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Abstract

Lifetime risk estimation for cardiovascular disease (CVVD) has been proposed as a useful strategy
to improve risk communication in the primary prevention setting. However, the perception of
lifetime risk for CVD is unknown. We included 2,998 individuals from the Dallas Heart Study.
Lifetime risk for developing CVD was classified as high (=39%) vs. low (<39%) according to risk
factor burden as described in our previously published algorithm. Perception of lifetime risk for
myocardial infarction was assessed via a 5-point scale. Baseline characteristics were compared
across levels of perceived lifetime risk. Multivariable logistic regression analyses were performed
to determine the association of participant characteristics with level of perceived lifetime risk for
CVD and with correctness of perceptions. 64.8% (1942/2998) of participants were classified as
high predicted lifetime risk for CVD. There was significant discordance between perceived and
predicted lifetime risk. After multivariable adjustment, family history of premature M, high self-
reported stress, and low perceived health were all strongly associated with high perceived lifetime
risk (OR [95% Cl]: 2.37 [1.72-3.27], 2.17 [1.66-2.83], and 2.71 [2.09-3.53]). However, the
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association between traditional CVD risk factors and high perceived lifetime risk was more
modest. In conclusion, misperception of lifetime risk for CVD is common and frequently reflects
the influence of factors other than traditional risk factor levels. These findings highlight the
importance of effectively communicating the significance of traditional risk factors in determining
the lifetime risk for CVD.
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INTRODUCTION

Although a majority of the US population is at low risk for cardiovascular disease (CVD) in
the short-term (10-year estimate), most of these individuals are actually at high risk for
developing cardiovascular disease during their remaining lifespan (1, 2). Physicians have
routinely used short-term CVD risk estimation in primary prevention to guide decisions to
treat blood pressure and cholesterol levels and encourage therapeutic lifestyle changes for
those at the highest risk (3). However, short-term risk estimates have important limitations,
classifying most adults < 50 years of age and many women as low risk regardless of risk
factor burden (2, 3). Therefore, national guidelines have recently encouraged the use of
long-term or lifetime risk as an adjunct to short-term risk communication in the primary
prevention setting (3-5). Prior studies have observed that knowledge of short-term risk has
been associated with healthy lifestyle patterns (6) and the effectiveness of cholesterol (7)
and blood pressure lowering therapy (8). However, little is known about the perception of
lifetime risk for CVD in the general population. Therefore, we sought to determine the
perception of lifetime risk for CVD by comparing Dallas Heart Study participants’
perceived lifetime risk with their predicted lifetime risk for CVD using our previously
published algorithm (1, 9, 10).

METHODS

The Dallas Heart Study (DHS) is a multiethnic, population-based probability sample of adult
residents of Dallas County age 1865 years enrolled between July 2000 and January 2002
(11). All participants provided informed consent to participate in the study and the protocol
was approved by the Institutional Review Board of University of Texas Southwestern
Medical Center. In the initial home visit, 6,101 participants underwent extensive household
interviews. A subset of 3,557 participants age 30-65 years participated in a follow-up visit,
providing fasting blood and urine specimens and serial blood pressure measurements.
Details of the study design, including collection of medical history, blood pressure,
anthropometric measurements, and laboratory measurements have been described previously
in detail (11). In the present study, we included 2,998 subjects who participated in the
follow-up visit of the DHS after excluding participants with a self-report of prior myocardial
infarction and/or stroke (n=181), a non-fasting blood sample (n=94), and those missing
measured baseline covariates (n=284).
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Race/ethnicity and current smoking status were defined by self-report. Education level was
used as a surrogate for socioeconomic status instead of income level because many
participants declined to provide financial information. High education level was defined as
college degree or higher. Body mass index (BMI) was calculated from measured height and
weight. Diabetes mellitus was defined by a fasting glucose =126 mg/dl, non-fasting glucose
>200 mg/dl, or the use of glucose-lowering medications. Family history of premature
myocardial infarction (MI) was defined as a first-degree male relative with a heart attack at
age <50 years or a first-degree female relative with a heart attack at age <55 years in survey
responses. Levels of stress and perceived health were determined by self-report to the
following survey items in the DHS: “on a scale of 1-5, how would you rate your stress
level?” (1 = No stress at all; 5 = Extremely high stress); and “How would you say your
general health is?” (excellent, very good, good, fair, or poor). High perceived stress was
defined as a score of 4-5; low perceived stress was defined as a score of 1-3. High
perceived health was defined as excellent, very good or good; low perceived health was
defined as fair or poor. Perceived lifetime risk for CVD was measured using the
participants’ response to the following question: “On a scale of 1-5, how likely is it that you
will have a heart attack in your lifetime? (1 = Least likely, 5 = Most likely" (12).

