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Objective: Although many coronary heart disease (CHD) risk factors are known, the role of an individu-
al’s changing personal health history is unclear. We implemented this study to evaluate whether ac-
counting for previous Framingham Risk Scores (FRSs) improves the predictive ability of a current FRS
for future CHD in middle-aged adults.

Methods: We analyzed data from the Atherosclerosis Risk in Communities Study (ARIC), a longitudinal
cohort of people 45 to 64 years old at entry (1986 to 1989 through 2001). FRSs were calculated for partici-
pants in the ARIC cohort (3901 men, 5406 women) at baseline (visit 3) and 3 and 6 years before. Using Cox
regressions we evaluated the risk of CHD development for the FRS 6 years from baseline and then evaluated
whether the addition of the change in FRS assessments from 3 and 6 years before the baseline improved the
predictive ability of the FRS. Areas under the receiver operating characteristic (AUROC) curves were compared.

Results: The addition of the difference between the baseline FRS (eg, in 1995) and the FRS from 6
years earlier (eg, in 1989) to predict CHD development by 2001 for the entire cohort yielded an AUROC
of 0.730, which was a significant improvement over just using the baseline FRS (P < .05). The effect
was located primarily among women, with the AUROC curve improving from 0.667 to 0.709 (P < .05).
There was no improvement for CHD risk prediction in men when the earlier FRS assessments were
taken into account. Men seem to have less change in some risk factors over time.

Conclusions: Accounting for an individual’s history improves risk assessments based on current
measures. (J Am Board Fam Med 2008;21:408–413.)

Coronary heart disease (CHD) is a leading cause of
morbidity and mortality.1,2 A strategy for the pri-
mary prevention of CHD is an identification of
asymptomatic individuals at higher risk and the
implementation of potential interventions to re-
duce their future risk. This is consistent with cur-

rent clinical practice guidelines, including Adult
Treatment Panel-III, Joint National Committee-
VII, and American Heart Association recommen-
dations.3–5

Because there are many risk factors for CHD,
various studies have attempted to move beyond
simply looking at one risk factor at a time but
rather to improve prediction using multiple vari-
ables.6–8 These multivariable risk scores are pri-
marily based on the general strategy of assessing
conventional risk factors like blood pressure, smok-
ing, diabetes, and lipids.6,7,9 Because nearly 20% of
people who develop CHD do not have one of the
primary conventional risk factors, other markers
have been investigated as ways to improve CHD
risk prediction.10

In particular, the addition of novel biomarkers
like C-reactive protein and homocysteine to mod-
els composed of conventional risk factors has been
evaluated.11–14 Unfortunately, except for the rare
example of C-reactive protein, which has yielded
conflicting results, the addition of novel biomarkers
has not improved the prediction of models based
on conventional risk factors. A potential reason for
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the lack of benefit in adding novel biomarkers to
conventional risk factors or even a point of im-
provement in conventional risk factors themselves
may be that these strategies tend to be based on
current assessments of risk factors that may be
transient, thereby missing the cumulative impact of
oxidative stress, dyslipidemia, and inflammation.

There is some evidence that personal history of
risk factors may influence the validity of current
risk factor assessments. For example, people who
stop smoking cigarettes can bring their risk of car-
diovascular disease back to that of people who have
never smoked.15 However, this process may take
several years. In fact, for heavier smokers, a return
to the risk similar to someone who has never
smoked may require at least 10 years.15–17 Thus, if
a measure like the Framingham Risk Score (FRS)
simply includes an evaluation of current smoking
status, the historical impact of previous smoking
would not be measured even though it may influ-
ence the current assessment of cardiovascular dis-
ease or CHD risk.

