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Visualization of asymptomatic atherosclerotic disease for 
optimum cardiovascular prevention (VIPVIZA): a pragmatic, 
open-label, randomised controlled trial
Ulf Näslund, Nawi Ng, Anna Lundgren, Eva Fhärm, Christer Grönlund, Helene Johansson, Bernt Lindahl, Bertil Lindahl, Kristina Lindvall, 
Stefan K Nilsson, Maria Nordin, Steven Nordin, Emma Nyman, Joacim Rocklöv, Davide Vanoli, Lars Weinehall, Patrik Wennberg, Per Wester, 
Margareta Norberg, for the VIPVIZA trial group

Summary
Background Primary prevention of cardiovascular disease often fails because of poor adherence among practitioners 
and individuals to prevention guidelines. We aimed to investigate whether ultrasound-based pictorial information 
about subclinical carotid atherosclerosis, targeting both primary care physicians and individuals, improves prevention.

Methods Visualization of asymptomatic atherosclerotic disease for optimum cardiovascular prevention (VIPVIZA) is 
a pragmatic, open-label, randomised controlled trial that was integrated within the Västerbotten Intervention 
Programme, an ongoing population-based cardiovascular disease prevention programme in northern Sweden. 
Individuals aged 40, 50, or 60 years with one or more conventional risk factors were eligible to participate. Participants 
underwent clinical examination, blood sampling, and ultrasound assessment of carotid intima media wall thickness 
and plaque formation. Participants were randomly assigned 1:1 with a computer-generated randomisation list to an 
intervention group (pictorial representation of carotid ultrasound plus a nurse phone call to confirm understanding) 
or a control group (not informed). The primary outcomes, Framingham risk score (FRS) and European systematic 
coronary risk evaluation (SCORE), were assessed after 1 year among participants who were followed up. This study is 
registered with ClinicalTrials.gov, number NCT01849575.

Findings 3532 individuals were enrolled between April 29, 2013, and June 7, 2016, of which 1783 were randomly assigned 
to the control group and 1749 were assigned to the intervention group. 3175 participants completed the 1-year follow-up. 
At the 1-year follow-up, FRS and SCORE differed significantly between groups (FRS 1∙07 [95% CI 0∙11 to 2∙03, 
p=0∙0017] and SCORE 0∙16 [0∙02 to 0∙30, p=0∙0010]). FRS decreased from baseline to the 1-year follow-up in the 
intervention group and increased in the control group (–0∙58 [95% CI –0∙86 to –0∙30] vs 0∙35 [0∙08 to 0∙63]). SCORE 
increased in both groups (0∙13 [95% CI 0∙09 to 0∙18] vs 0∙27 [0∙23 to 0∙30]).

Interpretation This study provides evidence of the contributory role of pictorial presentation of silent atherosclerosis 
for prevention of cardiovascular disease. It supports further development of methods to reduce the major problem of 
low adherence to medication and lifestyle modification.

Funding Västerbotten County Council, the Swedish Research Council, the Heart and Lung Foundation, the Swedish 
Society of Medicine, and Carl Bennet Ltd, Sweden. 
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Introduction
Smoking cessation, physical activity, statins, and anti­
hypertensive medication to prevent cardiovascular dis­
ease are among the most evidence-based and cost-effective 
treatments in health care. However, in the real world, 
prevention fails because of low and non-sustained 
adherence to prevention guidelines among practitioners 
and individuals.1,2 Statistical modelling based on clinical 
risk factors is recommended for risk assessment of 
cardiovascular disease, and the Framingham risk score 
(FRS) and the European systematic coronary risk evalua­
tion (SCORE) are the most widely used measures.3,4 
Evidence showing that use of these scores translates into 
reduction of cardiovascular disease morbidity or mortality 
is scarce.5 These risk scores might be too abstract and 

therefore fail to communicate risk in order to stimulate 
appropriate pharmacological prescription and enhanced 
motivation for a healthier lifestyle.

Information alone rarely leads to rational behavioural 
modification.6 The recall of advice regarding exercise and 
diet is poorer than advice to take medications.7 The risk of 
cardiovascular disease is usually communicated to in­
dividuals verbally;8 visual tools are seldom used.9,10 A more 
person-centred approach by adding pictorial information 
about the individual’s atherosclerosis would increase 
motivation and adherence to guidelines.11 It could be 
argued that this is as important as development of 
new treatment modalities for prevention of cardiovascular 
disease. Providing information to physicians concerning 
their patients’ risk of cardiovascular disease has been 
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found to increase prescription of lipid-lowering and blood 
pressure medication, with the greatest effect in those with 
the highest risk.12,13

However, results on the contributory impact of image-
based information about silent atherosclerosis on ad­
herence to prevention are inconsistent.14,15 Therefore, 
additional large-scale randomised controlled trials are 
needed.1,16,17

The primary aim of this study was to investigate 
the impact of pictorial information about individuals’ 
atherosclerosis, as demonstrated by carotid ultrasound, 
in comparison with traditional risk factor-based risk 
communication.

