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Background. 5 a Day for Better Health is a simple
message encouraging people to eat more fruits and veg-
etables. The Seattle 5 a Day worksite investigators de-
signed and evaluated an intervention, organized on
stages of behavioral change, to increase worksitewide
fruit and vegetable consumption.

Methods. We recruited 28 worksites with cafeterias
and randomized 14 to intervention and 14 to control.
The intervention addressed both changes in the work
environment and individual level behavior change. In
each worksite, an employee advisory board, with study
interventionist assistance, implemented the program.
By surveying cross-sectional samples of 125 employees
per worksite, we compared worksite mean fruit and
vegetable consumption at 2-year follow-up with that
at baseline. Unobtrusive site-level indicators including
plate observation and cafeteria checklist were also
used.

Results. The difference at 2 years was 0.5 for the inter-
vention worksites and 0.2 for the control worksites,
with an intervention effect of 0.3 daily serving (P ,
0.05). Other measures of fruit and vegetable consump-
tion, including unobtrusive indicators, supported the
effectiveness of the intervention.

Conclusions. This simple 5 a Day intervention is feasi-
ble and acceptable for use in worksites with cafeterias.
There was a significant differential increase in fruit
and vegetable consumption in the intervention work-

sites. This kind of worksite intervention can achieve
important health benefits on a population basis, be-
cause of its potential to reach large numbers of peo-
ple. q 2001 American Health Foundation and Academic Press
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INTRODUCTION

The slogan “Fruits and Vegetables . . . 5 a Day for
Better Health," commonly known as “5 a Day” grew
out of a program devised by the California Department
of Health Services (CDHS) and funded by the National
Cancer Institute to promote increasing fruit and vege-
table intake. With advice from the food industry, CDHS
developed a campaign with a simple positive message.
The goal was a per capita intake by the year 2000 of
five fruits and vegetables per day [1]. The National
Cancer Institute then called for research projects in
communities to develop interventions around this slo-
gan, and to evaluate success with respect to increasing
fruit and vegetable consumption. Nine such projects
were funded, one of which was Seattle’s 5 a Day work-
site program.

The Seattle 5 a Day program built on previous work
of the investigative team in the Eating Patterns Study
[2]. and the Working Well Trial [3], and on the work of
others in the areas of community intervention and
group randomized trials [4–14]. The aim of this pro-
gram was to evaluate worksitewide change in fruit and
vegetable consumption associated with a theoretically
based behavioral intervention. The unique feature of
this 5 a Day study was the sequencing of the interven-
tion strategies along a timeline suggested by the stages

of change model, incorporating both work environment
and individual-level behavior change. The study is also
important as an example of a rigorous group random-
ized trial.
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METHODS

Recruitment of Worksites

In the Seattle 5 a Day study, we recruited worksites
to the study in two waves. Worksites with food-serving
cafeterias within the greater metropolitan area around
Seattle with between 250 and 2,000 employees were
eligible to participate [15]. A total of 28 worksites were
randomized to intervention (n 5 14) or control (n 5 14)
arms of the study, on completion of baseline surveys.
Blocking criteria included baseline survey response
rates, type of worksite (educational, medical, other),
size of worksite, and percentage female employees. The
procedures for the study were reviewed, and ethical
approval was obtained from the institutional review
board of the Fred Hutchinson Cancer Research Center.

Data Collection Methods

Fruit and vegetable intake of employees at the work-
sites was assessed at baseline and at 2-year follow-
up, using independent cross-sectional samples of 125
employees in each worksite at each time point. By
chance a small number of employees were selected in
both cross-sectional samples. Each cross-sectional ran-
dom sample was drawn from the current employee list
provided by the company, and surveys were distributed
to those employees at the worksite, with postage-paid
return envelopes. Nonresponders were sent a second
survey after 2 weeks, and if necessary a third attempt
was made via telephone survey [16]. In addition to these
two main data collection points, we conducted interim
assessments at about 3, 8, and 12 months after the
start of the intervention. These interim assessments
did not use cross-sectional samples, but rather re-
contacted the same employees who responded to the
baseline assessment. This group formed a cohort of
about 1,700 employees from both intervention and con-
trol worksites for the interim assessments.

