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Abstract
High vegetable and fruit (V&F) consumption has been
associated with a lower risk of several cancers. However,
little is known about the ability of individuals to increase
their intakes markedly.
In this 1-year randomized, controlled diet
intervention study of men and women with a recent
history of adenomas, the intervention group (n ⴝ 100)
was asked to increase V&F intake to at least eight
servings per day; the control group (n ⴝ 101) continued
eating their usual diet. End-point measures included V&F
intake assessed by 3-day diet records, plasma carotenoids,
serum lipids, urinary sodium and potassium, and body
weight.
The intervention group increased their daily V&F
intake an average of 5.5 servings over 1 year; the control
group had an average decrease of 0.5 servings per day
(P < 0.001). Plasma total carotenoids, ␣-carotene, ␤carotene, ␤-cryptoxanthin, and lutein/zeaxanthin were
each statistically significantly elevated over baseline (11–
54%) in the intervention group compared with the
control group over the duration of follow-up (P < 0.001).
Urinary potassium excretion was elevated 14% over
baseline in the intervention group compared with no
change in the control group (P < 0.001). Modest
decreases in the intervention but not the control group
were observed for total and low-density lipoprotein
cholesterol. Plasma lycopene, triglycerides, high-density
lipoprotein cholesterol, body weight, and urinary sodium
were not affected by the intervention.
V&F intake was significantly increased in this
motivated population at higher risk of colon cancer and
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maintained for at least 12 months, as assessed using diet
records and an ensemble of biomarkers.
Introduction
Increased V&F2 intake has been consistently associated with a
lower risk of a number of cancers, particularly those of epithelial origin, including colon cancer (1, 2) as well as heart disease
(3, 4). Both vegetables and fruit contain a wide array of compounds that may inhibit cancer, thus conferring a potential
chemoprotective effect (5). In addition, high V&F consumption
has been associated with overall diet quality and lower consumption of meats, fats, and simple sugars (6 –10), each of
which has been associated with an increased risk of colorectal
cancer (2, 11). Together, these properties constitute a strong
rationale for making public health recommendations to increase
V&F intake (2) and for conducting intervention trials designed
to increase V&F consumption. Within the context of intervention trials, it is important to determine to what extent V&F
intake can be increased, particularly in individuals at high risk
of cancer. These trials can help elucidate which educational
approaches are effective in increasing V&F intake, the benefits
and barriers to increasing V&F consumption, and the consequences (both positive and negative) of making these dietary
changes. Additionally, it is important to determine whether
biomarkers of V&F intake can be identified for use in monitoring both individual and population dietary changes. Finally,
it is important to establish how increasing V&F intake affects
various metabolic processes. As a way to examine some of
these questions, we conducted the Minnesota CPRU diet intervention trial to increase V&F consumption in a population with
adenomatous polyps who were thus at high risk of colorectal
cancer and potentially motivated to change their diet.
Subjects and Methods
The Minnesota CPRU was established in 1990 and was funded
by the National Cancer Institute. The primary goals involved
increasing understanding of the etiology and prevention of
colorectal neoplasia. Integral to the structure of the CPRU was
the partnership between the University of Minnesota and DH,
a large community-based gastroenterology practice with 10
clinics throughout the greater Twin Cities metropolitan area.
We conducted a randomized, controlled 12-month clinical trial
with two treatment arms: intervention and control (Fig. 1). The
aims of the study were: (1) to implement a 1-year structured
dietary intervention to increase V&F intake to at least eight
servings per day; and (2) to evaluate changes in dietary intake

2
The abbreviations used are: V&F, vegetable and fruit; CPRU, Cancer Prevention Research Unit; DH, Digestive Healthcare, P.A.; NDS, Nutrition Data System;
HDL, high-density lipoprotein.
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Fig. 1.
sign.

and physiological parameters, including plasma carotenoids,
serum lipids, and urinary electrolyte excretion as measures of
adherence and effect. The project was approved by the University of Minnesota Internal Review Board Human Subjects
Committee.
Study Population
DH served as the clinical center and the source of participants
for this study. The recruitment protocol was implemented using
the staff and resources of DH and the University of Minnesota
Divisions of Epidemiology and Biostatistics. Recruitment began August 1991 and continued through September 1993. Patients were identified through a CPRU case-control study and
the DH patient database. All eligibility and clinic visits were
conducted at the DH facility.
Eligibility and Exclusion Criteria
DH patients aged 30 –74 years with a diagnosis of colorectal
adenomatous polyps within the preceding 5 years were potentially eligible for the study. Eligibility was determined using
information obtained through medical chart review, including
medical history, results of colonoscopy examination, and pathology review; self-administered questionnaires; and telephone and face-to-face interviews. All diagnoses of adenomatous polyps were verified by the CPRU study pathologist.
Major exclusions included: body weight ⬎150% of desirable

Minnesota CPRU V&F Intervention Study de-

weight-for-height; medical conditions, including gastrointestinal disorders, diabetes mellitus, cardiovascular disease, cancer,
or any serious health condition that would limit participation;
special diet restrictions, including diabetic, vegetarian, and renal-disease diets; food sensitivities that would interfere with a
tolerance of increased V&F consumption; plans to relocate or
travel extensively; involvement in any other study requiring
dietary changes; intention to become pregnant; consumption of
⬎35 alcoholic beverages/week; urinary protein levels of ⱖ30
mg/dl; urinary glucose levels of ⱖ0.25 g/dl; and refusal to
participate or sign the consent form.
Study Design
Study candidates attended two clinic screening visits following
an initial telephone interview. Those who remained eligible and
interested at the final eligibility visit were randomly assigned to
one of two study groups stratified by sex: intervention or
control. Participants in the intervention group (n ⫽ 100) were
asked to increase V&F intake to at least eight servings per day.
The control group (n ⫽ 101) continued eating their usual diet.
Informed, written consent was obtained from all participants
before randomization. Both groups attended 3-, 6-, 9-, and
12-month postrandomization clinic visits. Additionally, the intervention group was seen for four individual diet intervention
appointments.

