
ABSTRACT
Background: The Polyp Prevention Trial (PPT) was a multicen-
ter randomized clinical trial designed to determine the effects of
a high-fiber (4.30 g/MJ), high-fruit-and-vegetable (0.84 serv-
ings/MJ), low-fat (20% of energy from fat) diet on the recurrence
of adenomatous polyps in the large bowel.
Objective: Our goal was to determine whether the PPT intervention
plan could effect change in 3 dietary goals and to examine the inter-
vention’s effect on the intake of other food groups and nutrients.
Design: Participants with large-bowel adenomatous polyps diag-
nosed in the past 6 mo were randomly assigned to either the inter-
vention (n = 1037) or the control (n = 1042) group and remained
in the trial for 4 y. Three dietary assessment instruments were
used to measure dietary change: food-frequency questionnaires
(in 100% of the sample), 4-d food records (in a 20% random
cohort), and 24-h dietary recalls (in a 10% random sample).
Results: Intervention participants made and sustained signifi-
cant changes in all PPT goals as measured by the dietary assess-
ment instruments; the control participants’ intakes remained
essentially the same throughout the trial. The absolute differ-
ences between the intervention and control groups over the 4-y
period were 9.7% of energy from fat (95% CI: 9.0%, 10.3%),
1.65 g dietary fiber/MJ (95% CI: 1.53, 1.74), and 0.27 servings
of fruit and vegetables/MJ (95% CI: 0.25, 0.29). Intervention
participants also reported significant changes in the intake of
other nutrients and food groups. The intervention group also had
significantly higher serum carotenoid concentrations and lower
body weights than did the control group.
Conclusion: Motivated, free-living individuals, given appropri-
ate support, can make and sustain major dietary changes over a
4-y period. Am J Clin Nutr 2001;74:387–401.

KEY WORDS Dietary intervention, nutrition intervention,
dietary change, dietary fiber intake, dietary fat intake, fruit and
vegetable intake, clinical trial, plasma cholesterol, serum
carotenoids, body weight, Polyp Prevention Trial

INTRODUCTION

Although the importance of dietary change for disease pre-
vention is widely accepted (1, 2), the difficulty of making and

sustaining long-term changes (for ≥ 1 y) is equally well docu-
mented (3, 4). Can free-living individuals make multicomponent
changes in eating patterns and sustain them over a long period of
time? If changes are made, what new foods do individuals
choose to achieve these dietary goals? We focus on the National
Cancer Institute’s Polyp Prevention Trial (PPT) intervention
results in the context of these 2 important questions.

The PPT was designed to advance our understanding of how
diet affects risk of colorectal cancer. Adenomatous polyps, con-
sidered a necessary precursor of most colorectal malignancies,
were used as the endpoint measure (5, 6). Most previous adeno-
matous polyp trials investigated the effects of specific supple-
ments, such as fiber (7), calcium (8), and antioxidant vitamins
(�-carotene and vitamins C and E) (9, 10). It may be, however,
that overall food consumption patterns, more so than the con-
sumption of any single nutrient, are associated with cancer and
chronic disease prevention (11, 12).

In 1990 results from several observational studies suggested
3 main dietary factors as protective against cancer of the large
bowel: low fat intake, high fiber intake, and high fruit and vegetable
(FV) intake (13–19). Hence, the intervention arm of the PPT
focused on these factors. The dietary goals were to consume ≤20%
of energy from fat, ≥4.30 g fiber/MJ (18 g fiber/1000 kcal), and
5–8 servings of FVs/d, depending on energy intake. In addition to
using the methodologic strengths of a randomized clinical trial, the
PPT provided an opportunity to discover whether free-living par-
ticipants could make and maintain substantial changes in overall
eating patterns over a long period of time (in this case, 4 y). Other
trials aimed to change a single aspect of diet or 2 related factors
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rather than the entire dietary pattern. For example, Dolecek et al
(20) reported modifying total fat and unsaturated fat among free-
living men. The Women’s Health Trial (21) reported reductions in
fat intake that were sustained for 24 mo. Other studies, such as the
Dietary Approaches to Stop Hypertension Trial, attempted to alter
eating patterns in a similar way to the PPT (reductions in fat and
increases in FV intake), but accomplished this by preparing all
food for the participants (22). The PPT was unique in supporting
participants to alter their own food choices to effect changes in
overall dietary patterns in a free-living situation. Although the PPT
dietary intervention showed no effect on the percentage of partici-
pants with colorectal adenoma recurrence during the 4 y of the trial
(23), this intervention continues to have broad relevance in that the
recommended eating plan addressed 3 major dietary factors and
required comprehensive changes in eating patterns similar to gen-
eral recommendations for chronic disease prevention. This article
presents the main dietary results of the PPT, including goal
achievement and changes in intakes of specific nutrients and foods.

SUBJECTS AND METHODS

Enrollment and follow-up

The PPT included 2079 men and women aged ≥ 35 y (range:
35–89 y) with at least one histologically confirmed large-bowel
adenomatous polyp removed during a colonoscopy procedure
(the baseline procedure) within the previous 6 mo. To be eligi-
ble, participants could have no history of colorectal cancer, sur-
gical resection of adenomas, bowel resection, polyposis syndrome,
or inflammatory bowel disease; weigh no more than 150% of the
recommended level; take no lipid-lowering drugs; and have no
medical conditions or dietary restrictions that would substan-
tially limit their ability to complete the study requirements. A
more detailed description of the exclusion criteria is reported
elsewhere (24). Recruitment activities occurred at 8 US clinical
centers, starting in the spring of 1991 and ending in January
1994. The institutional review boards of the National Cancer
Institute and each participating center approved the study. All
participants provided written, informed consent.

Potential participants were asked to complete a 4-d food record
(4DFR) and food-frequency questionnaire (FFQ) before being ran-
domly assigned to ensure that their dietary patterns were not
already similar to the intervention eating plan and to help deter-

mine whether they were willing to keep track of their dietary intake
and capable of doing so. After their eligibility was confirmed by a
clinical center, the participants were randomly assigned to either
the intervention or control group. The baseline characteristics of
trial participants by group are reported in Table 1.

Each randomly assigned participant was asked to remain in the
study for 4 y. Those in the control group (n = 1042) were given a
2-page National Dairy Council “Guide to Good Eating” pamphlet
immediately after being randomly assigned, but no further dietary
information or support for change. The pamphlet described 3 steps
for healthy eating [eat foods from all 4 food groups daily (milk,
meat, FV, and grains), include a variety of foods, and practice mod-
eration]; offered tips for reducing fat, energy, and sodium intakes
and increasing fiber intake; and provided a chart with examples and
recommended servings from each food group. Participants in the
intervention group (n = 1037) were given an intensive program of
instruction and support to adopt the PPT eating plan.

Intervention program

The objective of the intervention program was to provide the
necessary instruction, support, and motivation to allow interven-
tion participants to successfully adopt and maintain the PPT eat-
ing plan. Individual participant goals were based on energy
intake calculated from the baseline FFQ (completed just before
the subjects were randomly assigned), with the fat goal as 20%
of energy and the fiber goal as 4.30 g/MJ (18 g/1000 kcal). Def-
initions of an FV serving and how daily FV goals were deter-
mined are provided in Table 2. Each participant received per-
sonal fat, fiber, and FV goals at the start of the intervention and
retained these goals throughout the trial.

Intervention participants engaged in an intensive nutrition
education and counseling program. The program was delivered
at each clinical center by registered dietitians who had been
trained in state-of-the-art techniques for facilitating dietary
behavior change. The intervention program consisted of 4 key
elements: 1) nutrition skill building, 2) behavior modification,
3) self-monitoring, and 4) the provision of standardized nutrition
and behavior modification materials.

During year 1 of the trial, the intervention participants attended
individual counseling sessions weekly for the first 6 wk, biweekly
for the next 6 wk, and monthly thereafter for a total of 19 sessions.
Most year 1 sessions were given on a one-to-one basis.

