; pictorial information with additional prevention materials to participants
and physicians) or control group (n = 1783; no pictorial information to participants and physicians). Preventive
measures were managed within primary care. Participants were investigated at baseline during 2013-2016 and
at follow-up after 1 and 3 years.

Results: A beneficial effect on cardiovascular risk was observed at 3-year follow-up; Framingham Risk Score (FRS)
was 13.38 for the intervention group and 14.08 for the control group (p = 0.047) and SCORE was 1.69 vs. 1.82
(p = 0.022). The effect observed at 1-year was sustained over 3 years after adjustment for sex and education and
more pronounced among participants with a severe atherosclerotic picture at baseline.

Conclusions: This study provides evidence of sustained beneficial effects on the adherence to prevention guidelines
over 3 years of pictorial information about subclinical carotid atherosclerosis, resulting in lower cardiovascular
risk regardless of sex and educational level. Direct visualization of the underlying still subclinical atherosclerotic
disease, rather than just indirect information about risk factors and statistical risk of future myocardial infarction,
stroke and death, is one way to tackle the problem of non-adherence to prevention of cardiovascular diseases.
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1. Introduction

Prevention of cardiovascular disease (CVD) often fails due to lack of
adherence to guidelines by both practitioners and patients. Availability
of effective methods to improve adherence to evidence-based CVD pre-
vention measures is thought to be a greater step forward than any new
drug or intervention [1, 2].

An innovative method for evaluation and information about the
risk of CVD among asymptomatic individuals is to visualize subclinical
atherosclerosis by ultrasonography of the carotid arteries, measuring in-
tima media thickness (cIMT) and carotid plaque [3], as a complement
to traditional risk factor-based evaluation and risk information. This has
the potential to improve the precision in risk stratification [4, 5], and
to increase the accuracy in individuals” risk perception by showing the
atherosclerosis itself, instead of only the likelihood of CVD. This can
thereby motivate patients and practitioners to preventive actions aim-
ing to halt or reduce progression of atherosclerosis [6-8].

Pictorial information of subclinical atherosclerosis has been shown
to influence physicians” prescription of evidence-based interventions
as well as patients” motivation to exercise, implement dietary change
[9], and adhere to medication and prevention-seeking behavior [10].
The VIPVIZA (Vasterbotten Intervention Program - VIsualiZation of
asymptomatic Atherosclerotic disease for optimum cardiovascular pre-
vention), a pragmatic open randomized controlled trial, demonstrated
after 1-year of follow-up that pictorial information about subclinical
atherosclerosis combined with a nurse-led follow-up phone call im-
proved the adherence to guidelines on primary CVD prevention and
had a significant beneficial effect on the primary outcomes Framing-
ham Risk Score (FRS) and European Systematic Coronary Risk Evalua-
tion (SCORE) irrespective of educational level and sex [11]. However,
whether these effects are sustainable over a longer period of time needs
further evaluation, as recently highlighted [12]. There are, to our knowl-
edge, no other trials similar to VIPVIZA, which are nested in a real-world
setting.

The aim of this study was to investigate whether the effect of pic-
torial information about subclinical carotid atherosclerosis, which was
observed on improved adherence to prevention guidelines in terms of
levels of cardiovascular risk scores (FRS and SCORE) and individual risk
factors at 1 year in the VIPVIZA trial, was sustained up to 3 years of
follow-up. In addition, we investigated whether such a presumptive pos-
itive effect differs between participants with different sex, educational
levels, pictorial information about the severity of subclinical atheroscle-
rosis and level of traditionally assessed risk factor-based CVD risk.

2. Methods

VIPVIZA is a Prospective Randomized Open Blinded End-point
(PROBE) trial performed within the regular primary health care setting
in the county of Vasterbotten, Sweden. Details on criteria for eligibility
and study design have previously been published [11]. The participants
were recruited by district nurses within the Véasterbotten Intervention
Program (VIP) [13]. VIP is a CVD prevention program in primary care
since the early 1990s in Vésterbotten county, in which all inhabitants
are invited at ages 40, 50 and 60 years for a health survey with CVD
risk factor screening and a dialog to promote healthy lifestyle habits,
and when indicated pharmacological treatment.

