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Inrodwtion
Cardiovascular disease remains a

major cause of premature mortality and
morbidity in most industrialized coun-
tries.1 A major aim of cardiovascular dis-
ease prevention has been to modify those
factors, such as cigarette smoking, serum
cholesterol, elevated blood pressure,
physical inactivity, and overweight, that
are associated with an increased risk of
developing cardiovascular disease.2,3

It has been argued that work-site
health promotion is an important compo-
nent of a communitywide approach to the
prevention of cardiovascular disease.4'5
Because such a large proportion of the
community is employed and individuals
spend over a third of theirwaking hours at
work,5 the potential public health benefits
of work-site health promotion are far
reaching. However, to make a significant
public health impact, it is important to
identify those interventions that are most
effective in achieving health behavior
change at the work site. These can include
approaches that are directed at organiza-
tional and environmental change, as well
as those that are directed at promoting in-
dividual change. The latter can include
screening, educational, behavioral coun-
seling (incorporating self-monitoring, goal
setting, and relapse prevention training),
and incentive-based strategies.4'5

For work-site weight reduction and
smoking cessation intervention studies,
programs making use of behavioral strat-
egies and/or incentives have resulted in
greater changes than less intensive pro-
grams.6'7 There are, however, method-
ological problems associated with much
work-site research.5'8 Many studies have
failed to obtain objective validation of self-
reported behavior changes, particularly
for smoking status and physical activity

levels. Furthermore, most of the research
used for evaluating program effectiveness
has involved quasi-experimental or case
study designs.5,8

There are a number of arguments in
favor of multiple risk factor approaches,9
but mostwork-site intervention trials have
addressed single risk factors, such as
smoking or hypertension. To date, only
two large work-site multiple risk factor in-
terventions have been evaluated in a ran-
domized controlled design.10,11 Both eval-
uated the effectiveness of brief counseling
and follow-up contact with a health pro-
fessional. Only the World Health Organi-
zation trial"i demonstrated a significant ef-
fect of the intervention on risk factor
change.

We conducted an efficacy trial offour
work site-based cardiovascular disease
risk factor interventions: health risk as-
sessment, risk factor education, behav-
ioral counseling, and behavioral counsel-
ing plus incentives. Work sites were
randomly allocated to the intervention
conditions, and biochemical and physical
measures were used to validate self-re-
ported behavioral changes. It was pre-
dicted that the behavioral counseling
interventions would produce greater
changes in cardiovascular disease risk fac-
tors than would the health risk assessment
and the risk factor education interven-
tions.
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Methds
The studywas carried out in the Syd-

ney metropolitan area of the Ambulance
Service in the state ofNew South Wales,
Australia. Twenty-eight stations (seven
from each of the four regions of the Syd-
ney metropolitan area) with 12 or more
employees were randomly selected for
this study. All employees from each of
these stations were approached to partic-
ipate, and consent was obtained. The ex-
clusion criteria were an anticipated ab-
sence from work of more than 4 weeks
during the 3 months following recruit-
ment, imminent transfer to another station
not included in the study, and serious
health problems that would have pre-
cluded involvement in the health risk as-
sessment. Four hundred thirty-one partic-
ipants were recruited from 488 eligible
staff, a participation rate of 88%.

Design and Implementation
A cluster randomization procedure,

in which ambulance stations rather than
individuals were assigned to each of the
four conditions, was used to limit potential
contamination between the conditions.
Once a station was randomized to a con-
dition, all staffwithin that station received
that intervention. Study recruitment and
interventions were conducted sequen-
tially in five waves over an 18-month pe-
riod. The number of stations allocated to
each condition is presented in Table 1. As

a result of resource limitations, fewer sta-
tions were assigned to the two conditions
involving behavioral counseling. Because
the incentive condition involved competi-
tion between stations, these programs
were run in the first wave.

A workplace steering committee,
with representatives drawn from manage-
ment, the unions, and the research team,
was established to oversee the implemen-
tation of the study. To assist with the re-
cruitment ofemployees into the study and
the dissemination of information, an am-
bulance officer from each station was ap-
pointed as an on-site coordinator. Staff
within an ambulance stationwho were re-
luctant to participate, following an initial
approach from the on-site coordinator,
were then approached by a member ofthe
research team.