During year 2, the participants attended sessions every other
month, with most sessions delivered in a group format. Nutritionists
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TABLE 1
Demographic characteristics of participants in the Polyp Prevention Trial
at baseline1

Intervention group Control group
Characteristic (n = 1037) (n = 1042)

Sex (%)
Male 66 ± 1.5 64 ± 1.5
Female 34 ± 1.5 36 ± 1.5

Age (y) 61.4 ± 0.3 61.5 ± 0.3
Minority race (%) 12 ± 1.0 9 ± 0.9
Higher than high school education (%) 65 ± 1.5 65 ± 1.5
Married (%) 78 ± 1.3 79 ± 1.3
BMI (kg/m2) 27.6 ± 0.1 27.5 ± 0.1
Current smoker (%) 14 ± 1.1 13 ± 1.0
Current aspirin user (%) 23 ± 1.3 22 ± 1.0
Vigorous and moderate activity (h/wk) 11.4 ± 0.4 12.3 ± 0.4

1 x– ± SEM. There were no significant differences between groups.

TABLE 2
Fruit and vegetable (FV) goal determination in the Polyp Prevention Trial1

Baseline FFQ energy intake Daily FV goal

<5.44 MJ 5 servings
5.44–7.11 MJ 6 servings
7.12–8.79 MJ 7 servings
>8.79 MJ 8 servings

1 1 FV serving = 1 medium whole fruit or vegetable; 0.5 cup raw or
cooked fresh, frozen, or canned fruit or vegetable, except raw green
leafy; 0.25 cup dried fruit or vegetable; 1 cup raw green leafy vegetables
(such as lettuce); or 0.5 cup legumes or dried beans [fruit and vegetable
juices (which contain little fiber) were not counted as servings]. SI unit
examples are as follows: 0.5 cup boiled, sliced carrots = 78 g; 0.5 cup
raw cauliflower = 85 g; 0.5 cup boiled cauliflower = 63 g; 1 cup iceberg
lettuce = 55 g; 0.25 cup raisins = 34 g; and 0.5 cup cooked lentils = 100 g.
FFQ, food-frequency questionnaire.
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also contacted the participants by phone at least once per month
to monitor their progress and to assist in resolving any difficul-
ties with adherence to the PPT eating plan.

During years 3 and 4, participants attended sessions quarterly,
with most delivered as group sessions. As in year 2, nutritionists
contacted participants at least once monthly by phone. A more
complete description of the intervention program and the spe-
cific topics covered is published elsewhere (25).

In addition to these individual and group sessions and contacts,
3 special intervention campaigns were launched during partici-
pant years 2–4 to boost adherence to one or more of the dietary
goals. The first campaign focused on the fat goal (Take It Down
Fat Campaign; February 1995 to July 1995), the second on the
FV goal (Fruit & Veg-a-thon; May 1996 to October 1996), and
the third on maintaining progress toward all 3 PPT goals during
the last year of the trial (PPT On My Mind Campaign; February
1997 to September 1997). The campaigns were built on lessons
learned in the fields of health behavior change and on advertising
and market research on what makes people take action. Partici-
pant input about needs, interests, and potential obstacles to goal
achievement were also incorporated. Key components of all cam-
paigns included novelty, frequent contact, accountability, rewards,
team effort, an action orientation, and an element of fun.

Dietary assessments

The PPT used 3 different dietary assessment measures to esti-
mate intake and assess goal achievement: a modified Block–
National Cancer Institute FFQ (26), 4DFRs, and 24-h dietary
recalls. All participants (control and intervention) completed the
FFQ and 4DFR at baseline and in conjunction with annual visits
at the end of years 1, 2, 3, and 4. An additional 4DFR was col-
lected from intervention participants after they had been in the
trial for 6 mo to more closely monitor dietary change in the first
year of the trial. Throughout each trial year, unannounced 24-h
dietary recalls were collected in a random 10% sample (stratified
by clinical center) of control and intervention participants.

At baseline, the participants viewed instructional videos
demonstrating food portion size estimation and proper comple-
tion of the dietary assessments. Trained and certified nutrition
staff members reviewed all completed FFQs and 4DFRs with the
participants before the forms were submitted for analysis. The
24-h dietary recalls were collected by the same staff members.
For each intervention participant, the dietary assessments were
conducted and reviewed by nutrition staff members not involved
with that individual’s intervention counseling. Additionally,
computer edits flagged out-of-range FFQ values and missing
responses; these items were reviewed with the participants and
revised to reflect corrected items before the data were finalized.

A 20% sample of 4DFRs was coded and analyzed immedi-
ately. This sample was identified randomly with stratification by
clinical center. The remaining 80% of the 4DFRs were reviewed
for completeness of information but were not analyzed because
of cost considerations.

Biological measures

At the baseline visit and at subsequent annual visits at years 1,
2, 3, and 4, each participant was weighed and a fasting (overnight)
venous blood specimen was collected. Serum carotenoids were
analyzed by HPLC according to the method of Sowell et al (27).
Total carotenoids were calculated as the summation of the major

carotenoids in serum: lutein, zeaxanthin, �-cryptoxanthin, lyco-
pene, �-carotene, and �-carotene. Total cholesterol in plasma was
measured at the Johns Hopkins University, a laboratory certified
by the Centers for Disease Control and Prevention for lipid analy-
sis. The laboratory performed the lipid analysis with a commer-
cially available enzyme method and a Hitachi (San Jose, CA) 704
Clinical Chemistry Analyzer (28).

Other relevant data collected

A health and lifestyle questionnaire was administered at base-
line and at each annual visit. In addition to containing general
health and lifestyle questions, this form was a means of collect-
ing information about regularly used prescription medications
and over-the-counter preparations, including vitamin and min-
eral supplements.

Statistical procedures

The intervention effect on continuous dietary measures was
evaluated by using two-sample t tests. Intervention and control
group means at each yearly data collection point were compared.

Changes over time were computed as the difference in group
mean values at 2 time points. The difference in those changes
between the intervention and control groups was compared by
using two-sample t tests. The changes in group means between
the 2 time points were computed by using results for participants
with observations at either or both time points.

For baseline factors, the comparability of intervention and
control group means was determined by two-sample t tests.
When baseline variables were categorical (binary or more than 2),
2 � k chi-square tests of independence were used to examine dif-
ferences in distribution of the categories for the 2 groups.

All analyses were based on an intent-to-treat study design.
Therefore, all relevant data for intervention participants were
included, regardless of whether the individuals ceased active par-
ticipation in the intervention. No analyses were based on
imputed results for missing data or adjustment procedures for
baseline covariates. All statistical analyses were done separately
for men and women. In the tables, we highlight only those
comparisons significant at the P ≤ 0.0001 level; all these com-
parisons were still significant at the 5% level after applying Bon-
ferroni’s correction for multiple tests.

To determine the efficacy of the special intervention campaigns
that occurred during trial years 2–4, we used a mixed linear model
with covariance parameters that take repeated measurements into
account (29) to compare dietary data collected during the cam-
paigns with those collected during noncampaign times. The group
and study year were included as fixed effects in the analysis. The
effects of the campaigns on the intervention group were evaluated
by testing the interaction of group � campaign period.

We compared longitudinal biomarker profiles across inter-
vention and control groups by using mixed linear models for
longitudinal data (30). The P values for testing differences in
each set of biomarker profiles were computed by first testing for
a significant group � visit interaction. If the interaction was
significant, an overall test of the difference between profiles
was based on a likelihood ratio test comparing a model with
visit effects with a model with group � visit interaction terms
(chi-square with 4 df). If the interaction effect was not signifi-
cant, the overall test was based on testing the significance of the
group effect in an additive model with visit and group effects
(chi-square with 1 df).

RESULTS OF DIETARY CHANGES IN THE PPT 389
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RESULTS

Eighty-nine percent of the intervention participants and 88%
of the control subjects remained in the trial for 4 y and provided
year 4 dietary data. Of those lost to follow-up, �4% from each
group died (4.1% in the intervention group and 4.4% in the con-
trol group). The remaining subjects were lost to follow-up for
various reasons, including serious illness, moving from the clin-
ical center area, and voluntary withdrawal from the trial.