Intervention

We developed an intervention around the stages of
change model, addressing both the work environment
and individual behavior change. Because of the impor-
tance of employee involvement and as a way to increase
employee ownership of the project [17], we ensured each
intervention worksite had an employee advisory board
(EAB) to guide project activities in the worksite. To
standardize the intervention and yet be faithful to the
community organization approach [18], we developed
a protocol that specified minimum activities required
to occur in each worksite. The protocol defined a general

structure for organizing the worksites, for implement-
ing the intervention activities consistent with individ-
ual worksite needs, and for documenting the process
[16]. In each intervention worksite, the EAB had repre-
sentation from all employee groups in the worksite, and
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also usually included the manager of the cafeteria. The
EAB was assisted by an intervention specialist from the
research team, who visited the worksite approximately
every 2 weeks. These specialists facilitated the inter-
vention by providing materials, assisting in activities,
and participating in EAB meetings. The EABs took
responsibility for tailoring the intervention activities
to their worksites, for implementing activities, and for
recruiting other worksite volunteers to participate in
the intervention.

Intervention messages followed a sequence suggested
by the stages of change model [19]. Activities were
scheduled so they would occur in phases that allowed
the behavior change (eating more fruits and vegetables)
to occur gradually. We targeted the transition points
from precontemplation to contemplation, from contem-
plation to preparation, from preparation to action, and
finally the transition from action to maintenance using
strategies as described below. This schedule is some-
what artificial at the worksite level, since some partici-
pants move quickly through the stages of change, while
others take more time, skip stages, or relapse [20,21].
Limited funds made it impossible to assess every em-
ployee, determine the employee’s stage of change, and
mount numerous different campaigns corresponding to
each individual employee [22]. Thus, the approach we
used was to take the entire worksite population through
activities designed to move individuals from early
stages (e.g., precontemplation) to late stages (e.g.,
maintenance). Despite knowing that the worksite em-
ployees were at different stages of change, we began
with the assumption that the vast majority of employ-
ees were in the precontemplation stage or contempla-
tion stage for eating more fruits and vegetables. Mes-
sages distributed during this stage were congruent with
those of the stages of change model; specifically, to in-
crease awareness about 5 a Day and to introduce the
idea of eating more fruits and vegetables to individuals
at the worksite. To accommodate those who were fur-
ther along the change continuum, we made available
in the worksite some pamphlets and brochures that
described skill building. Throughout the intervention,
we continued activities from a previous phase (e.g., in-
creasing awareness) in the next phase (e.g., imparting
simple skills) so that all employees who remained in
earlier stages, or who relapsed back to earlier stages,
would have regular and repeated opportunities to pro-
gress to a further stage.

The minimum intervention specified a menu of mes-
sage choices and channel choices for each transition
point. Messages were stage-specific and included “Are

you shortchanging yourself,” ‘‘Do something
groundbreaking,” and “5 ways to 5 a Day.” Channels to
deliver a message included posters, brochures, table
tents, paycheck inserts, flyers, newsletters, food demon-
strations, message cards, tip sheets, and a self-help
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manual. As has been described in more detail [16], dur-
ing the first transition phase the processes leading from
precontemplation to contemplation call for raising gen-
eral awareness and motivating thinking about change.
A “teaser” campaign alerted employees that “something
was coming to the worksite.” Using one or more chan-
nels, the EAB inundated the worksite with regular mes-
sages that were changed monthly or so. The messages
were about eating more fruits and vegetables and were
designed to increase awareness. The second phase fol-
lowed closely, oriented to move people from contempla-
tion to preparation. To foster self-evaluation, self-
assessment, and weighing the pros and cons of change,
this phase consisted of a comprehensive worksite kick-
off event that was designed to provide opportunities for
learning about the benefits of eating more fruits and
vegetables and for assessing one’s own knowledge and
diet. The third phase emphasized skill building for indi-
viduals and we also encouraged worksite changes in the
cafeteria, including point-of purchase displays, signs
identifying foods as 5 a Day foods, spotlights on healthy
eating (e.g., baked potato day, vegetable soup day), and
some offered incentives for eating more fruits and vege-
tables to move people from preparation to action. The
final phase emphasized ways to adapt the newly ac-
quired skills to everyday life, and recognized the critical
importance of social support and environmental
changes. Additional skill building to maintain in-
creased fruit and vegetable consumption was con-
ducted, and efforts to involve the family included cook-
books for children. Many of the worksitewide activities
such as food preparation and cooking demonstrations,
to reinforce ways to increase fruit and vegetable con-
sumption, occurred in company cafeterias.

