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Methods   

Screening Genotyping 

Of the 46 single-nucleotide polymorphisms (SNPs) associated with coronary heart disease (CHD) in 
genome-wide association studies, 29 are not associated with BP or lipid levels.1 DNA from eligible Mayo 
Clinic BioBank participants was genotyped for 28 of the 29 CHD susceptibility SNPs on the Veracode 
Bead Express (Illuminaᴿ, San Diego, CA); one SNP (rs3825807) could not be genotyped for technical 
reasons. Genotype calls were made with Illumina's GenomeStudio software (http://www.illumina.com), 
and samples with >98% call rates across all SNPs on the array were considered for analysis. Samples with 
lower call rates were rerun as necessary. A genetic risk score (GRS) for each individual was calculated as 
previously described, taking into account the average genetic risk in the population.2 In brief, we assumed 
an additive genetic model in which the genotypes are coded ‘0’ for non-risk allele homozygotes, ‘1’ for 
heterozygotes, and ‘2’ for risk-allele homozygotes. A weighted GRS was calculated by multiplying the 
logarithm of odds ratio for a particular SNP by 0, 1, or 2 according to the number of risk alleles carried by 
each person. We used a GRS of ≥1.1, i.e., a 10% or greater increase in risk for CHD, to classify 
individuals as having ‘high’ GRS. Those with a GRS of <1.1 were classified as having average/low GRS.  
SNPs genotyped for GRS are listed in Table 1 in the online-only data supplement. Characteristics of the 
968 individuals who comprised the recruitment pool for the study are summarized in Table 2 in the 
online-only data supplement. Screening genotyping was performed to facilitate goal recruitment of 100 
participants with high GRS and 100 others with average/low GRS. 

 

CLIA Genotyping and Calculation of GRS 

After informed consent and enrollment in the study, study participants underwent baseline blood lipid 
testing as well as DNA testing in a CLIA-approved laboratory. Twenty mL of blood were drawn by 
venipuncture and DNA was extracted in a CLIA-certified laboratory using standard procedures. All 
patients underwent genotyping of the 28 CHD susceptibility SNPs using the TaqMan® procedure (Roche 
Molecular Diagnostics, Branchburg, NJ). The list of the 28 susceptibility SNPs and the associated genes, 
if known, is summarized in Table 1 in the online-only data supplement and is the same list that was used 
for screening genotyping. A GRS was calculated as described previously2 and the conventional risk score 
was then multiplied by the genetic risk score to generate a genotype-informed probability of adverse CHD 
events over the next 10 years (+GRS). 
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Methods   
 
Genomic Decision Aid and Integration into the Electronic Health Record 
 
The generic disease management system (GDMS), developed by the Mayo Clinic in collaboration with 
VitalHealth software, is a web-based guideline reminder system used at the point-of-care at Mayo Clinic 
Rochester.  GDMS is integrated into the Mayo EHR by means of a web viewer system named 
“Synthesis”, and assists with guideline-compliance and improvement of quality metrics.3 GDMS pulls 
relevant medical information from the EHR such as age, sex, and other CHD risk factors in an automated 
fashion to estimate the patient’s 10-year probability of CHD based on CRS.3 In order to incorporate GRS 
into CRS for the genetics-informed CHD risk (+GRS), GDMS was modified to deliver a web link to the 
genomic decision aid tool. When the link is clicked, GDMS transmits pertinent risk factors and the GRS 
to the online tool via a secure link without any patient identifiers (online-only data supplement Figure 1). 
 
The Statin Choice decision aid was originally developed to disclose CHD risk and help patients as well as 
clinicians review the benefits and downsides of taking a statin medication to reduce CHD risk.4, 5 The tool 
displays the 10-year probability of CHD based on CRS in addition to the absolute risk reduction with use 
of statin drugs, and the associated costs/ side effects. The patient and clinician navigate through 
pictograms that display the 10-year probability of CHD as well as the potential benefit of using statin 
medications. These pictograms display the number affected by CHD among 100 people with a risk profile 
similar to that of the patient. The original Statin Choice decision aid has been evaluated previously in 
three randomized controlled trials,5-7 and is used at time of statin initiation at Mayo Clinic. It can be freely 
accessed online at http://statindecisionaid.mayoclinic.org. 
 