Mean changes in dietary goals: intervention compared with
control group

Shown in Tables 3 and 4 are the mean fat, fiber, and FV intakes
for men and women at baseline and for each year of the trial, by
study group. At baseline, there were no significant differences
between groups for any of the 3 dietary goals. By the end of the
first year, however, intervention participants had made significant
changes relative to the control group for all 3 dietary goals. These
changes were sustained throughout the trial. Although the esti-
mated values varied somewhat by method of dietary assessment,
the magnitude of change was similar for each method.

Fat

By the end of the first year, the mean intervention group intake
of fat for both men and women decreased markedly from baseline
as measured by the FFQ and the 4DFR. Although the absolute

percentage of energy from fat varied between measurement
instruments, the magnitude of change (an �30% decrease) was
similar by sex and by assessment tool. For all 4 study years, mean
fat intake was significantly less in the intervention group than in
the control group. Additionally, both the 4DFR and the FFQ data
indicated that men and women sustained this fat reduction for all
subsequent trial years with little or no drift. There was a modest,
but not significant, decline in the percentage of energy from fat in
the control group, similar to that observed in the national popula-
tion during this time period. The absolute difference between the
intervention and control groups in change in dietary fat as a pro-
portion of total energy was 9.7% (95% CI: 9.0%, 10.3%).

The absolute mean FFQ values for percentage of energy from
fat were consistently higher than the 4DFR values for both
groups, in all trial years, regardless of sex. Because 24-h dietary
recall measurement began at the 6-mo point, no baseline data are
available for this measure. However, measurements obtained at
year 1 and beyond were similar to those obtained from the
4DFR. The degree of change for all measurement instruments
remained consistent at all annual measurement points.

Fiber

As with fat, mean baseline fiber values for the 2 groups were
similar, with both groups reporting consuming slightly more
than one-half of the 4.30-g/MJ (18-g/1000 kcal) goal. Whereas
fiber intake in the control group increased only slightly (by
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TABLE 3
Fat, fiber, and fruit and vegetable (FV) intakes for men in the Polyp Prevention Trial at baseline and years 1–41

Baseline Year 1 Year 2 Year 3 Year 4

Fat (% of energy)
FFQ

Control group 36.5 ± 0.3 [662] 34.9 ± 0.3 [633] 34.5 ± 0.3 [604] 34.6 ± 0.3 [586] 34.2 ± 0.3 [581]
Intervention group 35.9 ± 0.3 [689] 24.9 ± 0.32 [642] 24.5 ± 0.32 [609] 23.9 ± 0.32 [590] 23.8 ± 0.32 [605]

4DFR
Control group 32.7 ± 0.6 [153] 32.1 ± 0.6 [147] 31.6 ± 0.6 [141] 30.9 ± 0.6 [141] 30.1 ± 0.7 [137]
Intervention group 32.7 ± 0.5 [150] 20.8 ± 0.62 [139] 20.9 ± 0.72 [128] 19.8 ± 0.72 [125] 20.2 ± 0.72 [125]

24-h Dietary recall
Control group — 32.2 ± 1.1 [66] 32.4 ± 1.3 [57] 31.0 ± 1.2 [51] 29.6 ± 1.1 [93]
Intervention group — 20.5 ± 1.02 [69] 21.9 ± 1.42 [50] 20.0 ± 1.22 [50] 21.2 ± 0.92 [97]

Fiber (g/MJ)
FFQ

Control group 2.14 ± 0.03 [662] 2.31 ± 0.04 [633] 2.28 ± 0.04 [604] 2.29 ± 0.04 [586] 2.31 ± 0.04 [581]
Intervention group 2.31 ± 0.04 [689] 4.17 ± 0.062 [642] 4.09 ± 0.062 [609] 4.14 ± 0.062 [590] 4.11 ± 0.052 [605]

4DFR
Control group 2.23 ± 0.06 [153] 2.26 ± 0.07 [147] 2.28 ± 0.07 [141] 2.32 ± 0.07 [141] 2.37 ± 0.08 [137]
Intervention group 2.27 ± 0.06 [150] 4.25 ± 0.142 [139] 4.10 ± 0.132 [128] 4.12 ± 0.152 [125] 4.09 ± 0.142 [125]

24-h Dietary recall
Control group — 2.01 ± 0.12 [66] 2.11 ± 0.15 [57] 2.18 ± 0.11 [51] 2.36 ± 0.10 [93]
Intervention group — 3.93 ± 0.242 [69] 4.37 ± 0.292 [50] 3.96 ± 0.292 [50] 3.91 ± 0.202 [97]

FVs (servings/MJ)
FFQ

Control group 0.43 ± 0.01 [662] 0.46 ± 0.01 [633] 0.47 ± 0.01 [604] 0.47 ± 0.01 [586] 0.48 ± 0.01 [581]
Intervention group 0.46 ± 0.01 [689] 0.73 ± 0.012 [642] 0.71 ± 0.012 [609] 0.76 ± 0.012 [590] 0.79 ± 0.012 [605]

4DFR
Control group 0.54 ± 0.02 [153] 0.57 ± 0.02 [147] 0.57 ± 0.02 [141] 0.59 ± 0.03 [141] 0.60 ± 0.03 [137]
Intervention group 0.55 ± 0.02 [150] 0.98 ± 0.042 [139] 0.95 ± 0.042 [128] 1.00 ± 0.042 [125] 1.04 ± 0.042 [125]

24-h Dietary recall
Control group — 0.48 ± 0.05 [66] 0.57 ± 0.06 [57] 0.58 ± 0.05 [51] 0.67 ± 0.06 [93]
Intervention group — 0.94 ± 0.082 [69] 0.96 ± 0.062 [50] 0.94 ± 0.082 [50] 1.16 ± 0.072 [97]

1 x– ± SEM; n in brackets. FFQ, food-frequency questionnaire; 4DFR, 4-d food record.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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< 0.24 g/MJ, or 1 g/1000 kcal) over the 4 trial years, intake in the
intervention group (for both men and women) increased by
1.67–1.91 g/MJ (7–8 g/1000 kcal), a 75% increase overall. These
changes were sustained for all 4 trial years, with average fiber
intake for intervention participants consistently > 4.06 g/MJ
(17 g/1000 kcal) as measured by the FFQ and 4DFR and gener-
ally ≥ 3.82 g/MJ (16 g/1000 kcal) as measured by the 24-h
dietary recall. The difference in fiber consumption between the
2 groups over the 4 y was 1.65 g/MJ (6.9 g/1000 kcal) (95% CI:
1.53, 1.74 g/MJ, or 6.4, 7.3 g/1000 kcal).

Unlike for fat, all 3 assessment instruments provided similar
measures of fiber intake throughout the study. As for the changes
in fat intake, intervention changes in fiber intake relative to the
control group were similar by sex.

Fruit and vegetables

FV intake goals ranged from 5 to 8 servings/d, with a mean goal
of 6.9 servings/d or 0.84 servings/MJ (3.5 servings/1000 kcal).
FFQ baseline values for the control and intervention participants
were virtually identical, with women consuming slightly more
FVs than did men at the start of the trial. As for fat, there were
measurement differences between the instruments, with the FFQ
consistently indicating fewer FV servings relative to the 4DFR
and 24-h dietary recall at all measurement points.

The intervention group showed significant increases in FV
intake relative to the control group in all 4 trial years by the FFQ

and 4DFR. For men, the 24-h dietary recall also indicated signi-
ficant changes for all 4 y. Despite higher FV intakes by 24-h
dietary recall in intervention women than in their control coun-
terparts in years 3 and 4, these differences were not significant.
Generally, the increase in FV intake from baseline to year 1 was
similar in the intervention men and women. This increase of
0.36–0.48 servings/MJ (1.5–2.0 servings/1000 kcal) was sus-
tained (or improved) during all trial years. Control intakes of
FV varied little throughout the trial. The absolute difference
between the 2 groups in the change in daily FV intake was 0.27
servings/MJ (1.13 servings/1000 kcal) (95% CI: 0.25, 0.29 serv-
ings/MJ, or 1.04, 1.21 servings/1000 kcal).