Measures

To determine consumption of fruits and vegetables,
we used four self-reported measures: a modified food
frequency questionnaire (FFQ); the Fat- and Fiber-Re-
lated Diet Behavior questionnaire (FFB); multiple 24-
h dietary recalls; and a modified usual-day intake or
checklist. The primary outcome measure was the FFQ.

Food Frequency Questionnaire

The FFQ included seven questions about the usual
frequency of consuming juices, fruits and vegetables
over the past month [23]. Total fruit and vegetable in-
take assessed using this 7-item instrument has been
compared in several diverse populations with the cor-
responding measure using more extensive dietary ques-

tionnaires. Correlations were between 0.47 and 0.57
[24]. Response options ranged from “never” to “5 or
more per day” for orange or grapefruit juices, other
fruit juices, fruit not including juice, and vegetables not
including salads or potatoes. Response options ranged
D ET AL.

from “never” to “2 or more per day” for green salads,
fried potatoes, and baked, boiled, or mashed potatoes.
There were no questions on portion size. We excluded
fried potatoes, and used the sum of the frequencies of
the remaining items as a measure of usual servings
of fruits and vegetables. The aggregate worksite level
change in this FFQ-derived frequency of fruits and veg-
etables between baseline and follow-up was the primary
outcome measure.

Fat- and Fiber-Related Diet Behavior Questionnaire

The development and validation of the FFB occurred
separately for fat [25] and fiber [26]. In this study, the
FFB included 37 items that are divided into five fat-
related subscales (avoid fat as a flavoring, substitute
specially manufactured low-fat foods, modify meats to
be low in fat, replace high-fat foods with fruits and
vegetables, and replace high-fat meats with low-fat al-
ternatives) and three fiber-related subscales (cereals
and grains, fruits and vegetables, and substitute high-
fiber for low-fiber foods). Responses to all items were
on a 4-point scale (‘‘usually or always,” ‘‘often,” ‘‘some-
times,” and “rarely or never”), which for analysis is
coded 1 to 4 such that a low score corresponds to low-
fat or low-fiber intake. Subscale scores are calculated
as the mean of nonmissing items, and summary scores
are the mean of subscales. Internal consistency reliabil-
ities [27] for the fat-related subscales are around 0.6,
and for the fiber-related subscales, around 0.5 [26]. The
six-item fruit and vegetable subscale is of particular
interest in this study. These items are about eating one
or more vegetables at lunch, two or more vegetables at
dinner, fruit for dessert, raw vegetables for snacks, fruit
for snacks, and fruit at breakfast. In the 5 a Day study,
the correlation between this subscale and servings of
fruits and vegetables per day from the FFQ was 0.50.

24-h Dietary Recalls

We administered three, unannounced 24-h dietary
recalls to a randomly selected sample of eight partici-
pants per worksite. Trained interviewers administered
recalls over the telephone using the University of Min-
nesota’s Nutrient Data System. Recalls were spread
over 2 weeks and included one weekend day, and partici-
pants did not know the days on which they would be
called. We developed a system for counting both total
grams and servings of fruits and vegetables from all
food sources, excluding fried foods and high-fat baked
goods. We defined gram weights for usual serving sizes
for all forms and types of fruits and vegetables, taking

into account both usual behavior and human biology.
For mixed foods, we defined the proportions of food
counted as fruit or vegetable. We summed the number
of servings of all fruits and vegetables recorded in the
24-h recall to calculate daily total fruit and vegetable
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servings, and averaged these totals over the 3 days
of recall.

Usual-Day Checklist

Twelve questions were developed for this study cov-
ering usual fruit and vegetable intake over a 24-h pe-
riod. It was inspired by the 24-h recall method and
the crosscheck technique originally described by Burke
[28]. Consumption of fruit, fruit juice, and vegetables
was solicited for each period of the day, starting before
breakfast, through breakfast, between breakfast and
lunch, etc., in terms of usual habits, but without detail
on portion size.

