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Diet is an important factor in the causation of cancer. Previous systematic reviews of one-to-one
interventions to encourage dietary change have found that such interventions can achieve modest
improvements in diet. However, such interventions are resource intensive and unlikely to be good
value for money at a population level. Interventions that address groups, communities or whole
populations may be less resource intensive and effect change in a wider population. We report a
systematic review of such interventions. We set wide inclusion criteria, including before-and-
after studies and studies with a non-randomized comparison group as well as randomized trials.
We found eighteen studies based in the community, seventeen based on worksites, five based in
churches and one based in a supermarket. Interventions which targeted fruit and vegetable intake
were most likely to be successful, particularly in worksites and churches. There was also evidence
of small positive effects on reducing fat intake in worksites and churches. Overall the community-
based interventions showed little effect. The studies included in the present review were generally
poorly reported. Dietary changes are reported in the relatively short-term studies reviewed here
but may not be sustained in the long term. The effects that we have identified are small but the
reach is potentially very wide, in some cases as wide as a whole country. The cost effectiveness of
such strategies remains to be evaluated.

Cancer prevention: Dietary interventions: Population interventions

Introduction

It has been estimated that diet accounts for 30% of all
cancers in developed countries and up to 20% in developing
countries. It is important, therefore, to understand how
dietary interventions can help to reduce the risk of cancer. A
recent review by Key et al.1 has summarized the evidence on
the dietary causation of cancer. The review concluded that
dietary factors which convincingly increase cancer risk
include overweight and obesity, intake of alcoholic
beverages, aflatoxin and highly salted (Chinese-style) fish.
High intakes of preserved meat and red meat, salt-preserved
foods and salt, and consumption of very hot drinks and
foods probably increase some kind of cancers. Dietary
factors which probably reduce cancer risk include fruit and
vegetables (F&V). Their recommendations in relation to
cancer prevention are listed in Table 1 and, in most respects,

are very similar to recommendations for reducing the risk of
vascular diseases, including IHD and stroke.
The potential for reducing cancer and vascular risk through

effecting changes in diet at community or population level is
considerable. The question is how best to achieve the desired
shift in dietary patterns and food-related behaviours, in terms
of ‘what interventions work?’. Many evaluations of healthy
eating interventions have been published and there are
already a number of systematic reviews2–11.
A recent Cochrane Collaboration review concludes that

individual-based interventions, such as dietary advice
offered to healthy adults, can achieve modest improvements
in diet and cardiovascular risk factors12. However, to our
knowledge, no recent systematic review has been carried out
of programmes aimed at group-, community- and
population-level intervention, and it is these interventions
that are the subject of the systematic review described here.

Abbreviation: F&V, fruit and vegetable.
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Methods

The objective of the present review was to systematically
identify and critically appraise published systematic reviews
and research papers reporting interventions that evaluate
group, community and population dietary prevention
programmes for cancer prevention. We carried out a
systematic search for relevant papers, extracted details of
the papers into an agreed proforma and then synthesized the
results in a narrative form. Where possible we also provided
a quantitative summary of effect sizes.

Included studies

We included studies which evaluated group- or population-
level dietary interventions to reduce cancer risk, which
report results at least 6 months from baseline, and which
employed one of the following study designs:

(a) randomized controlled trials;
(b) quasi-experimental studies and studies with a

comparison group;
(c) uncontrolled before-and-after studies (pre-test–post-

test cohort studies).

The geographical focus of the present review is North
America, Europe, Australia and New Zealand.

Group- or population-level interventions may contain
elements which are aimed at individuals, for example, take-
home leaflets or recipes, and we included studies of
interventions where there was some activity aimed at
individuals if the main focus of the intervention was at
group level. The intervention design strategy had to focus on
changes at group, community or population level, such that
sampling, selection of control groups (if present), and the
main delivery of the intervention were at a group level. We
included studies carried out in the general population (in
towns, regions, countries), local communities, churches,
workplaces, catering facilities and retail outlets. We did
not include programmes delivered only through healthcare
or school facilities. The ‘group’ may be opportunistic

(for example, workplace), or self-selected (for example,
church members) or geographic (all households living
within an administrative area). Dietary interventions may
also be targeted at groups defined by socio-economic or
demographic characteristics, for example, a particular
ethnic group, age group, income band or type of housing.

Types of participants

We included studies with healthy adult participants (age
.16 years) or communities where children were part of a
household. We excluded studies targeting individuals at
increased or high risk only (for example, cardiovascular
patients, obese patients, cancer patients) or children only
(school settings).

Types of interventions

We included studies with any population- or community-
based intervention encouraging dietary change believed to
prevent cancer. We used the dietary recommendations for
cancer prevention listed in Table 1, and included any
interventions that targeted at least one of those recommen-
dations. Studies with multiple interventions aiming to
influence factors other than diet (for example, smoking,
physical activity, lifestyle changes) were included if they
provided a clear description of activities relating to the
nutrition component and sufficient dietary outcome data.
We excluded interventions aimed solely at reducing obesity,
but where weight reduction was a part of a multiple
intervention including other dietary interventions related to
reducing the risk of cancer we included the study.

Outcome measures

In the present review we report only on those outcomes of
the interventions that are related to dietary change to prevent
cancer. We also aimed to include information on cancer
incidence and on the costs of interventions but we did not
find any such information reported. The outcome measures
that we identified were of two types: independently
measured outcomes (such as sales data from a canteen)
and self-reported data (such as information from a FFQ).
Some studies report a wide range of outcomes, but most of
the data we found focus on one or more of four dietary
outcomes relating to cancer prevention: consumption of
F&V, fat, fibre and red meat. The present review therefore
focuses on these four outcomes.