We estimated predicted lifetime risk according to our previously published algorithm (1, 9,
10) where we classified each participant into one of five mutually exclusive risk factor
categories according to their level of measured traditional CVD risk factors: all optimal risk
factors, =1 not-optimal risk factors, =1 elevated risk factors, 1 major risk factor or = 2 major
risk factors. Compared to individuals in the lowest two risk factor categories (i.e. all optimal
or =1 not-optimal risk factor), individuals in the top three risk factor categories (i.e. at least
one elevated risk factor) represent a unique subset, with a higher observed lifetime risks for
CVD, the presence of at least one treatable risk factor, and a higher prevalence and
progression of subclinical atherosclerosis (1, 9, 10). Therefore, in the present study we used
this previously validated threshold to determine the predicted lifetime risk for CVD,
classifying each individual as either “low predicted lifetime risk” or “high predicted lifetime
risk” (supplemental Table 1).

Because perceived lifetime risk was measured on a relative (i.e. “least likely” to “most
likely”) rather than a quantitative scale, we studied further those individuals at the extremes
of perceived lifetime risk. Therefore, those individuals who selected “5-most likely” were
defined as having “high perceived lifetime risk”; and those individuals who selected “1-least
likely” were defined as having “low perceived lifetime risk”. We compared baseline
characteristics across levels of perceived lifetime risk [1 (least likely) to 5 (most likely)]
using linear trend tests and the Cochrane-Armitage trend test for continuous and categorical
variables, respectively.

To determine the independent association between risk factors and the perception of lifetime
risk for CVD, we first constructed multivariable logistic regression models for all study
participants to test the association between demographics, traditional CVD risk factors, and
other personal characteristics and the perception of lifetime risk for MI, with high perceived
lifetime risk (i.e. score = 5) as the outcome variable. To identify factors associated with
correct or incorrect perception of lifetime risk of MI, we constructed multivariable logistic
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regression models separately for individuals with low predicted lifetime risk (i.e. all optimal
or =1 not-optimal risk factor), and for those with high predicted lifetime risk (i.e. at least one
elevated risk factor). In both high and low predicted lifetime risk subgroups, incorrectly
perceived lifetime risk was the outcome variable, and correctly perceived lifetime risk was
the referent (i.e. perceived = predicted). Among participants with low predicted lifetime risk,
we determined the association between participant characteristics and overestimation of
lifetime risk for CVD (perceived > predicted). Similarly, among participants with high
predicted lifetime risk, we determined the association between participant characteristics and
underestimation of lifetime risk for CVVD (perceived < predicted). (Figure 1)

All models were adjusted for age, gender, race, education level, BMI, systolic blood
pressure, total cholesterol, current smoking, presence or absence of diabetes, presence or
absence of family history of premature MI, and perceived levels of stress and health. These
variables were selected in an effort to compare basic demographics, components of the
Framingham and Lifetime Risk for CVD estimates, or because they were significantly
different across levels of perceived lifetime risk. All reported p-values are two sided at a
significance level of 5%. Statistical analyses were performed using SAS for Windows
(release 9.2; SAS Institute, Inc., Cary, NC). Chi-square statistics were included to facilitate
comparison of both categorical and continuous variables in determining risk perception.

RESULTS

Most of the study participants had a high predicted lifetime risk for CVD. Out of the 2,998
participants, 64.8% (n=1,942) had a high predicted lifetime risk for CVD, while 35.2%
(n=1,056) had a low predicted lifetime risk for CVD (Supplemental Table 1). The average
perceived lifetime risk for CVD in the Dallas Heart Study was 2.6 on a scale from 1 (least
likely) to 5 (most likely) (Table 1). There was a significant discordance between perceived
and predicted lifetime risk for CVD. For example, among 736 participants with the lowest
perceived lifetime risk (Score = 1, least likely), 42% had a high predicted lifetime risk and
therefore appeared to underestimate their lifetime risk (perceived < predicted). Similarly,
among 312 participants with the highest perceived lifetime risk (Score = 5, most likely),
about half (49%) actually had a low predicted lifetime risk and therefore overestimated their
lifetime risk for CVD (perceived > predicted) (Table 1). Factors associated with higher
perceived lifetime risk for CVD were older age, traditional CVD risk factors, positive family
history of premature M, higher levels of perceived stress, and lower levels of perceived
health (Table 1).