Unobtrusive Measures

We also used two unobtrusive indicators to comple-
ment the self-report measures. To the extent that parti-
cipants were aware of the intervention, self-reported
dietary behaviors may be reactive, and unobtrusive
measures are valuable adjuncts to confirming self-
reports [29]. Plates were observed in each worksite at
both baseline and postintervention period during one
randomly chosen lunch hour. The plate observation was
preceded by a review of the cafeteria offerings in terms
of quantities of fruits or vegetables per serving in each
possible selection. These were noted in column headings
on the data sheet. Study proctors then stood by the
checkout lines and noted the selections of each em-
ployee as he or she checked out, with data for each
employee being entered on a separate line. The average
number of fruit and vegetable servings chosen per em-
ployee was then computed. Proctors were trained to
enhance interobserver reliability. We also used a
community-level fruit and vegetable availability check-
list to record the presence in each cafeteria of these
food choice offerings.

Analysis

The main analysis used a linear mixed model to eval-
uate the intervention, incorporating the design effects
of intraclass correlation within worksite and correlation
between time points, with a fixed treatment arm, and
random pair and pair by arm effects. The regression
incorporated adjustment for baseline value of the fruit
and vegetable consumption measure. A similar model
was also fit adjusting in addition for age, gender, educa-
tion, autonomy, time between end of intensive interven-
tion and follow-up evaluation. Thirdly, a more conserva-
tive approach was used, namely the Permutation Test
on worksite mean difference (follow-up minus baseline),

weighted by inverse of variance. The secondary analysis
was a cohort analysis of the participants who responded
both to baseline and to the postintervention follow-up.
This analysis also employed a mixed model, as de-
scribed above.
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RESULTS

In all, 36 worksites were recruited, and 32 partici-
pated in baseline assessment, but 4 of these were ineli-
gible for randomization into the study because of low
response rates [15]. The worksites that failed run-in
were neither randomized nor included in the study. The
participating worksites fell into seven types as defined
by Standard Industrial Classification (SIC) codes:
health services, education/government/professional,
construction/transportation/manufacturing, finance/
real estate, wholesale trade, and services. The work-
sites that were not included (because of refusal, low
baseline response, or failed other aspects of run-in) were
similar to those that were included with respect to size
and type of worksite.

The response rate to the baseline survey in the work-
sites randomized averaged 80% (range: 63–93%). This
is high compared with other worksite projects with
mailed administration (58–61%) [10,30]. During the
course of the study, one of the worksites in the interven-
tion group closed, reorganized as an Internet company,
and moved to the eastern part of the state. At follow-
up, among the 27 remaining worksites, the response
rate average was 71%. (Apart from one intervention
site with a low response rate of 38% at follow-up, the
characteristics of respondents to the baseline survey
was similar in the intervention and control groups. Ta-
ble 1 shows the mean of worksite means of age, percent-
age female and white, and educational level at baseline.

TABLE 1

Demographic Characteristics of Intervention and Control
Worksites at Baseline: Mean (SD) of Worksite Means or

Percentagesa

Intervention Control
(N 5 14, (N 5 14,

n 5 1,428)b n 5 1,400)

Mean age 41.1 (3.2) 42.4 (2.4)
% ,25 3.3 (3.7) 2.3 (1.9)
% 25–39 46.3 (11.4) 38.6 (9.1)
% 40–54 40.3 (9.7) 48.6 (8.1)
% 551 10.0 (6.3) 10.6 (5.1)

% Female 59.1 (15.5) 57.0 (14.4)

% White 86.7 (7.5) 86.0 (6.2)

% Less than high school 1.0 (1.2) 0.5 (0.8)
% High school education 8.7 (5.8) 7.4 (5.4)
% Technical college 36.1 (7.8) 36.2 (10.8)

% College graduate 32.5 (7.5) 31.7 (10.0)
% Postgraduate 21.7 (17.2) 24.2 (15.7)

a Respondents reporting Hispanic ethnicity are classified as His-
panic regardless of race

b N 5 number of worksites, n 5 number of employees responding.
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About 10% of the employees were aged 55 years or older
and 23% had postgraduate education. At baseline, fruit
and vegetable (F&V) consumption averaged about three
servings per day in both intervention and control work-
sites. Higher consumption was associated with older
age group and postgraduate education (data not
shown).

In the intervention worksites, the size of the EABs
varied from 5 to 12. Worksites had an average of 16
meetings (range: 11–24) over the 12-month interven-
tion period with an overall average attendance of 78%
of EAB members, indicating high involvement in the
project.