Participants in VIP were invited to participate in VIPVIZA if they
fulfilled inclusion criteria; i) aged 40 years with a first-degree relative
with CVD at an age less than 60 years; ii) aged 50 years with a minimum
of 1 conventional CVD risk factor or; iii) aged 60 years. Individuals with
significant carotid stenosis, defined as narrowing of the lumen greater
than 50%, were referred to specialized care and excluded from the study.
All study participants provided written informed consent.

In total, 3532 participants were recruited to VIPVIZA between April
29, 2013 and June 7, 2016, and consecutively assigned by research
nurses (1:1) to the intervention or control arm based on a computer-
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ized randomization list, which was generated by a statistician before
enrolment, but concealed for the participants and the biomedical tech-
nicians performing the ultrasound examination. At baseline, conven-
tional risk factors for CVD were measured and participants answered
a questionnaire covering health, medication, health behaviors, family
history on premature CVD, diabetes and education level. After VIP, at
a separate visit [11], a carotid ultrasound examination was performed
by biomedical technicians according to a standardized protocol using
portable carotid ultrasound equipment [14-16]. The end-points were
blinded until after completion of all 3-year follow-up visits.

The intervention; i) The individuals in the intervention group and their
family physician were mailed the result of the carotid ultrasound exam-
ination in a pictorial format. Presence of plaque was illustrated with a
red circle while a green circle demonstrated that no plaque was iden-
tified. Intima-media thickness was illustrated with a color gage repre-
senting vascular age and ranging from green over yellow and orange to
red (Supplementary Figure 1). The dynamic and modifiable nature of
atherosclerosis was explained in text. A follow-up phone call to the par-
ticipants was carried out 24 weeks after sending the result to them. To
physicians, current guideline-based information about the clinical sig-
nificance of carotid ultrasound results was enclosed. ii) At six months,
the pictorial information from the ultrasound examination was sent once
again to participants in the intervention group with a reminder of pre-
ventive measures. iii) At nine months, 2 and 2.5 years, a letter was sent
to the participants in the intervention group with information regard-
ing the next follow-up visit. The letters contained general information
about proceedings in the study, the importance of a healthy lifestyle to
prevent progression of atherosclerosis, and a reminder of the upcoming
follow-up visits. No individualized information was given in the letters.

In the control group, no information was given either to participants
or their family physician regarding the baseline carotid ultrasound re-
sult, and no information letters were sent at 6 and 9 months, 2 or 2.5
years to the participants. The intervention and follow-up visits for both
groups are presented in the Supplementary Figure 2.

Identical content of follow up for the intervention and control groups: At
1 year, the intervention and the control groups were assessed on the
same CVD risk factors and the same questions regarding physical activ-
ity, smoking, alcohol consumption, and self-reported pharmacological
treatment as at baseline. All participants, in both the control and in-
tervention groups, and their family physician were informed about the
results in a standardized written form. After three years a follow-up was
conducted between September 5, 2016 and May 28, 2019. All partici-
pants had the same CVD risk factors assessed and enquiries as at the 1-
year follow-up. In addition, a carotid ultrasound examination was sim-
ilarly conducted as at baseline. Both the control and the intervention
groups were treated according to clinical guidelines on CVD risk factor
control throughout the study by nurses and physicians within regular
health care.

The primary outcome were the levels of FRS and SCORE in the in-
tervention and control group 3 years after the first ultrasound exami-
nation. Secondary outcomes were levels of individual risk factors, i.e.
cholesterol measures, systolic blood pressure, weight, waist circumfer-
ence, smoking and diabetes.

There were 3532 participants at baseline, and the number of par-
ticipants recruited to the study was based on power calculations done a
priori at the VIPVIZA design stage [11]. Independent t-tests were used to
assess significant differences between groups on continuous variables,
and y? tests for categorical variables at the 3-year follow-up. We used
all available observations for each analysis resulting in slightly different
numbers of individuals in different analyses.

The multilevel regression analysis using panel data analysis included
3529 individuals (out of 3532 total individuals) who had FRS or SCORE
measurement in any of the waves (baseline, 1-year or 3-year). We built
stepwise 2-level multilevel linear regression models separately for FRS
and SCORE with time of measurement at level 1 (¢t = 3 including base-
line, 1-year, 3-year) and individuals at level 2 (n = 3529). We analyzed
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4177 subjects who were eligible according to inclusion criteria

645 excluded:
345 declined to participate

A4

3532 randomized

.