Downloaded from cebp.aacrjournals.org on November 19, 2019. © 2000 American Association for Cancer
Research.

Cancer Epidemiology, Biomarkers & Prevention

Dietary Intervention
The intervention goal was to increase V&F consumption to at
least eight servings per day before the 3-month clinic visit, with
a secondary emphasis on increasing the intake of ␤-carotenerich V&F. After randomization, participants met with a study
nutritionist to formulate a plan for gradually increasing the
number of V&F servings in their diets. The initial goal involved
an increase of at least two servings per day. Participants then
monitored their V&F intake for the next 2 weeks using a Daily
V&F Record. This self-monitoring instrument served as a
teaching tool—it included lists of commonly eaten V&F and
the definition of a serving for each item. It also was used by
study nutritionists to assess progress toward, or maintenance of,
dietary change at intervention visits. Positive reinforcement and
feedback from the study team were provided during intervention sessions to enhance long-term motivation.
Behavior modification strategies were derived from social
learning theory (12, 13). Nutrition counseling focused on goal
setting, verbal commitments to behavioral intentions, and use
of self-monitoring tools. These sessions emphasized the development of skills essential to participant adherence, including
the ability to identify V&F in various forms and dishes, associated serving sizes, and planning and tracking daily intake.
Participants worked with intervention staff to identify personal
barriers to adherence and to develop plans to overcome these
barriers. Educational materials included tip sheets, a V&F
cookbook, quarterly newsletters, and a list of high ␤-carotene
V&F. Visit reminder cards, telephone follow-up for rescheduling missed visits, refrigerator magnets, newsletters, “carrot”
birthday cards, and V&F calendars were used as memory
prompts and to enhance participant identification with the project. In addition, the intervention attempted to enhance spousal
and family support.
End-Point Evaluation
All measures were collected at the baseline and at the 3-, 6-, 9-,
and 12-month postrandomization clinic visits for intervention
and control participants.
Dietary Intake—Diet Records. Dietary intake was determined from diet records completed for the 3 consecutive days
before the clinic visits. Participants described consumption of
all foods, beverages, and nutrient supplements and included
brand names, serving sizes, methods of preparation, and names
of restaurants. A study nutritionist reviewed the diet records for
completeness. Serving sizes were verified using standard food
models (NASCO, Ft. Atkinson, WI) and measures. Mean daily
nutrient intakes were derived using the Minnesota NDS software (version 2.3, Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN).
Plant foods were categorized as V&F on the basis of their
preparation, macro- or micro-nutrient content, or proportion of
the food that was vegetable or fruit using the CPRU V&F
classification scheme (14). The fat, salt, or sugar content of
plant foods was not used as a criterion for excluding foods as
V&F. Intake was evaluated using the following categories:
vegetables without juice (referred to as vegetables), fruits without juice (fruit), V&F juice (juice), and vegetables, fruit, and
juice (total V&F). To estimate V&F consumption, the NDS
codes for vegetables (n ⫽ 149), fruits (n ⫽ 85), and juice (n ⫽
23) were identified.
Because present dietary guidelines give recommendations
for V&F intake in servings and because the intervention was
based on servings, the results of this study are presented as
servings rather than grams. A serving was defined as one-fourth

