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Aims  1 

The aim was to evaluate the effect of the intervention by proactively sharing a patient’s high polygenic 2 

risk score (PRS) for coronary artery disease (CAD). Outcomes included: 1) reduction in cardiovascular 3 

disease (CVD) risk factors over 12 months; 2) difference in purchased prescriptions of lipid-lowering and 4 

antihypertensive drugs between intervention group and control group subjects; and 3) opinion of the 5 

participating physicians and subjects on PRS usefulness.  6 

Methods 7 

This randomised controlled trial (RCT) was conducted among middle-aged subjects with a top 20% CAD 8 

polygenic risk score in a family medicine setting. Participants were selected from 26,953 Estonian 9 

Biobank cohort participants. Subjects were informed and counselled about their PRS score and CAD risk 10 

using the visual tool at baseline (visit I), counselling session (visit II), and on the final visit III at 12 11 

months.  12 

Results 13 

The primary endpoint was not significantly different. However, the intervention group participants had a 14 

significantly higher probability of initiating statin treatment compared with controls. Their levels of LDL 15 

cholesterol (LDL-C) were significantly decreased compared to baseline on visit III and significantly lower 16 

than in the control group. The vast majority of participating family physicians believe that finding out 17 

about genetic risks will affect the subject’s lifestyle and medication compliance. 18 

Conclusions 19 

Most of our outcome measures were in favour of this intervention. Participants achieved larger changes in 20 

cholesterol and blood pressure values. The vast majority (98.4%) of family physicians are interested in 21 

continuing to use genetic risk assessment in practice. 22 

 23 

 24 

 25 

 26 
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 1 

Graphical abstract 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

Aim 

•Randomised controlled trial 

•Impact of sharing polygenic risk score with patient to reduce cardiovascular risk 
over 12 months 

Results 

•Reduction in cardiovascular disease risk factors over 12 months 

•Increased adherence to lipid-lowering and antihypertensive drugs 

•Physician acceptance of the intervention 

Take-home 

•Sharing polygenic risk score with patients can help improve cholesterol and blood 
pressure.  

•The general practitioners are interested in using genetic risk assessment in practice. 

Doctor shares PRS 

at month 0 

Second visit 

at month 3 

Third and last visit 

at month 12 

Intervention: 3 visits  
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Introduction 1 

Although prevention of CVD has long been a focus of public health and clinical medicine, the prevalence 2 

of CVD remains high. Estonia is a country with one of the highest CVD event rates in Europe and the 3 

prevalence of CVD risk factors is high.
1,2

 For optimal management decisions in primary prevention, 4 

accurate estimation of an individual’s atherosclerotic cardiovascular disease risk is needed. Several risk 5 

scores have been developed for guidance on whether and when to start preventive therapy. The European 6 

Society of Cardiology (ESC) suggests Systematic COronary Risk Estimation (SCORE) and recently 7 

SCORE2.
3,4,5,6

 The SCORE general principle stresses the importance of estimating individuals’ absolute 8 

risk for developing CVD and adjusting the intensity of preventive therapy accordingly. The predictive 9 

ability of SCORE for CVD risk prediction in the high-risk population of Estonia is at an acceptable level.
7
 10 

However, SCORE does not currently include genetic risk factors. Polygenic risk scores (PRSs) 11 

have been shown to offer a powerful new approach to measuring genetic risk for CVD and to enhance risk 12 

prediction.
 8

 Several publications
9,10

 suggest that the current risk stratification algorithms would become 13 

more efficient if they were integrated with genetic risk assessment. There is consistent evidence from 14 

large-scale international studies that CVD is highly heritable and is influenced by a wide range of genetic 15 

factors. As confirmed by genome-wide association studies (GWAS), there are more than 50 genetic loci 16 

across the whole genome which are associated with CVD. It has also been shown that including hundreds 17 

to thousands of single-nucleotide polymorphisms (SNPs) with less statistical confidence in addition to the 18 

SNPs with proven significance, can improve the actual risk predictions. Using large European cohorts, a 19 

study on CVD prediction demonstrated that integration of such a genetic risk score with the conventional 20 

non-genetic risk scores improved 10-year risk prediction.
11

 It is now clear that CVD is a polygenic 21 

disease, therefore an efficient genomic predictor should combine data across the large number of SNPs.  22 

