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Research Article

Introduction
Colorectal cancer (CRC) is the third most common cancer 
in both men and women in the United States, and it is 
estimated that by 2024, 1.6 million Americans will be diag-
nosed.1,2 The World Cancer Research Fund has estimated 
that 30% to 40% of all cancers can be prevented by appro-
priate diet and body weight, and this risk reduction is nearly 
70% for CRC.3 Furthermore, consuming whole grains and 
legumes as a source of dietary fiber is associated with 

reduced risk for CRC.4-6 Evidence also suggests that brown 
rice consumption at least one to two times per week,7 or 
daily cooked dry bean intake (1.5 cups/week) reduces risk 
for pre-cancerous adenomatous polyps.8 Rice bran and navy 
bean consumption each separately have shown dietary  
efficacy for reducing aberrant colonic polyp formation in 
animals. We and others have demonstrated observation and 
intervention feasibility of increased rice bran or navy bean 
intake among healthy adults and CRC survivors.9-13 The 
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Abstract
Purpose: Examine the feasibility and preliminary effects of a lifestyle intervention of rice bran plus navy bean 
supplementation, and physical activity (PA) education on intake of fiber and whole grains, and PA levels. Design: 
Randomized-controlled, single-blinded. Setting: Academic institution and free-living. Subjects: Adults >18 years, with 
≥1 adenomatous polyp removed within 3 years. Intervention: Participants received powder and pre-prepared meals 
and snacks that contained either rice bran (30 g/day) plus navy bean (30 g/day), or Fibersol-2® (10 g/day), for 12-weeks. All 
participants received a 1-hour (PA) education session. Measures: Feasibility was assessed by recruitment and retention 
rates, and compliance to the study foods and procedures. Three-day food logs were analyzed using Nutritionist Pro™ 
to estimate fiber intake, and the Automated Self-Administered 24-hour (ASA24®) Dietary Assessment Tool calculated 
Healthy Eating Index (HEI) whole grain and total scores. PA was measured using an ActivPAL™ accelerometer. Analysis: 
Continuous data were summarized as median, range, and percent change from baseline to post-intervention. Results: 
N = 20 (86.9%) completed the intervention. Compliance was 92% in the rice bran plus navy bean versus 89% in Fibersol-2®. 
Navy bean consumption increased from 2 g/day to 30 g/day, and rice bran from 0 g/day to 30 g/day. Fiber intake (g/day) 
increased by 73% versus 82%, HEI whole grain improved by 270% versus 37%, and HEI total improved by 10% versus 
9.1% in rice bran plus navy bean and Fibersol-2®, respectively. Total PA (MET-hours/day) showed minimal change for 
intervention (+0.04%) and control (+4%). Conclusion: Findings merit a larger trial of rice bran plus navy bean and PA 
to evaluate efficacy for dietary and cancer prevention-related outcomes.
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combination of rice bran/navy bean foods was palatable in 
a study of at-risk children with elevated cholesterol.14

Another important lifestyle factor with convincing evi-
dence for decreased incidence of CRC is physical activity 
(PA).15 Previous studies have observed associations between 
PA and colon cancer, with risk reduction ranging from 16% 
to 24%.16-18 Adherence to dietary and PA recommendations, 
such as those outlined by the American Cancer Society 
(ACS), World Cancer Research Fund, and American Institute 
for Cancer Research (AICR) is associated with reduced odds 
of having 3 or more adenomas colorectal adenomas.19-21

Thus, the objective of this pilot study was to evaluate a 
12-week rice bran/navy bean intervention among individu-
als at high risk for CRC, while measuring and educating par-
ticipants on PA. We assessed the feasibility of recruiting and 
retaining participants, compliance to study foods, compli-
ance to, and acceptability of study procedures, and finally, 
evaluated the effects of the intervention on fiber intake, 
whole grain intake, Healthy Eating Index (HEI), and PA. 
Our primary hypothesis was that the rice bran/navy bean 
intervention via study foods and as powder supplements 
would be feasible to improve healthy eating indices in all 
categories of fiber intake when compared to a fiber powder.