cup for dried fruits; one-half cup for raw, cooked, canned, and
pickled V&F, high fat fruits, and mature beans; three-fourths
for vegetable and fruit juice, and 1 cup for raw, leafy greens
(14). These definitions were based on the Dietary Guidelines
for Americans (15). Because the quantity of each food in NDS
is stored as a gram weight, servings were defined using the
gram weight corresponding to the volumetric serving size for
each V&F. Daily total consumption was calculated by summing
the servings of individual V&F consumed on each day.
Physiological End Points. Fasting blood samples (25 ml)
were protected from light and were stored at ⫺70°C. Samples
were analyzed in batches by the University of Minnesota,
Division of Epidemiology, Biochemical Epidemiology and
Lipid Research Core Laboratory and the Molecular Cancer and
Biomarkers Research Core. Plasma carotenoids were determined using high-performance liquid chromatography using
the method of Bieri et al. (16), with calibration as described by
Craft et al. (17). One minor modification of the assay was the
inclusion of N,N-diisopropylethylamine (0.015%) in the highperformance liquid chromatography solvent to improve analyte
recovery. Carotenoids analyzed included ␣-carotene, ␤-carotene, ␤-cryptoxanthin, lycopene, and zeaxanthin-plus-lutein
(referred to as lutein). Calibration for all assays was done using
crystalline standards (Hoffman-LaRoche, Basel, Switzerland;
Sigma Chemical Co., St. Louis, MO). Quality control procedures included routine analysis of plasma pools containing high
and low concentrations of each analyte. In addition, the laboratory routinely analyzes National Institutes of Standards and
Technology reference sera and is a participant in the National
Institutes of Standards and Technology Fat-Soluble Vitamin
Quality Assurance Group. Because plasma lycopene is uncorrelated with V&F intake (18), the variable, total carotenoids
was calculated as the sum of ␣-carotene, ␤-carotene, ␤-cryptoxanthin, and zeaxanthin-plus-lutein.
Serum lipids and lipoproteins were measured by standard
methods with a Beckman Synchron CX5 analyzer (19 –21).
Total HDL cholesterol was precipitated by the dextran-sulfate
method. Total cholesterol, HDL cholesterol, and triglycerides
were measured enzymatically. Low-density lipoprotein cholesterol was estimated by the Friedewald equation (22). Calibration standards for total and HDL cholesterol and triglycerides
were obtained from Beckman, Inc. Control samples from Solomon-Park included high and low concentrations of total and
HDL cholesterol and triglycerides. Both control and calibration
samples were run daily. External reference materials were obtained from the Centers for Disease Control and Prevention,
and analysis was done on a quarterly basis.
Overnight urine samples were collected for the 2 nights
before each clinic visit. The dates and times for each collection
period and completeness of collections were verified. Sodium
and potassium concentrations were determined by an ion-selective electrode-based methodology. Analysis was done with a
Beckman Synchron CX5 analyzer. Calibration of the instrument was done daily with standard solutions from Beckman,
Inc. Control samples were obtained from Ciba-Corning and
analyzed as every ninth sample. External reference materials
were obtained from the College of American Pathologists, and
analysis was done quarterly.
Body weight was measured using a calibrated, beambalance scale. Participants were asked to remove their shoes
and heavy outer garments before being weighed.
All participants completed health questionnaires to assess
medical history, physical activity, life-style factors, and diet
satisfaction. A study nurse also surveyed for symptoms poten-
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tially related to an increased V&F intake including: digestive
symptoms (i.e., heartburn, nausea, abdominal bloating, belching, gas, abdominal pain), large bowel symptoms (i.e., constipation, loose stools, diarrhea, blood in stools), general well
being (i.e., appetite, fatigue, drowsiness, sleeping patterns, nervousness), and other symptoms (i.e., headache, dizziness, low
libido, weakness).
Statistical Analysis
Statistical analyses were performed by the Statistical and Data
Management Core of the CPRU in the Division of Biostatistics,
University of Minnesota. Summary statistics were computed
for each dietary and physiological variable at each time point.
Each plasma carotenoid variable was log-transformed to improve normality. Log-transformed data did not change statistical significance; therefore, raw scale data are reported here. All
randomized participants were included in the analyses regardless of compliance with the intervention (intention-to-treat
analysis). The stratification variable used for all analyses was
the same as used in the design of the study, namely sex of
participants. Treatment groups were assessed for comparability
of baseline characteristics by stratified ANOVA for continuous
variables and 2 tests for categorical variables. For continuous
variables, average mean change from baseline is reported for
each treatment group. For each diet and physiological variable,
all follow-up measurements for each participant were averaged,
and the baseline measurement was subtracted. Significance
probabilities are from models comparing the changes between
the groups, including indicators for sex and the baseline level of
the variable considered. Analyses were conducted using the
Statistical Analysis System, version 6.08 (SAS Institute Inc.,
Cary, NC). No adjustments were made for multiple comparisons.
Results
Participant Characteristics
To attain the recruitment goal of 200 participants, a candidate
pool of 1032 colorectal adenomatous polyp patients was identified. Of these potential study participants, 894 were contacted
for screening. After a telephone interview, 280 (27%) of the
candidates remained eligible and agreed to attend the first
eligibility visit. The most common exclusions were lack of
interest (340 participants), time and travel constraints (129
participants), and medical reasons (78 participants). A total of
251 individuals attended the first eligibility visit, 203 attended
the second eligibility visit, and 201 (19.5% of the initial total
candidate pool) were randomized into the study. During the
eligibility visits, lack of interest, time and travel constraints,
and medical reasons also were the primary reasons for not
participating in the trial.
There were no differences between the intervention and
control groups for any baseline characteristics. Most participants were white, their mean age was 59 years, and 71% were
male (Table 1). Seventeen percent of the participants were
smokers, and 83% consumed alcohol. Sixty-two percent of the
men and 43% of the women were employed. The mean annual
household income was $53,700 for men and $42,900 for
women. Eighty-seven percent of the men and 72% of the
women in the study were married. The average time since
adenomatous polyp diagnosis was ⬃10 months.
Attendance and Adherence to Study Protocol
For all randomized participants, attendance averaged 93% of all
clinic visits. Ninety-two percent of the randomized participants

Table 1

Baseline characteristics of the intervention and control groups

Demographics
Age (yr)
Male (%)
Household income ($1000)
Education (yr)
Married (%)
Employed (%)
White (%)
Lifestyle and physiologic variables
Tobacco
% smokers
No. of cigarettes/day among smokers
Body mass index (kg/m2)
Men
Women
Alcohol
% consumers
No. of drinks/wk among drinkers
Nutrient supplements
% users
% users of ␤-carotene supplements