154 dropped out
121 withdrew consent
22 significant stenosis
3 died before first ultrasound

v

1749 assigned to intervention group

v

1783 assigned to control group

83 without follow-up due to:
51 withdrew consent
18 moved out of the county
13 died

1 participation in another study

90 without follow-up due to:
63 withdrew consent
19 moved out of the county
7 died
1 participation in another study

86 No show at 3-year follow-up

106 No show at 3-year follow-up

1580 analysed for outcomes

1587 analysed for outcomes

Fig. 1. flowchart of the VIPVIZA trial.

differences in FRS and SCORE (primary outcome variables) between the
intervention and control groups, controlling for sex (1=male; 2=female)
and education level (1=low/mid-level; 2=high level).

Model 0: Null random intercept model assuming each individual had
different intercepts, i.e. they had different outcome levels at baseline.

Model 1: Random intercept model with inclusion of only a random-
ization group variable.

Model 2: Random intercept model with the interaction term between
randomization group and wave to assess if the differences in FRS and
SCORE between the 2 groups differ by wave.

Model 3: Model 2 with adjustment for the sex variable (random in-
tercept model).

Model 4: Model 3 with additional adjustment for the education vari-
able (full random intercept model).

Model 5: Random slope model with inclusion of all variables in
Model 4, and a random slope with regression slopes allowed to vary in
different individuals across different waves. In this model, we assumed
that the trajectories of FRS and SCORE differ between individuals.

We used the likelihood-ratio test to compare a model with its preced-
ing model. The LR-test follows y2 distribution, and a significant p-value
of <0.05 indicates that the subsequent model is a better fit than its pre-
ceding model.

We also conducted difference-in-difference (DID) analysis on
changes from baseline to 3-year-follow-up in the intervention and the
control-group. Moreover, this was performed for different subgroups of
sexes, education groups (basic and mid-level education defined as com-
pulsory nine years of schooling or senior high school less than 13 years,
and high level of education defined as 13 years or more of schooling),
baseline risk score, and atherosclerosis severity (based on the presence
of plaques and intima-media thickness presented as vascular age at base-
line). We also performed a dropout analysis to assess whether the base-
line characteristics differed between individuals with 3-year follow-up
and those who dropped out.

As a sensitivity test, we conducted an intention-to-treat analysis on
the primary outcomes, both in the whole sample and in sub-groups,
using imputed data. Details of the imputation following the procedures
proposed by Rubins [17] are described in the Supplementary material.

The statistical analyses were done in SPSS version 26, and Stata Ver-
sion 16. All graphs were generated in Stata Version 16.

This study is registered at ClinicalTrials.gov, number NCT01849575.
www.clinicaltrials.gov

3. Results

3532 participants were enrolled, 1738 were randomized to the con-
trol arm and 1749 to the intervention arm. Those 3167 participants who
completed the 3-year follow-up are described in Fig. 1. The follow-up
rate was 89.7%. There were no differences between the intervention and
control groups at baseline on FRS, SCORE, individual components of the
risk scores or other cardiovascular risk factors as previously presented
[11].

Regarding the primary outcomes at the 3-year follow-up, the mean
level of FRS was 13.38 for the intervention group and 14.08 for the
control group (p = 0.047), and mean levels for SCORE was 1.69 vs 1.82
(p = 0.022), respectively (Table 1).

A significant difference between the intervention and control groups
was observed in the FRS and SCORE levels at 3-year follow-up, similar to
the 1-year follow-up (Table 2). This sustained effect included adjustment
for sex and educational level (model 5).

Analyses of the secondary outcomes showed a difference between
the intervention and control groups in total and LDL-cholesterol levels
(p<0.001) and waist circumference (p = 0.032) (Table 1). Analysis of the
levels of HDL-cholesterol, triglycerides, current smoking, body weight,
and systolic blood pressure showed favorable results in the intervention
group compared with the controls, although not statistically significant
(Table 1). When the analysis was adjusted for sex and education level
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Characteristics of the intervention and the control group at 3-year follow-up on primary and secondary outcome variables. Mean levels are shown for continuous

variables, and number of participants and percentages for categorical variables.