After multivariable adjustment, these associations persisted, with particularly strong
associations for family history of premature M, high perceived stress, and low perceived
health. However, the association between traditional CVD risk factors and high perceived
lifetime risk was more modest (Figure 2).

We further examined the factors that were associated with misperception of lifetime risk for
CVD. Among participants with a low predicted lifetime risk for CVD (N= 1,056), 751 did
not perceive their risk level to be low or “1-least likely”, but instead rated their perceived
risk level to be higher with scores from 2-5. The determinants of overestimated risk
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(perceived > predicted) included older age (OR [95% CI]: 1.23 [1.03-1.47), white race (OR
[95% CI]: 2.42 [1.66-3.50]), high education level (OR [95% CI]: 1.56 [1.09-2.23]),
elevated BMI (OR [95% CIl]: 1.10 [1.02-1.18]), family history of premature M| (OR [95%
Cl]: 2.16 [1.15-4.05]), high perceived stress (OR [95% CI]: 1.87 [1.27-2.76]), and low
perceived health (OR [95% CI]: 2.05 [1.34-3.12]).

Similarly, among participants with high predicted lifetime risk for CVD (N = 1,942), 1,704
did not perceive their risk level to be high or “5-most likely”, but instead rated their
perceived risk level to be lower with scores from 1-4. The determinants of underestimated
risk (perceived < predicted) included participants without a family history of premature Ml
(OR [95% CI]: 1.76 [1.20-2.58]), with low perceived stress (OR [95% CI]: 2.13 [1.57-
2.90]), and with high perceived health (OR [95% CI]: 2.68 [1.99-3.62]).

Finally, because perceived lifetime risk was measured on a relative scale of survey
responses, we chose a priori to study those at the extremes of perceived risk (ie. Score of 1
vs. 5). After additional sensitivity analyses in which we varied the threshold for “low
perceived lifetime risk” (i.e. a score of 1, 1-2, and 1-3 were considered to be “low perceived
lifetime risk” in separate analyses), we observed a consistent pattern of results, suggesting
that our findings were independent of the threshold (data not shown).

DISCUSSION

To our knowledge, the present study represents the first report of the perceived lifetime risk
for CVD in the general population. Our findings demonstrate that the perception of lifetime
risk for CVD varies considerably and is often inaccurate. In addition, our findings
demonstrate that the perception of CVD risk is influenced more by personal factors (i.e.
subjective perception of stress and personal health) than traditional CVD risk factors.
Therefore patients and physicians have different perspectives regarding estimation of
lifetime risk for CVD. These findings have implications for primary prevention practice,
emphasizing the importance of more effective risk communication regarding the role of
established, traditional risk factors in determining the lifetime risk for CVD.

Several prior studies have examined the association between short-term perceived and
predicted risk for CVD (13-16). Most of these studies use data derived from primary care
physician practices and/or use self-reported risk factors to create predicted risk estimates. In
spite of these methodological differences, these prior studies also observed that incorrect
perception of short-term CVD risk was not uncommon and was associated with race,
socioeconomic status, family history of CVD, and perceived health. Interestingly, a study of
women’s awareness of CVD demonstrated that although general knowledge of CVD as a
leading cause of death has increased over the last decade, this knowledge has not translated
into an accurate perception of personal risk for CVD (17). There exists an “optimism bias,”
in which people generally underestimate their own personal risk for CVD (18).

In the present study, we extend these prior observations in several important ways. First, we
provide the first reported description of perceived lifetime, rather than short-term, risk for
CVD and its associated demographic, personal, and risk factor characteristics in a large,
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multi-ethnic, population-based sample of US adults. Second, using measured baseline risk
factors and our previously published lifetime risk prediction algorithm we were able to
compare the perceived lifetime risk with a reliable estimate of the predicted lifetime risk for
CVD.