Methods
Study design and participants
Visualization of asymptomatic atherosclerotic disease for 
optimum cardiovascular prevention (VIPVIZA) is 
a pragmatic, open-label, randomised controlled trial 
with masked evaluators (PROBE) integrated in the 
Västerbotten Intervention Programme (VIP), a popu­
lation-based cardiovascular disease screening and 
prevention programme in Sweden. VIP was initiated in 
the 1990s and has been described in detail.18 In VIP, an 
invitation is sent to all Västerbotten County inhabitants 
at the of age 40, 50, or 60 years to complete a primary care 
health survey, which includes cardiovascular disease risk 
factor screening and an individual motivational interview 
to promote a healthy lifestyle, and pharmacological 
cardiovascular disease prevention according to clinical 
guidelines. 6500–7000 people complete the survey per 

year. Participation rates during 2007–16 were 68%, with 
only small social selection bias.19

Individuals were invited to the VIPVIZA trial at the 
individual interview when participating in VIP. 
Participants underwent ultrasound examinations at the 
hospitals in three urban centres (Umeå, Skellefteå, and 
Lycksele) in Västerbotten County, Sweden, and in remote 
rural areas at primary health-care centres. Risk factor 
measurements and questionnaires at the 1-year follow-
up were carried out for participants in Umeå at the 
Clinical Research Centre at Umeå University Hospital, 
and for participants in the rest of the county at their local 
primary health-care centre. 

To be eligible for participation, individuals had to be 
aged 40 years and have a first-degree relative with a 
history of cardiovascular disease at an age of younger 
than 60 years; aged 50 years and at least one cardiovascular 
disease risk factor (smoking, diabetes, hypertension, 
serum LDL cholesterol of ≥4·5 mmol/L, abdominal 
obesity defined as a waist circumference of ≥102 cm for 
men and ≥88 cm for women, or a first-degree relative 
with a history of cardiovascular disease at an age of 
younger than 60 years); or aged 60 years.

Exclusion criteria were significant stenosis, as defined 
by more than 50% luminal narrowing of the investigated 
carotid arteries according to vascular ultrasound; violation 
of study protocol; and participation in other clinical 
studies during the study follow-up. Individuals with 
severe carotid stenosis were referred directly to specialised 
care. A detailed study protocol is presented in the 
appendix. VIPVIZA was approved by the Regional Ethical 

Research in context

Evidence before this study
Physical activity, smoking cessation, and treatment of 
hypertension and hypercholesterolaemia are among the most 
effective, cost-effective, and evidence-based therapies for 
non-communicable diseases. However, prevention of 
cardiovascular disease fails, largely because of low adherence to 
guidelines and recommendations for lifestyle change and 
pharmacological treatment by individuals and health-care 
professionals. Risk assessment, risk communication, and 
motivation for a change in lifestyle are all targets to improve 
adherence to prevention measures. Pictorial representation of the 
risk factor burden might improve risk perception and motivation, 
but few studies have investigated this hypothesis, and no 
systematic reviews are published. Vascular ultrasound of 
atherosclerotic plaques and intima media wall thickness is an 
established diagnostic tool to assess atherosclerosis, but the 
effects on adherence to healthy lifestyle and drug therapy have 
not previously been studied in randomised controlled trials.

Added value of this study
This pragmatic, open-label, randomised controlled 
trial, targeting both physicians and individuals, aimed at 

improved efficacy and adherence to prevention measures 
in an asymptomatic population, showed significant 
benefits with respect to lowering the risk factor burden for 
cardiovascular disease in participants given a pictorial 
representation of their atherosclerotic plaques and 
intima media wall thickness, presented as vascular age, 
compared with participants who received routine care, 
with no pictorial information (Framingham risk score 
1∙07 [95% CI 0∙11 to 2∙03, p=0∙0017] and systematic coronary 
risk evaluation [SCORE] 0∙16 [0∙02 to 0∙30, p=0∙0010]).

Implications of all the available evidence
This study provides further evidence on the contributory role 
of pictorial representations and dialogue about silent 
atherosclerosis for primary prevention of cardiovascular 
disease, which are valid for clinical practice. Whether the 
results are sustainable for more than 1 year and lead to 
reduction of cardiovascular disease events warrant long-term 
follow-up.

See Online for appendix
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Review Board, Umeå University (Dnr 2011-445-31M, 
2012-463-32M, 2013-373-32M). All study participants 
provided written informed consent.

Randomisation and masking
Participants were randomly assigned to two groups 
(intervention and control group) by use of a randomisa­
tion list, which was generated by a computer before 
enrolment, and with consecutive allocation to the 
two groups by the research nurse. Outcomes were 
assessed by masked evaluators.

Procedures
Each participant and their primary care physician in the 
intervention group received pictorial presentation of the 
carotid ultrasound results (figure 1), including pre­
sentations of atherosclerosis as vascular age, with a 
gauge ranging from green to yellow, orange, and red to 
illustrate the individual’s biological age compared with 
chronological age. Plaque formation was shown as a 
traffic light for each carotid artery, with a red circle for a 
detected plaque or a green circle for no plaque detected. 
A stylised picture of the participant’s ultrasound image 
was included, as well as brief written information about 
atherosclerosis as a dynamic process that is modifiable 
by a healthy lifestyle and pharmacological treatment. 
Interpretation of the result and general advice on pre­
vention of cardiovascular disease were also provided. 
After 2–4 weeks, participants received a follow-up phone 
call by a research nurse to reassure participants and give 
additional information as needed. The same pictorial 
information was repeated to participants after 6 months. 
Both groups received normal care within VIP. No 
pictorial information was given to the participant or 
their family physician about the baseline carotid 
ultrasound result in the control group.

Both groups were managed throughout the study 
according to clinical guidelines on cardiovascular disease 
risk factor control by nurses and physicians at health-care 
centres (not by the study team). Thus, the VIPVIZA 
intervention was added to the regular VIP prevention 
programme.18 Both the intervention and control groups 
were informed about their 1-year follow-up results.