Primary care physicians many times have ongo-
ing and continuous relationships with their pa-
tients. Consequently, they have the ability to mea-
sure the patient’s risk factors at multiple times.
Current risk assessment strategies assume indepen-
dence of each of these multivariable scores, when in
fact each assessment in a single person are not
independent. It is possible that the actual CHD risk
could be improved by accounting for the previous
risk factor assessments. The purpose of this study
was to evaluate whether accounting for previous
FRSs improves the predictive ability of the FRS for
future CHD in middle-aged adults.

Methods
We conducted an assessment of the public-use data
set of the Atherosclerosis Risk in Communities
(ARIC) Study. The ARIC is a cohort of 15,792
participants from 4 US communities aged 45 to 64
years. The locations include Forsyth County, NC;
Jackson, MS (African-Americans only); the suburbs
of Minneapolis, MN; and Washington County,

MD. In the public-use data set, participants are
classified as either nonblack or black. The nonblack
participants are mostly white, but include 14 Amer-
ican Indians and 34 Asian participants. The ARIC
baseline examination (visit 1) was during the period
of 1986 to 1989, and follow-up examinations were
during 1990 to 1992 (visit 2), 1993 to 1995 (visit 3),
and 1996 to 1998 (visit 4). The cohort was followed
with annual contact through December 31, 2001.
We conducted a longitudinal analysis using infor-
mation from visits 1, 2, and 3 to classify participants
and then followed them from visit 3 to 6 years later
for the development of incident CHD (Figure 1).
People with diabetes and a diagnosis with CHD
before visit 3 were excluded because the FRS was
not applicable to them.

Coronary Heart Disease
The outcome is incident CHD in 6 years. CHD
was defined as a myocardial infarction, fatal CHD,
or cardiac procedure. ARIC participants had fol-
low-up interviews annually, usually within a month
of their anniversary date for enrollment. Follow-up
interviews included questions based on the Rose
questionnaire for CHD.18 If the participant indi-
cated a hospitalization, ARIC abstractors reviewed
and recorded discharge diagnoses. Community sur-
veillance involved obituary reviews as well as com-
munity death certificate surveillance for mortality.
If mortality was identified, there was similar record
abstraction for in-hospital deaths or an interview
with the family if death occurred outside of the
hospital. ARIC participants gave previous consent
for hospital record review and interviews with fam-
ily members in the event of death. A special ARIC
Morbidity and Mortality Classification Committee
reviewed all hospitalizations and deaths to review
and assign diagnoses for cardiovascular events and
causes of death based on defined criteria.

Framingham Risk Score
Although the FRS for CHD has been computed in
a variety of different ways since it was first pre-
sented, we used the version presented in the Adult

6 years 
prior 

3 years 
prior 

Baseline 6 years 
follow-up

Figure 1. Twelve-year study timeline.
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Treatment Panel III.3 We computed the FRS at
visit 1, visit 2, and visit 3. The FRS can be used for
individuals without previous CHD or diabetes and
is computed using age, sex, measured total choles-
terol, measured high-density lipoprotein choles-
terol, systolic blood pressure, current medication
for hypertension, and current smoking status.

Analysis
First, we used the FRS at visit 3 to compute 6-year
CHD risk to represent the standard strategy of
using a multivariable risk score based on current
assessment of risk factors. We did this for the entire
sample, using sex as a covariate while acknowledg-
ing that the FRS is scored differently for men and
women. Second, we used several strategies to eval-
uate the addition of the patient’s personal history of
risk factors to the current FRS. As shown in Figure
1, we calculated the FRS at visit 1, visit 2, and visit
3, representing 6 years before baseline, 3 years
before baseline, and baseline, respectively. We
computed (1) the difference in risk points between
the FRS at 3 years before (visit 2) and at baseline
(visit 3) and (2) the difference in risk points be-
tween the FRS at 6 years before (visit 1) and at
baseline (visit 3). We computed Pearson’s correla-
tions between the risk scores at each time point.

