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Introducton
Health risk appraisals (HRAs) are de-

signed to estimate a person's mortality or
morbidity risk for various diseases based
on such characteristics as medical history,
blood pressure, and smoking habits.
HRAs have become increasingly popular
as health education tools. Recent esti-
mates indicate that more than 200 organi-
zations in the United States currently use
HRAs to promote health awareness, and
that between five and 15 million people
have completed one ofthese instruments. 1
HRAs are also frequently included in
work-site health promotion activities.2
Despite the burgeoning popularity of
HRAs, comparatively little is known
about the validityofthe risk estimates pro-
duced by them. Several recent reviews of
HRAusage have stressed the need for fur-
ther research on the accuracy of the pre-
dictions made by these instruments.3-5

In an earlier paper,6we examined the
accuracy ofthe scoring systems employed
by 41 differentHRAs to estimate coronary
heart disease (CHD) mortality risk. Cor-
relations between HRA risk scores and
epidemiologic estimates were found to be.
influenced by the sophistication of the
HRA scoring system, the number of risk
factors included in the instrument, the
range of categories available for each risk
factor, and the sensitivity of the scoring
system to the effects of age and gender.
Foxman and Edington7 have also exam-
ined HRA accuracy with respect to mor-
tality from all causes. These two studies
based their assessments ofHRA accuracy
on physical examinations in the Framing-
ham Heart Study and Tecumseh Commu-
nity Health Study, respectively. Since the
respondents who complete HRAs may or
may not be aware of the appropriate val-

ues for risk factors, the use of actual phys-
iological measurements in these studies is
likely to have overstated the accuracy that
would be obtained from self-reported risk
scores.

This paper examines HRA validity
based on self-reported data from a general
population. Three questions are ad-
dressed: 1) How accurate are respon-
dents' self-reports for HRA risk factors?
2) How accurate are HRA estimates ofthe
risk ofCHD mortality based on these self-
reports? 3) Towhat extent is the validity of
HRA risk scores affected by reporting er-
rors and computational mistakes made by
respondents?

Methods
A field trial of health risk appraisal

instruments was conducted by the Cam-
bridge Research Center of the American
Institutes for Research in 1987. The trial
was specifically designed to assess the re-
liability and validity of four representative
HRAs in a general population. Respon-
dents between the ages of 25 and 65 were
identified through random digit dialing of
15 telephone exchanges in the Boston
metropolitan area. Sampling and inter-
viewing procedures for the field trial have
been described elsewhere.8

Duringhome visits, trained field tech-
nicians administered a standardized per-
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sonal interview and one of the four HRAs
to be evaluated by the project. Techni-
cians were instructed not to help respon-
dents complete HRA items or compute
risk scores. The technician also measured
blood pressure, height, and weight, and
drew a venous blood sample for choles-
terol analysis following the protocol es-
tablished by the Centers for Disease Con-
trol (CDC). In-home physiological
measurements have been shown to be as
reliable and valid as those performed in a
central location using standard equip-
ment.9

Fourwidelyused HRAswere chosen
to represent the major types of computer-
scored and self-scored instruments avail-
able in 1987: 1) Health Risk Appraisal
(Centers for Disease Control), 2) The
Heart Test (Arizona Heart Institute), 3)
RISKO (American Heart Association),
and 4) Determine Your Medical Age (Blue
Cross/Blue Shield of New York). These
were found to be among the most valid
instruments within major HRA classifica-
tions in our previous work.6 Since the field
trial, the CDC instrument has been re-
placed by the Carter Center's "Healthier
People" HRA.10 The Carter Center's
questionnaire and reporting format are
similar to those of the earlier CDC ver-
sion, but it uses an updated algorithm for
assessing risk.

Each instrument requires a respon-
dent to select categories that best describe

personal habits, physiological status, and
medical history. Point values or weights
associated with these categories are then
combined to produce an overall estimate
of risk. In these four HRAs, total risk is
summarized either by a heart-attack risk
scale, with higher values representing
greater risk, or by appraised age. Ap-
praised age is the age at which the average
mortality risk for all adults of the same
gender and race is equal to the risk pro-
jected for a particular individual. If a per-
son's appraised age is higher than his chro-
nological age, that person has a greater
than average chance of dying. The range
of total risk scores and point values or
weights for five major CHD risk items is
shown in Table 1.

The CDCHRA, which requires com-
puter processing, provides probability es-
timates for the 12 leading causes of death
based on the Geller-Gesnermethod." The
Arizona Heart Institute's Heart Test and
RISKO are self-scored instruments focus-
ing on heart attack risk. In Determine
Your Medical Age, appraised age is cal-
culated by adjusting an individual's chro-
nological age for medical history and life-
style factors.