In order to implement the GRS into CRS for the genetics-informed risk (+GRS), the Statin Choice 
decision aid was modified to include a variable for GRS for incorporation into the 10-year conventional 
risk score (online-only data supplement Figure 2). A feature was added to the tool enabling the physician 
as well as the patient to visualize the effect of implementing GRS into CRS (online-only data supplement 
Figure 3). Afterwards, the provider can discuss the benefits of starting standard vs. high dose statins as 
well as potential side effects (online-only data supplement Figure 4). The tool was also equipped with a 
report generating function and a frequently asked questions page that includes additional information 
about GRS. The genomic decision aid can be accessed freely online but use is restricted to research 
purposes: http://migenesstudy.mayoclinic.org; password: “migenes”. 
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Methods   

Disclosure of CHD Risk and Shared Decision Making Regarding Statin Therapy 
 
The CHD risk estimate was disclosed by the genetic counselor during a 30-min semi-scripted session.  
Patients randomized to +GRS were shown a pictograph that incorporated the revised 10-year CHD risk 
based on the genotypes of the 28 CHD susceptibility SNPs. The control group was shown a pictograph 
based on the CRS. The pictograph depicted 100 people “like the participant” and indicated how many in 
the next 10 years could be expected to experience an adverse CHD event and how many would not. The 
genetic counselor helped participants interpret and understand their results, highlighting the probabilistic 
nature of the genetic testing and that lifestyle factors such as diet, exercise, and smoking are major risk 
factors for developing CHD. The counselor encouraged participants to sign an action plan for behavioral 
change that included increased physical activity and reduced dietary fat intake and smoking cessation if 
the participant was a smoker. Participants were provided with a Frequently Asked Questions sheet that 
reiterated the key points conveyed by the genetic counselor at the visit. 
 
Following the visit with the genetic counselor, each patient saw a physician in the preventive cardiology 
clinic. The physicians had undergone a training session in the use of the Statin Choice decision aid that 
was modified to incorporate genotype-informed estimate of CHD risk (migenesstudy.mayoclinic.org). 
During the patient-physician encounter the focus was on shared decision making regarding the need for 
statin therapy. Consistency of the disclosure process was assured by following a checklist maintained by 
the study coordinator for both study arms and by review of videotaped encounters. 
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Survey instruments 
 
Dietary fat intake 
The validated percentage energy from fat (PFat) screener was adapted to estimate changes in fat 
consumption following CHD risk disclosure.8 Intake proportions of age- and gender-specific portion sizes 
for fatty foods were determined in order to estimate individuals’ percentage energy from fat. Five types of 
fatty foods were assessed in five questions each with 9 options ranging from “never” to “2 or more times 
per day”. Participant responses were scored by first converting the reported categorical frequency (e.g., “1 
time per day”) to the number of times each type of fatty food was consumed per day. This frequency was 
then multiplied by the participant’s age- and gender-specific portion size for each type of fatty food, 
estimated from the US Department of Agriculture’s 1994-96 Continuing Survey of Food Intakes by 
Individuals.9 Regression coefficients were then applied to the multiplication product for each food item, 
using estimated regression coefficients for fatty foods (the dependent variables) as predictors of sex-
specific percentage energy gained from fat. Thus, the five reported average proportions per day were then 
combined as a type of average weighted by the fat estimated within each type of food. The resulting 
formula (essentially a linear equation) included more than five questions and a sex-dependent constant 
with maximum and minimum possible scores of 0-110, respectively. The average proportions for the ten 
additional unused types of intake of fatty foods from the validated survey were given a score of 0, without 
applying the corresponding constant for unused questions. The survey used to estimate fat intake is listed 
on page 7 of this online-only data supplement. 
 
Physical activity and exercise 
The validated telephonic assessment of physical activity (TAPA) questionnaire was adapted to assess 
changes in physical activity.10 Patients’ report of light, moderate, and vigorous activity over the course of 
one week were collated. Ten questions with “Yes” or “No” responses corresponding to eight levels of 
exercise produced maximum and minimum scores of 7 “active” and 0 “sedentary”, respectively. A higher 
score indicated a greater level of physical activity. The survey used to estimate fat intake is listed on page 
8 of this online-only data supplement. 
 
