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Purpose: We tested whether providing a genetic risk score (GRS) for coronary artery dis-
ease (CAD) would serve as a motivator to improve adherence to risk-reducing strategies.

Methods: \We randomized 94 participants with at least moderate risk of CAD to receive
standard-of-care with (N = 49) or without (N = 45) their GRS at a subsequent 3-month
follow-up visit. Our primary outcome was change in low density lipoprotein cholesterol
(LDL-C) between the 3- and 6-month follow-up visits (ALDL-C). Secondary outcomes
included other CAD risk factors, weight loss, diet, physical activity, risk perceptions, and
psychological outcomes. In pre-specified analyses, we examined whether there was a
greater motivational effect in participants with a higher GRS.

Results: Sixty-five participants completed the protocol including 30 participants in the
GRS arm. We found no change in the primary outcome between participants receiving
their GRS and standard-of-care participants (ALDL-C: —13 vs. —9 mg/dl). Among par-
ticipants with a higher GRS, we observed modest effects on weight loss and physical
activity. All other secondary outcomes were not significantly different, including anxiety
and worry.

Conclusion: Adding GRS to standard-of-care did not change lipids, adherence, or
psychological outcomes. Potential modest benefits in weight loss and physical activity
for participants with high GRS need to be validated in larger trials.

Keywords: genetic risk score, coronary artery disease, LDL-cholesterol, GWAS, cardiovascular risk

INTRODUCTION

Coronary artery disease (CAD) remains the leading cause of morbidity and mortality worldwide (1).
Primary prevention is a goal for providers everywhere and can result in remarkable reductions in
event rates when applied optimally. However, motivation to adhere to prescribed medications and
lifestyle changes known to reduce the risk of CAD continues to be a major challenge and contributes
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substantially to suboptimal outcomes. For example, prior studies
have shown poor adherence to statins in both primary and sec-
ondary prevention populations with discontinuation rates of up
to ~40% (2-4). Other studies such the Nurses’ Health study have
documented a high population-attributable risk of CAD events
related to suboptimal diet, physical activity, diet, and smoking
patterns (5).

One of the cornerstones of prevention counseling and therapy
is the estimation of risk for future cardiovascular events. Emerging
data suggest that a genetic risk score (GRS) modestly improves
risk prediction beyond traditional risk factors included in widely
used clinical risk scores such as the Framingham or Omnibus risk
estimator (6-9). The GRS summarizes the degree of exposure to
high-risk alleles for CAD identified through genome-wide asso-
ciation studies. The clinical utility of these observations remains
unclear in the absence of randomized trials that directly docu-
ment a clinical benefit (e.g., reduction in CAD events through the
incorporation of a GRS) given the degree of incremental improve-
ment of risk prediction provided by the GRS remains quite
modest (6-9).

Enhanced risk prediction may ultimately serve as a primary
means by which a GRS improves outcomes, but the communica-
tion of one’s genetic risk may also improve outcomes by motivat-
ing participants to better adhere to proven primary prevention
strategies. This hypothesis has been tested for CAD using other
novel biomarkers such as coronary artery calcification (CAC)
with some recent evidence of benefit (10). On the other hand,
providing participants with their genetic risk in other settings
such as type 2 diabetes was not found to be more effective than
conventional counseling (11). A recent trial demonstrated a
modest effect on the use of GRS in influencing shared decision-
making resulting in more statin prescriptions (12). However, the
trial design did not allow a differentiation between the effect on
the health-care provider or the patient. To provide more evidence
in this regard, we conducted a pilot randomized clinical trial in
participants at risk of CAD to ascertain the utility of a GRS as
a motivational tool to reduce risk factors for CAD in a routine
clinical setting over a 3-month period.

PATIENTS AND METHODS

Population and Study Design

We have previously published the details of the study design and
protocol (13). The protocol was registered at https://Clinical Trials.
gov NCT01406808 and was approved by the Stanford Institutional
Review Board, and all participants gave informed consent. We
recruited participants from the Stanford Preventive Cardiology
Clinic, and the trial was advertised through the disbursement
of flyers to local cardiologists, general practitioners, and family
medicine doctors. Enrollment began in August 2011 and follow-
up was completed in April 2015.