Variable Male Female Total

Intervention Control p-value Intervention Control p-value Intervention Control p-value

n=736 n=741 n=_844 n =846 n=1580 n=1587
FRS 19.09 19.72 0.261 8.42 9.15 0.011 13.38 14.08 0.047
SCORE 2.58 2.72 0.134 0.93 1.03 0.002 1.69 1.82 0.022
P-Total Cholesterol (mmol/l) 5.11 5.34 <0.001 5.44 5.66 <0.001 5.29 5.51 <0.001
P-LDL-Cholesterol (mmol/l) 3.10 3.31 <0.001 3.16 3.38 <0.001 3.13 3.35 <0.001
P-HDL-Cholesterol (mmol/l) 1.35 1.35 0.731 1.70 1.69 0.492 1.54 1.53 0.456
P-Triglycerides (mmol/l) 1.50 1.52 0.763 1.26 1.30 0.204 137 1.40 0.302
Syst BP (mmHg) 133.7 134.5 0.319 127.4 127.3 0.910 130.3 130.7 0.572
Diast BP (mmHg) 87.6 87.8 0.641 84.7 84.0 0.163 86.0 85.8 0.489
Body weight (kg) 90.1 90.4 0.718 75.1 76.2 0.095 82.0 82.8 0.181
Waist (cm) 102.3 103.1 0.204 93.9 95.1 0.063 97.8 98.9 0.032
Smokers N (%) 69 (9.4) 77 (10.5) 0.502 71 (8.5) 95 (11.4) 0.046 140 (8.9) 172 (11.0) 0.055

Table 2

Differences in primary and secondary outcome between intervention and control groups at baseline, 1-year and 3-year follow-up analyzed with random slope
multilevel analysis models. A positive value means a lower level in the intervention group compared to the control group.

Outcomes Baseline Difference (95%CI)

n;=1735 / nc=1762

1-year follow-up Difference
(95%CI) n;=1586 / n;=1558

3-year follow-up Difference
(95%CI) n;=1566 / nc=1570

Primary outcomes
FRS —0.209 (-0.7443; 0.3262)
SCORE —-0.0093 (-0.0788; 0.0602)
Secondary outcomes
P-Total-Cholesterol (mmol/L)
Systolic blood pressure (mmHg)
P-HDL-Cholesterol (mmol/L)
P-LDL-Cholesterol (mmol/L)
Weight (kg)

Waist (cm)

Smoking (%)

Diabetes (%)

0.0021 (-0.0686; 0.0729)
—0.286 (-1.3342; 0.7621)
0.0031 (-0.0242; 0.0304)
—0.0194 (-0.0841; 0.0453)
0.6624 (-0.3343; 1.6592
0.6403 (-0.1711; 1.4517
0.1106 (-0.7236; 0.9448
—-0.0727 (-0.3725; 0.227

0.7604 (0.2129; 1.3079)
0.1217 (0.0447; 0.1986)

0.6733 (0.0903; 1.2563)
0.1258 (0.0299; 0.2217)

0.1896 (0.1170; 0.2621)
1.4411 (0.3750; 2.5073)
—0.0346 (-0.0628; —0.0063)
0.1729 (0.1067; 0.2391)
1.3953 (0.3885; 2.4021)
1.0212 (0.1962; 1.8462)
0.2924 (-0.5670; 1.1518)
0.0679 (-0.2161; 0.3518)

0.2423 (0.1650; 0.3196)
0.5463 (-0.5697; 1.6624)
—0.0086 (-0.0377; 0.0205)
0.2305 (0.1605; 0.3005)
0.8227 (-0.2186; 1.8640)
0.8681 (0.0072; 1.7290)
0.2409 (-0.019; 0.9836)
0.0089 (-0.2501; 0.2678)

Note: The difference between the intervention and the control groups at the three time points was analyzed using multilevel random slope model. All analyses were
adjusted for sex and educational level. We used the command xtmixed for the continuous outcomes and meqrlogit for the categorical outcomes. For diabetes, we
present the estimate derived from single-level analysis using logit command in Stata, since the multilevel analysis using meqrlogit resulted in the error “Hessian is

not negative semidefinite”.

the intervention effect was sustained over 3-years, which was notable
also in differences between groups in total and LDL-cholesterol, as well
as in waist circumference (Table 2).