Intervention Conditions
Health nisk assessrment. Major risk

factors for cardiovascular diseasewere as-
sessed and feedbackprovided to each par-
ticipant on his or her risk factor profile
through the use of standardized norms in
the form of tables and graphs. The criteria
used to define each risk factor are de-
scribed in the measures section. Partici-
pants with cholesterol readings greater
than 250 mg/100 mL and/or diastolic or
systolicblood pressure readings ofgreater
than 105 mm Hg or 159 mm Hg, respec-
tively, were referred to their family phy-
sician. No other information or advicewas

provided to participants in this condition.
The assessment and feedback session
lasted approximately 30 minutes.

Riskfactor education. These partic-
ipants received the same health assess-
ment as those in the health risk assess-
ment condition. In addition, during the
health risk assessment session, standard-
ized advice on the life-style changes re-
quired to reduce heart disease risk factors
was provided to those participants with
risk factors. The advice was general and
was not delivered in the context of a per-
sonalized program. An educational re-
source manual (M. Gomel, B. Oldenburg,
A. Bauman, and M. Booth, unpublished
manual, 1988) and videotapes containing
information on how to modify risk factors
for heart disease were also provided to
participants. The session, including the
health risk assessment, lasted 50 minutes.

Behavioral counselng. Participants
received the same components as those in
the risk factor education condition. If risk
factors were identified, participants were
offered up to six life-style counseling ses-
sions over a 10-week period following the
baseline assessment. A self-instructional
life-style change manual (M. Gomel, B.
Oldenburg, A. Bauman, and M. Booth,
unpublished manual, 1988) containing
programs for modifying the major cardio-
vascular disease risk factors (smoking,
overweight, elevated cholesterol, blood
pressure, and exercise)was also provided.
The behavioral counseling and the life-
style change manualwere based on a four-
stage model of behavior change involving
preparation for change, action to change,
maintenance of change, and relapse pre-
vention.12 In the preparation stage, rea-
sons for and barriers to changing risk fac-
tors were identified. Participants also
monitored behaviors contributing to their
risk factors and identified high-risk situa-
tions and coping strategies for dealingwith
these situations. In the action stage, short-
and long-term goals for risk factor change
were determined, as well as strategies for
achieving these goals. In the maintenance
stage, participants reviewed the positive
effects ofbehavior change and likely high-
risk situations. In the relapse prevention
stage, selected components from previous
stages of the programwere reviewed. On-
going assessment and feedback on risk
factor status was also provided during the
individualized sessions. On average, par-
ticipants received 2 hours, 20 minutes of
counseling (three sessions) from a psy-
chologist during the 10-week program, m
addition to the 30-minute health risk as-
sessment session.
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Behavioral counseling plus incen-
tives. Participants received the same com-
ponents as those in the risk factor educa-
tion condition. In addition, they were
provided with a life-style change manual
and were offered a goal-setting and fol-
low-up counseling session, as well as a
range of incentives. Incentives were pro-
vided to participants for making life-style
changes conducive to cardiovascular dis-
ease risk factor reduction and for achiev-
ing 3- and 6-month risk factor reduction
targets. For the first incentive, two lottery
draws for a $40 voucher were held over
the 10-week period following the baseline
assessment. Each week, lottery tickets
were issued to participants reporting that
they had made life-style changes from a
specified list. For example, those who
stopped smoking for a week received five
tickets for the lottery draw. The second
incentivewas a $40voucher for thosewho
met their projected 3-month goals, nego-
tiated in the first individualized session.
The final incentive was a $1000 prize for
the station that achieved the largest per-
centage of participants meeting their pro-
jected 6-month goals. Participants in this
program received, on average, 2 hours of
counseling in addition to the 30-minute
health risk assessment session.

Measures
Participants were assessed at base-

line and at 3, 6, and 12 months following
the baseline assessment. Assessments
were conducted during work time in a
gymnasium room attached to each ambu-
lance station. A standardized measure-
ment protocol was developed, and the re-
search staff conducting the health risk
assessments received comprehensive
training in the use of this protocol. Self-
completed questionnaires were used to
obtain information on sociodemographic
factors, family history of cardiovascular
disease and risk factors, and intention and
confidence in modifying health behaviors.