A standard psychometric definition
for validity was adopted for this study;
that is, that validity refers to the degree to
which an instrument measures what it is
intended to measure.12,13 In order to as-
sess the validity of a measure, some cri-

terion or "gold standard" must be avail-
able for comparison. Table 2 shows the
validation measures used in this study.
Physiological values served as standards
for three of the five CHD risk items. The
standards for physical activity (kilocalorie
expenditure for the previous week as cal-
culated from the Harvard Alumni Activity
Survey Scale)14 and cigarette smoking
were based on self-reports collected dur-
ing personal interviews. HRA scores for
heart attack risk or appraised age were
compared to estimates from the
NHANES I Epidemiologic Followup
Study (NHEFS).15 Separate NHEFS lo-
gistic models for men andwomen provide
estimates ofthe probabilityofdeath due to
coronary heart disease over a ten-year pe-
riod based on a large (N = 4,013) repre-
sentative sample of white adults.

Several statistical techniques can be
employed to assess the extent of agree-
ment or conformity between two mea-
surements, including sensitivity, speci-
ficity, correlations, mean differences, and
standard deviations for differences.
Which technique is most appropriate re-
mains a controversial issue.16,17 However,
the self-reported risk scores and the vali-
dation measures in this study cannot be
directly compared because they were not
measured on the same scale. Therefore,
product-moment correlations between
risk scores and validation measures were
employed as the primary indicator of ac-
curacy.12

As the criterion measure for CHD
risk, the 10-year heart disease mortality
probability for each respondent was cal-
culated using the gender-specific NHEFS
models. Physiological measures taken by
field technicians, rather than self-reports,
were used to make the logistic estimates
as accurate as possible. According to the
logistic models, a few respondents had
mortality risks thatwere much higher than
the risks for the great majority ofcases. To
prevent these outliers from distorting the
correlation coefficients, the natural loga-
rithm of the 10-year mortality risk per
100,000 persons was used in the analyses.

Three HRA total risk scores were
computed for each respondent: 1) the
score reported by the respondent, 2) the
risk score corrected for mathematical er-
rors, and 3) the score that would have
been obtained on the basis of the blood
pressure, cholesterol, height, and weight
measurements taken by field technicians.
The first of these scores does not apply to
the CDC instrument, which is calculated
by computer. Each of these three risk
scores was then correlated with the log-
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transformed probability estimates derived
from the NHEFS logistic model. Loga-
rithmic transformations were also applied
to the CDC probabilities. CHD mortality
rates increase monotonically with age and
are considerably higher for men than
women. To remove these effects from the
validity assessments, partial correlations
were also computed for each HRA score,
adjusting for age, gender, and race.

Results
Baseline interviews were completed

by 732 of 1,276 eligible adults (57.4 per-
cent) contacted for the field trial.A logistic
regression analysis of response rates indi-
cated that the probability of obtaining a
completed interview was not affected by
demographic characteristics (gender,
race, age, and average income level in the
telephone exchange), self-reported health
status, or concem about the state of one's
health. Similarities between field trial par-
ticipants and eligible subjects who de-
clined to be interviewed are shown in Ta-
ble 3. The median age of the sample was
38 years. Respondents were somewhat
younger and healthier than the general
population because persons with diabe-
tes, hypertension, or evidence of overt
cardiovascular disease were screened out
of the sample.

Validity ofCHD Risk Factors
The first set of analyses focused on

five specific CHHD risk items. These anal-
yseswere restricted to respondentswhose
physiological measurements were com-
pleted during the baseline interview. Ta-
ble 4 shows the correlations between self-
reported risk scores and validation

measures for each of the four HRAs.
These results reveal some sharp distinc-
tions among the individual risk factors.
The coefficients for cigarette smoking and
relative weight were always .6 or greater
for each of the four instruments. On the
other hand, none of the correlations for
physical activity, blood pressure, or cho-
lesterolwere higher than .5. TheHRA risk
scores for these items accounted for less
than 25 percent of the variance in the
physiological measures. The smallest cor-
relations were found for blood pressure
and cholesterol. This occurs primarily be-
cause many people do not know the ap-
propriate values and either assume that
their levels are average or make inaccu-
rate guesses. The magnitudes of these cor-
relations were relatively consistent from
HRA to HRA; there was more variation
among different risk factors than among
instruments.

Validity ofHeartAttack Risk Scores
andAppraisedAge

The second set of analyses examined
the validity ofHRA scores for heart attack
risk and appraised age. There are two po-
tential sources of error in total risk scores.
First, respondents may be unaware of the
appropriate values for physiological mea-
sures. When asked to specify exactvalues
during in-person interviews, only 27 per-
cent of the respondents gave systolic
blood pressure values within 10 mmHg of
those recorded by the field technicians,
and only 4 percent estimated their total
serum cholesterol to within 20 mg/dl of
laboratory readings.

For self-scored appraisal instru-
ments, a second source of error lies in
computational mistakes made by respon-

dents when calculating their total risk
scores. Many of the field trial participants
had difficulty computing these scores (Ta-
ble 5). Error rates were affected both by
the mathematical skills required by each
instrument (addition, subtraction, or divi-
sion) and by respondents' educational at-
tainment (persons without four-year col-
lege degrees were twice as likely to make
mistakes as those with baccalaureate or
advanced degrees).