Sub-group analyses of FRS and SCORE by sex showed a significant
difference in difference (DID) between the control and intervention
groups over 3 years for men and women in FRS and SCORE in favor
of the intervention group (Fig. 2 and Fig. 3).

Further stratification by education showed a statistically significant
DID between the control and intervention groups regardless of education
level (Fig. 2 and Fig. 3).

Stratification by baseline FRS and SCORE risk category showed a
beneficial pattern of the intervention in all risk groups. We observed
significant DID at 3-year follow-up on FRS and SCORE between the in-
tervention and control groups with moderate risk at baseline. Individu-
als categorized as high risk based on FRS at baseline lowered their FRS
over 3 years in both the control and intervention group. No significant
DID of FRS and SCORE was observed between the control and interven-
tion groups in the high-risk categories (Fig. 2 and Fig. 3).

Those in the intervention group with the most severe ultrasound re-
sults regarding atherosclerosis development (shown in the pictorial ul-
trasound report as Orange-Red on the IMT gage, illustrating vascular
age higher than chronological age, and presence of plaque), displayed
a reduction in FRS over 3 years. This change differed significantly from
the increase shown in the control group and among those in the inter-
vention group without any plaques (Fig. 2 and Fig. 3).

FRS and SCORE increased from the 1-year follow-up to the 3-year fol-
low up to the same extent in both the control and intervention groups.

Furthermore, there were no statistically significant DID regardless of
sex, educational level or baseline risk stratification (Supplementary Fig-
ure 3 and Figure 4).

Drop-out analysis and missing values: The dropout analysis showed
no differences in the FRS and SCORE at baseline between those who
dropped-out and those who participated in the 3-year follow-up, among
both the control and the intervention groups. Participants in the control
group who dropped out had lower age, lower education level, higher
blood pressure and higher smoking prevalence compared to those who
participated in the follow-up. In the intervention group, the dropouts
were younger, had higher waist circumference, and the prevalence of
diabetes and smoking were higher (Supplementary Table 1). Percentage
of missing values on variables included in the 3-year follow-up varied
from 0.7% for daily/occasional smoking in the intervention group to
3.3% on LDL-cholesterol in the control group (Supplementary Table 2).

The intention-to-treat analysis based on imputed data showed the
same effect size as the complete case analyses in the overall analyses,
as well as in subgroup analyses by sex, risk categories and education
(Supplementary Table 3).

4. Discussion

This randomized controlled trial provides evidence that pictorial in-
formation in addition to conventional risk-factor based information is
beneficial over 3 years as assessed as estimated CVD risk. The pictorial
information described the degree of the individual’s subclinical carotid
atherosclerosis, and was combined with a follow up dialog with a trained
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BASELINE MESSAGE
Control

Control 1533
Green Yellow - No Plague
Intervention 263
Orange Red - No Plaque
Intervention 597
Green Yellow - With Plaque

Intervention 148

1.41(1.09, 1.72)

1.14(0.49, 1.78)

1.08 (0.64, 1.51)

0.89 (-0.16, 1.95)