Methods

Participants and Study Procedures

Beans/Bran Enriching Nutritional Eating For Intestinal 
health & Cancer Including Activity for Longevity 
(BENEFICIAL) was a 12-week pilot randomized- 
controlled, single-blinded, two-arm dietary intervention 
with a combination of rice bran (30 g/day) plus navy bean 
(30 g/day) or a Fibersol-2® (10 g/day) as placebo control. 
Participants were eligible if they met the following criteria: 
(1) a healthy adult (≥18 years of age) who had 1 or more 
adenomatous polyps removed within the previous 3 years, 
(2) had not received adjuvant treatment such as chemother-
apy or radiotherapy with their surgical removal of polyps/
tumors, (3) not pregnant or lactating, or planning to become 
pregnant during the study, (4) no history of food allergies 
and/or major dietary restrictions, (5) ability to complete 
study questionnaires in English, and food logs electroni-
cally, and (6) willing to provide blood, urine, and stool 
samples as required by study protocol. The University’s 
Research Integrity and Compliance Review Board approved 

this study protocol (IRB 17-7464H). Written informed con-
sent was obtained from all individuals.

Participants who met eligibility criteria and consented to 
participate were randomized by body mass index (BMI) 
and sex to one of the 2 study groups. Participants completed 
3 scheduled study visits at baseline (week 0), midpoint 
(week 6), and post-intervention (week 12). Fasted blood 
samples were collected at 3 scheduled visits by venipunc-
ture. Blood was processed for serum lipid panel. Study 
ID-labeled containers were given to participants for self-
collection of stool (week 0 and week 12) and urine (week 0, 
week 6, and week 12). Blood, stool and urine samples were 
analyzed for non-targeted and targeted metabolomics (data 
not reported here). Participants visited the study site bi-
weekly to pick up study foods/powders, return empty con-
tainers from completed study foods, and check compliance. 
The CONSORT diagram is shown in Figure 1.

Study Foods

Sixteen different meal and snack food items were devel-
oped for each of the study arms (control group and rice 
bran/navy bean intervention group). The control study 
foods were isocaloric-matched to the intervention foods 
without the inclusion of rice bran or navy bean. Intervention 
foods had 10 g of heat stabilized rice bran and 10 g of  
pre-cooked navy bean powder using a similar design to our 
published study food protocols.9,12 Nutritionist Pro™, a diet 
analysis software, was used for a complete nutritional anal-
ysis on each meal/snack recipe (Axxya Systems, Redmond, 
WA). Pre-cooked navy bean powder was purchased from 
Archer Daniels Midland (ADM) Edible Bean Specialties, 
Inc (Decatur IL). Heat-stabilized rice bran (RBT300) was 
purchased from Rice Bran Technologies (Sacramento, CA). 
Fibersol-2®, digestion-resistant maltodextrin soluble corn 
fiber was purchased online. Western Innovations (Denver, 
CO) packaged the study powders into blinded sachets for 
the control group (10 g Fibersol-2®) and intervention group 
(10 g of heat-stabilized rice bran and 10 g of pre-cooked 
navy bean powder). Table 1 shows calorie (kcal) and fiber 
(g) for study foods and study powders used for each group.

Dietary Intervention

Every other week, both intervention and control participants 
were provided with a 2-week supply of study foods and study 
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Figure 1. CONSORT flow diagram.
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powders along with storing, thawing and reheating instruc-
tions.12 To ensure participants remained blinded, study-pro-
vided foods and powders were coded so that only the study 
coordinator was aware of group assignment. Participants in 
the control group received one 10 g/day Fibersol-2® powder, 
and 2 study foods that contained small amounts of fiber (see 
Table 1). Participants in the intervention group began with 1 
study food (or powder) item per day for the first 2-weeks. 
There were 2 study food (or powder) items consumed per day 
by week 4, and by week 6, the participants were consuming 
the full dose of 3 study food items daily for the remainder 
6-week duration of the study for a total of 30 g rice bran and 
30 g navy bean powder). Participants were free-living for the 
daily dietary foods consumed in addition to the intervention. 
The study provided meals, snacks and powders supplied 
~35% of the daily caloric intakes.

