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Introduction
The Stanford Five-City Project is a

long-term field trial designed to test
whether a comprehensive program of
community organization and health educa-
tion produces favorable changes in cardio-
vascular disease risk.' Changes in overall

M: risk factors have been reported2 and
W4~k: indicate a beneficial educational effect,
tV especially with regard to blood pressure3

K and smoking.4
K.'R,'~ In this paper, we present prospective

data on respondents from the two treat-
ment cities. We identify those who showed
favorable risk factor changes and com-
pare their baseline sociodemographic,
psychosocial, and physiologic characteris-

g- tics with those of respondents who showed
unfavorable changes. This procedure al-
lows for the identification of subgroups
who are most likely to respond to a

|YQ5!:^ community intervention like the Five-City
Project, as well as subgroups who deserve
special attention because of their lack of
positive change.

Because intervention programs in-
creasingly involve the targeting of mul-
tiple risk factors"15'6 and because the
pnmary goal of community cardiovascular
disease intervention studies is overall
improvement in the community's health,
we used a summary measure that incorpo-
rates multiple cardiovascular disease risk
factors as our indicator of change. Using a
signal detection model designed to de-
velop optimal sequential rules,7 we identi-
fied baseline health-related variables that
best divide the sample into subgroups on
the basis of the probability of positive
change in risk factor status.

Our selected variables reflect the
theoretical bases of the Project's educa-
tion program: social learning theory,8'9 the
communication-persuasion model,10 the
social marketing model,i" and the theory

of reasoned action.12 We evaluate knowl-
edge and attitudes about cardiovascular
disease that often accompany behavior
change13; perceived self-efficacy about
diet and exercise, which has been shown
to be important in predicting behavior
change14; perceived cardiovascular dis-
ease risk, which has been shown to be
important in understanding how individu-
als change15; and health media use, which
has been shown to be related to exposure
to the Five-City Project campaign.'6

Methods
The Five-City Project drew subjects

from two treatment and two control cities
in Northern California, ranging in popula-
tion size from 35 000 to 145 000 residents
(a fifth city was monitored for morbidity
and mortality, but not for risk factor
change). To assess change in risk factors,
independent cross-sectional surveys of
randomly selected households and re-
peated surveys of a cohort were con-
ducted. All persons aged 12 through 74
years were eligible to participate and were
invited to attend survey centers located in
each community. Detailed descriptions of
the study design and methodology have
been published previously. ii7, 18

This analysis focuses on adults aged
25 through 74 years living in the two
treatment cities who participated in at
least the baseline cohort survey (1979/80)
and the final cohort survey (1984/85).
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When these subjects also participated in
either or both of the interim cohort
surveys (1980/81 and 1982/83), interim
data were also used. Eighty-seven percent
of those who participated in the baseline
and final surveys also participated in both
of the interim surveys.

The Education Intervention
The 6-year education intervention

targeted all residents in the treatment
communities and involved a multiple risk
factor strategy delivered through multiple
educational channels.'9 Mass media (tele-
vision and radio) programs formed a
major proportion of the intervention.
Print media (newspaper health columns
and pamphlets) were delivered through
direct mail, at work sites, and through
medical care givers.20 Special emphasis
was given to designing materials for those
with low literacy levels and disseminating
programs to low-income Spanish-speak-
ing populations, particularly via radio.

Outcome Variable
As an overall measure of change in

cardiovascular disease risk factors, we
chose change in a composite risk factor
function (based on the Framingham
Study) that provides an estimate of all-
cause mortality risk per 1000 persons in 10
years.2' The risk function, which is sex-
specific, is a combination of cigarettes per
day, total plasma cholesterol, mean dia-
stolic blood pressure, and pulse (men
only). Although we recognize that an
individual's response may be specific to
one component of the risk score (e.g.,
smoking) but not to another component
(e.g., cholesterol), our objective was to
select an outcome indicative of overall
improvement in health. Furthermore, a
single outcome variable avoids problems
of collinearity and multiple-hypothesis
testing. It thus provides a more powerful
method of assessing the simultaneous
effects of multiple risk factors than do
analytic methods that become impractical
when separate variables are used.

