
A Coronary Heart Disease Risk Score Based on Patient Reported
Information

Arch G. Mainous III, PhDa,b, Richelle J. Koopman, MD, MSa, Vanessa A Diaz, MD, MSa,
Charles J. Everett, PhDa, Peter W.F. Wilson, MDc, and Barbara C. Tilley, PhDb
a Department of Family Medicine, Medical University of South Carolina

b Department of Biostatistics, Bioinformatics and Epidemiology, Medical University of South Carolina

c Department of Medicine, Emory University

Abstract
To develop a simple, patient self-report based coronary heart disease (CHD) risk score for adults
without previously diagnosed CHD (Personal HEART score) we used the Atherosclerosis Risk In
Communities (ARIC) study, a prospective cohort of individuals 45–64 at baseline, to develop a
measure for 10-year risk for CHD (n=14,343). The variables evaluated for inclusion included age,
history of diabetes mellitus, history of hypercholesterolemia, history of hypertension, family history
of CHD, smoking, physical activity and body mass index (BMI). Ten-year risk for CHD events
defined as a myocardial infarction, fatal CHD or cardiac procedure. The new measure was compared
to the Framingham Risk Score (FRS) and the European Systematic Coronary Risk Evaluation
(SCORE). The Personal HEART score for men included age, diabetes, hypertension,
hypercholesterolemia, smoking, physical activity and family history. Among men, the area under the
receiver operator characteristic curve for predicting 10-year CHD for the Personal HEART score
(0.65) was significantly different from the FRS (0.69) (p=.03) but not the European SCORE (0.62)
(p=.12). The Personal HEART score for women included age, diabetes, hypertension,
hypercholesterolemia, smoking, and BMI. The area under the curve for the Personal HEART score
(0.79) for women was not significantly different from the FRS (0.81) (p=.42) and performed better
than the European SCORE (0.69) (p=.01). In conclusion, the Personal HEART score identifies 10-
year risk for CHD based on self-report data, is similar in predictive ability to the FRS and the
European SCORE and has the potential for easy self-assessment.
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Many risk assessments are based on relatively simplistic strategies that have a clinician identify
whether a “risk factor” is present. However, national guidelines advocate the use of scoring
systems for CHD risk.1 Sophisticated methods like the Framingham Risk Score (FRS), the
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European Systematic Coronary Risk Evaluation (SCORE), the Sheffield risk and treatment
table allow calculation of an individual’s risk as a function of the patient’s values on selected
established coronary heart disease risk factors.2–7 The use of these scoring systems is limited
by the need for laboratory measurements. They could potentially be improved with the addition
of variables such as family history of premature CHD, physical activity and anthropometric
measures of obesity.8–13 Several advantages of a scoring system based on personal self-report
include the ease of data collection. Few studies have focused on creating CHD risk scoring
systems based on patient self-reports.14,15 Thus, the purpose of this study is to develop a
simple, patient self-report based CHD risk score for the general population without previously
diagnosed CHD and compare the utility of this new measure with the FRS in a large multi-
year cohort.

METHODS
For this study we used the Atherosclerosis Risk In Communities (ARIC) study public use data.
The ARIC is a large scale, prospective cohort that also includes a community surveillance
component and is composed of Black and Non-Black men and women, age 45–64 at entry
(1987–89) with follow-up to December 31, 1998. Follow-up exams were conducted in 1990–
92, 1993–95, and 1996–98.

The present analysis was limited to individuals who did not have previously diagnosed CHD
or CHD identified at the baseline visit (visit 1). Although the ARIC data set has race
information, the public use limited access data set is classified as Black or Non-Black. The
Non-Black group is composed almost exclusively of Whites. Only 14 participants were
American Indian and 34 considered themselves Asians. There were14,343 participants who
met the criteria with 1108 CHD events.

Although >200 risk factors for CHD have been identified not all 200 are being considered for
potential inclusion in this new risk factor scoring system.16 To be adopted into clinical practice
it has been noted that in addition to being valid, a prediction tool must be intuitive and
conceptually simple.17 The conceptual basis for the Personal Heart Early Assessment Risk
Tool (HEART) score is to build on information that is readily obtainable from the patient by
self-report and to evaluate the addition of variables that have not previously been included in
widely used CHD risk scoring systems.