Anxiety 
Anxiety was measured at baseline and follow up using the validated State and Trait Anxiety Inventory for 
adults (STAI).11 STAI uses two sets of twenty questions each (for a total of forty questions with four 
options each) subcategorized according to current symptoms “right now” and a general propensity 
towards anxiety “generally”. A higher score (out of 80) for either subcategory indicated greater levels of 
anxiety, with the minimum possible score of 20 for each subcategory and a maximum score of 80 
representative of highest anxiety levels. The 2 subset scores were then averaged to a single score ranges 
from 20-80 and was used for analyses. The survey used to estimate fat intake is listed on pages 9 and 10 
of this online-only data supplement. 
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Diet: Fat intake 
 

 
 

 
 
 

 
  

 

Never 

Less 
than 
once 
per 

month 

1-2 
times 
per 

month 

3-4 
times 
per 

month 

1-2 
times 
per 

week 

3-4 
times 
per 

week 

5-6 
times 
per 

week 

1 time 
per day 

2 or 
more 
times 
per 
day 

1. Margarine or butter 1 2 3 4 5 6 7 8 9 

2. Mayonnaise, regular 1 2 3 4 5 6 7 8 9 

3. Sausage or bacon, 
regular 1 2 3 4 5 6 7 8 9 

4. Cheese or cheese 
spread, regular 1 2 3 4 5 6 7 8 9 

5. Beef or pork hot dogs, 
regular 1 2 3 4 5 6 7 8 9 

Think about your eating habits over the past 3 months. About how often did you eat or drink each of the 
following foods? Remember breakfast, lunch, dinner, snacks, and eating out. 
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Physical activity 
 
 

 
 
 
1. I rarely or never do any physical activities.                                                 Yes                 No 
 
 
 
 
 
 
2. I do some light physical activities, but not every week.                  Yes                   No 

 
3. I do some light physical activity every week.                                              Yes                   No 
 
 
 
 
 
4. I do some moderate physical activities, but not every week.                       Yes                   No 

 
5. I do some moderate physical activities every week,                                    Yes                   No 

but less than 30 minutes per day. 
 

6. I do some moderate physical activities every week,                                    Yes                   No 
but less than 5 days per week. 
 

7. I do 30 minutes or more per day of moderate physical activities,               Yes                   No 
5 or more days per week. 

 
 
 
 
 
 
8. I do some vigorous physical activities every week,                                    Yes                             No 

but less than 20 minutes per day. 
 

9. I do some vigorous physical activities every week,                                    Yes                             No  
but less than 3 days per week. 
 

10. I do 20 minutes or more per day of vigorous physical activities,                Yes                            No 
3 or more days per week. 

  

Read the following statement about activities in the last 3 months and indicate whether they describe you. Do 
the best you can do answer using the yes/no format. 

The next statements are about three types of activities: light, moderate, and vigorous. Light activities are 
activities when your heart beats only slightly faster than normal and you can still talk and sing during them. 
Some examples of light activities are walking leisurely, light vacuuming, light yard work, or light exercise such 
as stretching. 

Next are moderate activities. Moderate activities are activities when your heart beats faster than normal. You 
can still talk but not sing during such activities. Some examples of moderate activities are fast walking, aerobics 
class, strength training, or swimming gently.

The next three statements are about vigorous activities. Vigorous activities are activities when your heart rate 
increases a lot. You typically can’t talk or your talking is broken up by large breaths. Some examples of vigorous 
activities are jogging, running, using a stair machine, or playing tennis, racquetball, or badminton. 
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State-Trait Anxiety Inventory 
 
 
 
 
 

Y1 Not at all Somewhat Moderately so Very much so 

1. I feel calm 1 2 3 4 
2. I feel secure 1 2 3 4 
3. I am tense 1 2 3 4 
4. I feel strained 1 2 3 4 
5. I feel at ease 1 2 3 4 
6. I feel upset 1 2 3 4 
7. I am presently worrying over possible 

misfortunes 1 2 3 4 

8. I feel satisfied 1 2 3 4 
9. I feel tightened 1 2 3 4 
10. I feel comfortable 1 2 3 4 
11. I feel self-confident 1 2 3 4 
12. I feel nervous 1 2 3 4 
13. I am jittery 1 2 3 4 
14. I feel indecisive 1 2 3 4 
15. I am relaxed 1 2 3 4 
16. I feel content 1 2 3 4 
17. I am worried 1 2 3 4 
18. I feel confused 1 2 3 4 
19. I feel steady 1 2 3 4 
20. I feel pleasant 1 2 3 4 
 