Physical Activity Education

Participants in both control and intervention arms met indi-
vidually with a health and exercise science-trained graduate 
research assistant who provided a 1-hour PA education ses-
sion specific to CRC prevention. The topics included the 
benefits of PA for CRC control and prevention,18 summariz-
ing the PA guidelines for cancer prevention.22 As part of this 
session, participants were also offered behavioral support 

for PA using strategies based on social cognitive theory,23 
such as goal setting, PA barrier identification, and problem-
solving PA barriers, and environmental resource (ie, local 
PA facilities and programs).

Outcome Measures

Participants completed a 3-day food log at baseline, 
6-weeks, and post-intervention (12-weeks), which included 
recording all food and drink consumed on 2 weekdays 
(Monday-Thursday) and 1 weekend day (Friday-Sunday), 
as previously described.9,12 The participant food logs were 
analyzed using Nutritionist Pro™ (Axxya Systems, 
Redmond, WA) to estimate and caloric and fiber intake, and 
macronutrient and micronutrient consumption. The 
Automated Self-Administered 24-hour (ASA24®) Dietary 
Assessment Tool was used to calculate the Healthy Eating 
Index (HEI) for each participant. ASA24® is a web-based 
tool that enables multiple, automatically coded, self-admin-
istered 24-hour recalls and/or single or multi-day food 
records, also known as food diaries. It is based on the 2015 
Dietary Guidelines for Americans. A SAS macro (SAS 
Institute Inc., Cary, NC) which incorporated nutritional 
composition of rice bran and navy beans was utilized to cal-
culate HEI in the current study.

PA was measured using an activPAL accelerometer (PAL 
Technologies, Glasgow, Scotland). The activPAL quantifies 
free-living sedentary and ambulatory activities. It has been 
validated as one of the most accurate wearable activity 
monitors and has previously been used in healthy adults as 
well as cancer survivors.24-26 The activPAL activity monitor 
is a small device worn on the anterior thigh that uses infor-
mation about static and dynamic acceleration to (1) distin-
guish body posture as sitting/lying, standing and stepping 
and (2) estimate energy expenditure (EE) (expressed as 
metabolic equivalents (METs)).26 The activPAL was 
wrapped in a nitrile sleeve for waterproofing and attached 
to the anterior aspect of the right thigh with Tegaderm 
dressing. Participants wore the activPAL for 7 consecutive 
days, 24 hours per day, for the week immediately following 
the baseline study visit. Participants were asked to record 
times of activPAL removal and sleep/wake-up times. Data 
was downloaded using the activPAL software (v. 7.2.38) 
and summarized using the activPAL Processing package in 
R.27 Days of data collection required at least 600 minutes 
(10 hours) of wear time to be considered valid. Non-wear 
periods were excluded from analyses; these were defined 
using participant logs and verified via visual inspection of 
the accelerometer data. A cadence based linear regression 
was used to estimate total MET hours and time spent in 
sedentary (METs <1.5), light (METs 1.5-2.99), and moder-
ate-to-vigorous (METs ≥3) intensity activity per day.26 
Each variable was summed between all valid days and 
divided by valid days to calculate daily values.

Twelve-hour fasted blood samples were collected 
between 7:00 am and 11:00 am. Blood was drawn through 

Table 1. Caloric and Fiber Content of Study Foodsa.

Calories (kcal) Fiber (g)