All of the variables were assessed during Visit 1 of the study. Thus, reports of being told by a
physician that the participant had a condition like hypertension or hypercholesterolemia were
based on reports of physician encounters prior to information provided in exams performed
during the ARIC study. Models were created separately for men and women.

1.) Age
We examined age in 5 years increments.

2.) Family History of Myocardial Infarction/Heart Attack Before age 50
Participants reporting that they had a parent who was less than age 50 when they were told by
a doctor that they had a heart attack were characterized as having a family history of premature
CHD. Individuals who answered “yes” were counted as yes, while those who said “no” or
“don’t know” were counted as no. This self-report classification was used for all of the
variables.
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3.) Previous Diagnosis of Hypertension
Both the FRS and the European SCORE require a blood pressure measurement at the time of
assessment. The self-report measure of hypertension is based on whether a doctor has ever told
the individual that he/she had high blood pressure or hypertension.

4.) Previous Diagnosis of Hypercholesterolemia
The FRS and the European SCORE both require laboratory assessments of lipids at the time
of assessment. The self-report measure of hypercholesterolemia is based on whether a doctor
had ever told them that they had high cholesterol.

5.) Previous Diagnosis of Diabetes
The self-report measure of diabetes is based on whether a doctor has ever told them that they
had diabetes.

6.) Smoking Status
The self-report measure of cigarette smoking status was assessed as current, former and never.
This was defined from two items in ARIC cohorts asking whether an individual has smoked
enough to be considered an “ever” or “never” smoker and whether among ever smokers they
are a current smoker. Current Smokers were defined as persons who are ever smokers who
have smoked cigarettes during the previous year. Former Smokers were individuals who have
smoked cigarettes in the past, but no longer smoke. Never Smokers were defined as persons
who reported that they have never smoked.

7.) Physical Activity
We evaluated physical activity by whether subjects were asked if they exercise or play sports
in their leisure time and their responses were classified as either never/seldom, sometimes, or
often/very often.

8.) Obesity
Although the obesity measures are based on physical exams and not self-report we felt that
they would be important to include because these types of variables (e.g., height, weight) are
commonly collected based on self-reports and are easily assessed.

A) Body Mass Index (BMI)
Obesity was defined as a BMI (weight in kilograms divided by height in meters squared) ≥30.

B) Waist Circumference
Waist measurements were taken at the height of the umbilicus in ARIC. We classified men as
having a large waist if it was greater than 102 cm (40 inches) and women as having a large
waist if it was greater than 88cm (35 inches).18

The outcome is incident CHD in 10 years. CHD was defined as a myocardial infarction, fatal
CHD or cardiac procedure. ARIC participants had follow-up interviews annually. Follow-up
interviews included questions based on the Rose questionnaire for CHD.19 If the participant
indicated a hospitalization, ARIC abstractors reviewed and recorded discharge diagnoses.
Community surveillance involved obituary reviews as well as community death certificate
surveillance for mortality. If mortality was identified, there was similar record abstraction for
inhospital deaths or an interview with the family for deaths occurring out of the hospital. A
special ARIC Morbidity and Mortality Classification Committee (MMCC) reviewed all
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hospitalizations and deaths to review and assign diagnoses for cardiovascular events and cause
of death based on defined criteria.

Although the FRS for CHD has been computed in a variety of different ways since it was first
presented we used the version that was presented in 1998.12 The FRS can be used for
individuals without previous CHD and is computed using age, gender, measured total
cholesterol, measured HDL cholesterol, systolic blood pressure, diabetes, and current smoking
status. The European SCORE is computed using age, gender, whether a person lives in a low
risk or high risk region, measured total cholesterol, measured HDL cholesterol, systolic blood
pressure, and current smoking status.7 The European SCORE is designed to measure
cardiovascular disease mortality. We estimated the US population as being in a high risk region.

All analyses except for ROC curves were conducted using SAS. The ROC analyses were
computed with MedCalc. In an effort to see how well the new risk score classification works
in predicting development of CHD we removed a 30% random sample from the ARIC prior
to the development of the Personal HEART risk score classification. This hold-out sample was
held for additional analysis to determine whether in a new sample, individuals can be correctly
classified with respect to CHD based on the Personal Heart Score and the FRS and European
SCORE.