Literature search strategy

We identified studies through systematic searching of
electronic databases. We searched MEDLINE, EMBASE,
Cochrane Library, CINAHL, PsychINFO, CAB Health,
Social Science Index, Eric, SIGLE, Health Technology
Assessment database, the Database of Promoting Health
Effectiveness Reviews (DoPHER), Department of
Health data and King’s Fund database (HMIS) and Health
Development Agency database (HDA website and Health
Education Authority publication). As earlier good-quality
reviews had searched the literature up to 1995, we limited

Table 1. Dietary recommendations in relation to cancer prevention1

1 Maintain BMI in range of 18·5–25 kg/m2, and avoid weight
gain in adulthood

2 Engage in regular physical activity
3 Consumption of alcoholic beverages is not recommended: if

consumed, do not exceed two units per d (one unit is
equivalent to approximately 10 g alcohol)

4 Minimize exposure to aflatoxin in foods
5 Highly salted fish should only be eaten in moderation,

especially during childhood. Overall consumption of salt-
preserved foods and salt should be moderate

6 Have a diet which includes at least 400 g total fruit and
vegetables per d

7 Meat: moderate consumption of preserved meat (for
example, sausages, salami, bacon, ham etc) and red
meat (for example, beef, pork, lamb). Poultry and fish
(except highly salted fish) have been studied and found not
to be associated with increased cancer risk

8 Do not consume foods or drinks when they are at a very hot
(scalding hot) temperature
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our searches to the period January 1994 to August 2005.
A combination of subject headings (MESH) and free text
terms (including alternative spellings) was used for all areas.
No language restrictions were imposed. We did not
undertake hand searching of any journals. We contacted
experts in the field for information about new or
unpublished projects. We checked the reference lists of
selected papers for further studies. Records identified from
searches were downloaded and managed using EndNote
bibliographic software.

Selection of studies

Two reviewers independently screened all identified titles
and, where available, abstracts for potential relevant studies.
Two reviewers then independently evaluated each full text
paper against predefined inclusion criteria, using an ‘in/out
form’. Differences between reviewers were resolved by
discussion or in consultation with a third reviewer.

Data extraction

Once a list of included studies was agreed, two reviewers
(not necessarily the same individuals who had included the
studies at the previous stage) independently extracted data
from the included studies using a standard form. We
extracted the following details:

(a) study design;
(b) description of study settings and population (includ-

ing data on measures of deprivation);
(c) description of all intervention and control pro-

grammes, including any theoretical framework,
medium of intervention, and its duration;

(d) outcomes;
(e) measurement tools;
(f) data analysis, attrition and survey response rates,

number of outcome assessments, length of follow-up,
and any negative or adverse effects.

When there were not enough data for our purposes we
contacted the authors for further information. If a study was
published in more than one paper, we retrieved data from all
available papers. Any disagreement between reviewers was
resolved by discussion.

Quality evaluation

Two reviewers independently evaluated the methodological
quality of studies, which included:

(a) for randomized controlled trials – method and unit of
randomization, unit of analysis, clarity of description
of methodology, including sampling for surveys,
analysis method, attrition and survey response rate;

(b) for studies with a comparison group – unit of
analysis, clarity of description of methodology
including sampling for surveys, group comparability,
analysis method, attrition and survey response rate;

(c) for before-and-after studies – clarity of description of
methodology, before-and after-data reported for all
groups on all outcomes.

Data analysis

We grouped studies according to their settings. The mode of
analysis varied with study design. Where data were
provided for more than one time point, we included only
the results from the longest follow-up.

Randomized controlled trials and studies with a comparison
group. The net effect was calculated as the difference
between the change in the control group and the change in
the intervention group. Outcomes were treated as continu-
ous variables. All the randomized trials identified had been
cluster randomized and appropriately analysed.
Meta-analysis was only possible in one case: for F&V

intake in worksite studies. Weighted mean differences and
95% CI were produced. The Cochrane Collaboration
software RevMan 4.2 (Metaview) was used to perform the
analysis. The sign of the mean change for both the
intervention and control groups has been changed so
the direction of effect always shows the change favouring
intervention on the left. Where the standard deviation of
changes was not reported in a paper, we used the method
recommended in the Cochrane Collaboration Handbook13

to make allowance for within-participant correlation from
baseline to follow-up measurements, and estimated the
standard deviation of the change. In a few cases even this
was not possible and the studies appear on the graphs with
the note that the weighted mean difference is not estimable.
Because of substantial heterogeneity the summary statistic
was calculated using a random-effects model.
When meta-analysis was not possible the net effect was

calculated for individual studies and displayed graphically
on forest plots, without a summary statistic. The number of
participants (n) given on the forest plots represents the
number of individuals analysed in the various studies.

Uncontrolled before-and-after studies. We report the net
effect as the difference between the follow-up measurement
and the baseline value.

Results

We identified 19 570 titles and considered 227 abstracts
potentially eligible for inclusion. After assessment of the
full papers ten systematic reviews and forty-nine primary
studies were selected. A further eight primary studies were
excluded during data extraction or following correspon-
dence with the authors, leaving forty-one studies in the
review (Fig. 1).

Earlier systematic reviews

We identified ten systematic reviews, which systematically
searched databases using predefined inclusion and exclusion
categories and which evaluated nutrition interventions in
various settings including communities, workplaces, super-
markets and catering. One important source is a series of
reviews published by the former UK Health Education
Authority covering dietary intervention in the general
population3, workplaces5, minority ethnic groups7, elderly
individuals4 and women of childbearing age6. Table 2 shows
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the number of studies in each of the systematic reviews that
consider interventions in groups, communities or whole
populations.