There has been considerable progress in PRS optimization to generate a single score that could 23 

subsequently be used in individual risk stratification.
10,12,13,14

  24 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjopen/advance-article/doi/10.1093/ehjopen/oeac079/6912223 by Viikki Science Library user on 28 D

ecem
ber 2022



5 

An analysis conducted on the Estonian Biobank (EstBB) cohort (Estonian Genome Center 1 

database) indicated a considerably higher hazard for acute CVD events for individuals at high genetic risk, 2 

with the results being consistent with the study of Abraham, et al.
11,12,15 

According to SCORE criteria, 3 

close to 50% of men and 20% of women aged 40-70 would potentially need statin therapy to prevent acute 4 

CVD events; however, only 4% actually receive such therapy. At the same time, more than 50% of the 5 

cohort received a CVD diagnosis by the age of 75, and by this age the probability of myocardial infarction 6 

is about 20% in males and 5% in females. Given the high cardiovascular mortality rate in Estonia, we 7 

could expect an even greater benefit in terms of prevented events as the result of the implementation of the 8 

personalised risk stratification algorithms. 9 

Therefore, our primary aim was to assess the impact of a PRS intervention to reduce cardiovascular risk 10 

scores among patients in a primary care setting. Our main outcomes included:  1) compare changes in the 11 

10-year overall CVD mortality scores between study groups 12 months after the start of the study as 12 

measured by the Kardiokompassi method; 2) investigate the difference in purchased prescriptions of lipid-13 

lowering and antihypertensive drugs between intervention group and control group subjects; and 3) assess 14 

the opinions of the participating physicians and participants on their knowledge of polygenic risk and its 15 

usefulness in practice.  16 

Methods 17 

We have performed a randomised controlled trial (RCT) on CVD risk factor reduction among middle-18 

aged subjects who are in the top 20% CAD PRS. The first CAD risk algorithm for the Estonian population 19 

was created. The study was conducted in regular primary care settings throughout Estonia and 20 

incorporated 73 general practitioners. The intervention arm received an intake assessment, was provided 21 

with the PRS score together with initial counselling and returned for a regular visit and counselling at 22 

months 3 and 12 after intake. The control group received the same intervention on visit I at the end of the 23 

study period. 24 
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Inclusion criteria for study participants 1 

1. Age 30-65 for males and 40-70 for females  2 

2. Is in the top 20% CAD PRS 3 

3. No current diagnosis of CAD (ICD-10 categories I20-I25), cerebrovascular disease (I60–64, 4 

I69, G45) or peripheral vascular disease (I65–66, I67.2, I70, I73.9) 5 

4. No current diagnosis of diabetes mellitus (E10–14) 6 

5. Is not currently receiving any cholesterol-lowering treatment (such as statin therapy) 7 

 8 

 The study flow chart is displayed in Figure 1.  9 

 10 

  11 
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 1 

Figure 1. Study flow chart 2 

 3 

The randomisation was performed at the Estonian Biobank after the consent from a participant was 4 

received.  The randomization was carried out in blocks of random size (average block size 100, range 88-5 

118).  The names of the intervention group subjects were extended to the participating family doctors right 6 

after the randomisation was completed. The names of the subjects in the control group were not 7 

communicated to the family physicians in the beginning of the study period. The control group underwent 8 

only one visit (visit I) at the end of the study period, where they gave consent, had a blood test and health 9 

parameter assessment and were informed about their polygenic and combined risk of CAD. They also 10 

received counselling and treatment if necessary.  11 

Randomly assigned 1018 study participant

Intervention group n=507 Control group n=511

Did not answer n=4
Abandoned study n=17

Did not answer n=12
Abandoned study n=3

I visit n=486 (96%)
KardioKompassi report n=429 (85%)

Disqualifying disease n=57

Abandoned study n=7

II visit n=479 (94%)
KardioKompassi report n=422 (83%)

Disqualifying disease n=57

Abandoned study n=8

III visit n=471 (93%)
KardioKompassi report n=414 (82%)

Disqualifying disease n=57

I visit n=486 (95%)
KardioKompassi report n=435 (85%)

Disqualifying disease n=51
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Subjects of the intervention group were actively invited to the family doctor's visit, the study was 1 

introduced and they have given their informed consent to participate . Three study visits were made during 2 

the study: baseline, after 3 months, and after 12 months. At the first visit, the informed consent was 3 

signed, medical history and health data were collected. Polygenic CAD risk and the 10-year combined 4 

CAD risk were calculated using the Kardiokompassi method.
16

 Patients were provided health counselling 5 

and preventive treatment as needed according to the guidelines
3
. Subjects’ height, body weight, body mass 6 

index, waist circumference, systolic and diastolic blood pressure (SBP, DBP), cholesterol, LDL-C, blood 7 

glucose, physical activity, and smoking status were studied at all three visits in the intervention group, and 8 

at the 12-month visit in the control group. The second and third visits assessed the change in aggregate 9 

risk, provided additional counselling, and asked for feedback of participants. 10 