Risk factors for cardiovascular disease were measured at 
the baseline VIP health survey with standardised meas­
urements of waist circumference, height, weight, and 
systolic and diastolic blood pressure. Blood samples for 
analyses of total cholesterol, HDL cholesterol, LDL 
cholesterol, and triglycerides were taken after overnight 
fasting, and participants had an oral glucose tolerance 
test. Participants answered a questionnaire on health, 
medication, family history of cardiovascular disease and 
diabetes, highest attained education, and lifestyle habits. 
Methods and definitions of variables are shown in the 
appendix.

All carotid ultrasound examinations were done 
according to a standardised protocol20 by sonographers 

specifically trained in carotid ultrasound techniques 
(biomedical scientists). Portable carotid ultrasound 
equipment with real-time automatic carotid intima 
media wall thickness measurements was used 
(CardioHealth Station, Panasonic Healthcare Corporation 
of North America, Newark, NJ, USA).21 The angle of 
insonation was automatically provided and recorded. The 
carotid intima media wall thickness (mean of a 1 cm wide 
segment22) was automatically measured in the left and 
right common carotid arteries at insonation angles 120, 
150, 210, and 240 degrees. For each participant, the 
maximum of all projections’ mean carotid intima media 
wall thickness value was used to estimate vascular age 
(figure 1) using the Atherosclerosis Risk In Communities 
study population as the reference population because of 
the similarity with the VIP population regarding age and 
risk factor profiles.23 The presence of an atherosclerotic 
plaque was recorded on both sides according to the 
Mannheim consensus.24

The same clinical cardiovascular disease risk factors that 
were assessed at baseline were assessed at the 1-year 
follow-up, except fasting glucose was measured instead of 
an oral glucose tolerance test. The same questionnaires 
covering lifestyle habits and pharmacological treatments 
were re-administered.

Outcomes
Primary outcomes were FRS and SCORE at the 1-year 
follow-up and changes in the two variables from baseline 

Figure 1: Pictorial information about ultrasound results
IMT=intima media thickness. Translated from Swedish.

Your vascular wall thickness is presented as vascular age
The green sector corresponds to wall thickness in patients being at least 10 years
younger than your actual age, and the red sector at least 10 years older

Right side Left side

Right side Left side

IMT shown with a coloured line Plaque shown with a marking

You have no plaque

Your picture that shows IMT and plaque

You have plaque
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to the 1-year follow-up. Secondary outcomes were 
systolic and diastolic blood pressure, total cholesterol, 
LDL cholesterol, HDL cholesterol, fasting glucose, 
weight, waist circumference, smoking, and self-reported 
pharmacological treatments for hypertension and 
dyslipidaemia (see the appendix for the full list of 
secondary outcomes). 

Statistical analysis
Power calculations based on data on conventional risk 
factors from VIP 2012, as well as on ultrasound data from 
the Tromsø study,25 revealed that 3500 participants with a 
dropout rate of 20% during the study would be sufficient 
to assure a probability of 80% to detect a true difference 
between groups at a significance level of 5%. The limiting 
factor, demanding the largest group size to show a 
hypothesised effect, was carotid intima media wall 
thickness, since it is an important component of the 
intervention and will be an outcome at the 3-year follow-
up (appendix).

We calculated the overall sex-stratified descriptive 
characteristics at baseline of the control and intervention 
groups. Using Student’s t test for two independent 
groups, we calculated the difference between the control 
and intervention groups for primary and secondary 
outcomes among participants who were followed up. 
There were no crossovers between control and 
intervention. The primary outcome was calculated for 
participants with 1-year follow-up. Furthermore, we did 
an intention-to-treat analysis of the primary outcome 

after imputations for missing data by using linear 
regression with all baseline and available 1-year follow-
up variables in the dataset. For subgroup analyses, we 
also estimated the intervention effect on primary 
outcomes for different age groups, sex, atherosclerosis 
severity (with regard to the presence of plaques and to 
intima media thickness presented as vascular age at 
baseline), and education level (basic to mid-level defined 
as compulsory 9 years of schooling or senior high school 
[≤12 years]; high level of education is defined as 13 years 
or more of schooling). To assess the intervention effect 
on secondary outcomes, we estimated the differences-in-
differences in the outcomes between the groups from 
baseline to the 1-year follow-up. We calculated the 
differences-in-differences estimates using an interaction 
term between intervention groups and round in linear 
regression for each of the outcomes, adjusted for age, 
sex, and education level at baseline. We applied the 
Bonferroni correction to adjust for multiple comparisons. 
Additionally, we evaluated the intervention effect on 
cholesterol and LDL cholesterol with stratification for 
treatment with statins, and the effect on systolic and 
diastolic blood pressure with stratification for treatment 
with antihypertensive medication.

We did a dropout analysis to assess whether the 
baseline characteristics differed between individuals 
with 1-year follow-up and dropouts. We did a sensitivity 
analysis to confirm or exclude eventual selection bias of 
dropouts, in which we systematically increased the 
values of FRS and SCORE among individuals who 
dropped out by 5%, 10%, 15%, and 20%, while keeping 
the values among those who participated in the 1-year 
follow-up constant. Independent t tests were used to 
assess significant differences between groups for 
continuous variables and χ² tests for categorical 
variables. All the statistical analyses were done in Stata, 
version 15.0. A detailed statistical analysis plan is 
included in the appendix.

This study is registered with ClinicalTrials.gov, number 
NCT01849575.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final 
responsibility for the decision to submit for publication. 