The major outcome indices pre-
sented in this paper are body mass index,
percentage of body fat, systolic and dia-
stolic blood pressure, serum cholesterol,
smoking status (validated by cotinine),
and aerobic capacity. Examination of the
effectiveness of the interventions using
composite outcome measures of risk (M.
Gomel, B. Oldenburg, J. M. Simpson,
and N. Owen, unpublished data, 1993),
such as the Framingham logistic regres-
sion equation and costing outcomes (B.
Oldenburg, N. Owen, M. Parle, and M.
Gomel, unpublished data, 1993), will be
reported elsewhere.

Ovvewgh Body mass index (kr2)
was calculated. Height and weight were
recorded with participants in light clothing
and with shoes removed. A body mass
index between 20 and 25 kg/in2 for both
men and women was considered to be in
the healthy weight range.13 Body fat was
measured with calipers and estimated
from skinfold thickness at the biceps, tri-
ceps, subscapular, and suprailiac sites.
Two readings were taken and an average
calculated at each of the four sites. Stan-
dardized norms were used to estimate the
percentage ofbody fat from the sum ofthe
four readingS.14

Semnm cholsterL In the week prior
to each of the four health assessments, a
blood sample was drawn from each par-
ticipant by an ambulance paramedic for
analysis of serum cholesterol and coti-
nine. The blood was placed into heparin-
ized tubes and sent in a cold box to the
biochemistry department of a large Syd-
ney hospital within 6 hours ofbeing taken.
In addition, a whole-blood capillary sam-
ple was analyzed immediately during the
health risk screening session by the Boe-
hringer-Mannheim Reflotron system with
cholesterol reagent carriers that use a cho-
lesterol oxidase/peroxidase method.15
Cholesterol was regarded as normal if be-
low 200 mg/100 ML.l3

Cigarette smoking. Information on
the average number of cigarettes smoked
per day was obtained. Cotinine (a metab-
olite of nicotine) was measured from the
blood sample for those who reported be-
ing smokers at baseline. Cotinine was ex-
tracted from the plasma and analyzed by
means of gas chromatography.

Bloodpressue. A sphygmomanom-
eter and stethoscope were used to record
blood pressure. Systolic and diastolic
readings were taken with the participant
seated and the cuff placed at heart level.
Two readings were taken and the average
recorded. Blood pressurewas classified as
normal if below 140 mm Hg for systolic
and below 90 mm Hg for diastolic.16

Aerobic capacity. Participants were
excluded from the exercise component of
the assessment if they had preexisting
heart disease or were on medication for
hypertension. An estimate of aerobic ca-
pacity (oxygen consumption) was deter-
mined by a standardized 7-minute test on
a Repco bicycle ergometer.17 The bicycle
ergometerwas cahbrated before each test-
ing session. Heart rate response (mea-
sured by an exercentry) to increasing
worldoads on the ergometer was used to
determine the critical exercise test work-
load. Heart rate at the sixth and seventh

minutewas recorded, and the averagewas
used to determine maximum oxygen up-
take from standardized norms.17 Aerobic
capacitywas calculated as estimated max-
imum oxygen consumption x 1000 x age
correction/weight (kg). An acceptable
level of fitness was determined on the ba-
sis of the Scandinavian aerobic capacity
norms for age and sex.18

StatisticalAnalyses
Because of equipment calibration

problems at baseline, the data for aerobic
capacity for one station in the health risk
assessment condition and the data for
body fat for another station in the behav-
ioral counseling plus incentives condition
were treated as missing data. For these
stations missing data were replacedby the
grand mean for all stations at baseline, ad-
justing for age and sex. All other missing
data for continuous variables, including
those at follow-up, were replaced by the
mean of that participant's available scores
for the variable in question. For smoking
cessation, all smokers who did not com-
plete the follow-up assessment orwho had
reported quitting but had missing cotinine
readings were considered nonabstinent
and included in the follow-up data for cal-
culating cessation rates.

An average cholesterol level was de-
rived from the Reflotron and laboratory-
based blood analyws. Mean blood pres-
sure level was calculated as (2 x diastolic
+ systolic)/3.19To derive normally distnb-
uted variables for analyses, the values for
body mass index and average cholesterol
were logarithmically transformed, and
square roots were taken of aerobic capac-
ity. Back-transformed means are pre-
sented in tables and figures unless other-
wise indicated.