Group Sample (N) Framingham Risk Score Effect Size (95% Cl)
3-year vs{I baseline

OVERALL : DID: -0.82 (-1.27, -0.38)
Control 1533 : —— 1.41(1.10, 1.72)
Intervention 1539 : —— 0.58 (0.26, 0.90)
SEX i
Women ! DID: -0.50 {-0.93, -0.07)
Control 818 : —a— 0.79 (0.49, 1.09)
Intervention 824 1:—.— 0.29 {-0.02, 0.59)
Men : DID: -1.19 (-2.01, -0.37)
Control 715 ! _— 2.11 (1.54, 2.68)
Intervention 715 : —_—— 0.92 (0.34, 1.51)
EDUCATION LEVEL i
Low-middle education : DID: -0.94 {-1.54, -0.34)
Control 971 ! S 1.52 (1.10, 1.95)
Intervention 1003 i —a— 0.58 (0.15, 1.00)
High education : DID: -0.72 {-1.35, -0.09)
Control 545 ! —a— 1.23 (0.80, 1.67)
Intervention 524 : i 0.52 (0.06, 0.97)
BASELINE RISK i
Low-light risk (<10%) : DID: -0.25 (-0.55, 0.05)
Control 737 I —-— 1.45 (1.24, 1.65)
Intervention 760 i —— 1.20(0.97, 1.42)
Moderate risk (10%-19%) : DID: -1.34 (-2.13, -0.56)
Control 530 : ——B— 2.48(1.94,3.01)
Intervention 507 : 1.14 (0.56, 1.71)
High risk (>=20%) i DID: -1.33 (-3.14, 0.48)
Control 266 L ! -0.84 (-2.14, 0.46)
Intervention 272 L i -2.17 (-3.42,-0.91)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

!

]

I

I

Orange Red - With Plague

Intervention 529

-4 3 2 1

Lower risk score in year 3

|

_._
—_——
—.—
—_—
L
-0.33(-0.98, 0.31)
1

2 3 4

Higher risk score in year 3

Fig. 2. Changes between baseline and 3-year follow-up in Framingham Risk Score in the intervention and control group, in total, by sex, education, baseline risk

categories and atherosclerosis severity category.

nurse and repeated after 6 months. Three letters about CVD prevention
in general (not individualized) were given over 3 years to mimic a real-
life situation in which patients most likely would have had some con-
tact with their health care provider. There were no additional changes
in FRS and SCORE between years 1 and 3, suggesting that it was the ini-
tial intervention, and not these later contacts that impacted the results.
The findings of the VIPVIZA trial emphasize the potential of visualiza-
tion of actual atherosclerosis to increase adherence for recommended
therapy.

A similar beneficial effect on FRS and SCORE as at 1-year follow-up
was observed at 3 years. Importantly, we also found sex- and education-

adjusted differences between the intervention and control groups. Most
other interventions have showed favorable effects mainly in high-
income and high-educated groups. The subgroup analyses pointed to the
same direction. After 1-year follow-up, there was no significant differ-
ence in change of FRS and SCORE between the control and intervention
group until the 3-year follow-up. There was a similar difference in lev-
els in the risk scores at 1-year and at 3-year follow-up, to the benefit of
the intervention group, thus, showing a sustained intervention effect. In
both the control and intervention group, the risk scores increased to the
same extent from 1-year follow-up to 3-year follow up. This could be
largely explained by the increase in age over two years.
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I
Group Sample (N) SCORE Effect Size (95% Cl)
3-year vsl baseline

OVERALL DID: -0.14 (-0.21, -0.07)
Control 1540 = 0.55(0.50, 0.61)
Intervention 1547 = 0.42 (0.37,0.47)
SEX

Women DID: -0.08 (-0.13, -0.04)
Control 820 B 0.33(0.30, 0.37)
Intervention 828 | | 0.25(0.22, 0.28)
Men DID: -0.20 (-0.33, -0.06)
Control 720 - 0.81(0.71, 0.90)
Intervention 719 - 0.61(0.52,0.71)

EDUCATION LEVEL

Low-middle education DID: -0.14 (-0.24, -0.04)

Control 975 = 0.59 (0.52, 0.66)
Intervention 1007 Ry 0.45(0.38, 0.52)
High education DID: -0.15 (-0.24, -0.05)
Control 548 L 0.50(0.43, 0.57)
Intervention 527 = 0.35(0.29, 0.41)
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Fig. 3. Changes between baseline and 3-year follow-up in SCORE in the intervention and control group, in total, sex, education, baseline risk categories and
atherosclerosis severity category.
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The difference between groups in LDL-cholesterol, taken together
with the difference in waist circumference, suggests that the inter-
vention effect is a combined effect of pharmacological treatment and
lifestyle modification. The pattern of changes in other risk factors, even
though not statistically significant, all point in a more favorable direc-
tion in the intervention group. Moreover, the effect was greater for par-
ticipants with demonstrated more severe atherosclerosis.