Primary Outcome Results

The primary outcome measure, change in work-
sitewide F&V consumption at 24 months, as measured
using the abbreviated FFQ, is shown in Table 2. The
intervention effect was about 0.3 serving. All measures
demonstrated a significant intervention effect using the
mixed model regression, and a statistically significant
or borderline (P 5 0.06) effect using the most conserva-
tive weighted permutation test. The exception was the
24-h recall measure, which was obtained by design only
on eight individuals per worksite (but each of these
eight provided three unannounced 24-h recalls within
a 2-week period). According to this measure the inter-
vention effect was large, but had a wide confidence

interval (not shown), with an apparent decrease in con-
sumption of F&V on average by the control worksites.

b Tests of the effect of intervention are performed employing the tra
mean difference (follow-up minus baseline), weighted by inverse of var
pair and pair by arm effects adjusted for baseline. (3) Mixed model re
time between end of intensive intervention and follow-up evaluation.

* P , 0.05.
** P , 0.01.
D ET AL.

Cohort Results

Within the two cross-sectional surveys (baseline and
24-month follow-up) there was by chance a nested co-
hort, i.e., employees sampled for evaluation at both time
points. There were 194 such intervention employees
surveyed and 218 control employees. The distribution
of changes in F&V consumption as measured by the
FFQ is shown in Fig. 1. The distribution of change is
shifted to the right for the intervention compared with
the control, with 33% of the intervention group increas-
ing their daily servings by at least 1.5 servings, com-
pared with 27% of the control group.

As stated earlier, all interim evaluations during and
immediately after the intervention were attempted on
the same cross-sectional sample that completed the
baseline surveys. In this cohort of employees, the
change in F&V consumption, adjusted for the design
effects, is shown in Table 3. Employees at both interven-
tion and control worksites appear to have increased
their fruit and their vegetable consumption over the
course of the intervention period, in all measures of
F&V intake. Further, the increase in intervention work-
sites was larger than the increase in control worksites
in all measures, with the intervention effect ranging
from about an eighth serving to about a half serving,
depending on the measure used. The pairwise differ-
ences were all significantly positive, or neutral, sug-
gesting a consistent finding of intervention effective-

ness across all worksite pairs. The change in the cohort
to postintervention in the primary outcome measure,

Mean F&V from FFQ, was 0.25 serving, slightly smallerTaking the different measures together, there was con-
than the change at the worksite level in this variablevincing evidence of a small but true positive interven-

tion effect by our Seattle 5 a Day program. at 2 years (0.3 serving).

TABLE 2

Change in Worksite Mean Fruit and Vegetable (F&V) Intake from Baseline to 2-Year Follow-up in Intervention and Control Worksites
According to Several Measures

Intervention (N 5 13)a Control (N 5 14) Significance testb

Baseline 2-Year follow-up Baseline 2-Year follow-up Intervention
(n 5 1,342)a (n 5 1,169) Change (n 5 1,400) (n 5 1,226) Change effect (1) (2) (3)

Mean F&V (FFQ) 3.68 4.18 0.51 3.63 3.84 0.21 0.30 0.06 * *
Mean F&V (FFB) 0.92 1.05 0.13 0.95 0.96 0.01 0.12 * * *
Usual-day

checklist 5.75 6.27 0.52 5.80 5.92 0.12 0.40 * * 0.08
Single question 2.62 2.93 0.27 2.66 2.74 0.08 0.19 ** ** **
24–hour recall 5.17 5.47 0.29 5.05 4.62 20.44 0.73 0.29 0.07 0.19

a N 5 number of worksites, n 5 number of employees responding.

nsformed variable y 5 log (1 1 y). (1) Permutation test on worksite
iance. (2) Mixed model regression with fixed treatment arm, random

gression as in (2), and adjusted for age, gender, education, autonomy,



FIG. 1. Change in servings of fruits and vegetables between baseli
both surveys.

Worksite Level Results

Unobtrusive community-level or worksite-level indi-
cators, used to complement the self-report measures,
also support the effectiveness of the intervention at
postintervention assessment. As shown in Table 4, plate
observation at cafeteria checkout lines revealed an av-
erage increase of servings of 0.4 in the intervention sites
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and 0.24 in the control sites. The differential change

of 0.16 serving for one meal in the day, although not
statistically significant, is consistent with the individ-
ual level differential change of 0.30 serving for the
whole day.
DISCUSSION

Single question 2.71 2.99 2.69

a n 5 number of employees responding.
b Calculated using maximum likelihood, incorporating the matched
* P , 0.05.

