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Effect of fat, fibre, and beta carotene intake on colorectal
adenomas: Further analysis of a randomized controlled
dietary intervention trial after colonoscopic polypectomy

Robert MacLennan! mBBS, Finlay Macrae? MD, Christopher Bain? MBBS,
Ronald Newland* MD, Anne Russell! MMs, Michael Ward> MD, Mark L Wahlqvist® MD
and the Australian Polyp Prevention Project Investigators®

1Queensland Institute of Medical Research, Brisbane, Queensland, Australia
2Royal Melbourne Hospital, Melbourne, Victoria, Australia
3University of Queensland, Brisbane, Queensland, Australia

4Concord Hospital, Sydney, New South Wales, Australia

3Raval Brisbane Hospital, Brishane, Queensland, Australia
SInternational Health & Development Unit, Monash University, Clayton, Victoria, Australia

Randomized controlied trials of prevention targeting the biologically relevant intermediate end-points in the
adenoma-carcinoma seguence offer important and snusually valid information in a much shorter time frame
than if cancer is used as the end-point. We performed a randomized, partially double-blind, placebo-controlled
factorial trial to assess whether the following would reduce the incidence of colorectal adenomas in patients
after colonoscopic polypectomy for adenomas: (1) a reduction in fat 1o levels recommended for the prevention
of colorectal cancer; (ii) a daily supplement of wheat bran (25 g); or (i#i) daily beta carotene (20 mg)
supplements. Among the 424 patients who entered into the trial, complete outcome data were collected from
390 at 24 months and from 306 at 48 months. As previously reported, although low fat and added bran had no
effect on small adenomas, there was a reduction in the risk of large adenomas in the subgroup with both low fat
and added bran. Analyses of cutcome in good and poor compliers with the interventions show outcomes
consistent with the earlier analyses. In relation to low fat and bran, gender differences were found in the risk of
adenomas of any size, most of which were small, but not in adenoma growth as indicated by large adenomas.
Our results are consistent with the hypothesis that dietary fat and bran influence, possibly via the metabolism of
bile acids, the growth of small adenomas to large adenomas, but have no effect on the incidence of new small

adenomas. The latter may be more directly inflnenced by non-dietary, possibly genctic, factors.
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Introduction

Colorectal cancer develops, in the main, through an ade-
noma-to-carcinoma pathway, characterized by an accumula-
tion of mutations in oncogenes and [UMOUL SUPPrEsSOr genes.
A hyperproliferative mucosal state may precede this. Inter-
ventions that can favourably influence these stages in the
carcinogenic process promise prevention of malignancy.
Randomized controlled trials (RCT) of prevention targeting
these biologically relevant intermediate end-points offer
important and unusually valid information in a much shorter
time frame than if cancer is used as the end-point.

Four RCT of a dietary fibre intervention using adenoma-
tous polyps as the end-point have reported results to date.
The De Cosse er al. familial adenomatous polyposis (FAP)
trial demonstrated a reduction in rectal adenoma numbers in
patients randomized to wheat bran (22.5 g fibre supplement),
and antioxidant Vitaming C (4 g) and E (400 mg) but only
after 24 months and only when analysed on an actual intake
basis.!

The Toronto Polyp Trial in patients after polypectomy for
sporadic adenomas showed no effect of a low fat (< 20%
energy as fat), high fibre (total 50 g/day) diet on new ade-
noma occurrence as assessed by the proportion of patients
in the trial who developed one or more adenomas during
the average 2-year follow-up.? Adenoma size was not
considered.

A multicentre USA trial of wheat bran is in progress.
Preliminary results of faecal bile acids show a significant
reduction in the putatively carcinogenic secondary bile acids
especially with the wheat bran intervention.? Polyp data are
as yet unavailable.
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Dietary intervention and colorectal adenomas

The Australian Polyp Prevention Project was planned
cause of the inconclusive epidemiological evidence
garding dietary factors, Because a randomized trial with
ncer as the outcome would have been too large to be feasi-
e, the trial was conducted on patients under surveillance for
rther neoplasia following colonoscopic removal of colo-
ctal adenomas.
The preventive measures assessed in our trial were fat
uction, increased dietary fibre as a wheat bran supple-
ent, and capsules of beta carotene. At the initiation of the
al we judged these interventions to give the optimal bal-
ce of likely efficacy with high safety. The trial aimed to
sess the effects on the incidence of adenomas of the fol-
wing: (i) reducing fat to below the 30% level recommended
National Research Council guidelines for cancer preven-
n:* we targeted 25%; (i) increasing wheat bran intake (25
daily); and (iii) supplementing with beta carotene (20 mg
ily). We have previously reported design and implementa-
n,> adenoma outcomes,® compliance,” changes in serum
otenoids,’ and changes in serum cholesterol in relation to
blood group.? This paper analyses outcomes of adeno-
s in relation to sex and level of compliance.