Previous research has shown that the effect of interventions on
lifestyle and pharmacological treatment with statins usually decreases
after 1 year, and sustained effects after 2 years are scarce in the litera-
ture [18-20]. Therefore, the sustained effect in this study is highly rele-
vant with regard to the major problem of non-adherence to CVD preven-
tion by individuals and health professionals. Furthermore, the increased
intervention effect noticed between 1 and 3 years with a further re-
duction in total cholesterol and LDL-cholesterol (mmol/L) is important.
This may partly be explained by the increased awareness of handling
the VIPVIZA result over time, by both physicians and participants [21].
This phenomenon may be explained by a gradual implementation and
acceptance of VIPVIZA intervention by physicians as motivated by the
diffusion of innovation model in which different categories of adopters
are identified including the early adopters and late laggards [22].

The dual effect of targeting patients and physicians with pictorial
information was previously shown in a RCT that used CT-scanning for
coronary artery calcium [23], showing a significant change in FRS and
cardiovascular risk factors after four years. This supports our findings,
but, to the best of our knowledge, a similar intervention has not been
tested in a pragmatic setting. Moreover, 91% of their study population
was highly educated as compared with 35% in our trial. Other studies
on the effect of pictorial information to motivate patients for behavior
change in different CVD conditions have been contradictory [24-26].
A recent population-based study, the Swedish CardioPulmonary biolm-
age Study (SCAPIS), shows that 84% of the participants with plaque
on both the right and left carotid artery were in the intermediate risk
group according to SCORE [27]. Furthermore, most CVD events occur in
this risk group, in which sufficient prevention is often overlooked [28-
30]. In the present study, a significant intervention effect measured as
change of FRS and SCORE was observed in the intermediate risk group,
indicating that the VIPVIZA intervention may strengthen public health
strategies for primary prevention, since even small improvements in this
large group may have significant effect on the public health level [31].
This has further been shown for a reduction in LDL-levels in which a
small decrease has shown to have a long-term benefit on a population
level [32]. In addition, the life expectancy in this study population is
long and even small effects can be important on the individual level.

The size of the intervention effect should be considered with regard
to four circumstances. First, the intervention was given to a low to mod-
erate risk population group with somewhat limited potential for indi-
vidual improvement. Second, the intervention was nested within the
VIP - an effective prevention program provided to all inhabitants in the
county [33]. The benefit of VIPVIZA was thereby obtained on top of
the VIP. Third, the study was performed within ordinary primary care,
which during the study period was under stress due to many vacant posi-
tions, and may have ceased preventive actions. Fourth, the intervention
is a low-intensity intervention as compared to a new potent drug or a
surgical or catheter-based intervention.

The pragmatic design of VIPVIZA renders a high external validity
to the study. Its simple design can easily be implemented in a regular
health care setting. The dropout rate of 10.3% might be a limitation.
However, considering 3 years of follow-up and compared to other pub-
lic health interventions, this is rather a strength of the study. Sensitivity
and intention-to-treat analyses with imputed data on missing values on
primary outcomes showed very similar and corresponding results. The
results in this study cannot be translated into effects on hard clinical
events such as myocardial infarction, stroke and CVD death. This re-
quires prolonged follow-up for ten years or more. Further studies within
VIPVIZA to investigate the potential effects from pharmacotherapy ver-
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sus life-style changes on the overall reduction of CVD risk can give more
in depth knowledge on underlaying processes of the intervention.

We found that the pictorial risk communication engaged peoples’
minds among both physicians and participants in the intervention arm
(unpublished results). This will encourage further studies in which pic-
torial information can be tailored to the individual’s psychological and
social profile and health behaviors in order to improve adherence and
to provide an effective person-centered prevention.

The findings of this 3-year follow-up of the VIPVIZA pragmatic RCT
provides evidence of a sustained beneficial effect of pictorial informa-
tion about subclinical atherosclerosis on the development of CVD risk,
irrespective of sex and educational level. Stratified sub-analyses of sex,
age, education level, level of traditional risk factor-based CVD risk, and
pictorial information about the severity of subclinical atherosclerosis
show results pointing in the same direction. Direct visualization of the
underlying still subclinical atherosclerotic disease, rather than just indi-
rect information about risk factors and statistical risk of future myocar-
dial infarction, stroke and death, is one way to tackle the non-adherence
problem in prevention of cardiovascular diseases.
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