All goals

For all PPT dietary goals, intervention participants (both men
and women) made the greatest changes in intake during their
first year in the trial. In fact, the 4DFR completed by interven-
tion participants after their first 6 mo in the trial indicated that
most of the changes were achieved by that time. The 6-mo 4DFR
showed average fat intake to be 20.7% of energy, fiber intake to
be 4.18 g/MJ (17.5 g/1000 kcal), and FV intake to be 1.00 serv-
ing/MJ (4.2 servings/1000 kcal). After the first year, average
changes were relatively small in magnitude.

Shown in Figure 1 are the number of FV servings/MJ, grams
of dietary fiber/MJ, and grams of dietary fiber from FVs/MJ for
the control and intervention groups during trial years 2–4. To
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TABLE 4
Fat, fiber, and fruit and vegetable (FV) intakes for women in the Polyp Prevention Trial at baseline and years 1–41

Baseline Year 1 Year 2 Year 3 Year 4

Fat (% of energy)
FFQ

Control group 35.2 ± 0.4 [380] 34.2 ± 0.4 [360] 33.4 ± 0.4 [343] 32.9 ± 0.4 [331] 33.2 ± 0.4 [335]
Intervention group 35.5 ± 0.4 [348] 24.1 ± 0.42 [326] 23.8 ± 0.42 [311] 23.2 ± 0.42 [303] 23.8 ± 0.42 [318]

4DFR
Control group 31.9 ± 0.9 [69] 32.0 ± 0.8 [66] 30.9 ± 0.7 [64] 29.6 ± 0.8 [62] 30.2 ± 0.7 [64]
Intervention group 31.2 ± 0.8 [72] 22.0 ± 0.92 [67] 21.4 ± 1.02 [65] 21.9 ± 1.12 [65] 21.3 ± 1.02 [67]

24-h Dietary recall
Control group — 30.4 ± 1.5 [41] 29.4 ± 2.1 [32] 30.4 ± 1.3 [40] 31.1 ± 1.2 [63]
Intervention group — 22.7 ± 1.8 [29] 22.4 ± 1.9 [28] 23.7 ± 1.6 [40] 21.4 ± 1.42 [60]

Fiber (g/MJ)
FFQ

Control group 2.49 ± 0.05 [380] 2.63 ± 0.05 [360] 2.63 ± 0.05 [343] 2.63 ± 0.05 [331] 2.59 ± 0.05 [335]
Intervention group 2.47 ± 0.05 [348] 4.33 ± 0.082 [326] 4.22 ± 0.082 [311] 4.19 ± 0.082 [303] 4.21 ± 0.082 [318]

4DFR
Control group 2.52 ± 0.09 [69] 2.48 ± 0.09 [66] 2.50 ± 0.09 [64] 2.41 ± 0.08 [62] 2.59 ± 0.11 [64]
Intervention group 2.52 ± 0.10 [72] 4.22 ± 0.172 [67] 4.29 ± 0.202 [65] 4.28 ± 0.222 [65] 4.15 ± 0.162 [67]

24-h Dietary recall
Control group — 2.38 ± 0.17 [41] 2.45 ± 0.16 [32] 2.65 ± 0.20 [40] 2.69 ± 0.12 [63]
Intervention group — 3.87 ± 0.41 [29] 3.73 ± 0.282 [28] 3.63 ± 0.29 [40] 3.74 ± 0.232 [60]

FVs (servings/MJ)
FFQ

Control group 0.57 ± 0.01 [380] 0.60 ± 0.01 [360] 0.60 ± 0.01 [343] 0.62 ± 0.01 [331] 0.63 ± 0.01 [335]
Intervention group 0.55 ± 0.01 [348] 0.87 ± 0.022 [326] 0.84 ± 0.022 [311] 0.86 ± 0.022 [303] 0.87 ± 0.022 [318]

4DFR
Control group 0.70 ± 0.04 [69] 0.68 ± 0.03 [66] 0.69 ± 0.03 [64] 0.67 ± 0.03 [62] 0.77 ± 0.05 [64]
Intervention group 0.71 ± 0.04 [72] 1.12 ± 0.052 [67] 1.14 ± 0.052 [65] 1.19 ± 0.062 [65] 1.21 ± 0.062 [67]

24-h Dietary recall
Control group — 0.53 ± 0.06 [41] 0.70 ± 0.07 [32] 0.74 ± 0.09 [40] 0.98 ± 0.09 [63]
Intervention group — 1.05 ± 0.112 [29] 1.23 ± 0.112 [28] 0.98 ± 0.11 [40] 1.27 ± 0.12 [60]

1 x– ± SEM; n in brackets. FFQ, food-frequency questionnaire; 4DFR, 4-d food record.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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assess the effect of the campaigns that occurred during this same
time period, data were averaged for 7 distinct, but continuous
time points: 4 noncampaign periods (time points 1, 3, 5, and 7 in
Figure 1) and each of the 3 intervention campaigns (the 6-mo
Take It Down Fat Campaign, time point 2; the 6-mo Fruit & Veg-
a-thon, time point 4; and the 8-mo PPT On My Mind Campaign,
time point 6). For intervention participants, FV servings, fiber
from FVs, and total dietary fiber intake were significantly higher
during the Fruit & Veg-a-thon than during noncampaign periods.
Similarly, FV servings and fiber from FVs, but not total fiber,
were significantly higher during the PPT On My Mind Campaign
than during the noncampaign periods. Although fat intake drifted
down overall during years 2 through 4, there were no significant
differences between the campaign and noncampaign periods for
intervention participants. Intakes by control participants showed
no significant differences in any goal area at any of the 7 time
points, supporting the idea that the intervention program rather
than any seasonal or secular events was responsible for the
changes made by intervention participants.

Mean changes in nutrient and food group intakes

Because intervention participants made marked changes in
their diet with respect to fat, fiber, and FV intakes, we expected
concomitant changes in other nutrients and food groups. The

intervention and control intakes of various nutrients at baseline,
year 1, and year 4 in men and women are shown in Tables 5–8.
The corresponding data for food groups are shown in Tables 9–14.
The source of the data presented in Tables 5–14 is the FFQ. Data
from years 2 and 3 are not shown because most changes in all
nutrients and food groups occurred during the first year of the
trial and were sustained throughout.

Many of the specific food groups and nutrients presented here
have been associated with colorectal cancer risk and most are
correlated with other chronic diseases (7–9, 11, 12, 31–39). Other
nutrients and food groups are also reported because they are rel-
evant to new food choices that PPT intervention participants
made to achieve and maintain dietary changes.

Nutrient intake

There were no significant differences between the intervention
and control groups in the intake of nutrients from food at baseline.
In subsequent years, however, the intervention group made several
changes relative to the control group; intake of relevant nutrients
in the latter group stayed essentially the same throughout the trial.

Generally, changes in the intervention group were consistent
with the PPT dietary goals. Fat intake decreased dramatically,
with correspondingly large increases in carbohydrates (Tables 5
and 6). Protein intake also increased significantly in the men in
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FIGURE 1. Mean (±SEM) changes in dietary intake during the campaign and noncampaign periods in the intervention (�) and control (�) groups of
the Polyp Prevention Trial. The time points are as follows: 1, year 1 to the Take It Down Fat Campaign; 2, Take It Down Fat Campaign; 3, post–Take It Down
Fat Campaign, pre–Fruit & Veg-a-thon; 4, Fruit & Veg-a-thon; 5, post–Fruit & Veg-a-thon, pre–PPT On My Mind Campaign; 6, PPT On My Mind Cam-
paign; 7, post–PPT On My Mind Campaign. A mixed linear model with covariance variables that took repeated measures into account was used to compare
dietary data collected during the campaign and noncampaign periods. *Significantly different between campaign and noncampaign periods, P < 0.05.
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TABLE 6
Daily intake of energy and macronutrients for women in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 380 control, 348 intervention) (n = 360 control, 326 intervention) (n = 335 control, 318 intervention)