The review by Roe et al.3 summarizes the results of
seventy-six interventions to promote healthy eating among
the general population published between 1985 and 1996.
The studies employed a wide range of intervention methods,
target populations and outcome measures. The authors
comment on the serious limitations of design, description of
methodology and reporting of outcomes in many studies.
The review includes sixteen evaluations of community
interventions: ten large-scale multi-factorial before-and-
after studies (including The North Karelia Project,
Pawtucket Heart Health Program, Stanford Five-City
Project and Minnesota Heart Health Project) and six
randomized trials of intensive dietary interventions in
smaller populations. The majority of the interventions
(twelve of the sixteen studies) were based on a theoretical
framework, mainly using social learning theory (seven of
the sixteen studies). Change in fat intake is reported in ten of
the sixteen studies. Six studies reported a decrease in fat
consumption in the range of 5–10% of energy and four
studies found no difference in fat intake. F&V consumption
is reported in only one study, which did not find any positive
effect.

The review included eight studies in supermarket settings,
of which four were considered good-quality studies
involving twenty to forty stores per study, and two of
those showed a positive effect on food purchases or sales.
There was little or no follow-up after the end of
interventions, and from the limited evidence available it
appeared that interventions only had an effect for as long as
the intervention was in place.

Ten studies evaluated interventions in catering settings,
all judged as mediocre quality. Positive effects were
reported in sales of F&V (one study), decreased sales of
confectionery and crisps when moved away from tills (two
studies), and increased sales of low-fat meals and salads
when labelled with appropriate signs (five studies). Point-
of-purchase promotion led to an increase in sales of 2–12%
but the effect generally lasted only as long as the
intervention was in place. The longer-term effect on food
choices was not assessed.

Roe et al.3 argued that the following features of
interventions were associated with the most sustained
positive effect on diet-related outcomes: a content which
focused only on diet, or on diet and exercise; an intervention
strategy based on theoretical frameworks rather than simple
information giving; some degree of personalization of
intervention characteristics; provision of feedback on
individual changes in behaviour; multiple contacts over a
substantial period of time; interpersonal support. In the
supermarket and catering settings, the greatest effects were
reported with the use of simple signs identifying healthier
choices, food composition changes and changes in food
availability.

A systematic review of health promotion interventions in
the workplace includes fifty outcome evaluations published
up to 19975. Fifteen of the fifty included studies were judged
to be sound, of which six targeted healthy eating. Three of
the six studies found no beneficial effect on fat intake or
overall dietary habits. Two studies reported a decrease in fat
consumption and increase in F&V intake at 12 months’
follow-up. The authors of the review could not identify any
clear trends in effectiveness in relation to certain types of
interventions.

White et al.7 summarize the literature on interventions in
individuals from minority ethic groups. There were two
community-wide dietary programmes which both used a
quasi-experimental design with a minimum of 1 year of

Fig. 1. Progress through the stages of a review.

Table 2. Number of studies evaluating interventions at group, community or population level aiming at dietary
change in each systematic review

Reference Total
Community

or population Worksite Church
Retail

or supermarket

Roe et al. (1997)3 34 16 10 – 8
Peersman et al. (1998)5 6 – 6 – –
White et al. (1998)7 4 4 – – –
Glanz et al. (1996)2 10 – 10 – –
Janer et al. (2002)11 7 – 7 – –
Ciliska et al. (2000)9 15 15 – – –
Bowen & Beresford (2002)10 33 12 16 1 4
Brug et al. (1999)8 8 – – – –
Fletcher & Rake (1998)4 14 14 – – –
Van Teijlingen et al. (1998)6 7 7 – – –
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follow-up. One intervention to increase low-fat milk
consumption was ineffective. An intervention to decrease
fat consumption was partly effective. The reviewers
concluded that there is only limited and inconclusive
evidence for the effectiveness of community-wide
interventions.

Three other reviews concentrate on worksite health
promotion programmes. Glanz et al.2 reviewed ten
education programmes relating to nutrition published
between 1980 and 1995. Six studies used group education:
either alone (two studies), in combination with individual
counselling (two studies) or in combination with cafeteria
programmes (two studies). Four studies were solely
cafeteria based. Only one of the ten studies randomized
worksites. The authors of the review commented that it was
impossible to determine whether any observed positive
changes had been the results of interventions, of self-
selection or self-reporting bias, or of secular trends in
general populations.

A review of worksite interventions targeting major cancer
risk factors included nutritional interventions, and included
both individual and group interventions11. The aims of
included interventions were commonly to increase con-
sumption of fruits, vegetables and high-fibre foods, or to
decrease fat intake. Statistically significant increases in
vegetable intake were observed in six of seven relevant
studies. An increase in vegetable servings per d is reported
in three of the seven studies, with ranges from 0·09 to 0·19
servings. Five of the studies also reported on fruit intake,
and four found statistically significant increases, ranging
from 0·11 to 0·24 servings per d. In three studies reporting
on total F&V intake, increases ranged from 0·18 to 0·5
servings per d. Ten studies reported changes in fat intake
and six of these found a statistically significant fall in intake.
However, the size of the falls was small; the largest fall
reported is 3·0% energy from fat. An increase in fibre intake
ranging from 0·005 to 0·406 g/1000 kJ (0·02 to 1·7 g/
1000 kcal) was observed in three out of five relevant trials.
Worksite trials involving food environmental interventions,
such as changes in the worksite canteen or vending
machines, were no more effective than those without such
environmental components. An increased duration of
intervention, multiple contacts with participants, tailored
interventions, incentives, and continuous support were all
seen to increase effectiveness, but the reviewers commented
that the data were not consistent.