Results
3532 participants were enrolled between April 29, 2013, 
and June 7, 2016, of which 1783 were randomly assigned to 
the control group and 1749 to the intervention group. 
3175 participants completed the 1-year follow-up (figure 2). 
The dropout analysis showed no differences between 
dropouts and participants in baseline FRS or SCORE in 
both the control and the intervention groups (appendix). 
For individual components of risk scores and other risk 

Figure 2: Trial profile

4177 patients assessed for eligibility 

645 excluded
 345 declined to participate 
 121 withdrew consent 
 3 died before first ultrasound
 154 dropped out
 22 had significant carotid stenosis 

3532 randomised

1749 assigned to intervention group 1783 assigned to control group

1599 analysed for outcomes 1576 analysed for outcomes

150 without follow-up
5 died 
2 migrated out 
0 excluded for administrative reasons 
1 excluded because of participation 

in another study 
10 withdrew consent 

132 dropped out at 1-year follow-up

207 without follow-up
2 died 
3 migrated out 
5 excluded for administrative reasons 
0 excluded because of participation 

in another study 
14 withdrew consent 

183 dropped out at 1-year follow-up
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factors, there were no differences in the control group 
apart from younger age among dropouts than among 
participants. In the intervention group, the dropouts were 
younger, had a lower level of education, more individuals 
who smoked daily or occasionally, more individuals with 

abdominal obesity, and higher concentration of 
triglycerides than participants (appendix).

Missing data for the variables recorded in the database 
for baseline and 1-year follow-up are shown in the 
appendix. There were missing data for variables used in 

Men (n=1670) Women (n=1862) Total (n=3532)

Control (n=862) Intervention (n=808) Control (n=921) Intervention (n=941) Control (n=1783) Intervention (n=1749)

Framingham risk score 17·6 (9·7) 18·2 (10·6) 8·4 (5·4) 8·3 (5·3) 12·9 (9·1) 12·9 (9·6)

Low risk (<5%) 38/859 (4%) 40/805 (5%) 272/915 (30%) 266/936 (28%) 310/1774 (17%) 306/1741 (18%)

Light risk (5–9%) 154/859 (18%) 122/805 (15%) 379/915 (41%) 420/936 (45%) 533/1774 (30%) 542/1741 (31%)

Moderate risk (10–19%) 383/859 (45%) 367/805 (46%) 225/915 (25%) 211/936 (23%) 608/1774 (34%) 578/1741 (33%)

High risk (20–39%) 258/859 (30%) 243/805 (30%) 39/915 (4%) 38/936 (4%) 297/1774 (17%) 281/1741 (16%)

Very high risk (≥40%) 26/859 (3%) 33/805 (4%) 0 1/936 (<1%) 26/1774 (1% ) 34/1741 (2%)

SCORE risk estimates 1·93 (1·40) 1·97 (1·38) 0·70 (0·51) 0·68 (0·49) 1·29 (1·21) 1·27 (1·19)

Low risk (<1%) 239/860 (28%) 197/805 (24%) 741/918 (81%) 762/937 (81%) 980/1778 (55%) 959/1742 (55%)

Moderate risk (1–4%) 596/860 (69%) 579/805 (72%) 177/918 (19%) 175/937 (19%) 773/1778 (43%) 754/1742 (43%)

High risk (5–9%) 23/860 (3%) 28/805 (3%) 0 0 23/1778 (1%) 28/1742 (2%)

Very high risk (≥10%) 2/860 (<1%) 1/805 (<1%) 0 0 2/1778 (<1%) 1/1742 (<1%)

Carotid plaques (left or right) 442/862 (51%) 406/808 (50%) 370/921 (40%) 361/939 (38%) 812/1783 (46%) 767/1747 (44%)

Carotid intima media wall thickness, mm* 0·77 (0·17) 0·77 (0·16) 0·71 (0·14) 0·71 (0·14) 0·74 (0·16) 0·74 (0·15)

Intima media thickness as vascular age†

Quartile 1 (green) 97/862 (11%) 86/808 (11%) 56/921 (6%) 53/941 (6%) 153/1783 (9%) 139/1749 (8%)

Quartile 2 (yellow) 152/862 (18%) 150/808 (19%) 186/921 (20%) 183/941 (19%) 338/1783 (19%) 333/1749 (19%)

Quartile 3 (orange) 236/862 (27%) 212/808 (26%) 281/921 (31%) 313/941 (33%) 517/1783 (29%) 525/1749 (30%)

Quartile 4 (red) 377/862 (44%) 360/808 (45%) 398/921 (43%) 392/941 (42%) 775/1783 (43%) 752/1749 (43%)

Age group

40 years 73/862 (8%) 61/808 (8%) 69/921 (7%) 73/941 (8%) 142/1783 (8%) 134/1749 (8%)

50 years 248/862 (29%) 226/808 (28%) 244/921 (26%) 260/941 (28%) 492/1783 (28%) 486/1749 (28%)

60 years 541/862 (63%) 521/808 (64%) 608/921 (66%) 608/941 (65%) 1149/1783 (64%) 1129/1749 (65%)

Sex

Men 862/1670 (52%) 808/1670 (48%) NA NA 862/1783 (48%) 808/1749 (46%)

Women NA NA 921/1862 (49%) 941/1862 (51%) 921/1783 (52%) 941/1749 (54%)

Education‡§

Basic to mid-level 611/857 (71%) 581/802 (72%) 526/905 (58%) 562/933 (60%) 1137/1762 (65%) 1143/1735 (66%)

High 246/857 (29%) 221/802 (28%) 379/905 (42%) 371/933 (40%) 625/1762 (35%) 592/1735 (34%)