** P , 0.01.
ne and 2-year follow-up in nested cohort of 412 employees completing

of epithelial cancers of the respiratory and alimentary
tracts [31–33]. Consumption of at least five servings
daily was one of the Year 2000 goals, [34], and continues
to be included in Healthy People 2010 objectives [35].
Current consumption levels in the United States are
increasing in some but not all subgroups of the popula-
tion, but overall only 23% of the population eat five
servings daily [36].

More avenues must be found to inform people about
the importance of eating 5 a Day. We reasoned that
worksites are good channels of dietary change since
they offer accessibility to large populations, and could
be considered small communities where social environ-
ments can be changed to promote health [5]. More than

62% of the adult population in this country are em-
ployed, and workers spend up to 30% of their wakingAggregate population and analytical observational
hours at work [37]. Many worksites have includedstudies show a consistent association of increased

F&V consumption with lower risk of cancer, especially health promotion activities as part of their benefits for

TABLE 3

Baseline and Postintervention Fruit and Vegetable (F&V) Consumption in Cohort Completing Both Baseline and Postintervention
Surveys, for Intervention and Control Worksites

Intervention (n 5 816)a Control (n 5 865)
Intervention

Variable Baseline Postintervention Baseline Postintervention effectb 95% CI

Mean F&V from FFQ 3.72 4.45 3.68 4.16 0.25 20.01, 0.50
Mean F&V subscale 1.99 2.20 2.02 2.11 0.11** 0.04, 0.17

(from FFB)
Usual-day checklist 5.74 6.89 5.81 6.42 0.47* 0.04, 0.90
2.85 0.13* 0.03, 0.22

pair design.



No. of types of vegetables 2.8 3.3 3.5 3.3 0.7 20.2, 1.5

No. of types of fruit 2.2 2.7
No. of healthy food promotions 0.8 1.0

aN 5 number of worksites.
bCalculated using maximum likelihood, incorporating the matched

employees [6]. Worksite health promotion programs of-
fer many benefits for employee and employer alike. For
employees, such activities are often convenient to at-
tend and less expensive than seeking the same activi-
ties outside of the workplace. Co-workers are available
to provide social support for continuing activities [38].
As employees adopt healthful habits, they may be able
to persuade the employer to adopt more programs to
reinforce good health behavior. For employers, effective
worksite health promotion programs can lead to con-
tainment of medical and disability costs, reduction in
absenteeism because of health problems, and enhance-
ment of the corporate image [7]. In addition, offering
health care programs can increase employee morale
and sense of belonging to the worksite.

We have developed a simple 5 a Day intervention
that is feasible and acceptable for use in worksites with
cafeterias. The program was enthusiastically received
by all intervention worksites, and several representa-
tives from the food and vegetable industry participated
willingly and creatively in the worksitewide events.
Most importantly, we found significant differential in-
crease in F&V consumption in favor of the intervention,
using a conservative comparison of cross-sectional sam-
ples of employees. This intervention effect is slightly
larger (0.3 serving) than was assessed in the cohort
postintervention, suggesting changes continued to be
made widely in the intervention worksites. The finding
of increased intervention effect over time is consistent
with our experience in the Eating Patterns Study [2].
It is particularly important, since a national campaign
to promote the 5 a Day message started during the
project and grew in scope over the next 3 years, with
the result that there was a secular trend of increasing
F&V consumption that was apparent in the control

worksites.

The effect size is consistently positive using several
different measures of change in F&V consumption, each
with different sources of error. This supports the conclu-
sion that this is a true intervention effect, not just an
2.6 2.7 0.5 20.1, 1.0
0.9 0.4 0.6 20.3, 1.5

pair design.

artifact of reactive or biased reporting because of partic-
ipation in the intervention. If the intervention effect is
real, the fact that it is not large does not mean that it
is unimportant. This kind of low-intensity public health
dietary intervention is not expected to result in the kind
of dramatic changes in dietary intake seen in feeding
studies and clinical interventions that often recruit
small numbers of highly motivated individuals. Rather
it can achieve important health benefits on a population
basis, because of its potential to reach and involve large
numbers of the population. The effect of the interven-
tion is to increase the whole distribution of intake of
F&V by a small amount. The change may not diminish
disease risk for a given individual, but the impact on
the population risk can be substantial [39]. An estimate
of the potential impact on an entire population can
be calculated as follows: F&V consumption has been
consistently found to be protective of colon cancer in
epidemiological studies [31,32]. Using the pooled odds
ratio from a meta-analysis [33] as an estimate of linear
association, a populationwide increase of 0.3 serving
could translate to a prevention of 1 in 8 annual occur-
rences of colon cancer.