We initially conducted Cox regression analyses to identify and examine the contributions of
the different self-report measures for CHD as the potential basis for the Personal HEART Score.
This strategy is similar to that used in the creation of the FRS12, the Charlson Comorbidity
Index20, and the Functional Assessment Staging Scale (FAST).21 Categorical variables were
used as dummy variables in the analysis.

Using an approach similar to that described by Charlson20 we developed scores based on the
adjusted relative risks of the variables. Of the 8 originally entered variables that were selected
based on theoretical significance, ones whose estimates were p>.05 were dropped from
consideration. Because of the possibility of collinearity between BMI and waist circumference
those variables assessing obesity were entered into separate models. A subsequent model was
computed based on the reduced number of variables. Variables that were not statistically
significant or had an adjusted relative risk of ≤1.2 were dropped from consideration as parts
of the scoring system. Variables with an adjusted relative risk of >1.2 and <1.5 were assigned
a score of 1. Variables with larger adjusted relative risks were rounded to the nearest whole
number for their assigned weights.

The Personal Heart Score was validated in several ways. First, using the holdout sample we
evaluated the ability of the Personal HEART scoring system to predict future CHD. We
compared this new model from the holdout sample to the model yielded in the measure
construction sample through the C-statistic value which assesses the goodness of fit of the
model.22 Second, convergent validity was assessed through correlations between the Personal
HEART Score and the FRS and European SCORE. Receiver Operating Characteristic (ROC)
curves were computed for the Personal HEART score and the FRS and European SCORE
individually by gender and then compared to determine if the areas under the curve were
statistically significantly different.

The FRS has been suggested to be able to be divided into categories representing 10 year CHD
risk groups of low, intermediate, and high.13,18 We split the Personal HEART Score into 10-
year CHD risk categories of “low” (<10%), “intermediate” (10%–20%), and “high” (>20%).
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RESULTS
The baseline characteristics of the men and women in the ARIC cohort are featured in Table
1. Table 2 indicates the hazard ratios from the reduced variable model among men as well as
the assignment of risk score points based on the hazards ratios. Further, the Personal HEART
score for men includes several variables not included in the FRS or the European SCORE,
specifically family history of CHD and physical activity. In Table 3, the hazard ratios from the
reduced variable model among women indicate a core set of variables similar to the men’s
version but rather than having family history of CHD and physical activity in the scoring
strategy, body mass index is included.

Table 4 indicates the comparison of the area under the curve between the Personal HEART
score and the FRS and European SCORE for both men and women. The ROC curves are
presented in Figures 1 and 2. A comparison of the areas under the curve and C statistics indicate
some differences between the Personal HEART score and the FRS and European SCORE.
Among men the Personal HEART score is no different than the European SCORE but is not
as good as the FRS. Among women the Personal HEART score is better than the European
SCORE and no different than the FRS. The correlation between the Personal HEART score
and the FRS among men was r=0.58 while it was r=0.70 among women. The correlation
between the Personal HEART score and the European SCORE among men was r=0.55 while
it was r=0.44 among women.

An additional Personal HEART scoring system was created following the same steps as those
for men and women but combining men and women together and simply incorporating gender
as a scorable characteristic. A combined male/female model included all of the investigated
variables (age, gender, previous diagnosis of hypertension, previous diagnosis of
hypercholesterolemia, previous diagnosis of diabetes, smoking, family history of CHD,
physical activity and BMI). The area under the curve for this combined male/female Personal
HEART score was 0.748 which is greater than that of the men only model and slightly less
than the female only model.

For men and women, scores corresponding to risk categories of “low” (<10%),
“intermediate” (10%–20%), and “high” (>20%) are shown in Table 3. Among men, 42.8%
were categorized as low risk, 46.6% at intermediate risk and 10.6 % as high risk. Among
women, 84.2% were categorized as low risk, 12.2% as intermediate risk and 3.6% as high risk.