 Control Intervention Control Intervention

Berry smoothie 161 184 6.5 10.5
Baked pasta 

marinara
242 378 4.1 13.4

Tomato basil soup 166 159 2.2 6.9
Homemade chili 243 331 7.7 12
Caraway crackers 337 335 6.3 11
Cheesy biscuit 171 220 0.4 5.1
Cranberry/apple 

granola
356 334 7.7 10.4

Energy date bites 165 265 3.5 10.3
Hummus 116 144 10.8 13.8
Butternut squash 

soup
267 273 5.5 8.8

Southwest chicken 
bake

341 331 3.3 7.7

Pizza 270 240 4.1 13.5
Chipotle meatball 216 442 0.6 5.5
Banana nut muffin 251 253 3 6.7
Waffle 267 172 0.4 5.2
Study powdersb 11 63 8.8 5.6

aTwo foods and 1 study powder packet were consumed by all 
participants. Intervention group received 10 g rice bran/10 g navy beans 
per meal/snack. Control study foods were macronutrient matched.
bStudy powder packet contains 10 g Fibersol-2® (soluble corn fiber) or 
10 g rice bran/10 g cooked navy bean powder. Study powders packets 
were self-incorporated by participants into daily diet.
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venipuncture into EDTA tubes (Greiner bio-one, Monroe, 
NC) and immediately stored on ice. Total cholesterol, HDL, 
and LDL were measured with PiccoloÒ Lipid Panel Plus 
(Abaxis, Inc, Union City, CA). Urine and stool samples 
were self-collected within 24 hours of their scheduled 
appointment and stored as previously described for metabo-
lite profiling analysis (data not included).10,28

Randomization and Statistical Analyses

Participants were randomized in blocks, 1:1 to the interven-
tion and control arm. Randomization was stratified by sex, 
cancer stage (0 or 1), and BMI at time of consent. The proj-
ect statistician generated the randomization schedule, and 
was concealed from the study coordinator until a participant 
was enrolled and ready to be randomized.

The primary outcomes of this feasibility study were (1) 
participant recruitment and retention, (2) compliance to the 
study foods, (3) compliance to, and acceptability of study 
procedures, and (4) collection of preliminary data examin-
ing changes in fiber intake, whole grains, total HEI score, 
and physical activity. Participant recruitment and retention 
was based on accrual and study attrition. Compliance to the 
dietary intervention was determined by (1) recording the 
study meals and snacks that participants consumed each 
day divided by the total number provided to calculate per-
cent compliance, and (2) the percent of daily caloric intake 
due to rice bran/navy bean consumption. To calculate the 
percent of daily caloric intake due to rice bran/navy bean 
consumption the following equation was used:

% dry bean and rice 

bran consumed

kcal rice bran/navy= [(189   bean 

 dry bean  rice bran

Consumption from diet  

 aver

+

÷

&

)

aage daily kcal]×100

Compliance to study procedures was based on comple-
tion of blood draws, urine and stool sample collections. For 
the activPAL accelerometer, compliance was defined as 
≥10 hours of wear time per day, for ≥4 days, with at least 
on weekend day. Acceptability of study foods was based on 
responses to a participant satisfaction questionnaire, admin-
istered at the end of intervention. Continuous data were 
summarized and presented as median, range, and median 

percent change from baseline to post-intervention within 
the intervention and control group.

Results

Recruitment and Retention

We aimed to recruit 20 participants to complete the 12-week 
intervention within the course of approximately 1 year. 
Recruitment and study participation occurred between 
September 2017 to December 2018 and consisted primarily 
of announcements to the University’s faculty/staff list serve 
via emails, and flyers distributed to gastroenterology cen-
ters and the regional cancer center. A total of 68 individuals 
were assessed for eligibility, 23 enrolled, for a 33.8% 
accrual rate. Of the 23 participants randomized to one of the 
2 study groups, 20 completed the intervention between 
September 2017 and December 2018, for a retention rate of 
86.9%. Three participants withdrew from the trial due to 
constipation (N = 1), preferred to join weight watchers 
(N = 1), or didn’t like the food (N = 1). No adverse events 
were reported. Participant flow through the study is shown 
in Figure 2, and baseline participant characteristics are 
shown in Table 2.

Compliance to Study Foods

Compliance to the rice bran and navy bean intervention 
averaged 92% (range 80%-100%) compared to 89% (range 
82%-100%) in the Fibersol-2® control. The intervention 
group increased consumption of dry beans from 2 g/day at 
baseline to 30 g/day at post-intervention, and increased con-
sumption of rice bran from 0 g/day at baseline to 30 g/day at 
post-intervention. Figure 3 illustrates percentage of total 
caloric intake accounted for by rice bran and navy beans at 
baseline, mid-point, and post-intervention.