The names of the subjects in the control group were not communicated to the family physicians. During 11 

the follow-up period, patients in the control arm were treated based on regular primary care protocols 12 

according to current treatment guidelines (including opportunistic screening for CVD prevention in 13 

middle-aged people). Subjects in the control group underwent one visit to the family physician 12 months 14 

after the start of the study where they received the same intervention as intervention arm participants at the 15 

first visit. They gave consent to the study and had a blood test and health parameter assessment. Control 16 

group subjects were also informed about their polygenic and combined risk of CAD and health behaviours 17 

and received counselling. The participation rate was high both in the intervention group (95.9%) and in 18 

the control group (95.1%). In the intervention group compared to the control group, 17 and 13 subjects 19 

refused the PRS visit, respectively, and 4 and 12 subjects did not respond to the family doctor's invitation. 20 

The age and sex distribution of the study cohort are shown in Table 1. 21 

Table 1. Age and sex distribution of the study cohort 22 

 Intervention group  Control group 

 
n 

age (years) 

mean (SD) 

 

n 

age (years) 

mean (SD) 
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Male 188 46.6 (10.2)  197 46.7 (10.3) 

Female 319 53.8 (8.4)  314 54.3 (8.5) 

 1 

In this nationwide study, participants were selected from 26 953 Estonian Biobank cohort participants (10 2 

042 men and 16 911 women). Subjects with the highest PRS quintile for CAD (1017 women and 712 3 

men) were invited to the study. Of these, 589 subjects responded to the first e-mail and 429 to the second, 4 

giving overall response rate of 59%. Thus, we enrolled a total of 1018 persons; 507 subjects were 5 

randomised to the intervention group and 511 to the control group. 6 

The average age of study participants was 51.2± 9.8 years old at the time of enrollment (SD). Of a total of 7 

1018 subjects, 62% were women and 38% were men. The mean follow-up period was 405 days (316–577 8 

days), with a median of 401 days. The study groups did not differ significantly in terms of gender or age 9 

distribution (gender p=0.65, age p=0.623). 10 

 11 

 12 

Cardiovascular risk assessment and management 13 

The study used Kardiokompassi as an interactive web-based tool for patients and physicians to manage 14 

and use genomic information for the prevention of CAD. Kardiokompassi is an instrument for primary 15 

prevention and has been developed by the Institute for Molecular Medicine Finland, University of 16 

Helsinki.
16 

This tool comprehensively utilises the genetic profile of an individual in combination with 17 

conventional health information to assess the risk for CAD. The risk assessments obtained with this 18 

instrument are based on traditional health data as well as a genetic risk score containing 49,000 DNA 19 

variants associated with CAD. A secure website was created in this study for the use of the 20 

Kardiokompassi during the study by both family doctors and patients. This web app takes an 21 

individualised approach to support health behaviour changes. The calculator evaluates and interprets 22 
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personal risk for developing CAD during the next ten years. Using the interactive interface, users can also 1 

test how different lifestyle changes, such as quitting smoking, impact their risk. All investigators in the 2 

study received training in the use of the Kardiokompassi before the start of the study.  3 

Subjects received focused management based on the European Society of Cardiology guidelines.
3 4 

Detailed intervention instructions were created for participating general practitioners and three special 5 

training sessions were provided, including risk assessment, lifestyle counselling (smoking cessation, 6 

physical activity, diet, body weight), dyslipidaemia (diagnosis, indications for statin treatment, drug 7 

selection, monitoring) and treatment of hypertension (diagnosis, treatment). Data about purchased 8 

prescriptions (ATC: C03*, C07*, C08*, C09*, C10*) were retrieved from the Estonian Health Insurance 9 