Intervention
(n ⫽ 100)
Mean or %

Control
(n ⫽ 101)
Mean or %

P

58.6
71.0
51.3
14.6
79.0
61.0
99.0

60.0
71.3
49.8
14.5
87.1
52.5
99.0

0.21
0.96
0.57
0.70
0.12
0.21
0.99

17.0
19.6

17.8
16.0

0.88
0.26

28.3
25.8

28.4
26.2

0.90
0.75

81.4
4.7

85.4
3.9

0.55
0.26

42.0
5.0

36.6
3.0

0.44
0.46

completed the study: 88% of the intervention group and 96% of
the control group. The largest loss of participants in the intervention group (seven participants) occurred between randomization and the 3-month follow-up visit. Two of these participants were found to be ineligible after randomization and were
not followed subsequently. However, they are included in the
intent-to-treat analyses presented here. In the control group, the
largest dropout occurred between the 3- and 6-month follow-up
visits (four participants). Overall, compared to those who completed the study, more of the dropouts were smokers and were
employed, and fewer were college graduates, although these
differences were not statistically significant.
Intervention Results
V&F Intake. At baseline, vegetable, fruit, juice, and total
V&F intakes did not differ between the intervention and control
groups. Total daily V&F intake for all participants averaged 7
servings consisting of 4.0 servings of vegetables, 2.4 servings
of fruit, and 0.6 servings of juice (Table 2; Fig. 2). Approximately 30% of the participants in each group consumed at least
eight servings per day (the study intervention goal). Over the
12-month follow-up period, V&F intake declined to 0.5 servings/day in the control group. For the Intervention group, a 65%
increase in V&F intake to 11.8 servings/day (5.5 servings of
vegetables, 4.7 servings of fruit, and 1.6 servings of juice) was
observed by the 3-month visit. The increase in consumption
was maintained over the duration of the study. Based on average intakes over the follow-up period, 86% of the intervention
participants met or exceeded the daily goal of at least eight
servings; only 17% of the control group consumed eight or
more servings per day. The difference between the intervention
and control groups for the change in mean V&F intake during
the study (4.7 versus ⫺0.5 servings/day, respectively) was
statistically significant (P ⬍ 0.001).
V&F consumption was examined for men and women
separately and for two age groups (⬍60 and ⱖ60 years). The
change in mean V&F intake was significantly higher in the
intervention versus control groups over follow-up in both men
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Table 2

V&F intake at baseline and average over follow-up for the intervention and control groups
Intervention

Control

Servings/day

Baselinea
mean
(SD)

Average over
follow-upb
mean (SD)

Baselinea
mean
(SD)

Average over
follow-upb
mean (SD)

Pc

Vegetables
Fruits
Juice
Total V&F

4.3 (2.4)
2.4 (2.1)
0.5 (0.6)
7.3 (3.3)

5.5 (1.6)
4.9 (2.8)
1.6 (0.9)
11.9 (3.3)

3.7 (1.8)
2.4 (1.8)
0.6 (0.7)
6.7 (2.8)

3.5 (1.1)
2.1 (1.5)
0.6 (0.6)
6.2 (2.2)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

a

Mean of 3-day diet records.
Mean of 12 days of diet records collected at 3-, 6-, 9-, and 12-month follow-up visits.
P calculated for intervention versus control group for the change in servings per day (average over follow-up minus baseline) for each variable with sex and baseline
levels of the variable in the model.

b
c

Fig. 2.

Mean (⫾ SE) vegetable, fruit, and juice intake over 12 months in the intervention and control groups.

(P ⬍ 0.001) and women (P ⬍ 0.001). Only the change in juice
consumption differed between men and women: men increased
juice consumption by 1.2 servings/day, women by 0.6 servings/
day during follow-up (P ⫽ 0.03; men versus women). There
were no differences in total intake for any of the V&F groups
between the two age groups.
The most common strategies that participants used to
increase V&F consumption were: adding V&F to dinner, adding V&F to lunch, eating fruit at breakfast, and drinking more
juice. Participants reported that personal motivation, the oneon-one meetings with the study nutritionist, which provided
personalized feedback, and the Daily V&F Record were the
most helpful in increasing V&F consumption during the first
half of the intervention. During the second half of the intervention, personal motivation and the Daily V&F Record continued to be reported as the most helpful strategies.

Major Contributors to V&F Intake. At baseline, five vegetables (potatoes, carrots, tomatoes, lettuce, broccoli), four fruits
(apples, oranges, bananas, grapefruit), and orange juice accounted for ⬃60% of the V&F consumed by all participants. Of
these, only tomato intake differed between the study groups
(intervention: 2.4 servings/week; control: 1.4 servings/week;
P ⫽ 0.02). During follow-up, these same foods continued to
make up the majority of the V&F consumed in both the intervention and control groups. Intakes of these 10 V&Fs remained
relatively unchanged in the control group over the follow-up
period, but increased in the intervention group. Carrot consumption, which was highlighted as part of the intervention
message, more than tripled to 5.4 servings/week. For broccoli,
which was also emphasized in the intervention, intake increased
by 50% to 1.6 servings/week. Lettuce intake increased by 50%
to five servings per week. Intake doubled for apples, oranges,
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Table 3

V&F intake by botanical and nutrient subgroups at baseline and average over follow-up for the intervention and control groups
Intervention

Servings/day

Botanical subgroups (14)
Compositae (e.g. lettuce)
Cruciferae (e.g. broccoli)
Ericaceae (e.g. blueberries)
Leguminosae (e.g. beans)
Liliaceae (e.g. onions)
Rosaceae (e.g. apples)
Rutaceae (e.g. oranges)
Solanaceae (e.g. potatoes)
Umbelliferae (e.g. carrots)
Nutrient subgroups
High ␤-carotene
High lutein
High lycopene
High vitamin C
Green leafy vegetables

Control

Baselinea
mean (SD)

Average over
follow-upb
mean (SD)

Baselinea
mean (SD)

Average over
follow-upb
mean (SD)

Pc

0.47 (0.55)
0.38 (0.50)
0.11 (0.29)
0.29 (0.43)
0.22 (0.26)
1.11 (1.46)
0.66 (0.92)
1.69 (1.18)
0.36 (0.45)

0.71 (0.68)
0.53 (0.43)
0.14 (0.23)
0.44 (0.37)
0.29 (0.30)
2.40 (1.97)
1.61 (0.88)
1.83 (0.71)
0.97 (0.73)

0.60 (0.73)
0.33 (0.40)
0.15 (0.35)
0.20 (0.30)
0.22 (0.29)
1.05 (1.24)
0.74 (0.89)
1.50 (1.16)
0.32 (0.46)

0.43 (0.32)
0.32 (0.32)
0.12 (0.20)
0.22 (0.19)
0.18 (0.13)
0.97 (0.78)
0.86 (0.80)
1.36 (0.70)
0.34 (0.25)

⬍0.001
⬍0.001
0.27
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

0.54 (0.66)
0.86 (0.84)
0.60 (0.70)
0.38 (0.58)
0.48 (0.56)