Energy (MJ)
Control group 7.28 ± 0.12 6.93 ± 0.09 7.02 ± 0.10
Intervention group 7.50 ± 0.12 6.73 ± 0.10 6.98 ± 0.10

Protein (% of energy)
Control group 17.0 ± 0.2 17.3 ± 0.2 17.3 ± 0.2
Intervention group 17.0 ± 0.2 17.7 ± 0.1 17.8 ± 0.1

Carbohydrate (% of energy)
Control group 47.2 ± 0.4 47.9 ± 0.4 48.8 ± 0.5
Intervention group 47.1 ± 0.4 59.5 ± 0.42 59.3 ± 0.52

Fat (% of energy)
Control group 35.2 ± 0.4 34.2 ± 0.4 33.2 ± 0.4
Intervention group 35.5 ± 0.4 24.1 ± 0.42 23.8 ± 0.42

Fat (g)
Control group 69.2 ± 1.5 63.4 ± 1.2 62.5 ± 1.3
Intervention group 71.4 ± 1.5 43.0 ± 1.02 44.0 ± 0.92

P:S
Control group 0.586 ± 0.010 0.570 ± 0.010 0.547 ± 0.010
Intervention group 0.571 ± 0.011 0.565 ± 0.010 0.553 ± 0.009

Fiber from FV (g)
Control group 10.8 ± 0.3 10.9 ± 0.3 11.6 ± 0.3
Intervention group 10.5 ± 0.3 17.4 ± 0.42 18.3 ± 0.52

Fiber from grains (g)
Control group 8.1 ± 0.2 8.4 ± 0.3 7.6 ± 0.2
Intervention group 8.9 ± 0.3 14.0 ± 0.42 13.7 ± 0.52

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire. P:S, ratio of polyunsaturated to saturated fat.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.

TABLE 5
Daily intake of energy and macronutrients for men in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 662 control, 689 intervention) (n = 633 control, 642 intervention) (n = 581 control, 605 intervention)

Energy (MJ)
Control group 8.84 ± 0.10 8.31 ± 0.09 8.5 ± 0.09
Intervention group 8.69 ± 0.09 8.09 ± 0.08 8.28 ± 0.08

Protein (% of energy)
Control group 16.3 ± 0.1 16.4 ± 0.1 16.5 ± 0.1
Intervention group 16.5 ± 0.1 17.4 ± 0.12 17.3 ± 0.12

Carbohydrate (% of energy)
Control group 45.1 ± 0.3 46.7 ± 0.3 47.1 ± 0.3
Intervention group 45.9 ± 0.3 57.5 ± 0.32 58.3 ± 0.32

Fat (% of energy)
Control group 36.5 ± 0.3 34.9 ± 0.3 34.2 ± 0.3
Intervention group 35.9 ± 0.3 24.9 ± 0.32 23.8 ± 0.32

Fat (g)
Control group 86.7 ± 1.3 77.9 ± 1.2 78.2 ± 1.2
Intervention group 83.7 ± 1.2 53.5 ± 0.82 52.3 ± 0.82

P:S
Control group 0.521 ± 0.006 0.527 ± 0.007 0.506 ± 0.007
Intervention group 0.541 ± 0.007 0.528 ± 0.006 0.528 ± 0.006

Fiber from FV (g)
Control group 10.0 ± 0.2 10.2 ± 0.2 10.9 ± 0.2
Intervention group 10.7 ± 0.2 18.3 ± 0.32 20.2 ± 0.42

Fiber from grains (g)
Control group 9.4 ± 0.2 9.3 ± 0.2 8.8 ± 0.2
Intervention group 9.9 ± 0.2 17.2 ± 0.42 15.9 ± 0.42

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire. P:S, ratio of polyunsaturated to saturated fat.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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the intervention group, but not in the women. Intake of all types
of fat decreased, resulting in no significant change in the ratio of
polyunsaturated to saturated fat in either sex. Postbaseline intakes
of fiber from grains and fiber from FVs increased significantly,
with both fiber sources contributing equally to the increased fiber
intake in both men and women.

As a result of the increased intake of FVs, intakes of folate,
vitamin C, and total carotenoids from food also increased signi-
ficantly (Tables 7 and 8). In contrast, vitamin E from food did
not differ significantly between the intervention and control
groups. Among the men in the intervention group, calcium
intakes from food increased significantly and this increase was
maintained during years 2 and 3; calcium intake did not change
significantly in the women.

There were no significant differences between the control and
intervention groups in the use of supplements containing calcium,
vitamin E, or vitamin C during the trial (either as the percentage

of persons taking supplements or as the amount of supplement
taken; data not shown). Although total fiber increased by �75%
among intervention participants, there was a small but statisti-
cally significant reduction in fiber from fiber supplements (�0.2 g
on average) in the intervention group. A smaller proportion of
intervention participants took fiber supplements during the trial
(11% at baseline compared with 6–7% in all subsequent years),
whereas control participants’ fiber supplement intake was sus-
tained throughout (�11% in all years). This decrease was of no
biological import, however, given the magnitude of increase in
fiber intake from food in this group relative to the control group.

Food group intake

Like the changes in nutrient intake, most of the significant
changes made by the intervention group relative to the control
group were consistent with the PPT dietary goals and were sim-
ilar (in most cases) between men and women. It is not surprising,
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TABLE 7
Daily intake of micronutrients for men in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 662 control, 689 intervention) (n = 633 control, 642 intervention) (n = 581 control, 605 intervention)

Folate (�g)
Control group 322.5 ± 5.0 322.6 ± 4.9 329.6 ± 5.0
Intervention group 324.5 ± 4.7 424.7 ± 6.02 439.7 ± 6.32

Vitamin E from food (mg)
Control group 8.7 ± 0.1 8.2 ± 0.1 8.2 ± 0.1
Intervention group 8.8 ± 0.1 8.5 ± 0.1 8.5 ± 0.1

Vitamin C from food (mg)
Control group 139.0 ± 2.9 145.4 ± 3.1 147.9 ± 3.1
Intervention group 144.3 ± 3.0 195.9 ± 3.62 209.8 ± 3.92

Total carotenoids (�g)
Control group 7802 ± 183 7831 ± 171 8320 ± 191
Intervention group 8513 ± 191 12044 ± 2552 13530 ± 2922

Calcium from food (mg)
Control group 874.7 ± 16.1 828.7 ± 14.6 867.3 ± 16.2
Intervention group 872.1 ± 16.4 936.2 ± 16.32 942.1 ± 16.6

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.

TABLE 8
Daily intake of micronutrients for women in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 380 control, 348 intervention) (n = 360 control, 326 intervention) (n = 335 control, 318 intervention)

Folate (�g)
Control group 288.8 ± 6.0 290.4 ± 5.8 293.7 ± 6.2
Intervention group 295.6 ± 6.5 370.0 ± 7.22 385.8 ± 7.92

Vitamin E from food (mg)
Control group 7.9 ± 0.2 7.4 ± 0.1 7.3 ± 0.1
Intervention group 8.0 ± 0.2 7.2 ± 0.1 7.5 ± 0.1

Vitamin C from food (mg)
Control group 140.3 ± 3.9 142.5 ± 4.0 144.5 ± 4.2
Intervention group 137.0 ± 4.1 175.7 ± 4.42 183.1 ± 4.72

Total carotenoids (�g)
Control group 8519 ± 248 8545 ± 265 9568 ± 326
Intervention group 8508 ± 288 11662 ± 3792 12759 ± 4302

Calcium from food (mg)
Control group 832.6 ± 25.4 823.1 ± 22.6 832.4 ± 19.7
Intervention group 862.0 ± 20.9 844.2 ± 20.5 909.9 ± 22.2

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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TABLE 9
Daily intake of fruit and vegetables (FVs) for men in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 662 control, 689 intervention) (n = 633 control, 642 intervention) (n = 581 control, 605 intervention)

FVs and juices (g)
Control group 561.3 ± 10.4 579.4 ± 10.9 603.8 ± 11.8
Intervention group 592.6 ± 11.1 835.6 ± 13.52 918.7 ± 14.82