To obtain parameter estimates, we then con-
ducted Cox regressions by sex separately to predict
incident coronary heart disease over 6 years. The
regressions were computed separately by sex be-
cause that is consistent with the FRS scoring. The
Cox regressions were (1) the FRS at baseline, (2)
the FRS at baseline plus the difference in risk
points between 3 years before to the baseline, and
(3) the FRS at baseline plus the difference in risk
points between 6 years before and baseline. For
Cox regression analyses we used the statistical
package SAS version 9.1 (SAS Institute Inc., Cary,
NC). The proportionality of the Cox regression
hazard ratios were compared by Schoenfeld resid-
uals. The variables in each model were multiplied
with their respective parameter estimates and these
values summed to produce scores for each partici-
pant in each model. Receiver operating character-
istic (ROC) curves were then computed for each
model using MedCalc and the areas under the
curve compared.

Time to CHD events was used in the Cox’s
regressions, but not in the ROC curve analyses. For
the ROC curve analyses, CHD events any time
within 6 years of baseline were classified as belong-
ing to the positive group and participants without
CHD events classified as belonging to the negative
group.

Results
The characteristics of the sample at baseline (visit
3) are shown in Table 1. The number of individuals
progressing to a CHD event over 6 years was 299
men and 131 women.

Results of our ROC curve analyses are shown in
Table 2 and Figures 2 and 3. The Schoenfeld anal-
yses indicated that the hazards ratios from the Cox
regressions were proportional. In the standard
model estimating from the visit 3 assessment, the

Table 1. Characteristics of the Cohort at Baseline

Men Women

Number 3901 5406
Mean age (yr) 60.0 59.5
Current smokers (%) 18.7 17.0
Mean total cholesterol (mg/dL) 200 213
Mean HDL cholesterol (mg/dL) 45.5 60.3
Mean systolic blood pressure (mm Hg) 124 122
Hypertension medications (%) 27.0 31.2

HDL, high-density lipoprotein.

Table 2. Areas Under the Receiver Operating Characteristic Curves for Models Predicting 6-Year Coronary Heart
Disease Risk Incorporating Changes in Risk Scores Over Time

Men Women Total

FRS* 0.646 0.667 0.720
FRS plus difference in risk points between 3 years previous baseline 0.657 0.677 0.727
FRS plus difference in risk points between 6 years previous and baseline 0.649 0.709† 0.730†

*Framingham Risk Score (FRS) risk points at Baseline.
†Significantly different (P � .05) from Framingham Risk Score risk points at baseline.
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6-year prediction of the FRS yielded areas under
the ROC curve of 0.720 for entire sample, 0.646 for
men, and 0.667 for women. When we added the
difference between the FRS at visit 3 and an FRS
from 3 years before, the areas under the ROC curve
increased but were not significantly different from
the FRS at baseline alone. However, when the
difference between the FRS at baseline (visit 3) and
6 years before was added to the baseline FRS as-
sessments on each individual, this new strategy of-
fered significantly improved prediction for the de-
velopment of CHD for the entire population and
among women. This finding was not yielded
among men.

The correlations between the FRS at the base-
line and previous assessments tend to be relatively
similar between men and women (Table 3). How-
ever, the correlation between baseline and 6 years
earlier is higher among men than among women.
There is less stability among women, particularly in
relation to current smoking status. A substantial
decline in current smoking among women (9%)
who had a CHD event suggested a carryover effect
of previous smoking on current risk (Table 4).

Discussion
The results of this study indicate the value of the
addition of an individual’s personal history of CHD
risk factors to current state assessments when pre-
dicting future CHD risk. This finding provides a
potential explanation for the lack of additional
value of many current state biomarkers with con-
ventional risk factors; it points to the need for a
measure that assesses a cumulative risk. The value
of using historical information in CHD risk assess-

ment was evident in women and not supported in
men.