DISCUSSION
Many studies have sought to improve CHD risk scoring systems by increasing the number of
risk factors assessed, most often requiring clinicians to obtain more laboratory or exam data.
13,23 In contrast, this study sought to develop and validate a risk score using self-report data,
in order to provide a simple method of initial risk assessment to be used by clinicians
immediately within one office visit and can be used by patients without requiring immediate
access to a clinician to obtain laboratory or exam measurements. Self-reported measures for
risk assessment have previously been used with high reliability in a variety of settings and
populations.24,25 The value of such an easily computed measure may be that it allows patients
to determine if they are at intermediate to high risk and prompts them to obtain further
evaluation from their physician. The Personal HEART score could be implemented by
clinicians as a quick and easy measure to be used as a teaching tool early in a patient encounter
prior to the running of labs like lipid panels.

The Personal HEART score included several variables that are not included in commonly used
CHD risk assessment tools like the FRS and the European SCORE. These additional variables
include known CHD risk factors like family history of CHD, obesity and sedentary lifestyle.
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Moreover, the Personal HEART score has predictive utility similar to the FRS and the European
SCORE. However, the Personal HEART score should be easier to compute than either of these
alternative scoring systems because of its reliance on self-reports. For example, the interactive
tool using the FRS featured on the National Heart, Lung and Blood Institute website cannot
be completed by patients unless they have an average of at least two total cholesterol measures,
at least two HDL cholesterol measures, and systolic blood pressure measured at the time of the
assessment. The Personal HEART score can be computed by patients at any time.

There are several limitations to this study. The development of the Personal HEART score is
based on the concept of using information that can be reliably provided by a patient and are
known CHD risk factors. It is however, driven to some extent by the data available in the ARIC.
This strategy of using available measures is not unique and was employed in the development
of the FRS when they considered evaluating potential variables for inclusion.12 Second, the
Personal HEART score did not include race/ethnicity in the computation. This was based on
logistic, theoretical, and generalizability considerations. From a practical standpoint, the race
information available in the public use ARIC data set was deemed too limited for use in creating
a generalizable scoring system. Moreover, identifying Latinos or other ethnic groups may not
be useful if there is a variety of genetic admixture and culture in the group.26 Consequently,
finding variables that cut across ethnic groups seemed to be the most useful approach.
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Figure 1.
Comparison of ROC curves for the Personal HEART Score, the Framingham Risk Score and
European SCORE among men in the holdout sample.
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Figure 2.
Comparison of ROC curves for the Personal HEART Score, the Framingham Risk Score and
European SCORE among women in the holdout sample.
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Table 2
Cox’s regression predicting incident coronary heart disease among men and associated component scores for the
Personal HEART Score.

Hazard Ratio 95% CI Personal HEART Score

Age (years)
 45–49 1.00 --- 0
 50–54 1.15 0.87–1.52 0
 55–59 1.63 1.26–2.12 2
 60–64 1.94 1.50–2.51 2
Family History Of CHD1 1.52 1.09–2.10 2
History of Hypertension1 1.44 1.20–1.72 1
History of Hypercholesterolemia1 1.54 1.26–1.88 2
History of Diabetes1 1.86 1.42–2.44 2
Smoking Status
 Never 1.00 --- 0
 Former 1.15 0.92–1.44 0
 Current 1.60 1.26–2.02 2
Physical Activity
 Often or Very Often 1.00 --- 0
 Sometimes 1.16 0.88–1.55 0
 Seldom or Never 1.39 1.08–1.79 1
Ten-Year CHD Risk
 <10% 0–2
 10–20% 3–5
 >20% 6–12

1
Yes compared to reference category of no.
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Table 3
Cox’s regression predicting incident coronary heart disease among women and associated component scores for
the Personal HEART Score.

Hazard Ratio 95% CI Personal HEART Score

Age (years)
 45–49 1.00 --- 0
 50–54 1.57 1.07–2.30 2
 55–59 2.04 1.40–2.96 2
 60–64 2.27 1.55–3.32 2
History of Hypertension1 2.43 1.86–3.16 2
History of Hypercholesterolemia1 1.58 1.22–2.06 2
History of Diabetes1 3.68 2.74–4.96 4
Smoking Status
 Never 1.00 --- 0
 Former 0.99 0.69–1.42 0
 Current 3.22 2.47–4.22 3
Body Mass Index (kg/m2)
 <30 1.00 --- 0
 ≥30 1.47 1.14–1.90 1
Ten-Year CHD Risk
 <10% 0–6
 10–20% 7–9
 >20% 10–14

1
Yes compared to reference category of no.
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