Waist circumference, cm 101·2 (11·3) 101·2 (11·7) 92·7 (13·6) 91·9 (12·8) 96·8 (13·2) 96·2 (13·1)

Abdominal obesity (≥102 cm waist 
circumference for men, ≥88 cm waist 
circumference for women)

378/851 (44%) 353/803 (44%) 566/899 (63%) 554/929 (60%) 944/1750 (54%) 907/1732 (52%)

Fasting glucose, mmol/L 5·53 (1·52) 5·45 (1·37) 5·34 (1·08) 5·30 (1·06) 5·44 (1·31) 5·37 (1·21)

Diabetes¶ 48/861 (6%) 61/808 (8%) 44/918 (5%) 33/940 (4%) 92/1779 (5%) 94/1748 (5%)

Blood pressure

Systolic blood pressure, mm Hg 131·9 (15·2) 132·3 (16·5) 126·8 (16·1) 127·2 (16·3) 129·3 (15·9) 129·6 (16·6)

Diastolic blood pressure, mm Hg 84·6 (10·3) 85·0 (10·9) 80·9 (9·8) 80·8 (10·1) 82·7 (10·2) 82·8 (10·7)

Use of antihypertensives‡ 262/862 (30%) 267/808 (33%) 259/921 (28%) 268/941 (28%) 521/1783 (29%) 535/1749 (31%)

Hypertension|| 483/862 (56%) 478/806 (59%) 427/917 (47%) 440/938 (47%) 910/1779 (51%) 918/1744 (53%)

Plasma lipids

Total cholesterol, mmol/L 5·51 (1·11) 5·51 (1·13) 5·70 (1·04) 5·69 (1·04) 5·61 (1·08) 5·61 (1·08)

HDL cholesterol, mmol/L 1·23 (0·34) 1·25 (0·38) 1·54 (0·44) 1·51 (0·42) 1·39 (0·42) 1·39 (0·42)

LDL cholesterol, mmol/L 3·56 (1·00) 3·55 (0·99) 3·55 (0·94) 3·58 (0·95) 3·55 (0·97) 3·57 (0·96)

Triglycerides, mmol/L 1·66 (1·12) 1·66 (1·13) 1·34 (0·75) 1·33 (0·74) 1·50 (0·96) 1·48 (0·95)

Use of lipid-lowering medication‡ 118/862 (14%) 118/808 (15%) 73/921 (8%) 81/941 (9%) 191/1783 (11%) 199/1749 (11%)

Dyslipidaemia** 799/861 (93%) 751/803 (94%) 862/920 (94%) 862/939 (92%) 1661/1781 (93%) 1613/1742 (93%)

(Table continues on next page)
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the equations for FRS in 17 participants and for SCORE 
in 12 participants at baseline, and for 26 and 25 
participants, respectively, at the 1-year follow-up. 

The mean FRS was 12∙9 (SD 9·1) in the control group 
and 12∙9 (9·6) in the intervention group, and the mean 
SCORE was 1∙29 (1·21) in the control group and 1∙27 (1·19) 
in the intervention group (table). The distributions of FRS 
and SCORE are given in the appendix.

There were significant differences between the in­
tervention and control groups in primary outcomes at the 

1-year follow-up in favour of the intervention, with FRS 
12∙24 in the intervention group vs 13∙31 in the control 
group (difference 1∙07 [95% CI 0∙11 to 2∙03], p=0∙0017) 
and SCORE 1∙42 in the intervention group vs 1∙58 in the 
control group (difference 0∙16 [0∙02 to 0∙30], p=0∙0010). 
Changes in the whole study population over 1 year were 
small but statistically significant, with a decrease in FRS 
by –0∙58 (95% CI –0∙86 to –0∙30) in the intervention 
group (relative change –5%), in contrast with an increase 
in the control group by 0∙35 (0∙08 to 0∙63; relative 
change +3%; figure 3). SCORE increased slightly in both 
groups albeit significantly less in the intervention group 
(0∙13 [95% CI 0∙09 to 0∙18] in the intervention group vs 
0∙27 [0∙23 to 0∙30] in the control group; figure 3).

Analyses by sex and age showed that FRS decreased in 
the intervention group and increased in the control 
group to a similar extent in both men and women 
(figure 3; appendix). SCORE increased more in the 
control group than in the intervention group, and this 
increase was greater among participants aged 60 years 
than those aged 40 or 50 years (appendix), and among 
men than women (figure 3). The pattern was similar 
among men and women overall (figure 3), as well as in 
the groups of participants aged 50 years and 60 years 
(appendix).

Evaluation by baseline risk category showed a beneficial 
effect in the intervention group in all FRS risk categories, 
with the greatest effect in the group at high risk of 
cardiovascular disease, in which FRS decreased by 
–3∙42 (95% CI –4·57 to –2·27) in the intervention group 
and by –1∙26 (–2·39 to –0·14) in the control group 
(figure 4). The same pattern was seen in the high-risk 
group according to SCORE, which decreased in the 
intervention group but increased in the control group 
(figure 4). An intention-to-treat analysis, after imputations 
of missing data at 1-year follow-up, showed similar 
results for the primary outcome (appendix).