 
 
 
  

A number of statements which people have used to describe themselves are given below. Read each statement 
and then circle the appropriate number to the right of the statement to indicate how you feel right now, that is, at 
this moment. There are no right or wrong answers. Do not spend too much time on any one statement but give 
the answer which seems to describe your present feelings best.
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Y2 Not at all Somewhat Moderately so Very much so 

21. I feel pleasant 1 2 3 4 
22. I feel nervous and restless 1 2 3 4 
23. I feel satisfied with myself 1 2 3 4 
24. I wish I could be as happy as others seem 

to be 1 2 3 4 

25. I feel like a failure 1 2 3 4 
26. I feel rested 1 2 3 4 
27. I am “calm, cool, and collected” 1 2 3 4 
28. I feel that difficulties are piling up so that I 

cannot overcome them 1 2 3 4 

29. I worry too much over something that 
really doesn’t matter 1 2 3 4 

30. I am happy 1 2 3 4 
31. I feel disturbing thoughts 1 2 3 4 
32. I lack self confidence 1 2 3 4 
33. I feel secure 1 2 3 4 
34. I make decisions easily 1 2 3 4 
35. I feel inadequate 1 2 3 4 
36. I am content 1 2 3 4 
37. Some unimportant thought runs through 

my mind and bothers me 1 2 3 4 

38. I take disappointment so keenly that I can’t 
put them out of my mind 1 2 3 4 

39. I am a steady person 1 2 3 4 
40. I get in a state of tension or turmoil as I 

think over my recent concerns and interests 1 2 3 4 

 
 
  

A number of statements which people have used to describe themselves are given below. Read each statement 
and then circle the appropriate number to the right of the statement to indicate how you generally feel. 
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Table 1. Genetic loci associated with coronary heart disease used in genetic risk score calculation 

Gene SNP CHR Risk Allele Risk Allele OR 

MIA3 rs17465637 1 C 1.14 

PPAP2B rs17114036 1 A 1.11 

IL6R rs4845625 1 T 1.04 

WDR12 rs6725887 2 C 1.12 

ZEB2-AC074093.1 rs2252641 2 G 1.04 

VAMP5-VAMP8-GGCX rs1561198 2 A 1.05 

MRAS rs9818870 3 T 1.07 

EDNRA rs1878406 4 T 1.06 

SLC22A4-SLC22A5 rs273909 5 C 1.09 

TCF21 rs12190287 6 C 1.07 

PHACTR1 rs9369640 6 A 1.09 

KCNK5 rs10947789 6 T 1.06 

PLG rs4252120 6 T 1.06 

ANKS1A rs17609940 6 G 1.07 

7q22 BCAP29 rs10953541 7 C 1.08 

HDAC9 rs2023938 7 G 1.07 

CDKN2BAS1 rs1333049 9 C 1.23 

CXCL12 rs2047009 10 C 1.05 

KIAA1462 rs2505083 10 C 1.06 

PDGFD rs974819 11 A 1.07 

COL4A1-COL4A2 rs4773144 13 G 1.07 

COL4A1-COL4A2 *rs9515203 13 T 1.08 

FLT1 rs9319428 13 A 1.05 

HHIPL1 rs2895811 14 C 1.06 

RAI1-PEMT-RASD1 rs12936587 17 G 1.06 

SMG6 rs216172 17 C 1.07 

UBE2Z rs46522 17 T 1.06 

Gene desert (KCNE2) rs9982601 21 T 1.13 

CHR: Chromosome; OR: odds ratio; SNP: single-nucleotide polymorphism; *rs9515203 had an r2 of 0.01 with rs4773144. 
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Table 2.  Characteristics of Mayo biobank individuals comprising the recruitment pool* 

  Overall GRS ≥1.1 GRS <1.1 

N 968 311 657 

Age, years  57.6±5.41 57.6±5.37 57.5±5.43 

Women 531 (55%) 169 (54%) 362 (55%) 