Univariate repeated measures analy-
sis of variance (SPSS) was used to assess
the short-term and longer term effects of
the four cardiovascular disease risk reduc-
tion strategies for each outcome measure
except smoking. A two-tailed test with a
5% significance levelwas used for all anal-
yses.A nested design structure was incor-
porated into the analyses of variance to
account for the cluster randomization.
Thus, variability between stations within
interventions was used as the denomi-
nator in testing for differences between
interventions. The major contrasts of in-
terest were those that examined the inter-
actions between intervention condition
and time. Three main group contrasts
were examined: (1) the effect of risk factor
education alone (a comparison of the
health risk assessment and risk factor ed-
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ucation interventions), (2) the effect of in-
centives (a comparison of the behavioral
counseling and behavioral counseling plus
incentives interventions), and (3) the ef-
fect of behavioral counseling strategies (a
comparison of the average of the health
risk assessment and risk factor education
interventions with the average of the be-
havioral counseling and behavioral coun-
seling plus incentives interventions). Two
other contrasts examined linear and qua-
dratic trends to test for short-term and
longer term changes over time.

Analyses of smoking cessation out-
comes did not test for differences between
stations within interventions because of
the small number of smokers at each sta-

tion. Those smokers at baseline who, at
any follow-up, did not have a cotinine
reading or had a cotinine reading of 100 or
more were considered nonabstinent for
the analyses. Chi-square tests and Fish-
er's Exact Test, where appropriate, were
used for assessing differences between
groups for smoking cessation at each of
the follow-ups.

Because intracluster correlations
were not known prior to the study, the
power of the trial to detect differences be-
tween groups in the change of a risk fact.or
was calculated retrospectively. Power cal-
culations took into account the cluster
randomization procedure by multiplying
the estimated variance by an inflation fac-

tor, 1 + (n - 1)p, where p is the average
intracluster correlation for change from
baseline to 3 months and n is the average
station size of 15; an average sample size
of 100 per group was assumed.20 The trial
had 80% power to detect absolute differ-
ences (0.25 for square root of aerobic ca-
pacity, 1.13 for percentage of body fat,
and 5.39 for mean blood pressure) and
multiplicative differences (1.1% for body
mass index and 7.2% for mean choles-
terol) between two intervention condi-
tions at the 5% two-sided significance
level.

Resdus
Baseline Charactenftics of
Participants

A summaly of demographic charac-
teristics by group is presented in Table 1.
Chi-square tests showed no significant dif-
ferences between groups for gender, mar-
ital status, or educational level. There was
a significant baseline difference between
groups for age, F(3, 24) = 2.98, P = .05,
and job description, x2 = 13.9, df = 6,
P = .03. Age was not used as a covariate
because the differences between groups
were small and unlikely to interact with
interventions over time.

There were no significant baseline dif-
ferences between groups on the major out-
come measures at baseline, with the excep-
tion of systolic blood pressure, F(3,
24) = 5.27,P = .006.Baselinevaluesofthe
major outcome measures for the four inter-
vention groups are presented in Table 2.

Par&icpation and Follow-up Rates
Four hundred thirty-one individuals

(88% ofeligible employees)were recruited
into the study and participated in the base-
line assessment. Of these, 94%, 86%, and
84% completed the 3-, 6-, and 12-month
assessments, respectively. Table 3 pre-
sents participation rates for each con-
dition. Participation rates differed sig-
nificantly between groups at baseline,
X2 = 16.82, df = 3, P = .0008, using the
individual as the unit of analysis. This re-
sulted from the lower level ofparticipation
for individuals in the risk factor education
group. There were, however, no signifi-
cant differences in participation between
groups at the follow-ups.

Major Outcomes
Body mass indm Although body

mass index increased significantly overall
over the four assessment occasions,
t = 2.04, df = 72, P = .04, the increase
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was significantly greater for the average of
the health risk assessment and risk factor
education groups than for the average of
the behavioral counseling and behavioral
counseling plus incentives groups,
t = 2.12, df = 72, P = .04. The increase
in body mass index from baseline to the
12-month follow-up for the average of the
health risk assessment and the risk factor
education groups was 4% higher than the
average increase in the behavioral coun-
seling and behavioral counseling plus in-
centives groups (see Figure 1).