1.32 (0.81)
1.43 (0.81)
0.92 (0.76)
0.90 (0.76)
0.75 (0.68)

0.58 (0.71)
0.98 (0.90)
0.43 (0.52)
0.47 (0.74)
0.62 (0.74)

0.47 (0.36)
0.77 (0.43)
0.39 (0.37)
0.56 (0.56)
0.47 (0.33)

⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

a

Mean of 3-day diet records.
Mean of 12 days of diet records collected at 3-, 6-, 9-, and 12-month follow-up visits.
P calculated for intervention versus control group for the change in servings per day (average over follow-up minus baseline) for each variable with sex and baseline
levels of the variable in the model.

b
c

and bananas to 11.3, 8.7, and 5.7 servings/week, respectively.
Grapefruit intake increased by 60% to 1.6 servings/week. Orange juice consumption more than doubled to 5.3 servings/
week. The change in intake of these 10 foods accounted for
two-thirds of the total V&F increase in the intervention group.
V&F Intake by Botanical Groups and Nutrient Content.
Because of the interest in specific phytochemicals that may be
related to cancer prevention, we also classified V&F by their
botanical families and by selected antioxidant nutrients (Table
3). Intakes of these subgroups showed little or no change in the
control group. Significant increases in consumption were seen
in the intervention group for Umbelliferae (increased by 170%
from baseline level), Rutaceae (144%), Rosaceae (116%), Leguminosae (52%), and Compositae (51%). Small increases
were also observed for Cruciferae, Liliaceae, and Solanaceae.
Green leafy vegetable consumption increased significantly by
56%. When V&Fs were classified by their nutrient content,
intake in the intervention group increased 144% for the high
␤-carotene group and 137% for the high vitamin C group.
Nutrient Intake. During the trial, the intervention group demonstrated marked increases in intakes of nutrients present in
V&F as well as changes in the macronutrient composition of
the diet (Table 4). Vitamin C consumption increased by 37%
above baseline intakes, folacin by 24%, and fiber by 27% (all
P ⱕ 0.001). Total energy intake did not change in the intervention group, although the proportion of energy contributed by
carbohydrates increased from 49% to 54%, and total fat decreased from 34% to 31%. Both saturated and monounsaturated
fatty acid intakes showed statistically significant decreases,
whereas polyunsaturated fatty acid consumption remained unchanged. The increased V&F diet did not result in lowered
mineral intakes. Consistent with the increased V&F consumption, potassium intake increased 21% above baseline levels in
the intervention group; sodium intake showed no change. For
the control group, nutrient intakes changed little.
All dietary carotenoids increased significantly in the intervention group compared to the control group (Table 4). For

the intervention group, increases in intake varied by specific
carotenoid and ranged widely: ␣-carotene (185%), ␤-carotene
(121%), ␤-cryptoxanthin (171%), lutein (67%), and lycopene
(47%).
Biological Measures of Adherence and Change. Several biological measures were used to monitor compliance and measure physiological change. Plasma carotenoid levels increased in
the intervention group; the changes were observed by 3 months
and were maintained throughout the study (Fig. 3; Table 5).
Total carotenoids (without lycopene) increased by 22% in the
intervention group, but remained unchanged in the control
group (P ⬍ 0.001). For the individual carotenoids, increases
above baseline levels were 54% for ␣-carotene, 25% for ␤carotene, 23% for ␤-cryptoxanthin, and 11% for lutein for the
intervention group. Changes in these carotenoids over the trial
were all statistically significantly different between the intervention and control groups (P ⬍ 0.001). Lycopene was unchanged in the intervention group but declined in the control
group.
During the trial, the intervention group experienced modest changes in serum lipid components (Table 5). Total cholesterol decreased 3 mg/dl in the intervention group and increased 2 mg/dl in the control group (P ⫽ 0.05). Low-density
lipoprotein cholesterol levels fell 2.5% in the intervention
group from 150 mg/dl at baseline to 146 mg/dl over follow-up
and increased by 3 mg/dl in the control group (P ⫽ 0.02). HDL
cholesterol levels declined by ⬍2 mg/dl in both groups (P ⫽
0.34). In addition, triglycerides increased slightly in both
groups (P ⫽ 0.24).
Body weight remained essentially constant throughout the
study, and no differences were observed between the intervention and control groups. Urinary potassium levels increased by
14% in the intervention group only (P ⬍ 0.001); urinary sodium excretion did not differ between the groups. Plasma
glucose levels remained unchanged.
With the increased V&F intake, the intervention group
experienced a statistically significant increase in bowel-
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Table 4

Mean daily nutrient intake at baseline and average over follow-up for the intervention and control groups
Intervention

Nutrients/day

a

Energy (kcals)
Protein (% kcals)
Carbohydrates (% kcals)
Total fat (% kcals)
Saturated fatty acids (% kcals)
Monounsaturated fatty acids (% kcals)
Polyunsaturated fatty acids (% kcals)
Alcohol (% kcals)
Cholesterol (mg)
Fiber (g)
Vitamin A (g retinol equivalents)
␣-carotene (g)
␤-carotene (g)
␤-cryptoxanthin (g)
Lycopene (g)
Lutein (g)
Vitamin D (mg)
Vitamin C (mg)
Folacin (g)
Calcium (mg)
Sodium (mg)
Potassium (mg)
Iron (mg)

Control

Baselineb mean
(SD)

Average over
follow-upc
mean (SD)

Baselineb mean
(SD)

Average over
follow-upc
mean (SD)