CRS, % 7.98±3.16 7.89±3.13 8.02±3.18 

GRS 1.00±0.28 1.33±0.20 0.85±0.16 

* A total of 2026 individuals met the eligibility criteria. A random sample of 1000 individuals underwent 
screening genotyping of whom 968 passed quality control measures for genotyping. 
CRS: conventional risk score; GRS: genetic risk score 
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Table 3.  Baseline characteristics of +H-GRS  and +L-GRS participants 

 

+L-GRS  

n=50 

+H-GRS 

n=53 

Age, years 59.7±4.9 59.1±4.9 

Male sex, n (%) 24 (48.0%) 24 (45.3%) 

Ever smoker, n (%) 15 (30.0%) 17 (32.1%) 

Family history of CHD, n (%) 8 (16.0%) 17 (32.1%) 

BMI, kg/m2 29.3±5.5 31.0±6.5 

SBP, mmHg 129.5±14.0 134.1±20.3 

*Total cholesterol, mg/dL 203.5±27.5 203.0±27.9 

LDL-C, mg/dL 119.5±25.8 120.0±27.2 

HDL-C, mg/dL 56.9±19.5 56.0±13.9 

Triglycerides, mg/dL 135.5±80.6 130.1±77.6 

College education or higher, n (%) 30 (60.0%) 28 (52.8%) 

Physical activity score 4.96±1.67 4.79±1.49 

Dietary fat intake score 33.7±2.4 33.5±2.4 

Anxiety state score 27.5±8.6 30.0±9.3 

Anxiety trait score 31.1±8.0 30.7±7.3 

GRS 0.89±0.13 1.37±0.20 

CRS 8.50±4.17 8.62±4.77 

BMI: body mass index; CHD: coronary heart disease; CRS: conventional risk score; GRS: 
genetic risk score; +GRS: combined conventional and genetic risk score arm; HDL-C: high-
density lipoprotein cholesterol; +H-GRS: participants randomized to +GRS with a GRS ≥1.1; 
+L-GRS: participants randomized to +GRS with a GRS <1.1; LDL-C: low-density lipoprotein 
cholesterol; SBP: systolic blood pressure 
* To convert LDL and HDL cholesterol to mmol/L, multiply by 0.0259; triglycerides to 
mmol/L, by 0.0113. 

 



14 
 

 
 
 

 

Table 4.  A comparison of changes in LDL-C levels from baseline to end of study period (6 months 

after CHD risk disclosure) in the study groups 

Outcome Group Mean (95% CI) P 

*ΔLDL-C  

mg/dL 

+GRS vs. CRS -9.74 (-18.76,-0.71) 0.03 

+H-GRS vs. CRS -14.14 (-25.12,-3.16) 0.01 

+L-GRS vs. CRS -5.06 (-15.86,5.73) 0.36 

+H-GRS vs. +L-GRS -9.08 (-22.17,4.02) 0.17 

CRS: conventional risk score; +GRS: combined conventional and genetic risk score; +H-GRS: participants 

randomized to +GRS with a GRS ≥1.1; +L-GRS: participants randomized to +GRS with a GRS <1.1; 

LDL-C: low-density lipoprotein cholesterol 

* To convert LDL-C to mmol/L, multiply by 0.0259. 
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Table 5.  Longitudinal changes in fat intake, physical activity and anxiety levels 

Outcome Group Baseline 
3 Months after 

CHD risk 
disclosure 

6 Months later 
after CHD risk 

disclosure 

Dietary Fat 

Intake 

CRS 33.99 (2.63) 32.97 (1.84) 32.57 (1.69) 

+GRS 33.60 (2.42) 32.53 (1.88) 32.56 (1.83) 
+L-GRS 33.69 (2.44) 32.96 (2.22) 32.86 (2.01) 
+H-GRS 33.51 (2.42) 32.12 (1.40) 32.27 (1.61) 

Physical 

Activity Score 

CRS 4.68 (1.43) 5.08 (1.27) 4.99 (1.34) 

+GRS 4.87 (1.57) 5.31 (1.44) 5.28 (1.34) 
+L-GRS 4.96 (1.67) 5.64 (1.45) 5.36 (1.32) 
+H-GRS 4.79 (1.49) 5.00 (1.37) 5.21 (1.36) 