Compliance to, and Acceptability of Study 
Procedures

Of the 20 participants who completed the intervention, 
N = 11 (55%) completed optional bi-weekly blood draws, 
and N = 20 (100%) completed the required blood draws (at 
baseline, midpoint and endpoint). All participants, N = 20 

Figure 2. Study design.
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(100%) supplied urine samples for three-time points (base-
line, week 6 and week 12). Of the 20 participants who com-
pleted the intervention, N = 19 (95%) supplied stool samples 
at baseline and post-intervention. Of the 40 activPAL data 
collections (20 participants × two-time points), N = 20 
(100%) were compliant with procedures and provided valid 
data. At the completion of the intervention, 16 (80%) of par-
ticipants completed the intervention satisfaction question-
naire. Detailed information from this questionnaire is shown 
in Table 3. Overall, participants were very satisfied with 
their experience in the study and would encourage others 
with increased risk of CRC to participate. The majority of 
comments provided were related to study foods and per-
sonal preferences.

Changes in Dietary Fiber, Whole Grains, HEI, 
and PA

Compared to baseline, post-intervention median scores for 
fiber intake and total HEI score increased by a similar mag-
nitude, whereas HEI whole grain score increased to a much 
greater extent in the intervention group (Table 4). As 
expected, there was minimal change in PA from baseline to 
post-intervention in both the intervention and control group, 
with the largest magnitude of change in light PA (Table 4).

Discussion

A dietary fiber intervention using a combination of rice bran 
and navy bean among individuals at high risk for CRC (i.e., 
previous adenomatous polyps removed) has potential to 
become a high impact lifestyle intervention for primary 
and secondary CRC prevention. Notably, no previous stud-
ies have examined the feasibility and acceptability of the 
dietary combination of rice bran and navy bean for increas-
ing dietary fiber and while also addressing other healthy 
lifestyle factors such as physical activity. The results from 
this pilot study support the feasibility and acceptability of a 
rice bran and navy bean intervention that included physical 
activity education. Recruitment was timely, compliance to 
study foods and procedures was high, and the intervention 
was overall well-received, with participants providing con-
structive feedback regarding study foods and procedures. 
Results from this study also provided support for practical 
means to improve daily fiber intake, overall diet quality, 
and specifically, whole grain intake.

Total HEI score increased in both the intervention and 
control group, and HEI whole grain score increased to a 
greater extent in the intervention group. The HEI-2015 
scoring system ranges from 0 to 100 and has an overall HEI 
score that is made up of 13 components that reflect the  
different food groups and key recommendations in the 2015 
to 2020 Dietary Guidelines for Americans.29 Higher HEI 
scores have been associated with decreased risk for CRC in 
men and women.30 The total HEI-2015 score for Americans 
is 59 out of 100, indicating that average American diet 
does not conform to dietary recommendations.31 Dietary 
Guidelines for Americans suggests eating 6 ounces of grains 
each day and half of your grain intake as whole grains 
(based on a 2000-calorie diet), which would equate to a HEI 
score of 10 out of 10.32 Studies have shown that increase of 
whole grains is associated with decreaded risk of colorectal 
cancer recurrence and mortality,33 and insufficient whole 
grain consumption is a leading dietary factor associated 
with preventable cancer burden.34 At baseline, none of the 
participants in the current study achieved a HEI whole grain 
score of 10, but at post-intervention N = 11 in the interven-
tion group scored a 10 (compared to N = 0 in the control 
group at post-intervention). Taken together, our findings 
support improvement in overall HEI score with 

Table 2. Baseline Study Participant Characteristics Across 
Study Groupsa.