Pd

2222.3 (650.4)
16.0 (3.5)
49.0 (8.3)
33.6 (6.7)
11.3 (3.0)
12.6 (2.9)
7.0 (2.2)
3.2 (5.0)
305.8 (159.8)
20.1 (6.5)
1754.0 (1661.2)
670.1 (975.8)
3446.0 (3093.0)
41.8 (64.9)
3028.6 (3513.1)
1663.8 (1241.5)
8.1 (5.9)
237.5 (293.6)
403.8 (213.3)
903.7 (408.1)
3729.1 (1243.0)
3379.3 (1005.9)
23.3 (33.1)

2202.4 (461.2)
15.5 (2.6)
54.2 (6.7)
30.6 (5.7)
10.1 (2.4)
11.3 (2.3)
6.6 (1.6)
2.3 (3.6)
264.0 (110.9)
25.5 (6.7)
2645.7 (1485.2)
1912.6 (1567.4)
7618.0 (3872.5)
113.1 (88.9)
4461.4 (4234.6)
2785.0 (1307.1)
6.6 (12.7)
324.9 (230.3)
501.8 (198.0)
918.6 (330.9)
3647.5 (1057.7)
4097.9 (847.9)
23.3 (15.0)

2302.7 (641.8)
15.4 (3.0)
47.7 (9.2)
35.5 (7.5)
12.0 (3.3)
13.4 (3.3)
7.4 (2.5)
3.2 (5.5)
308.0 (191.2)
19.2 (6.4)
1612.1 (1411.2)
632.7 (850.1)
3207.6 (2804.9)
52.9 (92.0)
2427.8 (2801.4)
1922.7 (2048.2)
7.9 (6.7)
218.3 (252.6)
383.0 (284.4)
961.7 (563.9)
3767.0 (1338.7)
3270.5 (963.8)
20.1 (11.9)

2188.2 (585.4)
15.8 (2.4)
48.7 (7.1)
34.5 (5.5)
11.8 (2.6)
13.0 (2.5)
7.0 (1.4)
2.7 (4.7)
286.3 (121.7)
19.1 (5.7)
1811.6 (1176.4)
707.8 (601.5)
3143.0 (1846.8)
62.6 (72.2)
2082.1 (1527.1)
1667.8 (1022.8)
11.6 (24.6)
235.0 (279.9)
399.3 (214.1)
916.4 (360.0)
3589.4 (963.9)
3089.5 (761.5)
19.9 (9.2)

0.33
0.12
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.137
0.265
0.09
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.038
0.001
⬍0.001
0.455
0.504
⬍0.001
0.104

a

From diet records with food and supplements, NDS-coded.
Mean of 3-day diet records.
Mean of 12 days of diet records collected at 3-, 6-, 9-, and 12-month follow-up visits.
d
P calculated for intervention versus control group for the change (average over follow-up minus baseline) in each variable with sex and baseline levels of the variable
in the model.
b
c

Fig. 3. Mean (⫾ SE) total plasma carotenoids over 12 months in the intervention and control groups.

movement frequency (from 9.2 to 10.0/week) compared to a
slight decline (9.0 to 8.6/week) among the control group (P ⫽
0.003). After initiation of the increased V&F intake, more
participants in the intervention group (n ⫽ 24) reported problems with flatulence compared to the control group (n ⫽ 11;
P ⫽ 0.01); however, this difference did not persist beyond the
3-month visit. Further, none of the participants who reported
this symptom discontinued the high V&F diet as a result. At the
6-month visit, the control group reported more indigestion (n ⫽
17 versus 9 for control versus intervention; P ⫽ 0.001) and
fatigue (n ⫽ 9 versus 2 for control versus intervention; P ⫽
0.004) compared to the intervention group. No statistically
significant differences in reported side effects, by treatment
group, were found for the 9- or 12-month visits.

Discussion
V&F intake in the United States (23–25) is below the recommended minimum of five servings per day (15, 26). For example, the 1989 –1991 Continuing Surveys of Food Intake by
Individuals, a national population-based survey, found that
average daily V&F consumption in the United States is 4.3
servings, and only one-third of the United States population
consumes five or more servings of V&F per day (23). There is
interest in the preventive potential of V&F (2– 4) and the
development of methods to increase V&F consumption,
whether in the general population, clinical settings, or high-risk
groups. Further, the capacity to monitor changes in intake is
crucial in a dietary intervention where blinding is not possible
and where the desire to please (in both the research and clinical
settings) may result in overestimates of adherence.
In this diet-intervention study, we found that V&F intake
almost doubled from 7 servings/day at baseline to an average of
12 servings/day in the intervention group over the 12-month
follow-up period. Increases were observed for vegetable, fruit,
and juice intakes, with the greatest change occurring in fruit
consumption. Consumption of V&Fs high in ␤-carotene and
vitamin C also increased substantially. The participants
achieved these changes via increased serving sizes of foods
already being consumed and increased frequency of consumption; generally, they did not increase the intake of V&Fs that
were new to them. The increase in consumption was maintained
over the follow-up period.
Several clinical trials have intervened specifically on V&F
consumption (27–39). Like our study, five of these studies had
intervention goals to increase V&F consumption to at least
eight servings per day (27–29, 35, 39). Two of the studies were
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Table 5

Biologic measures of adherence and of change between baseline and follow-up: intervention and control groups
Intervention

Biologic measures

Plasma carotenoids (g/dl)
Total carotenoidsb
␣-Carotene
␤-Carotene
␤-Cryptoxanthin
Lutein
Lycopene
Serum lipids (mg/dl)
Total cholesterol
Low-density lipoprotein cholesterol
HDL cholesterol
Triglycerides
Blood pressure (mm Hg)
Systolic
Diastolic
Other
Body mass index (kg/m2)
Body weight (pounds)
Plasma glucose (mg/dl)
Urinary potassium (meq/8 h)
Urinary sodium (meq/8 h)
Bowel movements (No./wk)