Information on variables used in the
risk assessment was obtained by experi-
enced nurses and laboratory technicians.
Respondents were asked if they had
smoked any cigarettes in the past week. If
no cigarettes were smoked, respondents
received a code of zero; if one or more
cigarettes were smoked, they received a
code reflecting the number of cigarettes
smoked per day. Although no biochemical
measures were used to validate the num-
ber of cigarettes smoked per day, previous
analyses have shown a high degree of

accuracy between self-reported and bio-
chemical measures for overall smoking
status.4'22 Total plasma cholesterol was
derived from nonfasting venous samples
and analyzed by standard methods estab-
lished by the Lipid Research Clinic
Program.23 Three blood pressure measure-
ments were taken on the right arm with a
semiautomatic recorder (Sphygmetrics
SR-2 automatic blood pressure recorder)
that minimizes observer bias.17 The mean
of the second and third diastolic readings
were used for analyses. Resting pulse was
determined by direct palpation for 1
minute.

We calculated respondents' compos-
ite risk factor functions at each survey
time from the values of their risk factors at
that time. (The mean baseline risk score
was 3.5 [SD = 1.2].) Age was held con-
stant for each individual at his or her
baseline age, allowing for the examination
of change in risk due to factors targeted by
the intervention. After calculating a
respondent's risk function values at each
survey, we employed a random regression
model to fit a unique slope for each
respondent.24 On the basis of the value of
their individual slopes, individuals were
divided into two groups, one representing
positive changers (those with a positive
slope, indicating a general improvement
in risk score over the course of the
surveys) and one representing negative
changers (those with a negative slope,
indicating a worsening of risk score).

Predictor Variables
Predictor variables used in our analy-

sis include six baseline sociodemographic
variables (age, education, marital status,
ethnicity, sex, city of residence) and five
baseline psychosocial variables (cardiovas-
cular disease health knowledge, health
attitudes, self-efficacy, perceived risk, and
health media use).

Information on sociodemographic
variables and psychosocial variables was
obtained from self-reported question-
naire data. Age and education were
collected as continuous variables and
marital status (currently married or not
currently married) and ethnicity (White,
Hispanic) were collected as dichotomous
variables. The 2% of the sample who were
Asian and the 2% who were African
American were excluded from this analy-
sis. Education was selected as the mea-
sure of socioeconomic status because
education is available for all individuals
regardless of employment status, has high
reliability and validity, is generally stable
after early adulthood,2526 and has recently

been shown to have a stronger association
with cardiovascular disease risk factors
than income or occupation.27'28

Nine psychosocial predictor vari-
ables were initially selected for analyses-
these were reduced to five by means of a
principal components analysis to reduce
collinearity. Health knowledge was mea-
sured on a summative scale of 17 items
about cardiovascular disease risk factors
(Cronbach's a = .66). Health attitudes
were measured on a summative scale
encompassing four dimensions-8 physi-
cal activity items, 7 weight items, 10
nutrition items, and 10 stress manage-
ment items (a = .83). Self-efficacy was
based on 13 diet and exercise items
(a = .79), and perceived cardiovascular
disease risk was measured by one item
(scale of 1 to 7). Health media use, which
assesses the frequency with which health
information is obtained from newspapers,
magazines, and pamphlets sent in the
mail, was based on four items and was
standardized to a mean of 0 and a
standard deviation of 1 (a = .70). Higher
scores reflect higher health knowledge,
more positive health attitudes, higher
self-efficacy, greater perceived risk, and
higher health media use.

Statistical Model
A multiple logistic regression model

including interaction terms is a common
analytic method for identifying character-
istics of respondents who show favorable
risk factor changes compared with those
who do not. We used this method initially,
but we found many significant higher-
order interaction terms, making results
difficult to interpret. In addition, ordering
individual subjects on a scale, as the risk
score does, is not as useful for planning
and implementing prevention programs
as is the identification of specific sub-
groups. To overcome these problems, we
used a signal detection model that pro-
vides more interpretable results when
there are a large number of interactions.7
This method, which is a form of recursive
partitioning, uses baseline characteristics
to define distinct subgroups of respon-
dents, which are mutually exclusive and
maximally discriminated from each other,
on the basis of probability of positive
change in risk function score.