Ciliska et al.9 reviewed fifteen studies of community-
based interventions aiming to increase F&V consumption,
including two worksite-based interventions, and one
community-based programme focused on adults. The two
worksite interventions achieved positive results in at least
one reported outcome. The first trial found a statistically
significant difference in overall F&V consumption
(P , 0·001); the intervention group achieved an increase
of 0·2 servings per d compared with the increase of 0·02
servings per d in the control group. The second trial reported
an increase in vegetable consumption in the intervention
group by 6·8 servings per month compared with a fall by 1·6
servings per month in the control group (P , 0·02). The
only community-based programme included14 did not
report any positive changes. The authors of the review

concluded that the most effective interventions gave clear
messages about increasing F&V consumption; incorporated
multiple strategies that reinforced the messages; involved
the family; were more intensive; were provided over a
longer period of time, rather than one or two contacts; and
were based on a clear theoretical framework.
A systematic review of dietary interventions published up

to 2001 included thirty-eight interventions focused on
groups of adults rather than individuals. Fourteen of these
studies also met the inclusion criteria and were included in
the present review. Of the thirty-eight studies, sixteen were
based in worksites, and twelve in the community or general
population. There were also four point-of-purchase studies,
four primary care-based studies, one study targeting
religious organizations and one study targeting families10.
The reviewers did not place any restrictions on the design of
included studies. Consistent positive changes were observed
in most of the worksite studies, but the effect size was often
small, and follow-up was short term. Other community
settings, such as religious organizations and grocery stores,
had mixed records of success. The limitations of study
designs and evaluation methods prevented the authors of the
review from drawing any firm conclusions.
Brug et al.8 summarized limited inconclusive evidence on

computer-tailored nutrition education from the findings of
eight studies.
None of these systematic reviews reached firm conclusions.

Most interventions that were reviewed employed complex
intervention strategies and a variety in evaluation designs,
making it difficult to synthesize the data. However, there are
some characteristics of successful interventions that are noted
repeatedly in the reviews, and these are summarized inTable 3.
The use of a theoretical framework as a basis of intervention
activities is often discussed. Roe et al.3 stated that an
intervention model incorporating behavioural theories and
goals rather than one based on the provision of information is
more likely to produce sustained effect on diet-related
outcomes. Ciliska et al.9 also concluded that themost effective
interventions to increase F&V consumption in the USAwere
based on a theoretical framework,whileBowen&Beresford10

note the lack of information on the use of theoretical
frameworks in individual studies.

Primary studies

We included forty-one primary studies. Table 4 shows the
country of origin and setting of the interventions.

Table 3. Characteristics of successful interventions as identified in
the systematic reviews

An intervention that focused only on diet, or diet and exercise
Delivery of clear messages with multiple strategies to reinforce

them
Some degree of intervention personalization to match

individual characteristics
Provision of feedback to individuals on their changes in behaviour
A longer duration of intervention, with multiple contact with

participants
Provision of incentives, and continuous support
Simple signs identifying healthier choices, changes in food

availability and composition, point-of-purchase display policies in
supermarket and catering settings
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The majority of studies, twenty-eight (68%), were
carried out in North America14–40 (DJ Bowen, personal
communication), ten (24%) were carried out in Europe41–50

and three (7%) in Australia and New Zealand51–53.
Eighteen studies targeted healthy adults in the
general population14–17,26–28,33,37,39,41–46,49,51. Seventeen
studies targeted worksite
employees18,19,21 – 23,25,29,31,32,34,35,38,47,48,50,52,53. Five
studies targeted adult church members20,30,36,54 (DJ
Bowen, personal communication) and one study was carried
out in a food retail setting24. The intervention mechanisms
employed included: educational sessions; cooking demon-
strations; point-of-purchase displays; brochures, posters and
other printed materials; videos; mass media advertising and
educational programmes. Dietary outcomes reported
included self-reported intake of fat, fibre, F&V, red meat;
various behavioural scores related to healthy eating and sales
data from supermarkets and worksite cafeterias. Table 5
summarizes the main results.

Community or population studies

Twelve of the eighteen interventions in the general
population are non-randomized studies with a comparison
group15,26–28,33,39,41,43–45,49,51, five use a before-and-after
evaluation design14,17,37,42,46, and one study is a cluster-
randomized controlled trial16, where community is the unit
of randomization and analysis. There are three state or
nationwide studies: two assessing the impact of programmes
promoting F&V consumption in California17 and in the
whole of the USA37, and one evaluating HeartBeat Wales44.
The most commonly set dietary goals, apart from
‘improving overall dietary behaviour’ which featured in
seven studies, were a decrease in fat consumption (five
studies) and an increase in F&V consumption (three
studies). Studies varied greatly in the length of their
intervention programmes and follow-up periods. The most
common activities were the use of printed materials,
supermarket events such as store tours, food product
promotion, purchase coupon distribution, food labelling,
cooking demonstrations, distribution of recipes, educational
sessions, and engagement of the community through
community leaders and local businesses. Mass media
were widely used, including local newspapers, television
and radio.

Fruit and vegetable intake. Very few studies provide
details of what was included in the definition of F&Vor the
size of one serving. Changes in F&V consumption are
reported in six studies14,16,17,37,46,51. Three studies used a
before-and-after design17,37,46 and report change in servings
per d. Foerster et al.17 report the 2-year results of the
Californian ‘5 a Day for Better Health’ campaign promoting
consumption of F&V. There was no significant change in
combined F&V consumption, although intake of vegetables
increased by 0·2 servings per d (P , 0·05), while fruit
intake fell by a non-significant 0·1 servings per d. Stables
et al.37 report a 6-year evaluation of the national US ‘5 a
Day for Better Health’ F&V promotion, which found an
increase of 0·23 servings per d (P ¼ 0·007). Wrigley et al.46

assessed the impact of a new supermarket on F&V
consumption in a deprived community. There was no
overall increase in F&V consumption, although there was an
increase in F&V consumption in the 45% of respondents
who had switched to using the new store (an increase of 0·23
servings per d; P ¼ 0·03).

Three studies report changes in scores based on F&V
consumption. Two 5-year community-based interventions16

report no significant effect in one community and a
significant fall in F&V consumption (P , 0·01) in the
other community, in comparison with control communities.
A 5-year intervention in a low-income rural area in
Missouri, USA had no significant effect on the percentage of
respondents consuming five or more portions per d14.
A 2-year Heart Health Programme in a rural community in
Victoria, Australia also had no effect on consumption of
either fruit or vegetables51.