It is unclear why in this particular analysis his-
tory had an added benefit to the FRS for women
but did not add significantly to the predictive
power of the FRS in men. Analyses of individual
components of participants’ history showed that no
single component improved the model for women.
The benefit of adding the FRS from 6 years before
seemed to be because of changes in multiple com-
ponents of FRS history. Consistent with this sex
difference is the recent finding that men are less
likely to change/adopt healthy habits in middle age;
thus their FRS would tend to remain stable and
decrease the value of history as a factor.19 It may be
useful for primary care physicians to be particularly
attuned to the possibility of changes in risk factors
among their female patients.

It is not surprising that men and women may
differ in the impact of past risk factors and future
CHD risk. Several studies have examined women
separately, whereas others have shown that men
and women differ in the association between major
risk factors and myocardial infarction.20,21 For ex-
ample, in one cohort of more than 2000 adults aged
45 to 64 years at baseline, the results showed that

Figure 3. Receiver operating characteristic curves for
Framingham Risk Score (FRS) at baseline and FRS at
baseline plus the difference in risk points between 6
years previous and baseline (FRS History) among
women.

Table 3. Correlations Between Framingham Risk Score
Risk Points at Different Times

Men Women

3 years previous and baseline 0.757 0.759
6 years previous and baseline 0.715 0.707

Figure 2. Receiver operating characteristic curves for
Framingham Risk Score (FRS) at baseline and FRS at
baseline plus the difference in risk points between 6
years previous and baseline (FRS History) among men.
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the risk of CHD for people with diabetes in anal-
yses adjusting for conventional risk factors was 2.8
for men and 9.5 for women.22

Because of the past performance of inherited
characteristics like family history in CHD, some
studies have attempted to use genes as risk markers
for CHD.7,23,24 The attempts to use genes as pre-
dictors of risk for CHD have been less than satis-
factory. In fact, in a study using the ARIC cohort,
adding a genetic risk score comprising multiple
genetic variants to a conventional risk factor score
did not significantly increase in predictive ability
the model above that provided by current conven-
tional risk factors for white adults.7 This suggests
that the phenotypic expression of genes associated
with CHD may already be expressed in risk factors
for CHD like hypertension and hyperlipidemia.
However, the current findings suggest that an in-
dividual’s history may be more useful than adding
genes to conventional risk factors in improving
CHD risk prediction models.

One study that considered an indicator of cumu-
lative damage as an adjunct to the FRS focused on
the addition of coronary artery calcium score.25

The coronary artery calcium score represents sub-
clinical atherosclerosis and is predictive of total
plaque burden. The addition of coronary artery
calcium score improved the prediction of the FRS,
particularly among patients with intermediate FRS
risk. The present results of the addition of previous
FRS measurements to the current measure support
the coronary artery calcium score findings regard-
ing assessments representative of cumulative dam-
age. However, the ability to do multiple FRS mea-
sures is more easily undertaken in primary care
than are computed tomography scans for coronary
artery calcium score. Moreover, as more primary
care offices adopt electronic health records the
more historical information that will be able to be
used by the clinician, thereby allowing for better
assessments of risk.

Limitations of the study include generalizabilty
from a study population of only 4 communities,
although the ARIC population is diverse and geo-
graphically dispersed across the United States. An-
other limitation is that, although the cohort al-
lowed us to evaluate the FRS at 3 different time
points and follow patients forward to the develop-
ment of CHD, the predictive models may be im-
proved by adding more history and having a 10-
year rather than 6-year follow-up.

Conclusion
This study provides support for the need to use a
cumulative history measure of risk in CHD predic-
tion. The practical significance of these findings is
that a patient’s history of risk factors does matter in
future CHD risk even if those risk factors no longer
exist. Future studies focusing on ways to incorpo-
rate a cumulative variable of a person’s risk factor
history may hold particular promise for risk pre-
diction. Because of their continuous relationships
with patients, primary care physicians are well-
positioned to measure the FRS at multiple time
points and thereby provide patients with an im-
proved picture of their CHD risk.
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