Participants seeking cardiovascular risk evaluation or optimi-
zation either through self-referral or referral from another pro-
vider who had at least a 6% risk of CAD over the next 10 years or
>20% risk over the next 30 years as estimated by the Framingham
risk score were eligible to participate (13). Participants also had

to be White, South-Asian, or Hispanic/Latino to be eligible to
participate as these race/ethnic groups have similar genetic
architecture for the risk alleles that were used (13-15). Exclusion
criteria included a history of atherosclerotic myocardial infarc-
tion, angina, bypass surgery, percutaneous intervention, stroke,
peripheral arterial disease, active statin therapy, previous genetic
testing, medical conditions that would limit ability to adhere to
recommendations, and <1 year anticipated survival (13).

Eligible participants were randomized to receive either
standard-of-care or standard-of-care with the addition of GRS
delivered by the physician using a suggested script. Participants
were randomized using a permuted block algorithm with a block
size of 8. The risk assessment at baseline that did not consider an
individual’s genetic risk dictated the primary prevention recom-
mendations for all participants. We used the National Cholesterol
Education Program/Adult Treatment Panel III guidelines to
determine the participants goal low density lipoprotein choles-
terol (LDL-C) and medications as needed. The trial was designed
and recruitment was mostly completed before the publication of
the 2013 AHA/ACC lipid guidelines (16).

We genotyped all participants with Illumina’s iSelect Cardio-
Metabochip array between the baseline visit and their second
visit scheduled approximately 3 months after their baseline visit
at the HudsonAlpha Institute of Biotechnology Genomic Services
Laboratory (13). We used a total of 19 SNPs on the array associ-
ated with the risk of CAD independent of traditional risk factors
to construct a weighted GRS for all participants and used the
GRS to update the 10-year Framingham risk of all participants
(13, 17). Briefly, we first derived a normalized score of the number
of high-risk alleles possessed by each white participant in the
ARIC study (n = 8,734) using the respective log odds ratios for
each of the 19 SNPs from CARDIoGRAM as weights (13). This
distribution of scores served as the population-based comparison
for the participant’s GRS. To assess the 10-year risk of CVD based
on an individual’s GRS, a relative risk regression was estimated
within the ARIC cohort, adjusting for sex and age. Within the
ARIC sample, the relative risk for a 1 SD increase in genetic
risk was found to be 1.18 (95% confidence intervals: 1.12, 1.25).
For participants in this study, a GRS was calculated in the same
manner as it was calculated for ARIC cohort members (13). Each
individual’s 10-year risk of CHD based on the Framingham risk
calculator was computed. This 10-year risk was then multiplied
by the individual’s estimated genetic relative risk to generate an
updated risk. The 19 SNPs included in the GRS were as follows:
rs17465637, rs9970807 (proxy for rs17114036), rs6725887,
rs2306374, rs12190287, rs12204265 (proxy for rs17609940),
rs12526453, rs11556924, rs4977574, rs1746048, rs2246833,
rs2505083, rs974819, rs4773144, rs2895811, rs7177699 (proxy for
rs3825807), rs12449964 (proxy for rs12936587), rs143499 (proxy
for rs216172), and rs9305545 (proxy for rs9982601) (13).

We gave providers (previously blinded to the results of the
GRS) a sealed envelope containing either the results of genetic
testing for participants randomized to the GRS arm or a simple
statement reminding participants in the standard-of-care arm
that they will only receive their results after they complete the
study. Providers explained the GRS and updated risk using a
script and a standardized figure (13, 17). Primary prevention
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recommendations set at the baseline visit were not altered by the
results of the genetic testing. Finally, we asked all participants to
undergo lipid testing at the Stanford lab after their second clinic
visit.

We scheduled a third and final study visit approximately
6 months after the baseline visit. Participants randomized to the
standard-of-care arm received the results of their genetic testing
at the conclusion of the third visit.

Outcomes

The primary outcome was the change in LDL-C between visits 2
and 3 between the standard-of-care and the GRS arm. Secondary
outcomes included changes in all other lipid measures as well,
other changes in other traditional risk factors including weight,
blood pressure (BP), leisure-time physical activity, and dietary
intake. We also assessed medication adherence, attitudes toward
taking prescribed medicines, anxiety, and stages of change.