Fruit (g)
Control group 157.7 ± 4.9 166.1 ± 4.7 180.3 ± 5.5
Intervention group 173.7 ± 5.1 312.9 ± 6.82 344.9 ± 7.72

Vegetables (g)
Control group 263.7 ± 5.0 264.3 ± 5.1 278.0 ± 5.6
Intervention group 275.9 ± 5.2 388.7 ± 7.02 424.8 ± 7.42

Legumes (g)
Control group 14.3 ± 0.7 15.1 ± 0.7 16.7 ± 0.8
Intervention group 14.5 ± 0.7 46.4 ± 1.72 52.1 ± 2.12

Cruciferous vegetables
Control group 23.6 ± 0.9 24.9 ± 0.9 24.7 ± 1.0
Intervention group 26.0 ± 1.0 40.7 ± 1.52 44.2 ± 1.82

Carotenoid-rich FVs (g)3

Control group 248.3 ± 5.9 253.7 ± 6.1 267.4 ± 6.5
Intervention group 262.0 ± 6.2 345.4 ± 7.02 385.0 ± 8.02

Folate-rich FVs (g)3

Control group 199.2 ± 5.1 203.4 ± 5.2 209.2 ± 5.4
Intervention group 199.2 ± 5.0 261.7 ± 5.82 288.7 ± 6.52

Green leafy vegetables (g)
Control group 50.5 ± 1.6 49.9 ± 1.6 49.1 ± 1.6
Intervention group 50.0 ± 1.5 63.2 ± 1.92 65.2 ± 1.92

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
3 Includes juices.

TABLE 10
Daily intake of fruit and vegetables (FVs) for women in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 380 control, 348 intervention) (n = 360 control, 326 intervention) (n = 335 control, 318 intervention)

FVs and juices (g)
Control group 572.8 ± 14.1 570.5 ± 13.8 600.7 ± 15.2
Intervention group 561.7 ± 15.0 778.7 ± 17.22 817.3 ± 18.12

Fruit (g)
Control group 177.5 ± 6.8 180.1 ± 6.8 190.7 ± 7.5
Intervention group 165 ± 6.0 289.0 ± 8.12 301.5 ± 8.92

Vegetables (g)
Control group 264.0 ± 6.7 267.0 ± 6.8 287.0 ± 7.9
Intervention group 267.2 ± 7.0 370.5 ± 9.12 388.8 ± 9.82

Legumes (g)
Control group 11.9 ± 0.8 13.5 ± 0.8 15.0 ± 1.0
Intervention group 12.8 ± 1.0 41.7 ± 2.42 42.3 ± 2.32

Cruciferous vegetables (g)
Control group 31.2 ± 2.0 33.1 ± 1.8 32.8 ± 1.9
Intervention group 33.3 ± 1.7 43.7 ± 2.2 44.2 ± 2.6

Carotenoid-rich FVs (g)3

Control group 253.5 ± 7.4 258.1 ± 7.7 255.0 ± 9.0
Intervention group 248.5 ± 7.8 327.6 ± 9.62 328.6 ± 10.12

Folate-rich FVs (g)3

Control group 188.5 ± 6.1 198.3 ± 6.4 196.4 ± 6.8
Intervention group 188.6 ± 6.4 239.9 ± 7.42 251.9 ± 8.02

Green leafy vegetables (g)
Control group 53.7 ± 2.2 56.6 ± 2.3 54.4 ± 2.4
Intervention group 52.1 ± 2.1 59.7 ± 2.5 63.7 ± 2.9

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
3 Includes juices.
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for example, that reported FV intake increased significantly in
the intervention group across all 4 trial years (Tables 9 and 10).
Intake of whole grains and bran cereals also rose (consistent with
achievement of the fiber goal), with relatively little change in the
consumption of refined grains (Tables 11 and 12), accounting at
least in part for the overall increase in carbohydrate intake. Sim-
ilarly, consumption of high-fat foods (such as high-fat dairy
products, high-fat desserts, red meat, processed meat, and added
fats) decreased significantly while intake of lower-fat alterna-
tives correspondingly increased (Tables 13 and 14). Interest-
ingly, both intervention men and women showed significant
increases in FV juice consumption, even though these juices did
not count toward the FV goal.

There were some small sex differences in food group intake in
the intervention group. Although both men and women increased
their intake of cruciferous vegetables, the increase compared
with the control group was significant only for the men (possibly
because women started at a higher level of consumption). Simi-
larly, intervention men and women both increased their con-
sumption of green leafy vegetables, but the difference was signi-
ficant only for the men. The ratio of red meat to chicken and fish
decreased significantly in all trial years for the men, whereas the
decrease in the women was not significant. Again, this may have
been because the baseline ratio for women was already low (2.2)
compared with that for the men (2.9). There were no significant
changes in fish intake throughout the trial; thus, all changes in
the ratio of red meat to chicken and fish were a result of
decreased red meat and increased chicken intakes.

Biological markers

Shown in Table 15 are the mean measurements of plasma
cholesterol, serum carotenoids, and weight at baseline and at
years 1–4 for the control and intervention participants and the
mean changes from baseline. The group � visit interaction was
significant only for weight (P < 0.0001). There was no signifi-
cant difference between groups in the mean change in plasma
cholesterol. Plasma cholesterol values for both men and women
were already relatively low at baseline, which is not surprising
because individuals taking lipid-lowering drugs were not eligible
for the trial. We observed a significant increase in total
carotenoids in the intervention group compared with the control
group (P = 0.00063). Carotenoids, widely distributed phyto-
chemicals in vegetables and fruit, are measurable in human
serum and thus have been suggested to be a biomarker of FV
intake. The intervention group lost a modest, but significant
amount of weight during the trial compared with the control
group (P = 0.0001), but the gap between the 2 groups decreased
over time (P = 0.0001).

DISCUSSION

Success of the PPT in promoting multifactor dietary change

Recent trials have examined adherence to a single dietary
change over time periods from 6 mo to 6 y (40–43) or to more
than one change over a short period of time, such as ≤ 6 mo (44).
However, no trials to date have attempted to combine dietary
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TABLE 11
Daily intake of cereals for men in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 662 control, 689 intervention) (n = 633 control, 642 intervention) (n = 581 control, 605 intervention)

Whole grains (g)
Control group 78.4 ± 2.2 78.6 ± 2.3 74.9 ± 2.5
Intervention group 84.2 ± 2.4 123.0 ± 2.92 117.0 ± 2.92

Refined grains (g)
Control group 131.8 ± 2.9 126.5 ± 3.0 129.1 ± 2.9
Intervention group 139.6 ± 3.2 117.3 ± 3.2 126.1 ± 3.4

Bran cereals (g)
Control group 11.3 ± 0.7 12.3 ± 0.7 10.8 ± 0.7
Intervention group 12.0 ± 0.7 37.8 ± 1.22 33.8 ± 1.22

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.

TABLE 12
Daily intake of cereals for women in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 380 control, 348 intervention) (n = 360 control, 326 intervention) (n = 335 control, 318 intervention)

Whole grains (g)
Control group 74.0 ± 2.9 75.0 ± 2.9 69.2 ± 2.9
Intervention group 81.3 ± 3.3 115.4 ± 3.82 111.1 ± 3.72

Refined grains (g)
Control group 113.0 ± 3.1 114.9 ± 3.4 114.6 ± 3.3
Intervention group 114.3 ± 3.7 99.7 ± 3.7 103.3 ± 3.5

Bran cereals (g)
Control group 8.9 ± 0.7 10.4 ± 0.9 6.9 ± 0.7
Intervention group 10.7 ± 1.0 29.4 ± 1.42 28.5 ± 1.52

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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TABLE 13
Daily intake of selected sources of fat for men in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 662 control, 689 intervention) (n = 663 control, 642 intervention) (n = 581 control, 605 intervention)

Red and processed meat (g)
Control group 110.4 ± 2.2 100.9 ± 2.0 107.2 ± 2.3
Intervention group 104.2 ± 2.1 82.0 ± 1.82 82.6 ± 1.82