ethods
e design and methods have been presented in detaif else-

ndamental eligibility criteria for patients were age
(-74 years); confidence by the colonoscopist following
lonoscopy that all polyps had been removed, that the
ecum was reached, and that the quality of examination was
t compromised by spasm or faecal residue in each segment
the colon; histology report of at least one adenoma; and
ned informed consent, Both new patients and patients seen
a surveillance colonoscopy following prior polypectomy
re eligible. Patients otherwise considered appropriate were
chuded if they had intestinal and other diseases or condi-
ns. Eligible patients were recruited in gastrointestinal units
collaborating centres in Brisbane, Melbourne and Sydney.
e prospectively documented 2780 colonoscopies with
orted polyps between October 1985 and April 1988; 559
re definitely eligible on the basis of histological report of
least one adenoma and confidence by the colonoscopist of
olyp free colon. Of these, 424 (76%) were recruited.

dy design and interventions
¢ three interventions were tested in a randomized trial with
X2 x 2 factorial design. Fat was to be reduced through
tary counselling to a target 25% of total energy (with at
St 30%) and was compared with an unmodified diet with
pect to fat. Far reduction was achieved by not adding
fter or margarine to foods at the table, by not eating visible
on meat, by avoiding fried foods and by use of low fat
products, but not through major changes to the diet that
uld affect other household members. Red meat was not
fuded in counselling. The fibre supplement consisted of
g of finely milled raw wheat bran used for the manu-
ture of All-Bran by Kelloggs (Australia) Pty Ltd, and con-
ing approximately 11 g dietary fibre. This was added to
diet and compared with nil bran supplement. Finally, all

. 555

patients took a cdpsule daily from calendar packs, either
20 mg of beta carotene or an identical-looking placebo sup-
plied by F Hoffmann-T.a Roche Ltd, Basel, Switzerland.

Eight distinct combinations of interventions were thus
available for comparison, with one-half of patients on any
one of the three main interventions, one-quarter on any two
of the interventions, and one-eighth on the combination of all
three. Patients recruited in the firsi 6 months of the trial and
randomized to beta carotene were given placebo capsules
until government approval to use this preparation of beta
carotene was obtained. Other interventions were not affected.
Thus, among patients with a 24-month surveillance
colonoscopy, 98% of those randomized to beta carotene had
at least 12 months on beta carotene and 74.2% had at least 18
months.

Sample size and randomization

After informed consent was obtained, patients were random-
ized 10 one of the eight diet intervention strategies. To make
the groups as similar as possible with respect to factors asso-
ciated with adenoma occurrence, prerandomization stratifica-
tion was undertaken by age (less than 55 years or 55 years
and older), city (Brisbane, Melbourne or Sydney) and sur-
veillance status (initial or follow-up colonoscopy).

Initial dietary assessment and counselling

On recruitment, patients were asked to complete a self-
administered 4-day food diary and a comprehensive quanti-
tative food frequency questionnaire asking about intake in
the previous 12 months. The diary incorporated two week-
days and the weekend. Initial counselling by a dietitian was
based on analysis of the 4-day diary.

Demographic and medical information

These included sex; date and place of birth; height; weight;
marital, educational and occupational status; and medical
history details,

Monitoring of compliance

Compliance with low fat and bran interventions was moni-
tored by telephone by the dietitian 1 week after counselling
and thereafter at regular 3-monthly contacts. These contacts
alternated between phone calls and interview and involved
the dietitian asking for a detailed recall of intake in the pre-
vious 24 h and an approximate jntake of food in the previous
week. This information was also used for further counselling.
Because of the potential for reporting bias to the counselling
dictitian, an independent assessment of dietary compliance
was based on 4-day diaries, with estimated amounts, admin-
istered by a research nurse at recruitment (prior to dietitian
contact) and thereafter every 6 months over a 2-year period
for all patients. At the same time capsule counts were done
and blood was taken by the nurse to measure heta carotene,
retinol and cholesterol.