Because of the result of the dropout analysis, the analysis 
of the intervention effect by risk group was repeated 
stratified by educational level (figure 5). The patterns were 
the same in both the high and basic to mid-level education 
groups, with the greatest reduction of scores in the group 

Men (n=1670) Women (n=1862) Total (n=3532)

Control (n=862) Intervention (n=808) Control (n=921) Intervention (n=941) Control (n=1783) Intervention (n=1749)

(Continued from previous page)

Family history of cardiovascular disease or 
diabetes

402/834 (48%) 341/760 (45%) 468/890 (53%) 510/901 (57%) 870/1724 (50%) 851/1661 (51%)

Smoking daily or occasionally 111/860 (13%) 92/807 (11%) 128/918 (14%) 115/939 (12%) 239/1778 (13%) 207/1746 (12%)

Data are mean (SD) or n/N (%). SCORE=systematic coronary risk evaluation. NA=not applicable. VIPVIZA=visualization of asymptomatic atherosclerotic disease for optimum cardiovascular prevention. *Maximum 
mean value independent of side and angle. †Vascular age in comparison with individuals of same age and sex in a reference population (Atherosclerosis Risk In Communities study population). Quartile 1 is 
comparable to being 10 years younger, quartile 2 is comparable to being 5 years younger, quartile 3 is comparable to being 5 years older, and quartile 4 is comparable to being 10 years older. ‡Self-reported. §Basic to 
mid-level of education is defined as compulsory 9 years of schooling or senior high school (≤12 years). High level of education is defined as 13 years or more of schooling. ¶Self-reported known diabetes or fasting 
glucose ≥7·0 mmol/L. ||Self-reported use of antihypertensive medication or systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. **Self-reported use of lipid-lowering medication or serum 
cholesterol ≥5 mmol/L or serum LDL cholesterol ≥2·5 mmol/L. 

Table: Baseline characteristics of the VIPVIZA study population

Figure 3: Changes in Framingham risk score and SCORE in the intervention and control groups between 
baseline and 1-year follow-up
SCORE=systematic coronary risk evaluation. Difference between groups is given with 95% CI.

β coefficient
(95% CI)

Number of 
patients

Framingham risk score
Both sexes
 Control group
 Intervention group
Difference between groups: –0·93 (–1·32 to –0·54)

Men
 Control group
 Intervention group
Difference between groups: –1·10 (–1·79 to –0·42)

Women
 Control group
 Intervention group
Difference between groups: –0·77 (–1·18 to –0·36)

1561
1581

763
734

798
847

 0·35 (0·08 to 0·63)
 –0·58 (–0·86 to –0·30)

 0·43 (–0·03 to 0·88)
 –0·68 (–1·19 to –0·16)

 0·28 (–0·04 to 0·59)
 –0·49 (–0·75 to –0·23)

0–1 1

SCORE
Both sexes
 Control group
 Intervention group
Difference between groups: –0·13 (–0·19 to –0·08)

Men
 Control group
 Intervention group
Difference between groups: –0·19 (–0·30 to –0·08)

Women
 Control group
 Intervention group
Difference between groups: –0·07 (–0·11 to –0·04)

1563
1584

760
737

803
847

 0·27 (0·23 to 0·30)
 0·13 (0·09 to 0·18)

 0·38 (0·31 to 0·45)
 0·19 (0·10 to 0·27)

 0·16 (0·13 to 0·19)
 0·09 (0·06 to 0·11)

0–0·5 0·5
Higher risk score in year 1Lower risk score in year 1
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with basic to mid-level education and high risk of 
cardiovascular disease. This pattern was also seen in all 
educational categories when divided into the three levels; 
low, mid-level, and high (data not shown). Furthermore, a 
sensitivity analysis showed that the dropouts in the 
intervention group would have to increase at least 15% in 
FRS and more than 20% in SCORE (in relative change) to 
change the conclusions of the effect of the intervention on 
the primary outcome.

Total and LDL cholesterol decreased in both groups, but 
the reduction was greater in the intervention group than 
in the control group, resulting in a significant difference 
between groups at the 1-year follow-up (appendix). 
Moreover, the differences-in-differences (at baseline and 
at 1-year follow-up) estimates were statistically significant, 
and adjustment for age, sex, and education did not change 
this result (appendix). There was a significant increase 
in use of lipid-lowering medication in the intervention 
group compared with the control group (appendix). The 
differences between groups regarding other components 
of FRS and SCORE, as well as other relevant clinical 
risk indicators, did not reach statistical significance 
(appendix). A slight increase in weight was observed in 
the control group and a slight decrease in the intervention 
group, and systolic blood pressure increased by 
1∙6 mm Hg in the control group and was stable 
(–0∙2 mm Hg) in the intervention group; the only 
exception from this pattern was seen in fasting glucose 
(appendix).

In a post-hoc analysis, in patients with lipid-lowering 
treatment, the reduction in total and LDL cholesterol 
was around double in the intervention compared with 
the control group (figure 6). A similar result regarding 
systolic blood pressure was observed for antihypertensive 
medication, for which the reduction was threefold in the 
intervention group compared with controls.

The effect of the intervention on FRS and SCORE was 
greatest for participants in the intervention group with the 
most advanced atherosclerosis with regard to presence of 
plaque and intima media thickness as vascular age at the 
carotid ultrasound examination (appendix).

Discussion
In this pragmatic, open-label, randomised controlled trial, 
the most important result was that a low-intensity 
intervention with pictorial information of atherosclerosis 
followed by a nurse-led telephone call reduced the 
cardiovascular disease risk factor burden at the 1-year 
follow-up. This intervention was given in addition to an 
effective prevention programme managed by local 
health-care centres.19,26 Of note, these results were ob­
tained in a middle-aged population with low to moderate 
cardiovascular disease risk and thus overall with limited 
potential for improvements.