Fat intake. Seven studies report changes in fat intake. An
intervention in California focused on the community and
included education campaigns and initiatives in grocery
stores in two communities. There were seven comparison
communities. The researchers report no significant decrease
in percentage of energy from fat16. Three non-randomized
studies with comparison groups, all from the Nether-
lands41,43,49, report fat intake using different scoring
systems. There was no significant difference in fat
consumption in Maastricht after 3 years of a complex
multifactorial intervention which included encouraging a
reduction in fat intake49. The ‘Fat Watch’ campaign in
Alkmaar used a variety of activities mainly based on written
mass media information but also using events such as

Table 4. Country of origin and settings of included primary studies
(Number of studies)

Country Total
Community

or population Worksite Church
Retail

or supermarket

USA 25 8 11 5 1
The Netherlands 4 3 1 – –
UK 3 2 1 – –
Canada 3 2 1 – –
Australia 2 1 1 – –
New Zealand 1 – 1 – –
Norway 1 1 – – –
Denmark 1 – 1 – –
Czech Republic 1 1 – –
Total 41 18 17 5 1
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Table 5. Summary of results for the main dietary outcomes*

Intervention setting. . . Community and population studies Worksite studies Church studies

Retail
and super-

market
studies

F&V intake
F&V (servings/d) Three studies (B-A). Two studies

with NS findings. One study found
increase of 0·23 servings/d

Eight RCT (eleven interventions). Results pooled in a meta-analysis
(random-effects model), WMD 0·18 (95 % CI 0·04, 0·31)
servings/d; all but one study achieved results in a positive
direction

Three studies (two RCT, one
Comp). Increase in a range
of 0·13–0·18 to 0·85 ser-
vings/d

One study
(RCT);
NS find-
ings

F&V (scores) One study (RCT); NS findings – – –
Number of individ-
uals consuming five
or more servings
per d

One study (B-A); NS findings – – –

Percentage of indi-
viduals changing
towards healthy
diet

One study (Comp); NS findings – – –

Fat intake
Fat (% energy) One study (RCT) (two interventions);

NS findings
Three studies (two RCT, one Comp). One study (Comp) with NS

findings. Two studies (RCT) with decrease of 0·37 to 1 %
Two studies (RCT); NS findings –

Fat (g/d) – Three studies. One study (RCT) with negative effect – significant
increase of 0·7 g/d with intervention. One study (RCT) with NS
findings. One study (Comp) with decrease of 1·3 g/d

One study (RCT); decrease of
5·8 g/d

–

Fat (various scores) Three studies (Comp). One study
with decrease in fat intake of 0·9
points. Two studies with NS find-
ings

Three studies (six interventions). One study with decrease with the
intervention. Two studies (five interventions) with NS findings

One study (RCT); NS findings –

Fibre intake
Fibre (g) One study (RCT); NS findings – – –
Fibre (g/1000 kcal) – Two studies (RCT) with increase of 0·13–0·50 g/1000 kcal (0·03–

0·12 g/1000 kJ)
One study (RCT); NS findings –

Fibre intake (score) – – One study (RCT); NS findings –
Red meat intake Two studies (one RCT, one Comp);

NS findings
– – –

Red meat (servings/
week)

– One study (B-A); NS findings – –

Percentage of individ-
uals changing
towards healthy
diet

– One study (B-A); NS findings – –

F&V, fruit and vegetables; B-A, before-and-after study; RCT, randomized controlled trial; WMD, weighted mean difference; Comp, study with comparison group.
* The intervention effect is given as the difference in change between the intervention and control group (for RCT and Comp), or the difference between pre- and post-study measurements (for B-A studies). Only significant

changes are quoted.
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supermarket tours to encourage a reduce intake of fat. The
evaluation found no difference in fat consumed between the
intervention and control communities at the 10-month
follow-up43. Another intervention, The Healthy Bergeyk
programme, involved a multi-factorial health promotion
initiative in which healthy eating was one of four targets.
Again, the intervention design used a variety of activities
mainly based on written mass media information and also
used small group activities. There was a significantly greater
(P , 0·001) fall in the ‘fat score’ in the intervention
community compared with the control community41.

Fibre intake. The intervention in California described
earlier also reported fibre intake in the intervention and
control communities and found no statistically significant
difference16.

Red meat intake. The intervention in California described
earlier also reported red meat intake in the intervention and
control communities and found no statistically significant
difference16. There was no difference in frequency of eating
red meat between control and intervention communities in a
study of intervention to decrease high-fat food intake in
South Carolina, USA15.

Worksite studies

Ten of the seventeen studies set in worksites were randomized
controlled trials, with worksite as the unit of randomiz-
ation18,22,23,29,31,34,35,38,50,52. Four studies used non-random-
ized comparison groups19,21,47,53, and three used a before-and-
after design25,32,48. One study included fewer than 100
participants38, while five included more then 2000
workers18,23,34,35,52. In three studies the participants were
mostly women, while eight studies involved mostly men, and
the rest involved roughly equal numbers ofmenandwomen. In
eight studies the participants are described as being mainly in
blue-collar occupations21,22,29,31,32,34,38,53. Three studies
describe participants as mainly white-collar workers25,47,50,
and employees in six studies aremixed socio-economic status.

There was frequent use of printed materials (for example,
posters, brochures, leaflets), educational sessions and
presentations, self-help materials, various activities
(games, contests), worksite cafeteria events (displays,
promotions, menu changes) and availability of healthy
vending machine choices. Many interventions used peer
leaders. The most common dietary goals were overall
improvements in diet (eight studies), increased consumption
of F&V (seven studies), and decreased consumption of fat
(six studies). The most frequently used method of assessing
dietary intake was a FFQ. The duration of the intervention
programmes varied from 3 months to more than 1 year.