To assess the effects of these poten-
tial sources of error, separate correlations
were computed for the risk scores re-
ported by respondents, scores corrected
for mathematical errors, and the scores
that would have resulted from the physi-
ological measurements taken by field
technicians. The last of these three scores
is similar to estimates based on physical
examination data evaluated in our previ-
ous study.6

The upper panel ofTable 6 shows the
correlations for each HRA based on all
respondents who were able to calculate
risk scores and had a complete set ofphys-
iological measurements. TheCDCrisk ap-
praisal had the highest correlations. This
computerized instrument uses a more so-
phisticated scoring algorithm than the
other HRAs and was the only one of the
four that, like the logistic models, provides
probability estimates for CHD mortality
over a ten-year period. The CDC esti-
mates, however, were consistently higher
than the risks predicted by the NHEFS
models (average risks of 1,522 per 100,000
compared with 1,173 per 100,000). Deter-
mine Your Medical Age had the next high-
est set of correlations, even though this
instrument is not designed specifically for
heart disease. Mathematical errors played
an important role in the validity of this
HRA, as the average coefficient increased
from .41 to .55 when respondents' mis-
takes were corrected. Determine Your
Medical Age also benefits considerably
from the fact that CHD risk increases
greatly with age, so that any HRA based
on appraised age should have a reasonably
high correlation in this type of analysis.

The pattern of results was consider-
ably different for the Arizona Heart Insti-
tute HRA than for the other instruments.
The correlations for this HRA were al-
ways about .52, regardless of whether
computational errors were corrected or
actual physiological values were substi-
tuted for the respondent's choices. This
probably occurred because comparatively
few people completing this instrument
made errors in their risk calculations and
because cholesterol values are not re-
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quired. RISKO had the smallest correla-
tion with logistic estimates for the scores
reported by respondents (.13), but in con-
trast to the other three HRAs, RISKO
scores represent relative rather than ab-
solute mortality risk.

A more refined assessment ofvalidity
can be made by examining partial correla-
tions between HRA scores and the logistic
estimates after controlling for age, gender,
and race, as shown in the lower panel of
Table 6. These three demographic charac-
teristics consistently explained 85 to 90 per-
cent of the variation in the log-transformed
logistic rates. The resulting partial correla-
tions were smaller than the unadjusted cor-

relations in Table 5 for all HRAs except
RISKO. The partials for self-reported
Medical Age and RISKO scores were less
than .2, but these coefficients more than
doubled when mathematical errors were
corrected. The magnitudes of the partial
correlations also showed small improve-
ments for three HRAs and a large increase
for RISKO when physiological measure-
ments taken in the field were substituted
for the values selected by respondents.

Discussion
The results of this randomized field

trial have several important implications

for the accuracy of HRA instruments
when used by a general population.

First, self-reported risk scores for
cigarette smoking and relative weight ap-
pear to be accurate enough for use in
HRAs. However, reports for physical ac-
tivity, blood pressure, and cholesterol
were frequently inaccurate when com-
pared with more objective measures.
Many people don't know their blood pres-
sure or cholesterol levels and don't do a
very good job of guessing what these val-
ues are. In the field trial, 27 percent of the
sample reported systolic blood pressure
values that were within 10 mmHg of the
readings taken by field technicians and
only4 percent gave cholesterolvalues that
were within 20 mg/dl.

The HRAs chosen for the field trial
exhibited modest correlations with the
CHD mortality risk estimates predictedby
the NHEFS epidemiologic model. After
adjusting forvariations attributable to age,
gender, and race, the partial correlations
for all three of the self-scored instruments
were approximately .4 when computa-
tional errors had been corrected. The par-
tial correlation for theCDCHRA, the only
instrument that produced probability esti-
mates, was only slightly higher (.47).
Moreover, like other HRAs based on the
Geller-Gesner techniques, CDC's ten-
year mortality risk predictions were con-
sistently higher than those produced by
the NHEFS data.6.7 Several of the more
recently developed HRAs incorporate lo-
gistic equations that may be expected to
yield higher partial correlations than the
field trial instruments.

The trial results also indicate that,
when used in the field, the accuracy of the
self-scored HRAs is attenuated by math-
ematical errors made by respondents and,
to a lesser extent, by a lack of knowledge
of the exact values for blood pressure,
cholesterol, height, and weight. Compu-
tational errors substantially reduced the
correlations for RISKO and Determine
Your Medical Age, but not for the Arizona
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Heart Institute instrument. This appears
to be a function of the computational bur-
den a self-scored HRA imposes on re-
spondents. Determine Your Medical Age
requires three mathematical operations
(addition, subtraction, and division);
RISKO, two (addition and subtraction),
while the Arizona Heart Institute scores
involve only addition. Computational er-
rors and uncertainty regarding one's phys-
iological status have also been found to
lower the test-retest reliability of these
HRAs.8 Providing respondents with accu-
rate physiological measurements and
checking HRA calculations for errors will
therefore improve both the reliability and
the validity of self-scored risk estimates.

Finally, it should be noted that the
analyses presented in this paper are re-
stricted to CHD mortality. Since the risk
factors for CHD are relatively well estab-
lished, HRA risk estimates may be less
accurate for other, less frequent causes of
death and morbidity. O
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