Control

Baseline
mean (SD)

Average over
follow-up
mean (SD)

Baseline
mean (SD)

Average over
follow-up
mean (SD)

Pa

56.7 (40.5)
6.9 (8.5)
22.0 (24.1)
7.8 (4.9)
19.3 (7.6)
40.8 (15.2)

69.2 (39.0)
10.6 (8.9)
27.5 (24.1)
9.6 (5.0)
21.5 (8.1)
41.0 (14.4)

50.9 (24.5)
5.8 (4.2)
19.0 (14.7)
7.6 (5.1)
18.6 (6.6)
39.4 (17.6)

49.3 (22.2)
5.8 (4.4)
17.4 (12.7)
7.9 (4.1)
18.0 (6.3)
36.7 (11.6)

⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.014

217.2 (39.8)
149.7 (35.4)
42.4 (13.8)
129.6 (68.0)

214.3 (36.0)
146.2 (33.1)
40.6 (12.9)
144.2 (99.7)

218.6 (35.1)
150.2 (32.0)
43.2 (14.6)
125.6 (64.1)

220.5 (31.3)
152.7 (29.1)
41.7 (13.7)
131.3 (63.9)

0.05
0.02
0.34
0.24

127.7 (17.0)
76.0 (8.3)

126.1 (15.7)
75.3 (7.1)

127.8 (17.2)
76.9 (9.3)

127.2 (17.9)
75.8 (8.6)

0.37
0.90

27.7 (3.8)
183.5 (33.9)
99.0 (14.2)
16.6 (7.0)
55.8 (22.1)
9.2 (4.2)

27.5 (3.7)
184.1 (33.2)
100.9 (17.7)
18.9 (7.4)
54.7 (18.1)
10.0 (4.5)

27.8 (3.8)
183.1 (32.3)
101.1 (12.0)
16.1 (7.2)
55.9 (24.3)
9.0 (3.4)

27.9 (3.9)
183.9 (32.6)
101.9 (14.3)
16.1 (6.0)
54.7 (18.4)
8.6 (2.9)

0.19
0.57
0.55
⬍0.001
0.74
0.003

a
P calculated for intervention versus control group for the change (average over follow-up minus baseline) for each variable with sex and baseline levels of the variable
in the model.
b
Total carotenoids include the sum of ␣-carotene, ␤-carotene, ␤-cryptoxanthin, and lutein (see “Subjects and Methods”).

conducted in high-risk populations (27, 29), as was our study;
the remaining three studies were conducted in healthy volunteers (28, 35, 39).
Of these five studies, only the randomized, controlled
intervention study of 93 women with early-stage breast cancer
(27) enrolled participants for as long a period of time as our
study (1 year). That study focused on a somewhat broader target
of dietary change (V&F, fat, and fiber) than our study. The
intervention goals were to consume five servings of vegetables,
16 ounces of fresh vegetable juice, three servings of fruit, 30 g
of fiber, and 15% of energy from fat. Similar to our study, the
increase in V&F consumption was achieved by 6 months and
maintained over the follow-up period. Findings from their study
showed that mean vegetable and mean fruit consumption at 12
months of follow-up in the intervention group increased to 6.7
and 4.0 servings/day, respectively, whereas consumption in the
control group did not change. At 12 months, 23% of the
intervention group and none of the control group consumed
over eight servings of vegetables per day.
In a 3-month, uncontrolled study of 19 former cancer
patients (29), the intervention was focused on increasing the
intake of specific types of V&F (one serving each of dark green
vegetables, yellow-orange vegetables, tomato products and
other vegetables, three servings of vitamin C-rich fruits, and
one serving of other fruits). Total V&F intake increased from
4.2 servings to 9.5 servings/day. Statistically significant increases in intake were noted for each of the targeted food
groups, with the greatest change in the vitamin C-rich fruit and
total fruit, a finding consistent with our study.
In two (28, 35) of the three studies conducted in healthy
volunteers (28, 35, 39), the interventions were conducted for
6 – 8 weeks. Our previous experience in a randomized, controlled 6-week pilot study to increase V&F consumption
showed an increase in daily V&F intake from 3.6 servings at