Percentage ofbodyfat. Figure 2 pre-
sents the mean values for body fat for the
intervention groups over the 12-month pe-
riod. There were no significant changes
between groups for estimated percentage
of body fat from baseline to 12 months.
However, therewas a significant decrease
in body fat, followed by a return to base-
line levels over the 12 months, for the av-
erage ofthe behavioral counseling and be-
havioral counselingplus incentives groups
compared with the average of the health
risk assessment and risk factor education
groups, t = 2.38, df = 72, P = .02.

Mean cholesterol changes. Aver-
aged over all groups, there were no sig-
nificant changes in mean cholesterol over
the 12-month assessment period. There
were also no significant differences be-
tween groups on this outcome over the
assessment period.

Meanbloodpresswechanges. There
was a significant short-term decrease in
blood pressure followedby an increase for
the behavioral counseling plus incentives
group comparedwiththebehavioral coun-
seling group, t = 2.78, df = 72, P = .01.
Therewas also a significantoverall decline
inmeanblood pressure frombaseline to 12
months for those in the behavioral coun-
seling group compared with those in the
behavioral counseling plus incentives
group, t = 4.3, df = 72, P = .0002 (Fig-
ure 3).

Aerobic capacity. Averaged over all
groups, there was a significant increase in
aerobic capacity, followed by a return to
baseline levels, t = 2.1, df = 72, P = .03
(see Figure 4). However, there were no
significant differences in aerobic capacity
between groups over the 12 months.

Cigarette smokrg. Cessation rates
were derived from those who were smok-
ers at baseline. One person from each of
the treatment groups, with the exception
of the behavioral counseling group, com-

menced smoking during the year; these
participants were excluded from the anal-
yses. Point prevalent cessation rates did
not differ significantly between the health

risk assessment and risk factor education
groups, or between the behavioral coun-

seling and behavioral counseling plus in-

centives groups, at 3, 6, or 12 months.
However, a significantly higher percent-
age of individuals in the pooled behavioral
counseling and behavioral counseling plus

incentives groups (18%) than in the pooled
health risk assessment and risk factor ed-

ucation group (3%) had quit smoldng at 3

months, x2 = 8.27, df = 1,P = .004, but
not at 6 or 12 months (see Figure 5).

An analysis of continuous cessation
rates from baseline to the 6- and 12-month
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follow-ups was also conducted. There
were no significant differences for contin-
uous cessation rates between the health
risk assessment and risk factor education

groups or between the behavioral coun-

seling and behavioral counseling plus in-

centives groups from baseline to each of
the follow-ups. Continuous cessation

rates (see Figure 6) were significantly
higher for the pooled behavioral counsel-
ing and behavioral counseling plus incen-
tives condition than for the pooled health
risk assessment and risk factor education
condition from baseline to 6 months (Fish-
er's Exact Test, P = .05) and from base-
line to 12 months (Fisher's Exact Test,
P = .05). Six-month continuous cessation
rates were 10o for the behavioral coun-
seling and behavioral counseling plus in-
centives condition and 1% for the health
risk assessment and risk factor education
condition. Twelve-month cessation rates
were7% for the behavioral counselingand
behavioral counseling plus incentives con-
dition and 0o for the health nsk assess-
ment and risk factor education condition.

Discusion
Although it has been agued by many

that the work site provides an ideal oppor-
tunity for intervening with cardiovascular
disease, there has been little methodologi-
caily rigorous research investigating the ef-
ficacy of such interventions.5 The current
study provides evidence that interventions
making use of behavioral counseling strat-
egies produced larger changes in some car-
diovascular disease risk factor measures
when compared with risk factor education
or health risk screening alone.

A higher proportion of those in the
two behavioral counseling conditions than
of those in the health risk assessment and
health education conditions had quit
smoking by 3 months (18% vs 3%). Con-
tinuous cessation rates for the two behav-
ioral counseling conditions were also sig-
nificantly higher than those for the health
risk assessment and risk factor education
conditions from baseline to 6 and 12
months (10%o vs 1% and 7% vs 0%, re-
spectively).