Statistical Analysis

We used standard methods to calculate summary statistics for
characteristics at baseline as well all outcomes at the 3-month
visit and the 6-month visit stratified by randomization arm. Next,
we calculated standard summary statistics for the distribution of
differences in repeated measures between the 3- and 6-month
visits stratified by randomization arm. Finally, we calculated
Hodges-Lehmann derived medians of these differences within
each arm and tested whether population medians were different
from each other with a Hodges-Lehmann statistic.

Incomplete responses to questionnaires were not uncommon
as was a failure for participants to undergo lipid testing. To maxi-
mize power and minimize drop out from our analyses, we carried
forward partial responses from questionnaires completed during
the baseline visit to the second and/or third visit when they were
not available assuming that the response for that question did not
change from the prior visit(s). When a questionnaire was missing
in its entirety at the third visit as well as either the first or second
visit, the individual was excluded from analyses for that question-
naire. For lipids, we carried forward results from the baseline visit
when results from visit 2 were not available. Participants who did
not have a lipid panel test soon after the final visit were excluded
from analyses.

We conducted two pre-specified subgroup analyses (13). The
first involved the subgroup of participants in the GRS arm with a
GRS above the population median leading to an increased updated
10-year Framingham risk. The second subgroup involved the
subset participants in either arm with positive attitudes toward
taking medications. The median of aggregate of the Likert scores
from the beliefs about medicines questionnaire was used to
identify this subgroup.

RESULTS

Providers consented a total of 100 participants between October
2011 and November 2013. We subsequently withdrew two
participants because they did not meet all eligibility criteria. An
additional four consented participants withdrew prior to submit-
ting their biospecimen at the baseline visit (Figure 1). Of the

remaining 94 participants, we randomized 49 to the GRS arm and
45 to the standard-of-care arm. We summarize the distribution
of baseline characteristics in Table 1. A total of 77 participants
(82%) attended the 3-month follow-up visit and 65 participants
(69%) attended the 6-month final follow-up visit. A total of 17
participants in the GRS arm and 11 in the standard-of-care arm
did not return to clinic to complete the study (p = 0.14). In the
GRS arm, the mean, median, SD, minimum, and maximum num-
ber of high-risk alleles were 18.1, 18, 2.5, 12, and 24, respectively.
Among the participants in standard-of-care arm, these numbers
were similar at 18.4, 18, 2.4, 11, and 24.

Table 2 summarizes the results of our primary and secondary
outcomes. We observed no significant difference in the degree
of LDL-C reduction between the standard-of-care arm and the
GRS arm participants with available lipid data. We found no
significant differences in the degree of changes in high density
lipoprotein concentration, BP, weight, physical activity, diet,
anxiety over genetic testing, or stages of change between the two
groups. With respect to medication use, we found no significant
difference in the proportion of participants on statins at the time
of the 3-month visit (20% in the GRS vs. 26% in the standard-
of-care arm, p = 0.59) as well as the 6-month visit (23% in the
GRS vs. 20% in the standard-of-care arm, p = 0.75). Similarly,
we found no difference in the proportion of participants on
antihypertensive drugs at the time of the 3-month visit (23% in
the GRS vs. 40% in the standard-of-care arm, p = 0.15) as well as
the 6-month visit (27% in the GRS vs. 34% in the standard-of-care
arm, p = 0.51).

Table 3 summarizes the results of our pre-specified subgroup
analyses. For the subgroup of high genetic risk, we found no
significant differences in the primary outcome of LDL-C but we
observed modest beneficial effects for weight loss and physical
activity among participants in the GRS arm compared to the
standard-of-care arm. Among participants with a positive atti-
tude toward medications, we did not observe any significant
differences in the change in LDL-C between the two arms.

DISCUSSION

We examined whether communicating DNA-based risk estimates
of CAD through a brief structured encounter not involving a
genetic counselor would have a beneficial effect on health-related
behavior leading to an improved cardiovascular risk profile
beyond that resulting from a standard-of-care risk assessment.
We found no significant difference between the two arms for
our primary and secondary outcomes. Among the subgroup
with higher genetic risk, we found modest beneficial effects on
weight loss and physical activity, but these latter findings should
be interpreted with caution given the number of statistical
comparisons performed. Finally, we demonstrated that genetic
information for a complex polygenic trait like CAD can be
provided in a busy clinical practice with no significant adverse
psychological effects.