Control (N = 9)
Intervention 

(N = 11)

Age (years) 58.9 ± 7.8 59.18 ± 9.3
  
Sex
 Males (%) 4 (45%) 6 (55%)
 Females (%) 5 (55%) 5 (45%)
  
BMI (kg/m2) 29.5 ± 2.2 (29.3) 25.9 ± 3.6 (24.7)
Total Cholesterol 

(mg/dL)
197.9 ± 35.4 (186) 196 ± 42 (194)

LDL (mg/dL) 109.7 ± 30.2 (101) 112.1 ± 30.8 (115)
HDL (mg/dL) 62 ± 7.0 (62) 62.7 ± 16 (59)
Triglycerides (mg/dL) 131.8 ± 58.9 (133) 126 ± 59.4 (94)
  
Family history of colorectal cancer
 Yes 3 (33.3%) 3 (27.3%)
 No 6 (66.6%) 8 (72.7%)
  
History of diabetes
 Yes 1 (11.1%) 2 (18.2%)
 No 8 (88.8%) 9 (81.8%)
  
Previous smoker
 Past 1 (11.1%) 0 (0%)
 No 8 (88.8%) 11 (100%)
  
Cancer stage
 Stage I 2 (22.2%) 2 (18.2%)
 No stage 7 (77.7%) 9 (81.8%)
  
Ethnicity
 Caucasian 7 (77.7%) 9 (81.8%)
 Asian 1 (1.1%) 2 (18.2%)
 Hispanic 1 (1.1%) 0 (0%)

aValues are reported as mean ± standard deviation (median).
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Table 3. Participant Satisfaction Survey.

Question
Response [median 

(% 4 or 5)] Comments

Overall, how satisfied were you with 
your experience participating in the 
BENEFICIAL study? (5 point scale from (1) 
very dissatisfied to (5) very satisfied)

5 (93.8) Thanks to [study coordinator name] for her encouragement, 
advice, and information. She was wonderful! And thanks to 
[study PI] for her knowledge and heart for helping people.

[. . ...I learned a lot and have made many lifestyle changes. I 
certainly don’t feel like I have arrived yet but do know that I’m 
headed in the right direction].

The team was amazing! I really enjoyed getting to know the ladies 
throughout this process. I really learned a lot more about my 
body and am making an effort to get more fiber in which is 
difficult.

Totally satisfied.
How likely is it that you will continue to 

eat fiber rich foods in your everyday life? 
(5 point scale from (1) very unlikely to (5) 
very likely)

5 (93.8)  

If fiber rich foods that you consumed during 
the trial were commercially available, how 
likely would you be to purchase them? (5 
point scale from (1) very unlikely to (5) very 
likely)

4.5 (81.3) The snackier type foods are easier to fit into the day. (muffins, 
biscuits, smoothies, etc. they can be grabbed as a quick snack. 
the soups and quiche types take a bit more effort to fit into a 
meal making them a less convenient to use. The powder has a 
slightly ‘slimy’ mouth feel that makes it less palatable to add to a 
normal drink during the day. Hope this helps.

If there were good products, and a wide variety of products, I 
would be inclined to purchase them on a fairly regular basis in 
the interest of ingesting significantly more fiber.

The study foods became boring after just a few weeks, and 
because they satisfied most of my appetite during the day, I ate 
little else, becoming at the end of the study almost desperate 
for variety and flavor in my meals. However, it was easy and 
satisfying to develop a habit of making a smoothie every 
morning that included a packet of the powder.

 (continued)

Figure 3. Rice bran and navy bean consumption.
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Question
Response [median 

(% 4 or 5)] Comments

The pizzas were inedible. I would discourage foods that 
incorporate the fiber powder in dough. Also, it was difficult 
to use the fiber powder in daily foods without adding more 
food than I normally eat. I could only tolerate the powder in 
chocolate milk and oatmeal, neither of which are foods I eat 
regularly. A long list of foods that the powder could easily be 
added to would be very helpful, and a list of recipes for the 
meals provided would be appreciated (the chili, chicken bake 
and pasta sauces were good).

I enjoyed the study food I actually found the food tasty but being 
gluten free didn’t have too many options for twice a day meals 
but I had to get a little creative. I feel since the study has ended 
that I am left trying to maintain my healthy food habits. I would 
like to recommend some recipe options and where I can find 
some powders like the ones provided to incorporate into my 
foods.