We found that despite the fact that the majority of our study participants (64%) are at high
predicted lifetime risk for CVD, most do not perceive themselves as high risk. And, on both
ends of the spectrum, participants commonly misperceived their predicted lifetime risk level,
with almost half in each of the extreme perceived risk groups, (42% of those rated “1-least
likely” and 49% of those rated “5-most likely™) having predicted risk levels that were
actually opposite of their perceived lifetime risk (Table 1). Interestingly, while general
perception of lifetime risk tracked with the burden of traditional CVD risk factors,
misperception of lifetime risk had almost no relation to risk factors. Perception of risk level
was instead strongly associated with an individual’s family history of premature MI and
their subjective perceptions of levels of stress and personal health.

It has been shown that patients’ awareness of cardiovascular risk level is a motivating factor
for them to make lifestyle changes (6), and to take blood pressure (8) and cholesterol-
lowering medications (7), resulting in a reduction in CVD risk factor burden (19). Self-
perception of low cardiac risk, on the other hand, decreases motivation to engage in lifestyle
modification (6). Patients, and in particular racial/ethnic minorities, have reported that
encouragement from their physician is a motivating factor to make lifestyle changes (20).
Although risk communication is not a guarantee for successful prevention of CVD, these
prior findings suggest the importance of an individual’s risk perception and therapeutic
lifestyle counseling by healthcare providers as motivators for change, and support the recent
performance measures from the American Heart Association and the American College of
Cardiology encouraging health care providers to provide dietary and physical activity
counseling to promote CVD prevention (21).

Some limitations should be noted. First, it should be noted that we compared the perceived
lifetime risk for a “heart attack” with the predicted lifetime risk for total atherosclerotic
CVD. Although the lifetime risk for Ml is smaller than total CVD, the association between
traditional risk factors is similar across all endpoints and therefore is unlikely to have
influenced our results (9, 22). Second, we have previously reported that premature family
history was also associated with a higher lifetime risk for CVD (23). Had we considered
premature family history as part of the definition of lifetime risk, it is likely that this variable
would have been associated more strongly with correctly estimated lifetime risk. However,
in the present paper, we define lifetime risk strata according to traditional risk levels alone
as this represents the most well established approach to lifetime risk estimation (1, 5, 9, 10).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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High Perceived Lifetime Risk
Score = “5-most likely”

High Predicted LR

Low Predicted LR

High Predicted LR

Correct Estimation of
Lifetime Risk for CVD

Perceived = Predicted

Underestimation of
Lifetime Risk for CVD

Perceived < Predicted

Overestimation of
Lifetime Risk for CVD

Perceived > Predicted

Correct Estimation of
Lifetime Risk for CVD

Perceived = Predicted

Figure 1.

Categories of Perceived and Predicted Lifetime Risk for Cardiovascular Disease in the
Dallas Heart Study. This figure provides a schematic reflecting the stratification of
perceived and predicted lifetime risk, allowing participants to be categorized as having
correctly estimated risk, underestimated risk (perceived < predicted), or overestimated risk
(perceived > predicted).
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Chi square P-value
Age (per 10 years)- —— 0.05 0.82
Male (vs. Female) i 0.0003 0.99
White race (vs. non-white)- —— 2.67 0.10
High Education Level (vs. low)- — 5.59 0.02
Body Mass Index (per 3 kg/m2)- E 1.64 0.20
Systolic Blood Pressure (per 20 mmHg)- - 1.53 0.22
Total Cholesterol (per 40mg/dL)- ——— 0.28 0.60
Current Smoker (vs. Non-smoker)- —— 0.003 0.96
Diabetes (vs. no Diabetes) —— 3.91 0.05
Positive Family History of Ml (vs. negative) —— 28.05 <0.0001
High Perceived Stress (vs. Low) : ———i 32.81 <0.0001
Low Perceived Health (vs. High)- . — 55.38 <0.0001
0.25 0.5 1 2 4
Favors Low Perceived Favors High Perceived
Lifetime Risk Lifetime Risk

Figure 2.
Multivariable-adjusted odds ratios comparing participant characteristics and the probability

of having high perceived lifetime risk for cardiovascular disease (N = 2,998). In this figure,
high perceived lifetime risk is defined as having a perceived lifetime risk score of 5; lower
perceived lifetime risk is defined as having a perceived lifetime risk score of 1-4 (see
Methods for details). Odds ratios are multivariable adjusted for all covariates listed.
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