Our findings are consistent with a recently published meta-
analysis of 18 randomized and quasi-randomized controlled trials
involving adults receiving genetic based estimates of risk for con-
ditions whose risk can be influenced by a change in behavior (18).
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Researchers concluded that genetic data does not result in large
motivating or demotivating changes in risk-reducing behavior but
they could not rule out smaller effects given the limited number
and size of trials reported to date. Our findings are also consistent
with a cohort study reporting no impact on physical activity, diet,
or psychological health as a consequence of direct-to-consumer
genome-wide genetic profiling that was used to estimate the
lifetime risk of 22 medical conditions (19).

A recently completed randomized control trial (MI-GENES)
of 203 participants with similar inclusion criterion to our study
found that disclosure of 10-year risk estimates incorporating
a GRS of CAD resulted in LDL-C levels that were ~10 mg/dl
lower among participants with high genetic risk compared to
participants undergoing risk assessment restricted to conven-
tional risk factors (12). A key distinction between the design
of the MI-GENES study and our study was how risk estimates

incorporating an individual’s genetic risk were used in the deci-
sion to prescribe statins. In MI-GENES, these risk estimates
were used to guide the recommendations for statins and were
likely largely responsible for the higher rate of statin prescrip-
tions and the lower LDL-C levels in the high genetic risk group.
In contrast, providers in our study were blinded to the results
of the GRS until after recommendations for statin therapy had
been established using risk estimates that did include genetic
risk. Our approach allowed us to separate out any beneficial
effect of the GRS on LDL-C levels related to increased adher-
ence to risk-reducing strategies from the effect related to an
increase rate of statin prescriptions as a consequence of elevated
10-year risk.

We note that initial smaller studies using CAC scores and
images to motivate adherence were also unable to detect a ben-
eficial effect over usual care but more recent studies, including
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a large randomized clinical trial, have demonstrated clinically
meaningful benefits in adherence to medications and reduc-
tion in cardiovascular risk (20-22). Thus, larger studies are
necessary to confirm or refute our findings. Of interest, a
recent observational study suggests that adherence to an opti-
mal lifestyle that includes a combination of physical activity
at least once a week, maintaining a BMI < 30, no smoking,
and a healthy diet reduces one’s risk of CAD irrespective of
one’s baseline genetic risk. Furthermore, the effects of an

TABLE 1 | Baseline demographics of randomized participants.

Characteristic GRS (n = 49) Standard-of-care (n = 45)
Age, years (SD) 57 (x10) 58 (+8)
Female (%) 39 47
Weight, kg (SD) 85 (+17) 86 (+21)
Race/ethnicity (%)
White 73 78
South-Asian 12 2
Hispanic/Latino 6 13
Middle Eastern 8 2
Other 0 4
10-year Framingham risk (%) 11 (8) 12 (£7)
Systolic BP (mmHg) 124 (+15) 134 (+21)
Diastolic BP (mmHg) 78 (+9) 80 (x11)
Diabetes (%) 8 4
Total cholesterol (mg/dl) 220 (+40) 220 (+45)
LDL-C (mg/dl) 141 (£37) 138 (+39)
HDL-C (mg/dl) 50 (+18) 57 (x21)
Triglycerides (mg/dl) 164 (x133) 134 (x77)
Anti-HTN use (%)? 26 36
Non-statin lipid therapy (%)° 15 17

LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
concentration; BR, blood pressure; GRS, genetic risk score.

2Data available in 38 patrticipants in GRS and 42 in standard-of-care arm.
bData available in 40 participants in GRS and 42 in standard-of-care arm.

optimal lifestyle are able to easily overcome even the most
excess genetic risk (23). Future studies may be more effective
in motivating behavioral change as the GRS is expected to
improve its predictive ability through the incorporation of
novel CAD loci.

Our study had several limitations. First, the 52% retention
rate was less than expected which lowered our power to detect
a difference of the degree of LDL-C lowering between the two
arms as well as the change in other secondary outcomes (13).
Multiple factors may have contributed including participant
movement, loss-of-insurance, and our inability to fund lipid
testing. Second, although we assessed physical activity with
a single categorical item previously shown to be sensitive to
change among inactive individuals (24) and similarly shown
here to be sensitive to change among the subgroup of par-
ticipants with high GRSs, self-reported assessments of health
behaviors in general can be subject to recall bias. Finally, we
assessed the effects of our intervention over a limited 3-month
period. A longer follow-up period would have provided us
with the opportunity to assess whether effects of the GRS
on physical activity and weight gain observed in the first
3 months would have faded or would have been sustained and
contributed to an improved LDL-C over time independent of
statin therapy.