Chicken, total (g)
Control group 35.4 ± 1.0 33.9 ± 1.0 34.8 ± 1.1
Intervention group 37.0 ± 1.0 38.8 ± 1.1 43.1 ± 1.12

Red meat/chicken and fish
Control group 3.0 ± 0.2 2.9 ± 0.1 3.4 ± 0.2
Intervention group 2.9 ± 0.2 2.1 ± 0.12 1.9 ± 0.12

High-fat dairy products (g)
Control group 194.1 ± 9.3 161.9 ± 7.6 146.9 ± 7.4
Intervention group 177.2 ± 9.1 92.2 ± 6.42 71.7 ± 5.52

Low-fat dairy products (g)
Control group 160.0 ± 9.7 165.5 ± 9.3 199.7 ± 11.8
Intervention group 166.2 ± 9.4 275.3 ± 11.22 290.5 ± 11.72

Added fats (g)
Control group 13.0 ± 0.4 11.7 ± 0.3 11.2 ± 0.4
Intervention group 12.6 ± 0.3 5.7 ± 0.22 5.1 ± 0.22

High-fat desserts (g)
Control group 49.6 ± 1.9 44.9 ± 1.8 49.6 ± 1.9
Intervention group 47.3 ± 1.6 18.8 ± 1.02 21.0 ± 1.12

Low-fat desserts (g)
Control group 17.3 ± 1.3 14.7 ± 1.1 16.4 ± 1.3
Intervention group 18.2 ± 1.3 35.4 ± 1.82 31.8 ± 1.62

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.

TABLE 14
Daily intake of selected sources of fat for women in the Polyp Prevention Trial at baseline and years 1 and 41

Baseline Year 1 Year 4
(n = 380 control, 348 intervention) (n = 360 control, 326 intervention) (n = 335 control, 318 intervention)

Red and processed meat (g)
Control group 75.1 ± 2.3 68.2 ± 1.9 71.0 ± 1.9
Intervention group 76.0 ± 2.4 59.1 ± 2.0 59.7 ± 2.02

Chicken, total (g)
Control group 37.6 ± 1.3 38.1 ± 1.3 36.8 ± 1.5
Intervention group 36.7 ± 1.4 34.0 ± 1.2 36.5 ± 1.6

Red meat/chicken and fish
Control group 2.0 ± 0.1 1.9 ± 0.1 2.1 ± 0.1
Intervention group 2.2 ± 0.1 1.7 ± 0.1 1.7 ± 0.1

High-fat dairy products (g)
Control group 119.6 ± 7.4 116.2 ± 8.4 102.6 ± 7.6
Intervention group 145.3 ± 9.6 70.2 ± 5.82 69.3 ± 6.0

Low-fat dairy products (g)
Control group 208.8 ± 17.2 211.4 ± 14.9 228.9 ± 13.9
Intervention group 195.1 ± 12.7 262.0 ± 13.9 297.4 ± 15.3

Added fats (g)
Control group 12.5 ± 0.5 11.1 ± 0.5 10.3 ± 0.5
Intervention group 12.3 ± 0.5 5.1 ± 0.32 4.9 ± 0.32

High-fat desserts (g)
Control group 36.4 ± 1.8 30.3 ± 1.5 32.7 ± 1.9
Intervention group 37.1 ± 1.8 12.9 ± 1.02 15.2 ± 0.92

Low-fat desserts (g)
Control group 18.8 ± 1.7 18.8 ± 1.5 18.8 ± 1.8
Intervention group 17.8 ± 1.9 32.5 ± 2.12 28.0 ± 1.9

1 x– ± SEM. Nutrient intakes are based on data from the food-frequency questionnaire.
2 Significantly different from the control group, P ≤ 0.0001. Significant at the 5% level after applying Bonferroni’s correction for multiple tests.
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change and behavior modification to the extent undertaken by
the PPT in free-living adults.

Intake information from 3 separate dietary assessment
instruments indicated that the PPT did effect multifactor
dietary changes in the intervention group. Because each of the
3 instruments measures a different aspect of dietary intake (the
FFQ measures usual food intake, the 4DFR measures current
intake, and unannounced 24-h dietary recalls measure unantic-
ipated intake), the consistency of the results provides some
assurance that the estimated amount of change was accurate
and sustained.

Because dietary interventions cannot be blinded and dietary
assessments rely on self-report and recall, we also looked for
reasonable biological measures to ascertain adherence. Although
there are no perfect biomarkers for the PPT changes, plasma and
serum cholesterol are considered effective markers of a low-fat,
low-saturated-fat diet and plasma and serum carotenoids are
used to measure changes in FV intake (the only carotenoid food
source). There was no significant difference in plasma choles-
terol concentrations between the intervention and control groups
during the entire 4 y of the trial. However, the PPT emphasized
total fat reduction, which resulted in a proportional decrease in
all types of fat (saturated, monounsaturated, and polyunsatu-
rated). It is also well established that decreases in plasma cho-
lesterol are proportional to baseline concentrations; those with
relatively low initial values (as in the PPT) have a limited capac-
ity to respond, even when the dietary regimen is specifically
focused on cholesterol lowering (45, 46). The increases in serum
carotenoids relative to dietary carotenoid and FV increases in the

PPT are consistent with other studies of FV intake (47–49), even
though >50% of the FVs consumed by participants did not con-
tain carotenoids. In addition to the significant increases in serum
carotenoids, the small but significant differences in weight of the
intervention group compared with the control group imply that
some type of dietary change occurred. Activity levels were not a
factor in weight change because they remained the same in both
groups throughout the trial and there was no weight-control
component to the intervention.

In contrast with other long-term trials in which participants
did not maintain changes made during the first 6–12 mo over
subsequent years (50, 51), the PPT intervention participants sus-
tained dietary changes for the entire 4 y. The PPT combined
counseling with the proven techniques of self-monitoring, social
support, and behavior modification to achieve dietary change
(52–55). Furthermore, a major factor in the continued PPT
adherence relates to ongoing vigilance in monitoring goal attain-
ment and the corresponding launching of new and different
activities designed to rekindle flagging motivation as the need
arose. Like previous studies, the PPT took advantage of initial
participant enthusiasm to encourage early goal attainment. First-
year activities included frequent, one-on-one sessions with a
personal nutritionist, thereby incorporating a high level of account-
ability and many opportunities for problem resolution.

Not all goals were achieved by the end of year 1 and, pre-
dictably, some backsliding was observed early in year 2. Rather
than accepting this as the inevitable course of behavior change,
we stepped up our efforts, with the objective of boosting adher-
ence through 3 separate intervention campaigns launched during
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TABLE 15
Plasma cholesterol, serum carotenoid, and body weight and changes in these biomarkers over time in the Polyp Prevention Trial1

Plasma cholesterol Serum carotenoids Weight

Control group Intervention group Control group Intervention group Control group Intervention group

mmol/L mmol/L kg

Year 1
n 423 407 422 409 989 975
T0 5.15 ± 0.04 5.23 ± 0.05 1.69 ± 0.04 1.71 ± 0.04 80.89 ± 0.47 81.74 ± 0.48
T1 5.17 ± 0.04 5.12 ± 0.05 1.75 ± 0.04 1.95 ± 0.04 80.90 ± 0.47 79.78 ± 0.48
T1�T0 0.01 ± 0.03 �0.11 ± 0.03 0.06 ± 0.03 0.24 ± 0.03 0.01 ± 0.11 �1.96 ± 0.13

Year 2
n 387 372 389 378 952 931
T0 5.15 ± 0.04 5.20 ± 0.05 1.68 ± 0.04 1.71 ± 0.04 81.02 ± 0.48 81.72 ± 0.49
T2 5.11 ± 0.05 5.11 ± 0.05 1.78 ± 0.04 1.88 ± 0.05 81.14 ± 0.48 80.45 ± 0.50
T2�T0 �0.04 ± 0.03 �0.09 ± 0.04 0.10 ± 0.03 0.18 ± 0.03 0.13 ± 0.13 �1.26 ± 0.15