The educational level of the employees in the work-
sites in our study is high. This is partly because the
Seattle area (King County) has a larger proportion of
college graduates or postgraduates (33%) than the
United States as a whole (20%) [40], and partly because
of the nature of our worksites. We had six health care
facilities, seven high-tech manufacturers, five financial/
legal organizations and three research/government
sites in our worksite sample. Despite the potential that
our results might not be generalizable to worksites with
lower educational requirements, it is evident that our
results are consistent with other worksite studies. Sev-
236 BERESFORD ET AL.

TABLE 4

Worksite Environmental Indicators of Change in Fruit and Vegetable Consumption from Baseline to Postintervention Follow-up

Intervention (N 5 13)a Control (N 5 14)
Intervention

Variable Baseline Postintervention Baseline Postintervention effectb 95% CI

Plate observation
Mean servings 1.21 1.61 1.06 1.31 0.16 20.27, 0.57
% plates with zero servings 34 27 38 36 24 217, 8
% plates with 21 servings 32 43 26 34 14 211, 17

Cafeteria checklist
eral of these were in worksites with lower educational
requirements. There were two other sites nationwide
that used worksites as channels for delivery of the inter-
vention, as part of the National Cancer Institute’s 5 a
Day evaluation program. The study in Arizona focused
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on worksites in labor or trade job classifications that
require less education [8] and found a significant differ-
ential increase of about 0.5 serving after 18 months of
intervention. The study in Massachusetts in Commu-
nity Health Care Centers found an increase of about
0.2 serving in their program in worksites only, and of
about 0.5 serving in their combined worksite and family
program [9]. Recently a randomized trial, in auto indus-
try worksites, of health promotion interventions includ-
ing a nutrition intervention to increase F&V consump-
tion was completed [10]. At the end of 1 year the
differential increase in F&V intake compared with the
control worksites was 0.2 serving (P , 0.001), but this
increase had reduced to 0.1 serving (P , 0.07) by the end
of Year 2 [4]. In the Working Well Trial, the intervention
included strategies to increase F&V consumption via a
large worksite intervention [3]. One hundred and four-
teen worksites located in 16 states were randomized to
an intervention or control condition, with intervention
worksites receiving 2 years of intervention activities
designed to change dietary behavior. After 2 years of
intervention, intake of F&V increased in intervention
worksites by 0.18 serving per day more than in control
worksites (P 5 0.0001) [3].

Study Limitations

Limitations of our study include the fact that change
in F&V intake is based on self-report, and we were not
able to include objective measures of F&V consumption,
such as blood carotenoids, in this study. This deficit is
being corrected in the new round of Seattle 5 a Day
that began in 1999. Strictly the generalizability of the
study is limited to worksites with cafeterias. There was
some variation in implementation of the intervention.
For example, the cafeterias varied greatly in size and
amenities. This variation did not appear to affect the
feasibility of the environmental part of the interven-
tions. The 24-h recall results did not reach statistical
significance, but the observed change in this measure
is consistent with an effective intervention. Our ability
to use unobtrusive worksite-level indicators of F&V in-
take was limited by the fact that employees typically
only eat one of their meals at work each day. The inter-
vention itself was designed to change behavior for all
meals in the day, and its success is perhaps better re-
flected in the self-reports of usual intake (for the whole
day) obtained on the questionnaires. Nonetheless, the
unobtrusive worksite-level measures were useful ad-
juncts to the intervention evaluation, and provided es-
sential information about the process of intervention
delivery related to eating behaviors and worksite

changes in the cafeteria.

Few worksite health promotion studies have empha-
sized the worksitewide effectiveness of a program [11].
The majority of studies have focused on individual em-
ployees in the workplace who volunteer to participate
RKSITE PROGRAM 237

in a project, which does not allow employers to know
what the effects of an intervention might be on the
entire worksite. Only a few studies that have random-
ized entire workplaces to an intervention or control
condition have sufficient power to make inferences
about the overall effectiveness of a health promotion

program [11]. The Seattle 5 a Day study has used this
rigorous evaluation method, and has demonstrated a
feasible and effective intervention approach to increas-
ing F&V consumption in a large proportion of the
adult population.
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