This beneficial effect was demonstrated for both FRS 
and SCORE and for total and LDL cholesterol. Im­
provements, although not significant, were also seen in 

systolic blood pressure, HDL cholesterol, weight, waist 
circumference, and smoking, reflecting both more 
effective pharmacological treatment and lifestyle modifi­
cation in the intervention group than in the control group. 
We also recorded stronger reductions of total and LDL 
cholesterol among participants receiving statins and of 
systolic blood pressure among participants on blood 
pressure-lowering medication in the intervention group 
than in the control group, which also support this. Previous 
research shows low awareness of the links between 
lifestyle habits and cardiovascular disease, in particular 
among people with a low level of education.27 Notably, the 
intervention effect was most pronounced among 
participants with a high risk of cardiovascular disease, and 
we did not find any differential responses for education 
level. Therefore, our results imply that this type of risk 
communication might contribute to reduction of the social 
gap in health. An intention-to-treat analysis of the primary 
outcome with imputed values for missing values based on 
baseline and available 1-year follow-up variables showed 
similar results (appendix). Furthermore, a sensitivity 
analysis revealed that any bias in our results due to 
dropouts can be rejected.

A graded effect in relation to the severity of de­
monstrated atherosclerosis was observed. The strongest 

Figure 4: Changes in Framingham risk score and SCORE by baseline risk categories in the intervention and 
control group between baseline and 1-year follow-up
SCORE=systematic coronary risk evaluation. Difference between groups is given with 95% CI.

β coefficient
(95% CI)

Number of 
patients

Framingham risk score
Low to light risk (<10%)
 Control group
 Intervention group
Difference between groups: –0·53 (–0·81 to –0·25)

Moderate risk (10–19%)
 Control group
 Intervention group
Difference between groups: –0·90 (–1·52 to –0·29)

High risk (≥20%)
 Control group
 Intervention group
Difference between groups: –2·16 (–3·77 to –0·55)

729
774

543
524

289
283

 0·86 (0·65 to 1·07)
 0·33 (0·14 to 0·51)

 0·53 (0·11 to 0·94)
 –0·38 (–0·82 to 0·07)

 –1·26 (–2·39 to –0·14)
 –3·42 (–4·57 to –2·27)

SCORE
Low to light risk (<10%)
 Control group
 Intervention group
Difference between groups: –0·05 (–0·08 to –0·03)

Moderate risk (10–19%)
 Control group
 Intervention group
Difference between groups: –0·12 (–0·23 to –0·02)

High risk (≥20%)
 Control group
 Intervention group
Difference between groups: –2·85 (–4·26 to –1·45)

851
869

689
687

23
28

 0·18 (0·16 to 0·20)
 0·12 (0·11 to 0·14)

 0·37 (0·31 to 0·44)
 0·25 (0·17 to 0·33)

 0·48 (–0·65 to 1·61)
 –2·38 (–3·19 to –1·56)

0–5 –4 –3 –2 –1 1 2 3 4
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message from the pictorial information was associated 
with the greatest effect. This finding supports our 
hypotheses regarding the use of image-based information 
as an effective tool in prevention to be investigated in the 
context of personalised medicine.

The overall effect size in FRS and SCORE after 1 year 
of this multimodal intervention might appear modest. 
Pictorial representation of the ultrasound results com­
bined with telephone contact by a nurse is a low-intensity 
intervention compared with provision of new potent 
pharmacological treatments or surgical or catheter-based 
treatments. The effect was largest in the group at high 
risk of cardiovascular disease and with more advanced 
atherosclerosis, indicating the potential of a clinically 
relevant effect. Even small reductions in cholesterol and 
blood pressure levels are shown to have long-term benefit 
on cardiovascular events at a population level.28,29 Further­
more, effects from lifestyle modification might add bene­
fits beyond what is captured in FRS and SCORE—eg, 
reduction in inflammatory parameters, improved insulin 
sensitivity, weight loss or maintenance, a healthier diet, 
and increased fitness. A recent study30 demonstrated 
a decrease in FRS from 15∙6 to 13∙3 by an intense 
multidisciplinary lifestyle programme in a population with 
considerably higher risk at baseline than our study 
population and two-thirds of the study population were 
women. In our population, an overall absolute difference 
in FRS of 1% in 10-year risk of cardiovascular disease 
between the intervention and control groups (12∙24 vs 
13∙31) after 1 year might be relevant provided sustained 
lifestyle change and medication. During 1 year of follow-
up, FRS and SCORE are expected to rise by adding 1 year 
of age to the equation. VIPVIZA recruited mainly 
individuals at low or intermediate risk for cardiovascular 
disease and with early atherosclerosis, thus offering the 
potential for real impact on the population burden of 
cardiovascular disease. This risk group contributes 
60–70% of all cardiovascular disease events but has been 
poorly represented in published randomised controlled 
trials in primary prevention.31

VIPVIZA is, to our knowledge, one of the largest 
randomised controlled trials of its kind in primary 
cardiovascular disease prevention, with behavioural 
modification as an important component. There are only a 
few previous full-scale randomised controlled trials of 
pictorial presentations based on carotid ultrasound. 
One study14 was restricted to smokers recruited by an 
advertisement for smoking cessation, and the results were 
neutral. Another study15 was restricted to patients with 
type 2 diabetes. One study32 found favourable changes in 
risk factors and FRS in the group that received pictorial 
presentation from CT scans of atherosclerosis and 
coronary artery calcium score, which is in concert with our 
findings.