Anxiety 

Trait 

CRS 31.11 (7.81) 31.55 (8.63) 30.28 (7.82) 

+GRS 30.89 (7.62) 30.57 (8.41) 30.63 (7.84) 
+L-GRS 31.08 (7.97) 30.22 (8.01) 31.40 (8.83) 
+H-GRS 30.72 (7.35) 30.90 (8.85) 29.91 (6.78) 

Anxiety 

State 

CRS 27.94 (7.51) 27.40 (7.72) 26.97 (7.08) 

+GRS 28.78 (9.02) 27.51 (8.27) 28.56 (8.26) 
+L-GRS 27.48 (8.58) 26.50 (6.04) 29.10 (9.19) 
+H-GRS 30.00 (9.33) 28.48 (9.91) 28.06 (7.33) 

CHD: coronary heart disease; CRS: conventional risk score; +GRS: combined conventional and genetic 

risk score; +H-GRS: participants randomized to +GRS with a GRS ≥1.1; +L-GRS: participants randomized 

to +GRS with a GRS <1.1.  Data presented as mean (SD). 
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Table 6.  Visit 4 and study period change comparisons in dietary fat intake, physical activity score 
and anxiety levels following CHD risk disclosure 

  *Visit 4 †Baseline to Visit 4 

Outcome Group Mean (95% CI) P Mean (95% CI) P 

Dietary Fat 
Intake 

+GRS vs. CRS -0.01 (-0.50,0.48) 0.96 0.39 (-0.27,1.05) 0.25 

+H-GRS vs. CRS -0.30 (-0.86,0.26) 0.29 0.19 (-0.65,1.02) 0.66 

+L-GRS vs. CRS 0.29 (-0.33,0.91) 0.36 0.60 (-0.23,1.43) 0.16 

+H-GRS vs. +L-GRS -0.59 (-1.30,0.12) 0.10 -0.41 (-1.25,0.42) 0.33 

Physical 
Activity 

Score 

+GRS vs. CRS 0.29 (-0.08,0.66) 0.12 0.08 (-0.30,0.46) 0.66 

+H-GRS vs. CRS 0.22 (-0.23,0.67) 0.35 0.09 (-0.36,0.54) 0.69 

+L-GRS vs. CRS 0.37 (-0.09,0.83) 0.11 0.08 (-0.39,0.54) 0.75 

+H-GRS vs. +L-GRS -0.15 (-0.68,0.37) 0.57 0.02 (-0.54,0.57) 0.96 

Anxiety 
Trait 

+GRS vs. CRS 0.35 (-1.82,2.52) 0.75 0.56 (-1.04,2.17) 0.49 

+H-GRS vs. CRS -0.38 (-2.89,2.14) 0.77 0.02 (-1.83,1.86) 0.99 

+L-GRS vs. CRS 1.12 (-1.68,3.92) 0.43 1.15 (-0.89,3.18) 0.27 

+H-GRS vs. +L-GRS -1.49 (-4.56,1.57) 0.34 -1.13 (-3.48,1.22) 0.34 

Anxiety 
State 

+GRS vs. CRS 1.59 (-0.55,3.74) 0.14 0.68 (-1.52,2.89) 0.54 

+H-GRS vs. CRS 1.09 (-1.33,3.50) 0.37 -1.05 (-3.55,1.45) 0.41 

+L-GRS vs. CRS 2.13 (-0.57,4.83) 0.12 2.52 (-0.02,5.05) 0.05 

+H-GRS vs. +L-GRS -1.04 (-4.28,2.20) 0.52 -3.56 (-7.07,-0.06) 0.05 

* Data represent mean difference (SD) of absolute scores at visit 4.  † Data represent mean difference 
(SD) of baseline to visit 4 change.  CHD: coronary heart disease; CRS: conventional risk score; +GRS: 
combined conventional and genetic risk score; +H-GRS: participants randomized to +GRS with a GRS 
≥1.1; +L-GRS: participants randomized to +GRS with a GRS <1.1. 
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Table 7.  Statin initiation stratified by CHD risk scores and study groups 