Fund (EHIF). 10 

The study used web-based REDCap (Research Electronic Data Capture) software to create and 11 

manage data. Each general practitioner was only granted access to the patient’s data on his or her list in 12 

order to ensure the protection of personal data. Almost all data collected during the study were entered 13 

directly into REDCap. A paper file contained only the informed consent of the subjects; this file was 14 

stored in a locked cabinet only accessible by the principal investigator.  15 

Study monitoring and quality assurance 16 

Study monitoring was performed by the monitor of the Clinical Research Center of the University of Tartu 17 

throughout the study period between April 2019 and December 2020. The monitor checked the quality 18 

and completeness of the data entered into REDCap twice a month for the two subjects in each study 19 

centre, based on the study quality control plan. If necessary, the monitor contacted the investigator and 20 

asked them to correct the errors or add missing data. In addition, during the initial period of the study, the 21 

monitor conducted an on-site inspection in one urban and one rural general practitioner’s practice. The 22 

monitor submitted monthly reports outlining the shortcomings identified. The monitoring summaries 23 

helped to guide the researchers and thus ensure the quality of the survey data collection. During the study, 24 

information letters were regularly sent to the researchers, giving an overview of the progress of the 25 
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project. Support was also provided throughout the period to address both the involvement and counselling 1 

of subjects and information technology issues.  2 

This study was approved by the Research Ethics Committee of the University of Tartu on May 21, 3 

2018 under protocol No 282/T-28. Participants have provided written informed consent. The clinical trial 4 

was registered in the trial database ClinicalTrials.gov entitled "Proactive Cardiovascular Prevention 5 

Strategy in Subjects With High Genetic Risk" (EstPerMedCV, designation NCT04291157). 6 

Statistical analyses 7 

Frequencies and percentages are given for categorical background characteristics. Continuous background 8 

characteristics and clinical measurements are described using means and standard deviations. In addition, 9 

the median and range are presented for the risk scores. A paired t-test (for normally distributed variables) 10 

or non-parametric Wilcoxon sign test (for non-normally distributed variables) was used for statistical 11 

comparison between measurements on visit I vs. II and visits I vs. III; a comparison between the 12 

intervention group and the control group was performed using Student t-test or the Mann-Whitney U test. 13 

Bonferroni correction was used to correct multiple testing error on p-values and confidence intervals. 14 

Differences between groups are presented with the mean and 95% confidence intervals. The Fisher’s exact 15 

test was used to compare the number of persons who purchased prescriptions. The number of prescriptions 16 

purchased per follow-up year are compared with Poisson regression adjusted to age, sex, PRS, and 17 

prescriptions purchased before follow-up, IRR (incidence rate ratio) and 95% confidence are presented. P-18 

values less than 0.05 are considered statistically significant. Analysis has been performed using the 19 

statistical software Stata14.2. 20 

Results 21 

Each participant’s family history of CVD was investigated using interviews, and retrieving register-based 22 

information. Arterial hypertension occurred in 71% of the families of the subjects, stroke was present in 23 
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38%, CAD in 48%, diabetes in 33%, and CVD at an early age in 37% of the subjects’ families. The 1 

distribution of these diseases was similar in the families of both study groups. 2 

The main health parameters of study participants are displayed in Table 2.  The comparison between the 3 

intervention group (I, II, and III visits) and the control group is also provided showing statistically 4 

significant (p<0.05) differences over time and/or between groups. The primary endpoint was not 5 

significantly different. However, the intervention group participants had significantly higher probability of 6 

initiating statin treatment compared with controls. 7 

 8 
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Table 2. Characteristics of intervention and control group subjects  1 

 Intervention group Control group Difference (95% CI) 

  I visit 

n = 486 (96%) 

II visit 

n = 479 (94%) 

III visit 

n = 471 (93%) 

 

n = 486 (95%) 

 

II vs. I 

 

III vs. I 

 

III vs. control 

 mean (SD) mean (SD) mean (SD) mean (SD)    

Age (years) 51.4 (9.7) 51.8 (9.7) 52.6 (9.7) 52.9 (9.8)   -0.28 

(-1.8–1.23) 

Height (cm) 169.9 (9.5) 169.9 (9.5) 169.8 (9.6) 170.1 (9.5)   -0.25 

(-1.73–1.23) 

Weight (kg) 82.4 (18) 82.3 (17.9) 82.6 (18.1) 82.2 (18.6) -0.24 

(-0.55–0.07) 

0.03 

(-0.45–0.51) 

0.44 

(-2.41–3.28) 

BMI (kg/m
2
) 28.5 (5.6) 28.4 (5.6) 28.6 (5.6) 28.3 (5.6) -0.08  

(-0.19–0.02) 

0.03  

(-0.14–0.19) 

0.28 

(-.59–1.15) 

Waist 

circumference (cm) 

94.7 (14.7) 94.1 (14.6) 94.3 (15.1) 93.3 (15.1) -0.72** 

 (-1.19– -0.26) 

-0.51 

(-1.16–0.13) 

1.06 

(-1.28–3.41) 

SBP (mm Hg) 129.4 (17.2) 126.9 (15) 128.5 (15.8) 130.2 (15.9) -2.69*** 

(-4.2– -1.19) 