baseline to 5.8 servings (35). Zino et al. (28) conducted an
8-week randomized controlled trial in 90 volunteers with no
history of chronic disease who consumed no more than three
V&F servings per day at baseline. That study used an intervention message similar to our study and emphasized increasing total V&F consumption; the specific V&Fs to be consumed
were not emphasized. Mean V&F consumption at week 4 was
2.1 servings/day in the control group and 7.1 servings/day in the
intervention group. Recently, Maskarinec et al. (39) reported on
a 6-month trial in 29 healthy women, which had an intervention
goal of consuming at least nine servings of V&F a day. Mean
daily V&F consumption at 6 months increased by 4.1 servings
to 7.4 servings in the intervention group compared to a 0.9
serving increase in the control group (P ⫽ 0.0001). Both fruits
and vegetables increased by approximately two servings per
day in the intervention group. Other V&F intervention trials,
which have had more modest intervention goals, generally, but
not always (36), have shown a ⬍0.75 serving increase in daily
V&F intake in high-risk populations (30), in callers to the
Cancer Information Service (34), at work sites (31, 38), and
among children (32, 33, 37).
Because dietary interventions cannot be blinded, the use of
objective biological markers that are responsive to changes in
the quantity and variety of foods consumed is necessary to
establish adherence to the intervention. Feeding studies have
demonstrated that useful biomarkers of V&F intake include
plasma or serum carotenoids (40 – 46), plasma ascorbate (47),
and urinary potassium (48). Serum carotenoids have been
shown to be responsive to the feeding of carotenoid-rich foods
within 1–3 days (49). We previously reported from the Minnesota CPRU feeding study that plasma carotenoids were responsive to the feeding of high-vegetable diets (40). In that
study, changes in individual carotenoids varied depending on
the vegetables fed. Plasma ␣-carotene, ␤-carotene, and lutein
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were useful biomarkers of carrots and spinach, two carotenoidrich vegetables; lutein was particularly increased in the diet
where broccoli and cauliflower were fed (40). In addition to
feeding studies, observational studies have shown positive correlations between V&F consumption and plasma or serum
carotenoids (18, 50 –55).
In agreement with previous V&F intervention trial findings (27–29, 39, 56), we observed significant increases in total
and individual plasma carotenoids (except lycopene) ranging
from 11% for lutein to 54% for ␣-carotene in the intervention
group. Consistent with the self-reported dietary behaviors, the
carotenoid levels increased by 3 months and were sustained
over 12 months, indicating that major increases in V&F intake
can be attained and that these dietary behaviors can be maintained over time at relatively stable levels. Additionally, the
carotenoid levels achieved by the intervention group were similar to levels reported by Campbell et al. (18) in a free-living
Minnesota population specifically selected because of their
high V&F intakes.
As hypothesized, urinary potassium levels increased in the
intervention group compared to the control group, confirming
its utility as part of an ensemble of biomarkers of V&F intake.
Urinary sodium levels did not change in either the intervention
or control groups.
National surveys have suggested that individuals with high
V&F intakes have lower fat intakes (6). This was seen in the
present study. Average fat intake over the 12-month follow-up
period was 30.6% in the intervention group compared to 34.5%
in the control group. Similar results have been observed in other
V&F intervention studies that did not specifically target fat
consumption (28, 29, 36, 39).
In our study, the difference in serum total cholesterol over
follow-up between the intervention and control groups was 5
mg/dl (a 2.3% difference). This change could be due to the
decrease in dietary fat in the intervention group as well as the
potential lipid-lowering properties of some kinds of dietary
fiber (57). Although this reduction is small, the National Cholesterol Education Program has reported that, on average, every
1% reduction in serum cholesterol results in a 2% reduction in
coronary heart disease rates (58). In contrast to our study,
cholesterol levels were similar between the intervention and
control groups in the intervention study by Zino et al. (28);
however, follow-up was no more than 8 weeks in this study.
Likewise, no difference in cholesterol levels between the intervention and control groups was observed in a 6-month V&F
intervention study of 29 healthy women (39).
As observed in V&F intervention trials of shorter duration
(35, 36, 39), we saw no change in weight over the 12-month
intervention period.
The effects of a substantial increase in V&F consumption
on gastrointestinal function have not been examined previously.
Our study found a slight increase in reports of flatulence during
the first 3 months of the study; however, these symptoms
resolved and were not of sufficient magnitude to limit or
discontinue dietary changes. In addition, intervention group
participants, when compared with control participants, attributed beneficial effects to the dietary change, including improved bowel function and less fatigue.
In our diet-intervention study, baseline V&F intakes exceeded intakes observed in national surveys (23–25). The participants in our study may have been especially interested in
their diets because they had been recently diagnosed with
colorectal adenomatous polyps, providing motivation for making dietary changes. Other factors contributing to the high
intake observed at baseline could be related to demographic

characteristics of our population because V&F intakes have
been shown to increase with age and education (24). In addition, the CPRU V&F classification scheme, our methodology
for estimating V&F consumption from diet records, was designed to include V&F in mixed dishes in estimates of total
V&F consumption, which can result in a substantial increase in
intake estimates (23). Our V&F classification scheme also used
a uniform criterion of one-half cup to define a serving of raw
fruits rather than the combination of “one medium or one-half
cup fruit,” regardless of whether the fruit is generally consumed
as a single piece (i.e., one apple). Because many fruits yield
more than one-half cup, intake estimates may appear higher
when one-half cup, rather than one medium fruit, defines a
serving. For example, in a study that compared V&F intakes
estimated from 24-h recalls in fourth-grade students, fruit consumption was 0.7 servings higher when the CPRU V&F classification scheme was used to estimate intake compared to a
scheme which defined a fruit serving based on the following
options depending on the fruits consumed: one medium fruit,
one-half medium fruit, a wedge, and one-half cup (59).
Our intervention was conducted in a select group of highly
motivated individuals who considered participating in a study
focused on cancer prevention a worthwhile experience. All
participants had been diagnosed with colorectal adenomatous
polyps within the last 5 years and may have been aware that
they had a higher risk of developing colorectal cancer. Consequently, participants may have been particularly receptive to
making dietary changes compared to the general population.
However, the three randomized clinical trials conducted in
healthy volunteers, which had intervention goals similar to our
study and which used individualized approaches, also found an
approximate doubling in V&F consumption (28, 35, 39). In
addition, the five previously reported V&F intervention studies
(27–29, 35, 39), which had goals of increasing V&F intake to
at least eight servings a day, were conducted in populations
with different age, gender, and geographic characteristics.
These results suggest that intervention messages to increase
V&F consumption can be successful in healthy adult volunteers, as well as in high-risk adult populations. Selection bias
may still limit the generalizability of these intervention programs to the general population because a substantial proportion of eligible participants were not randomized into our study,
as with other trials (27, 29, 39), or studied volunteers who
responded to mass media advertisements (28).
Results of this study show that a group of individuals at
high risk for the development of colon cancer can successfully
increase V&F intake and maintain that increase over a 1-year
period. Significant changes in biological variables that may
mediate the preventive potential of V&F were observed. Some
of these biological changes show strong utility for the monitoring of dietary change at individual or population level. The
increase in V&F consumption was well accepted, participants
were enthusiastic about the diet, and long-term negative effects
were not reported or observed.
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