I would have preferred more food options that were not starchy. 
I found I preferred drinking the water with fibre powders mixed 
in to eating some of the foods. Even the foods I liked I found 
were more caloric than what I would have eaten normally.

I really appreciated the support and willingness to work with me 
during the study. Most of the foods were so very good. Would 
love to have recipes available so I could make some of it. Also I 
have developed a taste for hummus. Had never tried it before. 
I think the food log should be handed in each month. It would 
make it easier to keep track of. Thank you for this opportunity.

How valuable was the physical activity 
education session in helping you increase 
your physical activity or maintain an active 
lifestyle? (5 point scale from (1) not valuable 
at all to (5) very valuable)

3.5 (50)  

Would you be interested in participating in 
an exercise intervention or program? (5 
point scale from (1) very disinterested to (5) 
very interested)

4 (62.6)  

Would you have been interested in 
participating in this study if it were 
6 months duration? (5 point scale from (1) 
very disinterested to (5) very interested)

4 (62.6)  

Would you encourage others with 
colorectal cancer risk factors to 
participate in this study? (5 point scale 
from (1) very unlikely to (5) very likely)

5 (100)  

Do you feel better informed about 
colorectal cancer prevention guidelines? 
(5 point scale from (1) strongly disagree to 
(5) strongly agree)

4 (81.3) Excellent study, which raised my awareness quite a bit.

I really enjoyed this study but would like some follow up on 
keeping a healthy colon.

Table 3. (continued)

fiber supplementation, and improvement in whole grain 
component score for the intervention group. Contributions 
of other macronutrients, and total caloric intake are shown 
in Supplemental file 1.

While both the control and intervention groups received 
daily fiber, the intervention group maintained higher 

amounts at week 6 and week 12. There is a general guide-
line, 14 g of fiber per 1000 calories intake in the diet.35 
Currently the dietary reference intakes (DRI) for adult’s 
total fiber ranges between 21 and 38 g/day depending on 
age and sex, with less than 3% of Americans meeting rec-
ommended intake.36 Dietary fiber is a major macronutrient 
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with convincing evidence for decreased risk of CRC.37 
Hayes et al38 reported that dietary fiber was associated with 
decreased risk of colon adenoma. The National Institutes of 
Health-AARP Diet and Health Study showed fiber specifi-
cally from whole grains and legumes (namely, beans) was 
associated with a lower risk of CRC.39

Although the results of this intervention are promising, 
several limitations should be considered. There was a small 
sample size, yet it was sufficient for a pilot trial design and 
supports feasibility for recruiting larger cohorts to evaluate 
changes in efficacy outcomes such as colonic inflammation 
and recurrence of polyps-neoplasia. Also, a majority of 
participants enrolled were already achieving high levels of 
PA at baseline, and thus we did not anticipate substantial 
increases in PA due to the education intervention. Future 
investigations with this dietary intervention may seek out 
sedentary or inactive individuals, and include a supervised 
PA intervention component.

One strength of this study was the novel and practical 
approach using “real foods” (eg, snacks, casseroles, etc.) 
that are commonly consumed, yet with inclusions of rice 
bran/bean powders. This approach allowed for flexibility 
in participants’ free-living environment, and likely contrib-
uted to the high compliance rates. While preliminary, our 
results demonstrate increased rice bran/navy bean con-
sumption with subsequent improvements in whole grains 
and overall diet quality. These results are encouraging 
when integrated with the monitoring of physical activity. 
Further, the investigation of microbiome and metabolome 
changes are additional tools that will help us to better 
understand the metabolic mechanisms in the prevention of 
neoplastic lesions into colon cancer, and through mitiga-
tion of inflammation.10,28,40

In summary, a lifestyle intervention, which includes 
both a dietary component of rice bran and navy bean and 
PA promotion, represents a plausible strategy for primary 

and secondary CRC prevention. A larger randomized con-
trolled trial is needed to evaluate efficacy, and to explore 
the physiologic mechanisms for cancer prevention (eg, 
microbiome, metabolomics, inflammation).
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