-1.06  

(-2.81–0.69) 

-1.73 

(-4.18–0.72) 

DBP (mm Hg) 81.1 (10.3) 80.2 (10) 80.2 (10) 81.4 (10.1) -0.96 

(-1.99–0.08) 

-0.92’  

(-1.95–0.11) 

-1.22 

(-2.78–0.34) 

Cholesterol 

(mmol/L) 

5.5 (1.1) 5.3 (1) 5.4 (1.1) 5.7 (1.1) -0.16*** 

(-.27– -0.05) 

-0.03 

(-.13–0.06) 
-0.23** 

(-0.40– -0.06) 

LDL-C (mmol/L) 3.6 (1) 3.4 (1) 3.4 (1.1) 3.6 (1.1) -0.18*** 

 (-0.28– -0.07) 

-0.12*  

(0.23–0.01) 

-0.20* 

(-.36– -0.03) 

Glucose (mmol/L) 5.3 (1) 5.4 (1) 5.4 (1) 5.4 (0.9) 0.02 

(-0.07–0.12) 
0.09* 

(0.01–0.17) 

-0.01 

(-0.15–0.13) 

Physical activity 

(min/week) 

454.3 (612.6) 503.3 (613.1) 552.2 (639.5) 630.7 (742.3) 55* 

(1.1–109) 

104***  

(47–162) 

-78 

(-186–29) 

Smoking (%) 21.6 19.2 18.5 21.8 -2.3’ 

(-4.7–0.08) 

-2.8’ 

(-5.8–0.3) 

-3.3 

(-9.5–2.9) 

’ p<0.1 * p<0.05 ** p<0.01  ***p<0.001 2 
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The mean SBP in intervention group subjects on visit I was 129 mm Hg and was significantly (p<0.001) 1 

decreased on visit II by 2.5 mm Hg. However, on visit III the mean SBP has returned to 129 mm Hg level, 2 

which did not differ statistically significantly from the control group (130 mm Hg).  3 

Total cholesterol levels were significantly decreased by 0.16 mmol/L (p<0.006) in intervention group 4 

subjects on visit II. When comparing the intervention vs control group, the mean cholesterol value on visit 5 

III (5.4 mmol/L) was 0.23 mmol/L lower (p<0.004) in the intervention group. The mean intervention 6 

group LDL-C level on the baseline was 3.6 mmol/L and decreased significantly on visits II and III by 0.17 7 

mmol/L (p<0.004) and 0.12 mmol/L (p<0.023), accordingly. When comparing visit III LDL-C mean 8 

values between study groups, the control group’s mean LDL-C value was 0.19 mmol/L higher (p<0.01) 9 

compared to the intervention group.  10 

Physical activity at baseline in the intervention group was 454.3 min/week. By visit III, physical 11 

activity had increased by 97.9 min/week (p<0.001) compared to baseline. Controls had significantly 12 

higher physical activity (630.7 min/week) than the intervention group. Cigarette smoking was quite 13 

common among study participants (21.8% in the intervention group and 21.6% in the control group). The 14 

number of smokers decreased in the intervention group by 2.3% on visit II and by 2.8% on visit III. 15 

However, this change was not statistically significant.  16 

PRS and the 10-year cumulative risk of CVD death by the Kardiokompassi method 17 

In the intervention group mean PRS was 1.41 and in the control group 1.42. The 10-year cumulative risk 18 

of CVD death, including PRS, was 2.63%±3.95 in the study group at the first visit and increased to 19 

2.82%±4.09 on visit III which was caused by the increased age of the subjects. The 10-year cumulative 20 

risk of CVD death in the control group was 3.15±4.15, statistically indistinguishable from the intervention 21 

group. Thus, there were no statistically significant differences in the study primary endpoints between 22 

study groups. Table 3 demonstrates the 10-year cumulative risk of CVD death, taking into account only 23 

traditional risk factors and the Kardiokompassi method. 24 
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Table 3. 10-year cumulative absolute risk of CVD death by traditional risk factors (cholesterol, systolic blood pressure, age, sex, smoking) and by the 1 

Kardiokompassi method 2 

 3 

 4 

 
INTERVENTION GROUP 

CONTROL 

GROUP 

INTERVEN

TION 

GROUP 

VISIT III 

VS. 