The pragmatic design should increase the clinical 
relevance and external validity of the study and reduce 
potential sampling selection and observational biases. 
Furthermore, VIPVIZA aimed to promote adherence to 
both lifestyle changes and medication to improve clinical 
outcomes.4 The factors that mediate or modulate 
cardiovascular disease prevention, such as psychological 
and demographic factors, will be explored in future 

Figure 6: Changes in the level of cholesterol, LDL cholesterol, and systolic and diastolic blood pressure 
between baseline and 1-year follow-up based on statin or antihypertensive treatment, stratified by 
treatment group
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Figure 5: Changes in Framingham risk score by baseline risk categories in the intervention and control group 
between baseline and 1-year follow-up stratified by education level
Difference between groups is given with 95% CI.

β coefficient
(95% CI)

Number of 
patients

Basic to mid-level education
Low to light risk (<10%)
 Control group
 Intervention group
Difference between groups: –0·47 (–0·86 to –0·07)

Moderate risk (10–19%)
 Control group
 Intervention group
Difference between groups: –0·66 (–1·43 to 0·11)

High risk (≥20%)
 Control group
 Intervention group
Difference between groups: –2·39 (–4·28 to –0·50)

408
435

376
362

209
226

 1·01 (0·71 to 1·31)
 0·54 (0·28 to 0·80)

 0·49 (–0·04 to 1·01)
 –0·18 (–0·74 to 0·38)

 –1·25 (–2·64 to 0·13)
 –3·64 (–4·93 to –2·36)

High level of education
Low to light risk (<10%)
 Control group
 Intervention group
Difference between groups: –0·59 (–0·97 to –0·21)

Moderate risk (10–19%)
 Control group
 Intervention group
Difference between groups: –1·58 (–2·58 to –0·58)

High risk (≥20%)
 Control group
 Intervention group
Difference between groups: –1·59 (–4·76 to 1·57)

310
334

163
158

78
55

 0·63 (0·34 to 0·92)
 0·04 (–0·21 to 0·29)

 0·62 (–0·07 to 1·32)
 –0·96 (–1·67 to –0·24)

 –0·87 (–2·71 to 0·96)
 –2·47 (–5·15 to 0·22)

0–5 –4 –3 –2 –1 1 2 3 4

Higher risk score in year 1Lower risk score in year 1



Articles

www.thelancet.com   Published online December 3, 2018   http://dx.doi.org/10.1016/S0140-6736(18)32818-6	 9

quantitative and qualitative studies. Formal cost-
effectiveness analyses will be done after 3-year follow-up. 
Our preliminary experience is that the method for carotid 
vascular ultrasound that was applied in this study is a 
quick and inexpensive procedure that can be decentralised.21 
The compliance to prevention guidelines by health 
professionals determines to a great extent the effect of 
prevention of cardiovascular disease and should therefore 
be targeted, in addition to the individual’s motivation and 
adherence. This dual target was an essential element of 
VIPVIZA. Importantly, the increase in use of lipid-
lowering treatment in the intervention group indicates 
improved adherence to guidelines among physicians as 
well as patients. However, the effect size could have been 
affected by the setting, which was ordinary health care 
during a period with strong pressure on health-care 
centres due to many vacant positions. This setting might 
have delayed or precluded preventive actions. Therefore, 
our interpretation should be considered to be conservative.

FRS and SCORE were used as outcomes, because FRS is 
a long-established estimate of risk factor burden in the 
scientific literature and incorporates both fatal and non-
fatal events, and SCORE is widely used in health care, 
particularly in Europe, but is limited to 10-year risk for fatal 
outcomes. There are several other risk estimation methods 
with different degrees of precision and benefit. Since 
beneficial effects were seen in individual components of 
the risk scores, similar effects with alternative risk scores 
would be expected to occur.

Several ethical issues were discussed with the Regional 
Ethical Review Board before the study. It was considered 
acceptable that the control group was not informed about 
ultrasound results because all participants received risk 
factor screening and cardiovascular disease prevention 
according to clinical guidelines. In addition, on the basis of 
comments from participants in a pilot study, the pictorial 
message was modified to present balanced information to 
avoid both extremes of exaggerated and indifferent 
responses. Furthermore, the phone call with a trained 
research nurse close to the pictorial information aimed at 
reassuring and giving more information when needed.

This study has some limitations. The dropout analyses 
showed some baseline differences in the intervention 
group between dropouts and participants at the 1-year 
evaluation regarding metabolic risk factors, which are 
known to be associated with lifestyle, education level, and 
age. However, the intervention effect on risk factor 
outcomes did not change after adjustment for age, sex, and 
education, suggesting that these differences are of minor 
importance, which was also corroborated by the intention-
to treat and the sensitivity analyses.

Fast-developing vascular imaging technologies, such as 
CT and MRI, might outdate our findings with respect to 
precision of risk stratification. However, these technologies 
have higher costs and are not available on an equitable 
basis for the entire population, largely due to distance 
from specialised health-care centres, compared with risk 

communication by pictorial presentation with vascular 
ultrasound. In addition, CT scanning can add to radiation 
exposure.

This study provides evidence of the contributory role of 
pictorial presentation of silent atherosclerosis for 
prevention of cardiovascular disease. Furthermore, it is a 
low-intensity intervention that is valid for clinical practice. 
However, whether the effects, mediated through relevant 
pharmacological treatment and healthy lifestyle habits, are 
sustainable and lead to reduction of cardiovascular disease 
events will be determined in future long-term follow-up 
studies. If clinical event rates are reduced in the follow-up 
studies, this simple intervention could easily be applied in 
general practice in other similar settings. Our study 
supports further attempts to solve the major problem of 
prevention failure because of low adherence, despite 
effective, cost-effective, and evidence-based medications 
and methods for a healthier lifestyle.
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