In conclusion, we observed no major effect of communicat-
ing genetic risk for CAD on risk-reducing health behaviors. The
potential benefits in weight loss and physical activity for partici-
pants with high GRSs need to be validated in larger and longer
term trials. The clinical utility of a GRS of CAD remains unclear
in the absence of large-scale clinical trials demonstrating a clear
benefit in adherence or in the reduction of CAD events among
participants whose overall risk and treatment recommendations
has been directly informed by their GRS.

TABLE 2 | Primary and secondary outcomes among GRS and standard-of-care arms.

GRS Standard-of-care
n 3-month 6-month A 3-to n 3-month 6-month A 3-to Difference (95% CI) p for
visit visit 6-month visit visit 6-month in median between Difference
mean + SD mean + SD mean + SD mean + SD mean + SD mean + SD groups in
median # 0
Primary outcome
LDL-C (mg/dl), imputation 27 132 +23 118 + 33 -13+29 34 125 + 42 116 + 40 -9+27 -5.5(-20, 10) 0.86
LDL-C (mg/dl), no 22 132+ 24 1256 + 32 -7+27 27 124 + 44 114 + 40 -10+28 2.5 (=14, 19) 0.46
imputation
Secondary outcomes
HDL-C (mg/dl) 27 54 +19 56+ 18 1+9 34 556 +14 54 + 14 -1+9 1.5(-4,7) 0.66
Systolic BP (mmHg) 30 128+ 16 128 + 15 08+13 35 132 + 20 130 + 21 -2+ 14 4.5(-2,11) 0.18
Diastolic BP (mmHg) 30 77T+9 77 +£10 01+11 35 79+10 79 + 11 0.3+10 0(-5, 5) 0.91
Weight (kg) 30 83+ 20 82+ 19 -1+4 35 84 + 16 84 + 17 -0.1+3 -0.8(-1.9,0.3 0.21
Diet? 21 3.4+0.6 3.3+0.7 0.3 28 3.3+0.7 33+07 -003+08 -0.10(-0.46,0.27) 0.44
Physical activity” 23 3.4+16 37+14 03+12 29 39+13 3.8+ 1.3 -02+0.8 0.5(-1.1) 0.20
Anxiety over genetic 24 1.7+03 1.7+07 -003+03 29 1.7+£04 1.7+05 -0.04+06 -0.12(-0.3,0.17) 0.47
testing
Stages of change 25 4.1+0.8 4.0+0.7 0.1+0.7 30 40+1.0 3.7+0.8 -0.4+09 0.25 (0.0, 0.68) 0.10

LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein concentration; BR, blood pressure; GRS, genetic risk score.

aScored from O to & with improved diet associated with higher scores.
bSix categories of increasing physical activity, coded 1-6.
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TABLE 3 | Subgroup analysis of primary and select secondary outcomes restricted to either high GRS (>50th percentile) or positive attitude toward taking medications

(>50th percentile).

GRS Standard-of-care
n  3-month visit 6-month visit A 3-to n  3-month visit 6-month visit A 3-to Difference (95% CI) p for
mean + SD mean + SD 6-month mean + SD mean + SD 6-month in median between Difference in
mean + SD mean + SD groups median # 0
High genetic risk
LDL-C (mg/dl) 13 126 + 24 109 + 34 -17+31 34 125 + 42 116 + 40 -9+28 -10.5 (=29, 12) 0.37
Weight (kg) 12 79+19 77 £18 -23+3 34 83+ 16 83+ 16 00+3 -1.9(-3.9, -0.4) 0.02
Physical activity 8 26+05 33+1.0 06+11 29 39+13 3.8+1.3 -02+0.38 0.5(0,2) 0.04
Positive attitude
toward meds
LDL-C (mg/dl) 11 135 + 22 127 + 31 -8+25 16 121 + 44 118 + 40 -3+24 -7.5(-26, 16) 0.40

LDL-C, low density lipoprotein cholesterol; GRS, genetic risk score.
aSix categories of increasing physical activity, coded 1-6.
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