The baseline sociodemographic and
psychosocial predictor variables were en-
tered into the signal detection analysis
along with minimum and maximum values
and interval cutpoints (further informa-
tion is available from the authors upon
request). The signal detection algorithm
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then examined each variable and its
possible cutpoints and selected a variable
and cutpoint on the basis of a combined
optimal measure of sensitivity and specific-
ity with regard to the outcome measure
(cardiovascular disease risk factor change).

After choosing and splitting on the
first optimally efficient variable, the signal
detection program separately searched
each subgroup or "branch" of the first
split for the next most efficient variable
and cutpoint (Figure 1). This procedure
was repeated separately in each subgroup
with all the remaining predictor variables.
The procedure ended when (1) there
were too few subjects in a subgroup for
further analysis, (2) no further significant
discriminating variable at (P < .05) could
be found, or (3) no further predictor
variables remained.

Results
The cohort treatment sample was

composed of 221 women and 190 men
aged 25 through 74 years who participated
in at least the baseline and final surveys.
Of those who participated in the first
survey, 70.0% returned for the second
survey, 58.7% for the third survey, and
54.0% for the final survey.

The baseline sample consisted pre-
dominantly of White adults (92%) who
had completed at least high school (86%)
and who were married (71%). Sixty-nine
percent (n = 284) of the study population
showed a positive change in their compos-
ite risk factor scores over the 6-year study
period.

Figure 1 shows the development of
the optimally efficient algorithm for iden-
tifying distinct groups on the basis of
positive change in cardiovascular disease
risk factor score. The first optimally
efficient variable (P < .001) that distin-
guished positive changers from negative
changers was age (<55 years vs >55
years). In the older age group (group 1),
83% of the participants showed positive
change. No other variable provided signifi-
cant discrimination within this group.

Among younger participants (<55
years of age), educational attainment
further discriminated respondents. For
those with higher educational attainment
( > 11 years), the next significant split was
found for self-efficacy. This variable subdi-
vided the younger subgroup with higher
educational attainment into two smaller
groups. In the group with lower self-
efficacy scores (group 2), 70% showed
positive change; in the group with higher
scores (group 3), 55% showed positive
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FIGURE 1-Signal detection analysis: development of the optimally efficient
algorithm for identifying distinct groups on the basis of positive
change In cardiovascular disease risk factor score.

change. The last subgroup of younger
participants was discriminated on the
basis of lower educational attainment
( < 11 years). This group (group 4) had the
lowest proportion of positive changers
(42%). After the identification of these
four subgroups, no further significant
predictors were found and the signal
detection test development stopped.

As in all correlational analyses, the
factors selected identify respondents at
different risk levels but are not necessarily
themselves causal factors. Thus, to gain
further understanding of the nature of the
four subgroups, we examined the profile
of each (Table 1). Group 1, the oldest age
group and the most likely to show a
positive overall risk function change, was
distinguished from the other subgroups by
higher cholesterol and blood pressure
levels and higher prevalence of hyperten-
sion at baseline. Group 1 also had the
highest perceived risk and highest health
media use scores. Group 2, which had

lower self-efficacy scores, had a higher
proportion of Hispanics, a higher propor-
tion of smokers and heavy smokers,
higher rates of hypertension, and higher
levels of cholesterol than did group 3.
Members of group 3, which had the
highest self-efficacy scores, were the
youngest participants, the most highly
educated, the most likely to be single, and
the most likely to be male. They also had
the lowest perceived risk and the most
positive risk factor profile. Group 4, the
group with the lowest proportion of
positive changers, had the highest propor-
tion of women, the highest proportion of
Hispanics, and the lowest levels of health
knowledge.

Discussion
In this paper we provide a prospec-

tive examination of factors associated with
changes in overall cardiovascular disease
risk factor scores in individuals living in
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TABLE 1 Baseline Characteristics of Four Change Groups: Men and Women Aged 25 through 74 Years, Stanford Five-City
Project, 1979 through 1985

Group 2: Group 3:
Younger, More Younger, More Group 4:

Group 1: Educated, Lower Educated, Higher Younger, Less
Older Adults Self-Efficacy Self-Efficacy Educated pa

No. in group 127 184 69 31
Positive changers, % 83 70 55 42
Sociodemographic variables
Mean age, y (SD) 63.3 (5.0)b 39.4 (9.3)b 36.0 (8.1)b 40.4 (10.0)b .001
Meaneducation, y(SD) 13.1 (3.6) 14.3 (2.3)b 15.1 (2.4)b 8.1 (2.6)b .001
Married, % 70.1 75.5 53.6 80.6 .004
Hispanic, % 4.7 7.6 1.5 38.7 .001
Women, % 55.1 55.4 40.6 67.7 .06