Fruit and vegetable intake. Eight randomized controlled
trials, with eleven intervention arms, evaluated interventions
to increase consumption of F&Vmeasured in servings per d.
We have summarized the results of these trials in a meta-
analysis, which shows an increase in consumption of 0·18
servings/d. Only one study, a large Australian trial, does not
report an increase in consumption51 (JM Simpson, personal
communication). The smallest trial recruited only

thirty-three fire-fighters and was an outlier38, so we
performed a sensitivity analysis without this study. The
overall effect did not change dramatically (Fig. 2).

One study compared consumption in servings per d at an
intervention and control worksite and reported a signifi-
cantly greater increase in the proportion of respondents
reporting two to three daily servings of vegetables, but no
difference in fruit consumption at the intervention work-
site53. Two studies used a before-and-after design to
evaluate interventions32,48. One small study of a single
worksite found a small (0·25) but significant increase in
servings of F&V at 9 months32, while another, larger, study
of five worksites found significant increases in the sales of
F&V (g per customer) in the works canteens at all sites48.

One study considered the impact of an award scheme for
workplace canteens that encouraged healthy eating (The
Heartbeat Award scheme). The authors compared four work
canteens that were given the award with two that were
refused it. Employees in the successful workplaces reported
an increase in fruit consumption in comparison with the two
unsuccessful workplaces47.

Some studies assessed F&V intake separately29,31,34,50.
The results of these studies were also pooled in a meta-
analysis. The summary results showed an increase in fruit
consumption of 0·19 servings per d and vegetable
consumption of 0·17 servings per d (Fig. 3).

Fat intake. Nine studies report changes in fat intake
expressed either as percentage of energy21,23,34, g per
d18,19,31 or through various fat scores50,52,53 (JM Simpson,
personal communication). We have not performed a meta-
analysis because of the small number of trials and the
differences in study designs. Mean differences in individual
studies and 95%CI intervals are shown in Fig. 4. The largest
evaluation, theWorkingWell trial23, reports a decrease in fat
consumption of 0·37% energy, while the second largest trial,
‘Next step’34, reports a decrease of 1 % in fat consumption.

One study evaluated an initiative to reduce the fat content
of dishes offered in the canteen of one workplace and found
no significant differences in sales figures for the modified
dishes25. One study considered the impact of The Heartbeat
Award scheme on fat intake and found a reduction in the
consumption of fried foods and an increase in consumption
of low-fat milk in the four workplaces given an award
compared with the two who failed to win an award, but no
other significant changes in fat consumption47.

Fibre intake. Both of the trials that considered fibre intake
reported an increased intake in the intervention worksites
(Fig. 5).

Red meat intake. A small American intervention aiming at
dietary change and smoking cessation in one worksite
reports no significant difference in read meat intake32. The
evaluation of the Heart Beat award scheme, described
earlier, found no effect on meat consumption47.

Church studies

All five church-based interventions were carried out in the
USA20,30,36,54 (DJ Bowen, personal communication). Four of
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them took place in African-American churches, while the
remaining one took place in a predominantly non-Hispanic
White population. Three of the studies are randomized
controlled trials. One trial54 (DJ Bowen, personal communi-
cation) randomized forty religious organizations and
included more then 2000 participants, the second40 recruited
participants from fifteen churches and included about 1000
participants. The third trial36 randomized sixteen churches and
included about 500 participants. A non-randomized interven-
tion with a comparison group30 was based in ten US counties

with a high proportion of minority ethnic population. The
intervention used data collected from 2500 respondents.
A smaller before-and-after study20 involved four churches in
North Florida,with about 370 participants. Themajority of the
participants in all the studies were women.

Fruit and vegetable intake. In one intervention that lasted
20 months, counties in South Carolina, USA, were
randomized to control or intervention. In each intervention
county, five African-American churches participated.

Fig. 2. Worksite studies. Fruit and vegetable intake (servings per d). WMD, weighted mean difference; I1, intervention 1; I2, intervention 2.

Fig. 3. Worksite studies. Fruit intake (A) and vegetable intake (B), analysed separately (servings per d). WMD, weighted mean difference; I1,
intervention 1; I2, intervention 2; I3, intervention 3.
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Community coalitions, consisting of church members,
grocers and farmers, were formed and organized activities
promoting F&V consumption. After 2 years the consump-
tion of F&Vwas higher in the intervention group by 0·85 (SE
0·12) servings per d than in the control group
(P , 0·0001)30. The ‘Body and Soul’ intervention was
evaluated in a cluster-randomized trial where African-
American churches were the unit of randomization. The
intervention consisted primarily of church-wide nutrition
activities, distribution of self-help materials and motiva-
tional interviewing. At a 6-month follow-up, intervention
participants showed significantly greater F&V intake; the
adjusted post-test difference was 1·4 servings per d, the
corresponding estimated effect size 0·18 servings per d
(P , 0·05)39. The ‘Eating for a Healthy Life’ project
randomized forty predominantly white religious organiz-
ations. The 9-month intervention included interpersonal
support, mailings, motivational messages on healthy eating,
social activities, healthy eating sessions and print adver-
tisements. At 12 months there was an increase of 0·13
servings of F&V/individual per d in the intervention group
(P ¼ 0·051)54 (DJ Bowen, personal communication). Fig. 6
summarizes the findings.