Although there appeared to be an
overall increase in weight over the 12-
month period, this increase was not as
great for the behavioral counseling and be-
havioral counseling plus incentives
groups. Changes inbody fat did not reflect
the same pattern ofeffect as forbody mass
index. The interventions incorporatingbe-
havior change strategies achieved larger
reductions in body fat than did the health
risk assessment and risk factor education
interventions. However, this was only a
short-term effect; there were no differ-
ences between groups from baseline to 12
months.

In relation to mean blood pressure,
the behavioral counseling group achieved
greater long-term reductions over the 12-

1236 American Journal of Public Health
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month penod than the behavioral coun-
seling plus incentives group. This may be
attnrbutable to the negative effect ofincen-
tives, to the additional counseling, or to
the more frequent contact that partici-
pants in the behavioral counseling group
received.

Aerobic capacity increased signifi-
cantly for all groups, but this increase was
not maintained at 12 months. Further-
more, the short-term improvement in aer-
obic capacity was similar across all inter-
vention groups. None ofthe interventions
in this study, however, appeared to affect
serum cholesterol levels.

The results of many studies5 under-
score the difficulty of achieving long-term
cardiovacular diseas risk factor changes.
The present study, while finding some re-
lapse, did show lasting changes at 1 year
with interventions that are considerably
less intensive than others reported in the
literature, particularly in the areas of
smoking2l and overweight.22

Two factors may have decreased the
effect size of the major comparison be-
tween the two conditions incorporating
behavioral strategies and the two less in-
tensive conditions. The first relates to the
lower initial participation rates of the risk
factor education group. An initial negative
reaction by staff from two of the stations
assigned to this condition largely contrb-
uted to these lower participation rates.
Within these stations there was some
pressure not to participate in the study, so
that those who did were likely to be a se-
lect group of more motivated employees.
The second factor related to contamina-
tion between intervention conditions. Al-
thoughrandom assignment ofstationswas
used to minimize such contamination,
movement and transfer of individuals be-
tween the different ambulance stations did
occur. Again, thiswould have the effect of
reducing differences between the inter-
vention groups.

There are four important method-
ological features of this trial. First, work
sites were randomized to the different in-
tervention conditions, and the analysis
dealt with this appropriately. In a recent
review of studies using a cluster random-
ization procedure, it was found that half
the studies failed to take into account be-
tween-cluster variation in the analyses.23
Such an omission inflates the type 1 error
rate.20 Second, physical and biochemical
measures were obtained to validate self-
reported life-style changes. Failure to in-
dlude such measures has been a weakness
of much previous research in this area.
The third feature was the high participa-

tion and low attrition rates achieved and
the treatment ofdata from dropouts: there
was an initial participation rate of 88%,
and the attrition rate was less than 10% at
the 12-month follow-up. Furthermore,
data from dropouts were not excluded
from the analyses. The final feature was

the comparison offour different intensities
of interventions to modify cardiovascular
disease risk factors.

Because of the methodological fea-
tures descnbed above, the change in risk
factors achieved by each intervention in
the current study is likely to be smaller
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than that observed in other studies. For
example, the use of intensive recruitment
strategies meant that many employees
whowere not motivated to change partic-
ipated in the baseline and follow-up as-
sessments. Although the magnitude of
change achieved, for example, by those in
the behavioral counseling condition was
not large across all risk factors, such an
intervention is likely to have a significant
public health impact ifobserved across the
wider working population. Furthermore,
because reductions occurred across a
number of risk factors, assessment of the
combined effect of risk factor changes is
likely to reveal larger effects (M. Gomel,
B. Oldenburg, J. M. Simpson, and N.
Owen, unpublished data, 1993).

In conclusion, we have reported on
an efficacy trial of four work-site health
promotion interventions, using a con-
trolled research design, validation mea-
sures, and intensive recruitment strategies
thatwere successful in achieving high par-
ticipation rates throughout the trial. Inter-
ventions making use of behavioral coun-
seling strategies were found to be more
effective in modifying cardiovascular dis-
ease risk factors than screening and edu-
cational interventions. Further research is
needed to replicate these findings with dif-
ferent study populations. In addition, it
needs to be examined whether targeting
the work-site environment for change as
well promotes better maintenance of the
change achieved bybehavioral counseling
strategies alone. a
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