Physiologic variables
Smokers, % 22.2 32.1 26.1 32.3 .27
Mean no. cigarettes/d (smokers) 16.5 (10.2) 22.2 (12.9) 12.2 (8.5) 17.7 (9.8) .02

(SD)
Mean diastolic blood pressure, mm 81.9 (11.1) 77.6 (10.0) 76.8 (10.7) 77.5 (10.8) .01
Hg (SD)

Hypertensive, % 57.6 23.9 15.9 23.3 .001
Mean plasma cholesterol, mg/dL 224.5 (37.8) 200.3 (38.7) 192.9 (38.3) 199.7 (41.7) .001

(SD)
Mean pulse, beats/min (SD) 69.9 (12.3) 69.7 (9.6) 69.0 (8.7) 70.2 (8.8) .94

Psychosocial variables
Mean cardiovascular disease knowl- 6.9 (3.0) 6.9 (2.7) 6.9 (2.9) 4.6 (2.3) .001
edge score (SD)

Mean health attitudes score (SD) 4.2 (0.7) 3.8 (0.6) 4.3 (0.7) 3.7 (0.7) .001
Mean self-efficacy score (SD) 6.0 (1.5) 5.4 (1.1)b 7.8 (0.6)b 4.8 (1.5) .001
Mean perceived risk score (SD) 4.2 (1.6) 3.7 (1.3) 3.3 (1.4) 3.9 (1.4) .001
Mean health media use score (SD)C 0.2 (0.7) -0.2 (0.7) -0.1 (0.8) -0.1 (0.8) .001

aBased on analysis of variance for continuous variables and chi-square tests for categorical variables.
bNumbers that segmented the sample into subgroups in the signal detection model.
cStandardized to a mean of 0 and a standard deviation of 1.

the two Stanford Five-City Project treat-
ment cities that received the 6-year
education program. Our objective is to
provide researchers who are planning
cardiovascular disease community inter-
ventions with information about sub-
groups that are the most likely (or
unlikely) to make positive changes in
response to intervention programs, espe-
cially those involving media interventions.
Although other studies have examined
the effectiveness of demographic and
psychosocial variables in segmenting popu-
lations,29'30 few have examined the rela-
tionship between segmentation variables
and risk factor changes over time.

Four distinct subgroups of individu-
als were identified on the basis of changes
in their cardiovascular disease risk factor
scores. Group 1 (31% of the sample)
consisted of older adults who initially had
the highest mean blood pressure levels,
double the rate of hypertensives of other
groups, and the highest mean cholesterol
levels. This group had the most positive
motivation and information-seeking hab-

its, as indicated by its high perceived risk
and health media use scores. Given their
psychosocial and physiologic profiles, it is
not surprising that members of this group
were the most likely to change; therefore,
some portion of the change may reflect a
regression to the mean phenomenon.
Their perception of risk was accurately
high, their cardiovascular disease knowl-
edge was adequate, and their health
media use was high (providing a relatively
information-rich environment via print
materials). Moreover, their self-efficacy
scores show a confidence about making
behavioral changes needed to lower risk.
The demographic and psychosocial pro-
file of members of this subgroup, com-
bined with their health media use, make
them receptive to public health cam-

paigns that disseminate risk reduction
information.

Members of groups 2 and 3, who
constituted 62% of the sample, were

identified by younger age and higher
educational attainment. Group 2 (with
70% changers) was distinguished from

group 3 (with 55% changers) by self-
efficacy score (5.4 and 7.8, respectively).
Group 2 also had a higher smoking rate

(32%, vs 26% in group 3), a higher
percentage of hypertensives (24%, vs 16%
in group 3), and a higher mean cholesterol
level (200.3 mg/dL in group 2 and 192.9
mg/dL in group 3). The higher percent-
age of positive changers in group 2 than in
group 3 is most likely explained by group
2's greater cardiovascular disease risk at

baseline, which gives a greater possibility
for change.