Year 3
n 376 365 380 368 937 919
T0 5.14 ± 0.04 5.22 ± 0.05 1.71 ± 0.04 1.73 ± 0.04 80.94 ± 0.48 81.80 ± 0.50
T3 5.07 ± 0.04 5.10 ± 0.05 1.74 ± 0.04 1.89 ± 0.04 81.28 ± 0.50 80.71 ± 0.51
T3�T0 �0.07 ± 0.03 �0.11 ± 0.04 0.04 ± 0.03 0.16 ± 0.03 0.34 ± 0.16 �1.09 ± 0.16

Year 4
n 374 370 372 368 943 943
T0 5.15 ± 0.05 5.22 ± 0.05 1.68 ± 0.04 1.72 ± 0.04 80.95 ± 0.48 81.81 ± 0.49
T4 5.08 ± 0.05 5.09 ± 0.05 1.67 ± 0.04 1.81 ± 0.04 81.26 ± 0.50 81.16 ± 0.51
T4�T0 �0.07 ± 0.04 �0.13 ± 0.04 �0.01 ± 0.03 0.09 ± 0.04 0.31 ± 0.17 �0.65 ± 0.17

P 0.083 0.00063 0.0001
1 Differences in biomarker profiles (change from baseline) between the intervention and control groups were computed by using mixed linear models for

longitudinal data. P values were computed by testing first for a significant group � visit interaction for each biomarker. The interaction was significant only
for weight (P < 0.0001). The P values for testing for differences in the plasma cholesterol and serum carotenoid profiles between groups were based on a
likelihood ratio test of the group effect in an additive model (chi-square test with 1 df). Because of the significant group � visit interaction, the P value for
testing group differences in weight was computed based on a likelihood ratio test comparing a model with visit effects and a model with group � visit inte-
action terms (chi-square test with 4 df).
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participant years 2, 3, and 4 (C Daston, J Benson, E Lanza, et al,
unpublished observations, 1997). It is noteworthy that goal
attainment in PPT change areas generally improved (rather than
diminished) in the later years of the trial. Significant increases
occurred in 2 of the 3 goal areas (fiber and FV) and in the
amount of fiber from FVs during the Fruit & Veg-a-thon. We saw
similar increases in intakes of FV and of fiber from FVs during
the PPT On My Mind Campaign, but no increase in total fiber
intake. Although there were no significant decreases in fat intake
during any campaign period, there was no significant upward
drift in dietary fat after the first year in the trial.

Changes in food group and nutrient intakes: implications
for disease prevention

When selecting new and different foods to meet fat, fiber, and
FV goals, PPT participants also changed their intake of other
foods and nutrients linked to both risk and prevention of colorec-
tal cancer and other chronic diseases. Foods and nutrients linked
to risk of colorectal cancer include a high intake of meat (39), a
high intake ratio of red meat to fish and chicken (32, 33, 56), and
high intakes of saturated fat (32). Nutrients associated with pro-
tection include dietary folate (57) and calcium (8). Although PPT
intervention participants concurrently altered their intakes of
nutrients and foods in directions previously associated with
reduced colorectal cancer risk, these changes were usually not of
the magnitude nor of the duration suggested by other studies to be
protective. For example, the protective amount of calcium in
Baron et al’s study (8) was 1200 mg/d from supplements with
some additional calcium from food; the average intake of calcium
by PPT participants was <1000 mg, primarily from food. In
observational studies of adenomas in men and women, Giovan-
nucci et al (31) reported that higher folate intakes were associated
with a protective effect, with quintile values ranging from <166
to >700 �g/d. In a later observational study with women, folate
intakes of >400 �g/d (similar to PPT intakes) were protective
against colon cancer, but only after 10–14 y (57).

In terms of overall eating pattern changes, intervention partici-
pants frequently substituted lower-fat alternatives for higher-fat
options to meet fat goals (eg, they consumed more poultry and less
red and processed meat and substituted low-fat dairy products and
desserts for high-fat ones). To meet the fiber and FV goals, they
increased their intake of foods that were rich sources of fiber (eg,
whole grains, bran cereals, and legumes) and ate more of many
different types of FVs, rather than substituting one food for
another. High-fat foods were replaced by foods rich in fiber and by
FVs. This was a strategy taught and reinforced throughout the
intervention program, although the specific food choices were left
to each participant. The trial was designed to obtain one-half the
fiber from FVs and one-half from grains and this was achieved.

In summary, most of the dietary changes seen in the PPT were
made during the intensive first 6 mo of the intervention and were
then sustained with a less intensive program. The targeted cam-
paigns introduced in the later years of the trial seemed to assist
participants in sustaining changes and led to further progress for
the fiber and FV goals. The PPT dietary changes are consistent
in kind (if not in magnitude) with many of the components of a
diet recommended for general good health (1, 2, 58, 59). The
PPT showed that free-living individuals can alter their eating
patterns in significant ways given appropriate support. Limita-
tions to generalizing our findings are that participants with a
diagnosed risk factor (adenomatous polyp) may be more highly

motivated than the general population. Clinical trial volunteers
also tend to be of a higher socioeconomic status and more highly
educated than nonparticipants (Table 1), which may affect moti-
vational constellation and the ability to make long-term changes.
However, PPT control subjects, who had equal reason to change,
did not, despite a wealth of nutrition information provided by the
media and an initial dietary pamphlet.

The PPT Study Group consists of the following: at the National Can-
cer Institute, A Schatzkin, E Lanza, D Corle, LS Freedman, C Clifford, and
J Tangrea; at the Bowman Gray School of Medicine, MR Cooper, E Paskett,
S Quandt, K Geisinger, C DeGraffinreid, K Bradham, L Kent, M Self, D Boyles,
D West, L Martin, N Taylor, E Dickenson, P Kuhn, J Harmon, I Richardson,
H Lee, and E Marceau; at the State University of New York at Buffalo,
MP Lance, JR Marshall (currently at the University of Arizona), D Hayes,
J Phillips, N Petrelli, S Shelton, E Randall, A Blake, L Wodarski, M Deinzer,
and R Melton; at the Edwards Hines, Jr Hospital, Veterans Administration
Medical Center, FL Iber, P Murphy, EC Bote, L Brandt-Whittington, N Haroon,
N Kazi, MA Moore, SB Orloff, WJ Ottosen, M Patel, RL Rothschild, M Ryan,
JM Sullivan, and A Verma; at the Kaiser Foundation Research Institute, B Caan,
JV Selby, G Friedman, M Lawson, G Taff, D Snow, M Belfay, M Schoen-
berger, K Sampel, T Giboney, and M Randel; at the Memorial Sloan-Kettering
Cancer Center, M Shike, S Winawer, A Bloch, J Mayer, R Morse, L Latkany,
D D’Amato, A Schaffer, and L Cohen; at the University of Pittsburgh,
J Weissfeld, R Schoen, RR Schade, L Kuller, B Gahagan, A Caggiula, C Lucas,
T Coyne, S Pappert, R Robinson, V Landis, S Misko, and L Search; at the
University of Utah, RW Burt, M Slattery, N Viscofsky, J Benson, J Neilson,
R McDivitt, M Briley, K Heinrich, and W Samowitz; at the Walter Reed Army
Medical Center, JW Kikendall, DJ Mateski, R Wong, E Stoute, V Jones-
Miskovsky, A Greaser, S Hancock, and S Chandler; at the Data and Nutrition
Coordinating Center (Westat), J Cahill, M Hasson, C Daston, B Brewer,
T Zimmerman, C Sharbaugh, B O’Brien, L Cranston, N Odaka, K Umbel,
J Pinsky, H Price, and A Slonim; Central Pathologists, K Lewin (University
of California, Los Angeles), H Appelman (University of Michigan); at the
participating laboratories, PS Bachorik and K Lovejoy (Johns Hopkins Uni-
versity) and A Sowell (Centers for Disease Control and Prevention); and the
Data and Safety Monitoring Committee, ER Greenberg (chair; Dartmouth
University), E Feldman (Augusta, Georgia), C Garza (Cornell University),
R Summers (University of Iowa), S Weiand (through June 1995; University of
Minnesota), and D DeMets (beginning July 1995; University of Wisconsin).
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