Fat intake. The ‘Eating for a Healthy Life’ project54 (DJ
Bowen, personal communication) reported a statistically
significant decrease of 0·05 points (P ¼ 0·004) in a fat
summary score in the intervention group compared with the
control group, but no statistically significant difference in fat
as a percentage of energy. ‘Project Joy’36 randomized
African-American churches to one of three interventions,
developed in partnership with lay church members and
investigators. A ‘standard behavioural’ intervention
included motivational sessions, individual results of base-
line screening, and nutrition and physical activity sessions.
In the second intervention this was supplemented by a
spiritual component, including group prayers. The partici-
pants in the ‘standard behavioural’ group spontaneously
added a spiritual component to their activities, so there was
little difference between these two interventions. The third
(control) self-help group involved personalised feedback
from baseline screening, and a list of personal goals,
together with healthy eating and physical activity printed
materials. At 1-year follow-up, the intervention groups
had both reduced their fat intake by 8·1 g/d while the self-
help group had reduced theirs by only 2·3 g/d (P ¼ 0·025).
The study investigators faced problems in the initial

Fig. 4. Worksite studies: fat intake. (A) Fat intake (% energy), (B) fat intake (g/d), (C) fat intake (various fat scores). WMD, weighted mean
difference; I1, intervention 1; I2, intervention 2; I3, intervention 3.

Fig. 5. Worksite studies. Fibre intake (g/1000 kcal). WMD, weighted mean difference.
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randomization phase, when most of the church leaders
indicated a discomfort with the randomization process and
wanted to be told the outcome of the randomization before
they would agree to church enrolment. Fig. 7 summarizes
the findings.

Fibre intake. The ‘Eating for a Healthy Life’ project
reported an increase in fibre consumption by 0·06 of
summary score scale in the intervention group when
compared with the control (P , 0·001) (DJ Bowen,
personal communication). The authors also assessed fibre
intake by 24 h recall, and reported an increase of
0·311 g/1000 kJ (1·3 g/1000 kcal) in the intervention group
compared with the control. Fig. 8 illustrates the findings.

Red meat intake. No church-based study provided data on
red meat intake.

Retail and supermarket studies

One study evaluated a supermarket point-of-purchase
intervention24. Eight supermarkets in Iowa, USA, were
randomized to either an 8-month intervention promoting
F&V consumption or no intervention. The intervention
consisted of flyers that identified F&Von sale, gave recipes,
menu ideas, and a store coupon towards the purchase of any
fruit or vegetable. Store displays and food demonstrations

supported the promotion. F&V consumption was assessed at
1-year follow-up in the sample of 120 shoppers in each
store. No statistically significant differences between the
intervention and control groups were found. Fig. 9
illustrates the findings.

Discussion and conclusions

We have identified and reviewed forty-one evaluations of
population- or community-based dietary interventions
published since 1994 plus ten systematic reviews published
since 1996. The present review shows that dietary changes
are achievable by means of programmes aimed at
populations, communities and groups in a variety of
settings. At a nationwide level, the US ‘5 a Day for Better
Health’ programme illustrates the potential of combined
public–private campaigns. At local level, positive dietary
changes are achievable through a range of initiatives in the
community. The success of interventions appeared to differ
according to the targeted outcome. Increases in F&V
consumption were obtained in eighteen studies in several
settings. By contrast, on the basis of limited evidence from
four studies, none of the interventions achieved a reduction
in red meat intake. Findings were mixed for reduction in fat
intake (seventeen studies) and increase in fibre intake (five
studies). In contrast to an earlier review that found that
healthy eating interventions aimed at F&V were ‘less

Fig. 6. Church studies. Fruit and vegetable intake (servings per d). WMD, weighted mean difference.

Fig. 7. Church studies: fat intake. (A) Fat intake (% energy), (B) fat intake (g/d), (C) fat intake (fat scores). WMD, weighted mean difference.
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effective’3 we found that promotion of F&V intake was a
positive food-based intervention that was more likely to
achieve health gain than interventions aimed at other dietary
targets.

Limitations of the review

We limited our literature searches to electronic databases
and websites. Although we also contacted experts in the
field and searched reference lists of the relevant studies, we
might have missed some relevant studies. We excluded
many potential evaluation studies because the research
design was not adequately described in terms of selection
and use of controls, sampling in before-and-after studies,
methods for measuring outcomes, and short duration. We
may have missed some potentially includable studies
because we were unable to obtain grey literature reports in
the time available.

In some cases a study was described in more than one
published paper. We tried to obtain all papers reporting
methodology and outcome assessment but we might have
missed some data. This is particularly relevant in the
assessment of the use of a theoretical framework in the
studies. When this information was missing in the study
description we could only say with certainty that authors did
not report it.

Community-based interventions are often complex and
multifactorial and difficult to evaluate by conventional
randomized controlled trials. To allow for this, we set wide
criteria for the inclusion of studies, but this inevitably means
that many of the evaluations had somewhat weak designs,
which may have resulted in an overestimate or under-
estimate of the effect of the intervention. Because so few
studies were randomized controlled trials we were limited in
the amount of meta-analysis we could carry out, and were

also unable to carry out any formal analysis to check for
evidence of publication bias.

Nature and quality of included studies

We set out to systematically identify and summarize the
available evidence on community- and population-level
programmes for diet-based chronic disease prevention. Of
the forty-one studies in healthy adult populations and
communities (predominantly towns, and places of work and
worship), most (twenty-five studies, 68%) were conducted
in North America and reflect recent US trends in health
promotion, with a focus on F&V consumption. Many
studies were based in the general population or community
settings (eighteen of the forty-one) and in workplaces
(seventeen). A limited number of studies (five) targeted
members of religious organizations. We found only one
study that evaluated a health promotion programme in a
supermarket environment.

We found only a limited number of interventions that
were outside the three common settings: neighbourhood,
places of work and places of worship. This is despite the fact
that we employed broad inclusion criteria, which were not
limited to controlled trials and required no more than one
measured food or diet-related outcome relevant to cancer
prevention. We found only two evaluations of population-
wide programmes, one in the USA and one in Wales. We did
not, for example, find any evaluation of Norwegian food
policy, despite its high profile in the 1980s55.

The great variety in study design, target population, types
of intervention activities and outcome measurement tools
made the evaluation of effectiveness a difficult process. The
majority of worksite and church-based studies were cluster-
randomized trials (ten of the seventeen worksite studies and
three of five of church-based studies). Most community-
wide studies used relatively weak study designs: twelve of

Fig. 8. Church studies: fibre intake. (A) Fibre intake (g/1000 kcal), (B) fibre intake (fibre score). WMD, weighted mean difference.