 
*CRS Group 

n=21 

+GRS Group 
n=40 

Overall 
n=61 

CRS ≥10% 12 (57.1%) 24 (60%) 36 (59%) 

ASCVD ≥7.5% 16 (76.2%) 34 (85%) 50 (82%) 

*Numbers depict those who were started on statins in each study group 
ASCVD: atherosclerotic vascular disease pooled cohort risk; CHD: coronary heart disease; CRS: 
conventional risk score based on Framingham risk score; +GRS: combined conventional and genetic risk 
score group 
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Figure 1. Generic disease management interface in the electronic health record 
A sample of how the generic disease management interface appears in the electronic health record. 
GDMS summarizes pertinent information such as the most recent vitals, laboratory studies, Framingham 
risk score, and preventive measures. It also provides alerts regarding recommended actions as well as 
links to resources and guidelines. The box above highlights the 10-year Framingham risk score and 
associated link that takes the provider to the statin decision aid tool simultaneously transmitting the 
relevant risk factors and laboratory values. 
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Figure 2. Data entry screen for the decision aid 
The risk factor entry screen of the decision aid was modified to implement the genetic risk score (GRS) as 
highlighted in the figure. Implementation of GRS into the conventional risk score was embedded into the 
coding of the decision aid application. 
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Figure 3. Disclosure of CHD risk 
Disclosure of CHD risk estimates based on the conventional risk score (CRS, panel A) and after 
implementing the genetic risk score (+GRS, panel B) by clicking the GRS button (arrow). In this example, 
the patient’s 10-year CHD risk based on CRS is displayed as 10% (panel A). With a GRS of 1.3, the 
overall risk +GRS increases to 13% as shown in panel B. 
 



21 
 

 
 
Figure 4. Summary of features included in the decision aid 
Features included in this tool are: (1) CHD risk estimates which can be modified to show patients how 
risk can change according to their risk factors. (2) The healthcare provider can select an intervention such 
as standard dose versus high dose statins. (3) Statin side effects can be discussed with the patient. (4) 
There is also a section where the healthcare provider and patient can input notes regarding CHD risk 
assessment and associated interventions. (5) A complete risk assessment statement can be generated and 
includes the patient’s estimated 10-year CHD risk. This statement can be copied and pasted into an 
electronic medical note if desired. (6) The displayed risk report can be exported as an e-mail or printed as 
a PDF document. The exported data includes the patient’s CHD estimate risk and impact of using statins, 
without any patient identifiers. (7) A page dedicated to frequently asked questions (including questions 
regarding the genetic risk score for CHD and how it was calculated). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