CONTROL 

GROUP 

 I visit 

n = 429 (85%) 

II visit 

n = 422 (83%) 

III visit 

n = 414 (82%) 

 

n = 435 (85%) 

 mean 

(sd) 

median 

(min–max) 

mean 

(sd) 

median 

(min–max) 

mean 

(sd) 

median 

(min–max) 

mean 

(sd) 

median 

(min–max) 

p-value 

Risk of CVD death, 

accounting for 

traditional risk 

factors 

2.31 

(3.48) 

0.80 

(0.04–24.9) 

2.28 

(3.53) 

0.83 

(0.04–24.9) 

2.48 

(3.62) 

0.91 

(0.05–32.1) 

2.76 

(3.70) 

1.06 

(0.06–31.4) 
0.16 

Risk of CVD death, 

accounting for 

traditional and 

polygenic risk 

2.63 

(3.95) 

0.95 

(0.05–27.3) 

2.59 

(3.98) 

0.95 

(0.05–28.5) 
2.82  

(4.09) 

1.1 

(0.06–35.1) 

3.15 

(4.19) 

 

1.2 

(0.1–35.2) 
0.15 
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 1 

Purchased antihypertensive (C03– C09) and lipid-lowering (C10) prescriptions before the study were 2 

similar among the intervention and control groups (Table 4). During the follow-up time significantly 3 

more intervention group subjects purchased prescriptions compared to the control group (C03– C09: 4 

37.1% vs 30.9%, p=0.04; C10: 21.7 vs 11.5, p<0.001). The number of prescriptions per follow-up year 5 

was 1.38 (95% CI 1.27-1.5) times higher for antihypertensive drugs and 2.48 (95% CI 2.12-2.90) 6 

times higher for the lipid-lowering medication in the intervention group compared to the control 7 

group. Intervention group subjects achieved larger changes in cholesterol and blood pressure values.  8 

 9 
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 1 

Table 4. Purchased prescriptions of lipid-lowering and antihypertensive drugs in intervention  2 

 

 
Intervention group (n=507) Control group  (n=511) Comparsion 

 Persons 

purchased 

prescription 

n (%) 

No of purchased 

prescriptions 

per person-year 

Persons 

purchased 

prescription 

n (%) 

No of 

purchased 

prescriptions 

per person-year 

No of 

persons 

(p-value) 

IRR* (95% 

CI) for no of 

prescrpition 

ATC: C03*-C09*       

before follow-up begins 
129 (25.4) 

0.58 

(0.52–0.65) 
137 (26.8) 

0.92 

(0.84–1.01) 

0.669 

 
 

Since first visit to last visit / 

controls: 1 year before visit  188 (37.1) 
2.54 

(2.41–2.69) 
158 (30.9) 

2.17 

(2.05–2.30) 
0.04 

1.38 

(1.27–1.50) 

p<0.001 

ATC: C10*       

before follow-up begins 
40 (7.8) 

0.12 

(0.09–0.15) 
47 (9.2) 

0.19 

(0.15–0.23) 
0.502  

Since first visit to last visit / 

controls: 1 year before visit  110 (21.7) 
0.98 

(0.89–1.07) 
59 (11.5) 

0.48 

(0.42–0.54) 
<0.001 

2.48 

(2.12–2.90) 

p<0.001 

*Adjusted for age, sex, PRS, number of prescriptions before follow-up 3 
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 1 

The study also evaluated the opinions of the participating subjects and their physicians about 2 

their knowledge of polygenic risk and its usefulness via feedback questionnaires. The majority of 3 

study subjects have reported that knowing the genetic risk helps improve lifestyle and medication 4 

compliance. The vast majority of participants have recognised lifestyle as a major factor in CVD risk 5 

and more than half of participants were convinced that genetics is very important as well. The average 6 

consultation time by doctors was 29 minutes. More than 90% of participants rated the information and 7 

explanations given during the counselling session as sufficient. The vast majority of participating 8 

general practitioners believe that finding out about genetic risks will affect the subject’s lifestyle and 9 

medication compliance. The vast majority (98.4%) of general practitioners were interested in 10 

continuing to use genetic risk assessment and counselling in their practice.  11 

 12 

 13 

Figure 2. Responses to the physician feedback questionnaire. 14 

  15 

  16 
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Discussion 1 

Our study has demonstrated that he intervention group participants had significantly higher probability 2 

of initiating statin treatment compared with controls. Their levels of LDL cholesterol (LDL-C) were 3 

significantly decreased compared to baseline on visit III by 0.12 mmol/L (p<0.023) and significantly 4 

lower than the control group (p<0.01) by 0.19 mmol/L. The vast majority of participating family 5 

physicians believe that finding out about genetic risks will affect the subject’s lifestyle and medication 6 

compliance and they are interested in continuing to use genetic risk assessment in practice. 7 