Fig. 9. Retail and supermarket studies. Fruit and vegetable intake (servings per d). WMD, weighted mean difference.
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the eighteen were non-randomized studies with a compari-
son group and five studies used before-and-after evalu-
ations. The studies varied greatly in quality of reporting, and
the inadequate description of methodology made interpret-
ation difficult. Only five studies used objective methods for
outcome assessment; three studies reported milk sales data
from supermarkets; one study reported cafeteria sales data
and one study assessed the weight of F&V consumed in a
worksite cafeteria. Most of the studies relied on a self-
reported assessment of dietary behaviours.

Twenty-six of forty-one included studies implemented
multifactorial programmes aiming at complex behavioural
change which included not only dietary habits but also
physical activity and smoking. Sixteen of those twenty-six
studies reported at least one positive intervention effect in
the assessed dietary outcomes. The remaining fifteen studies
focused on one central dietary objective, such as an increase
of F&V consumption. Three of those studies implemented a
simple intervention (for example, offering low-fat meals in
worksite cafeterias) but most of them employed multiple
intervention activities. Twelve of fifteen studies with one
central dietary objective found a positive intervention effect
on dietary habits of the study participants.

Implications for the design of effective interventions

It was not possible to draw firm conclusions about the
effectiveness of individual intervention components because
so many of the interventions employed a complex
combination of strategies. We could not identify a clear
association of intervention components with dietary
behaviour changes. Common intervention activities in the
studies that were classified as successful were as follows:

(a) printed materials including posters, brochures, flyers,
self-help guides, educational sessions and presenta-
tions;

(b) events such as health fairs and contests;
(c) cafeteria point-of purchase displays and promotions,

healthy choice offers on menus and in vending
machines;

(d) mass media approaches including programmes and
advertising on national or local television, radio and
newspapers.

Implementing organizational, environmental and policy
changes in addition to intervention activities in worksites
and communities contributed to effectiveness. In common
with the earlier reviews (Table 3) we found that
interventions that lasted for a longer time (more than 1
year) were more successful.

Worksites and churches seem to be promising settings for
the implementation of health promotion programmes. These
settings possess several characteristics that make them
suitable for health education activities. They are relatively
contained communities that provide a context for peer
support, positive peer pressure and leadership, as well as
opportunities for implementation of special activities and
lasting changes relating to provision of food and drink.

Changes in food supply and composition. The present
systematic review does not extend to the impact of generic

changes in the food supply, or food composition. If such
foods are important sources of nutrients with health
significance, and they are affordable, there can be a major
influence on population nutrition. For example, household
food purchase data show that the introduction of palatable
polyunsaturated fat spread and the shift towards vegetable
cooking oil during the 1980s contributed to a large and rapid
increase in the dietary PUFA:SFA ratio in Great Britain56.

Cost effectiveness. Although we included health econ-
omics data in our list of outcome measure to be collected,
none of the papers that we reviewed reported any cost-
effectiveness analysis. While it is intuitive to assume that
community programmes incur lower costs per individual
reached by the programme, we are unable to comment
further on the comparative cost effectiveness of community
programmes as opposed to individual interventions.

Theoretical framework. One of the most discussed
aspects of health promotion interventions is the extent to
which a theoretical framework contributes to success.
Although earlier reviews have made a strong case for the
importance of a theoretical framework3, we were unable
to confirm this importance in the present review. More
than half of the included studies reported the use of one or
more theories as a basis for intervention activities. Most
commonly used were the transtheoretical model of
behaviour change (stages of change theory), social
learning theory (social cognitive theory), and community
organization strategies. In a majority of the studies there
was a lack of detailed information about the links between
theoretical framework(s) and specific activities, and the
extent to which activities were based on those theories.
We did not find any evidence from the information
available that theory-based interventions were more
effective than others.

Implications for research

A major problem in the assessment of healthy eating
interventions continues to be the limitations of dietary
intake measurement tools. We were unable to compare the
outcomes of many of the evaluations that we reviewed
because the authors used a variety of different scoring
systems to measure dietary change. Although it is 10 years
since an earlier review called for more reliable methods to
be developed3, this remains a problem.
We were frustrated by the lack of clarity with respect to

the nature of interventions, the methods employed for their
evaluation, and the findings of many of the papers we
reviewed. Both researchers and journal editors have a role to
play in ensuring adequate and clear reports of research.
Models for research reports are readily available, including
systematic guidelines for reports of clinical trials57 and
cohort studies (including before-and-after studies)58.
We did not find any papers in several important areas,

particularly the commercial and social marketing of healthy
foods, including: pricing strategies; structural interventions
including regulation and planning of retail provision and
transport links; and national campaigns to promote healthy

M. Thorogood et al.86



eating. In addition, little attention has been paid to the
possibilities of employing technology such as point-of-sale
data capture to monitor dietary habits, provide feedback,
and evaluate in-store health promotion activities.

Conclusions

Evidence of effectiveness was strongest for interventions
intended to increase F&V consumption. Further evaluations
are needed of the effects of nationwide campaigns,
advertising and marketing strategies. The studies included
in the present review, although selected for the quality of
their design and execution, were generally poorly reported.
Valuable dietary changes are obtained in the relatively short-
term studies reviewed here but may not be sustained in the
long term, especially in the context of the multiple
influences on food behaviour in urban societies. Many of
the wider determinants of food behaviour are pervasive, and
the interventions evaluated here are campaigns fought with
limited resources over a limited time span. The effects that
we have identified are small. However, since all these
interventions aimed to reach groups, and in some cases very
large groups, the reach is potentially very wide. The cost
effectiveness of such strategies remains to be evaluated.
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