At first glance, the fact that group 3
had a higher level of self-efficacy and a

lower proportion of positive changers
seems counter to the large empirical
literature on self-efficacy and behavior
change.9'4 On closer examination, how-
ever, we see that group 3 was the youngest
of all groups, the most educated, and the
most likely to be single, non-Hispanic, and
male. This group was also the healthiest in
terms of blood pressure and cholesterol.
Thus, while its members' self-efficacy and
health attitudes were highest, their low
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levels of perceived risk may indicate that
they believe they could change but do not
see a need to do so. It is also possible that
members of this group have already made
changes and do not see the need for
further change. The effort to reach those
who are younger, more educated, and
healthier, but less likely to seek health
information via the media, may be most
successful if prevention is stressed via
mainstream formats such as newspaper
articles rather than specialized health
media such as doctors' columns. Further-
more, strategies that incorporate short-
term outcomes and use a social influences
framework may be most appealing to this
audience.

Like group 1, group 4 is one that
could be labeled "high risk," but unlike
group 1, group 4 had a low rate of change
(42%). Its members were the least edu-
cated of all groups (mean of 8.1 years of
schooling). Although predominantly
White, almost 40% were Hispanic. Over
65% were women. Members of this group
had the highest smoking rates, the lowest
levels of cardiovascular disease knowl-
edge, the lowest health attitude scores,
and the lowest self-efficacy scores. Al-
though it constitutes only 8% of the
sample, this group is at high risk for health
problems because of its lower socioeco-
nomic status27'31 and poorer health knowl-
edge and attitudes. Although persons of
all educational levels are beginning to
show substantial declines in cardiovascu-
lar disease risk factors,32 those with low
educational attainment may be unlikely to
respond to health education campaigns
that are based on a high level ofcardiovas-
cular disease knowledge and the initiation
of complex actions. It is possible that
members of this subgroup were not
provided with the requisite skills to per-
form many of the behaviors promoted by
the campaign and that they lived in
environments where resources were scarce
and where norms did not support positive
changes in health. It is clear that more
research is needed on how to provide
effective health education to those who fit
the profile of this subgroup. For example,
community interventionists need to gain a
better understanding of how poverty and
literacy levels, normative beliefs, and
communication styles affect behavior
change. Furthermore, interventionists
need to increase their understanding of
the social environments in which adults
from lower educational levels reside.33-37

Mayl1994, Vol. 84,No.5

Strengths and Limitations
A major strength of the Five-City

Project is the opportunity it offers to
conduct cohort analyses on large numbers
of men and women for whom multiple
sociodemographic, psychosocial, and
physiologic measurements are available.
In addition, participants in the Project are
more likely to represent the community
than are clinical or volunteer samples,
thus enhancing the study's generalizabil-
ity. Because of the study's location and
the type of intervention, the results are
most relevant to California communities
with campaigns similar to the Five-City
Project.

As noted, only 54.0% of those who
participated in the baseline survey
(1979/80) also participated in the final
cohort survey (1984/85). Although the
majority of dropouts were out-migrants
rather than refusers, dropouts were signifi-
cantly different from nondropouts on a
number of sociodemographic variables.
For example, dropouts were significantly
younger (mean age 42.2 vs 46.6 years) and
less educated (mean years of education
12.5 vs 13.4) than nondropouts.

Another potential limitation of the
study is the possible bias that could arise if
those with more motivation to change
their cardiovascular disease risk factors
were more likely to continue participating
in the study. We assessed this potential
source of error by comparing respondents
who participated in at least the baseline
and final cohort surveys with those who
dropped out after the baseline survey. We
found no significant differences between
dropouts and nondropouts on a summary
index of nine items assessing confidence
in changing dietary habits (P = .15) or on
a single item assessing intention to quit
smoking (P = .71, smokers only).

Public Health Implications
This study has three important public

health intervention implications. First,
this research reinforces the work of others
in pointing out the need for campaign
designers to segment audiences into more
homogeneous and identifiable subgroups
to enhance the likelihood that each
subgroup will be reached effectively. Sec-
ond, it points out the need to use
sociodemographic, psychosocial, and
physiologic variables when segmenting
audiences. Third, the distinct makeup of
the four population subgroups illustrates
that communitywide health education
campaigns need to develop specific inter-
ventions that target different age, socioeco-

Heart Disease Prevendon

nomic, and cultural subgroups to enhance
the likelihood that all will be reached. fa
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