The literature in the area of PRS for CAD reveals that although there is great potential, this strategy 8 

remains under-developed.
17,18,19

 One reason may be that the implications of stratification for clinical 9 

practice have not yet been fully investigated. There is currently no solid evidence for the clinical utility 10 

of PRS for cardiovascular disease prevention, and this was the motivation for our study. To our 11 

knowledge, this is the first RCT to evaluate a CVD risk factor intervention in middle-aged subjects 12 

with very high CVD polygenic risk scores. Our aim was to assess the impact on CVD risk factors over 13 

12 months and to evaluate the difference in the 10-year overall CVD mortality scores between study 14 

groups 12 months after the start of the study as measured by the Kardiokompassi method. 15 

The role of PRS for CAD in risk prediction 16 

The incremental value of PRS in addition to traditional risk prediction models for CAD is not 17 

clear. A recent retrospective cohort study of the predictive accuracy of a previously validated PRS was 18 

published.
20

 In this analysis of two cohorts of US adults, the PRS was associated with incident 19 

coronary heart disease events but did not significantly improve risk reclassification compared with 20 

conventional predictors. Another recent publication has demonstrated that the addition of a PRS for 21 

CAD to pooled cohort equations was associated with a statistically significant but modest 22 

improvement in the predictive accuracy for incident CAD and improved risk stratification for only a 23 

small proportion of individuals.
21

 24 

There has been constructive opposition to these articles. On the one hand, it is considered that 25 

even a small improvement in risk prediction using the PRS has clinical significance. On the other 26 
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hand, the main problem these studies have enrolled relatively older (more than 60 years) populations. 1 

In our study (approximately 47 and 54 year old for males and females, respectively) the study group 2 

subjects had a mean PRS of 1.41 and control group of 1.42 which indicates a substantial CAD risk 3 

increase among these subjects (Table 2). The main advantage of the PRS is that it predicts risk 4 

significantly earlier than traditional risk factors. PRS can be diagnosed at birth and remains stable 5 

throughout life. Thus, CAD risk SNPs are detectable in younger individuals before traditional, 6 

clinically apparent risk factors are present, such as hypertension or elevated lipids.
20,21

 In addition, 7 

lifestyle and environmental factors have been shown to be independent of and complementary to 8 

genetic risk. Because PRS can be quantified from a young age, it can provide information to mitigate 9 

the elevated lifetime risk that even moderate LDL-C exposure causes in individuals with a high CAD 10 

PRS.
24,25

 We believe that proactive, early identification and communication with patients allows them 11 

to modify habits at a younger age, thus accruing more years of benefits, or at least slowing down the 12 

accumulation of excess risk.  13 

A recent study by Helsinki University investigators has shown that high PRS contributed 21% 14 

to 38% higher lifetime risk, and 4 to 9 years earlier disease onset.
26

 According to the UK Biobank 15 

study, people with the highest PRS of 5% are about three times more likely to have coronary heart 16 

disease.
27

 This elevated risk is equivalent to the risk of coronary heart disease in patients with familial 17 

hypercholesterolemia. Another recent study investigating the British Biobank's young myocardial 18 

infarction patients found that 1.7% had a familial hypercholesterolemia mutation and as many as 17% 19 

had an extremely high PRS.
28

 An integrated risk tool combining a current clinical risk tool and a PRS 20 

has been successfully validated also across multiple ethnicities and ancestries.
8
  21 

In the secondary prevention of CAD, incidence of major adverse cardiac events was strongly 22 

related to PRS and this PRS relationship was not explained by baseline LDL-C or other established 23 

risk factors.
29

 An additional 4.1% of primary prevention patients may be recommended for statin 24 

therapy if high CAD PRS were considered a guideline-based risk-enhancing factor.
30

 Thus, the 25 

involvement of the PRS in CAD prevention is of great significance and potential. 26 