22 
 

References 
 

1. Deloukas P, Kanoni S, Willenborg C, Farrall M, Assimes TL, Thompson JR, Ingelsson E, 
Saleheen D, Erdmann J, Goldstein BA, Stirrups K, Konig IR, Cazier JB, Johansson A, Hall AS, 
Lee JY, Willer CJ, Chambers JC, Esko T, Folkersen L, Goel A, Grundberg E, Havulinna AS, Ho 
WK, Hopewell JC, Eriksson N, Kleber ME, Kristiansson K, Lundmark P, Lyytikainen LP, Rafelt 
S, Shungin D, Strawbridge RJ, Thorleifsson G, Tikkanen E, Van Zuydam N, Voight BF, Waite 
LL, Zhang W, Ziegler A, Absher D, Altshuler D, Balmforth AJ, Barroso I, Braund PS, Burgdorf 
C, Claudi-Boehm S, Cox D, Dimitriou M, Do R, Doney AS, El Mokhtari N, Eriksson P, Fischer 
K, Fontanillas P, Franco-Cereceda A, Gigante B, Groop L, Gustafsson S, Hager J, Hallmans G, 
Han BG, Hunt SE, Kang HM, Illig T, Kessler T, Knowles JW, Kolovou G, Kuusisto J, 
Langenberg C, Langford C, Leander K, Lokki ML, Lundmark A, McCarthy MI, Meisinger C, 
Melander O, Mihailov E, Maouche S, Morris AD, Muller-Nurasyid M, Nikus K, Peden JF, 
Rayner NW, Rasheed A, Rosinger S, Rubin D, Rumpf MP, Schafer A, Sivananthan M, Song C, 
Stewart AF, Tan ST, Thorgeirsson G, van der Schoot CE, Wagner PJ, Wells GA, Wild PS, Yang 
TP, Amouyel P, Arveiler D, Basart H, Boehnke M, Boerwinkle E, Brambilla P, Cambien F, 
Cupples AL, de Faire U, Dehghan A, Diemert P, Epstein SE, Evans A, Ferrario MM, Ferrieres J, 
Gauguier D, Go AS, Goodall AH, Gudnason V, Hazen SL, Holm H, Iribarren C, Jang Y, 
Kahonen M, Kee F, Kim HS, Klopp N, Koenig W, Kratzer W, Kuulasmaa K, Laakso M, 
Laaksonen R, Lind L, Ouwehand WH, Parish S, Park JE, Pedersen NL, Peters A, Quertermous T, 
Rader DJ, Salomaa V, Schadt E, Shah SH, Sinisalo J, Stark K, Stefansson K, Tregouet DA, 
Virtamo J, Wallentin L, Wareham N, Zimmermann ME, Nieminen MS, Hengstenberg C, Sandhu 
MS, Pastinen T, Syvanen AC, Hovingh GK, Dedoussis G, Franks PW, Lehtimaki T, Metspalu A, 
Zalloua PA, Siegbahn A, Schreiber S, Ripatti S, Blankenberg SS, Perola M, Clarke R, Boehm 
BO, O'Donnell C, Reilly MP, Marz W, Collins R, Kathiresan S, Hamsten A, Kooner JS, 
Thorsteinsdottir U, Danesh J, Palmer CN, Roberts R, Watkins H, Schunkert H, Samani NJ. 
Large-scale association analysis identifies new risk loci for coronary artery disease. Nat Genet. 
2013;45:25-33. 

2. Ding K, Bailey KR, Kullo IJ. Genotype-informed estimation of risk of coronary heart disease 
based on genome-wide association data linked to the electronic medical record. BMC 
cardiovascular disorders. 2011;11:66. 

3. Wagholikar KB, Hankey RA, Decker LK, Cha SS, Greenes RA, Liu H, Chaudhry R. Evaluation 
of the effect of decision support on the efficiency of primary care providers in the outpatient 
practice. J Prim Care Community Health. 2015;6:54-60. 

4. Montori VM, Breslin M, Maleska M, Weymiller AJ. Creating a conversation: insights from the 
development of a decision aid. PLoS Med. 2007;4:e233. 

5. Weymiller AJ, Montori VM, Jones LA, Gafni A, Guyatt GH, Bryant SC, Christianson TJ, Mullan 
RJ, Smith SA. Helping patients with type 2 diabetes mellitus make treatment decisions: statin 
choice randomized trial. Arch Intern Med. 2007;167:1076-1082. 

6. Branda ME, LeBlanc A, Shah ND, Tiedje K, Ruud K, Van Houten H, Pencille L, Kurland M, 
Yawn B, Montori VM. Shared decision making for patients with type 2 diabetes: a randomized 
trial in primary care. BMC Health Serv Res. 2013;13:301. 

7. Mann DM, Ponieman D, Montori VM, Arciniega J, McGinn T. The Statin Choice decision aid in 
primary care: a randomized trial. Patient Educ Couns. 2010;80:138-140. 

8. Thompson FE, Midthune D, Subar AF, Kipnis V, Kahle LL, Schatzkin A. Development and 
evaluation of a short instrument to estimate usual dietary intake of percentage energy from fat. J 
Am Diet Assoc. 2007;107:760-767. 

9. Tippett K, Cypel Y. Design and Operation: The Continuing Survey of Food Intakes by 
Individuals and the Diet and Health Knowledge Survey, 1994–96. Agricultural Research Service 
NFS Report No. 96–1. 1997 



23 
 

10. Mayer CJ, Steinman L, Williams B, Topolski TD, LoGerfo J. Developing a Telephone 
Assessment of Physical Activity (TAPA) questionnaire for older adults. Prev Chronic Dis. 
2008;5:A24. 

11. Spielberger C. Manual for the State-Trait Anxiety Inventory, STAI (Form Y). . Palo Alto, 
California: Consulting Psychologists Press; 1983. 

 

 