Impact of a proactive high PRS-based prevention strategy on CVD risk factors 27 
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There is currently only very limited evidence for the high PRS-based proactive prevention 1 

effect on CVD risk reduction.
31

 Risk captured by PRS appears largely independent of traditional risk 2 

factors and can be identified prior to the development of traditional clinical risk factors. The potential 3 

benefits of PRSs include cost-effective enhancement of primary disease prevention, more refined 4 

diagnoses and improved precision when prescribing medicines.
32

 Genetic risk is modifiable through 5 

lifestyle modifications and medications. However, further work is needed before PRS can be 6 

implemented clinically.
22

 Nevertheless, recent efforts have begun to demonstrate evidence supporting 7 

the personal and clinical utility of polygenic risk profiling.
18

  8 

In the intervention group, we described improvement in many health indicators and risk scores 9 

at visit II, with many indicators having improved, such as waist circumference, SBP, cholesterol 10 

levels, physical activity, and smoking prevalence. This is in line with a recent paper showing that web-11 

based communication of personal atherosclerotic cardiovascular disease risk-data including polygenic 12 

risk to middle-aged persons motivates positive changes in health behaviour.
17

 Another paper has 13 

revealed role of CHD risk estimates that incorporated genetic risk information in lowering of  LDL-C 14 

levels compared to CHD risk based on conventional risk factors alone.
33

 However, one study in 15 

participants with at least moderate risk of CAD has demonstrated that adding PRS to standard-of-care 16 

did not change lipids, adherence, or psychological outcomes.
34

 By the third visit, however, the 17 

improvements had regressed with only the differences in LDL-cholesterol levels, total cholesterol, 18 

physical activity, and smoking prevalence remaining statistically significant. One modification to 19 

sustain momentum could be an additional visit or contact at months 6 and 9 to intensify a healthy 20 

lifestyle. Another major reason to explain the diminished effect on SBP was the Covid-19 pandemic, 21 

which has delayed the time interval between visits II and III. In the Covid-19 pandemic, the 22 

cardiovascular risk may have been considered by study participants to be of secondary importance, 23 

and lockdown measures may have impeded lifestyle changes. 24 

In the present randomised study, knowledge of the high polygenic risk of CVD with 25 

concomitant lifestyle counselling and treatment achieved larger and more permanent changes in health 26 

indicators than could have been achieved by medication alone (LDL cholesterol and blood pressure 27 
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values) while smaller changes in lifestyle indicators were sustained. These findings suggest that while 1 

lifestyle-related health indicators can be improved in the short term (3 months), these changes are 2 

difficult to sustain over the long term (1 year). However, the observation period was short and longer-3 

term intervention studies are needed to draw definitive conclusions. Perhaps most importantly, the vast 4 

majority (98,4%) of general practitioners were interested in continuing to use genetic risk assessment 5 

in their practice. 6 

A high PRS for CAD is associated with 3x risk reduction on lipid-lowering therapy 7 

People with the highest burden of genetic risk derived the largest relative and absolute clinical 8 

benefit from statin therapy. In a large study, the number needed to treat (NNT) to prevent a cardiac 9 

event was found to be an impressive three times lower among those with high genetic risk compared 10 

to low.
35

 Integration of the PRS in the risk stratification algorithms would lead to more accurate 11 

identification of those in need of statin therapy to prevent CVD events. 12 

Similar observations have been made by two recent proprotein convertase subtilisin/kexin type 13 

9 inhibitors (PCSK9) trials (FOURIER and ODYSSEY OUTCOMES). Patients with high genetic risk, 14 

regardless of clinical risk, had a high event rate and derived the greatest relative and absolute benefit 15 

from evolocumab.
36

 A high PRS for CAD is associated with elevated risk for recurrent MACE after 16 

acute coronary syndrome and a larger absolute and relative risk reduction with alirocumab treatment.
29

 17 

These results substantiate that PRS provides a useful independent tool for risk stratification and 18 

precision medicine.  19 

 20 

Limitations 21 

The study was performed in a period of the Covid-19 pandemic when the health priorities of the 22 

subjects have responded to shifting public health guidance and less attention was paid to 23 

cardiovascular risk modification. There is lack of a rigid evaluation on medication adherence. Some 24 

baseline data for the control group were not available for analysis and controls had higher physical 25 

activity than the intervention group. However, the age and sex distribution was comparable in both 26 
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study groups inferring that the randomized groups were comparable in major variables. Quality of life 1 

questionnaire has not been used in assessment of interest of general practitioners in continuing to use 2 

genetic risk assessment. 3 

 4 

Conclusions  5 

Most of our outcome measures were in favour of this intervention and some (LDL-C, SBP and 6 

smoking cessation) demonstrated durable improvement. Participants achieved larger changes in 7 

cholesterol and blood pressure values and smaller changes in lifestyle indicators. The intervention 8 

group participants started to use statins more often. Their levels of LDL cholesterol LDL-C were 9 

significantly decreased compared to baseline and significantly lower than in the control group. The 10 

vast majority of participating general practitioners believe that finding out about genetic risks will 11 

affect the subject’s lifestyle and medication compliance and are interested in continuing to use genetic 12 

risk assessment in practice. 13 

 14 
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