Duration of the trial

Patients were initially recruited for a 24-month trial, although
this was subsequently extended in 78.5% of patients to 48
months.
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Outcome measures

Surveillance colonoscopy was performed at 24 and 48
months with colonoscopists blinded as to intervention. The
location, number and size of all polyps were recorded. Size
was estimated by calibration with the open biopsy forceps at
the time of colonoscopy. Those polyps retrieved were sent for
histology and were subsequently reviewed centrally by the
pathologist (RCN), who was blinded as to the intervention
status and who also subjectively graded dysplasia in
adenomas. Where a colonoscopy was indicated prior to the
routine 2-vear colonascopy, histology was recorded on all
polyps found in order to be later aggregated with 24 and
48 month colonoscopy data.

Statistical methods

Analyses were hased on intention to treat (i.e. on the initial
randomization) and included all patients with outcome infor-
mation irrespective of whether they remained in the trial or
the extent of their compliance. Only patients with a
colonoscopy at 48 months were included in the 48-month
results. Logistic regression was used to estimate the effect of
the three dietary interventions simultaneously and to allow
for the effect of potential confounders. Models were fitted
using EGRET. Estimates of effect are quoted as odds ratios
with 95% confidence intervals for the true values based on
maximum likelihood estimates of standard error.

Resulis

Randomizationr among the eight groups was apparently suc-
cessful with the eight groups being similarly distributed with
respect to demographic, dietary and other variables.® Central
pathological review failed to confirm an adenoma for 13 of
the 424 patients originally considered eligible and recruited
to the study. Of the remaining 411, no information on sur-
veillance colonoscopy at 24 months was available for 2],
including eight who died and nine who refused to continue.
The following results are therefore based on 390 patients
(94.9% follow-up) at 24 months and 306 patients at 48
months.

Multivariate analysis found that none of the interventions
showed a significant association with total adenomas at the
24- or 48-month follow-up, although with the low fat inter-
vention the odds ratios for large adenomas were 0.4 and 0.3
with confidence limits of 0.1-1.1 and 0.1-1.0, with P-values
of 0.06 and 0.05, respectively.t Wheat bran appeared to be
moderately protective against the risk of moderate plus

severe dysplasia, though not significantly (odds ratios and
confidence limits of 0.6 (0.2-1.6) and 0.7 (0.2-2.0) at 24 and
48 months). Interactions were found for the oatcome of large
adenomas between low fat and added bran, there being nil
large adenomas in the subgroup with low fat plus added
bran.® Logistic regression analysis was used o investigate
the effects of the low fat and bran interventions and showed
the interaction between the low fat and bran interventions to
be significant at the 5% level. The analytic model included
all three interventions together with potential confounders.

To evaluate the impact of compliance on the estimated
effect of the study interventions, outcomes in patients with
evidence of high compliance (80% or better) with each inter-
vention in the first 24 months of the trial were compared with
those with evidence of less compliance (Table 1). With par-
ticipants randomized to both low fat and bran interventions
there was a slightly higher proportion of smail adenomas
among sood {high) compliers, whereas there were fewer
large adenomas and adenomas with moderate or severe dys-
plasia among good compliers. With beta carotene, there was
a higher proportion of both small and large adenomas among
good compliers, and & lower proportion with dysplasia. None
of these differences was statistically significant.

Although there were no significant interactions among
the three interventions for the outcome of an adenoma of any
size, there was an interaction between sex and bran inter-
vention (P < 0.025). Analyses are presented separately for
men and women {Table 2). While all confidence intervals by
sex overlap, the point estimates of the odds ratios for total
new adenomas were increased in women but not in men in
relation to low fat intervention, but this was reversed for
added bran. The risk of large adenomas with low fat and with
added bran was reduced in both men and women; the reduced
risks were of borderline statistical significance for low fat in
males only at 24 months.

Diseussion

The analyses of outcome in relation to leve] of compliance
considered each intervention singly without adjusting for
other interventions. Thus, the placebo group, approximately
half of all subjects, comprised 75% assigned to low fat and/or
added bran. Low compliers for placebo capsules are likely to
have been low compliers for low fat and/or bran. Thus, in the
placebo group the differences in outcome of small and large
adenomas between low and high compliers are copsistent
with those in the low fat and bran groups (Table 1). Although

Table 1. Patients with adenomas at 24 months by allocated intervention and expressed by compliance with the intervention

Intervention
Fat reduction® Bran supplement® Beta carotene* Placebo capsule®
Poor Good Poor Good Poor Good Poor Good
No. patients 116 79 S0 103 37 161 31 161
Adenoma outcome
Nit 92 60 69 79 29 119 24 132
< 10 mm {%) 20(17.2) 18 (22.8) 17 (18.9) 21 (20.4) 7(18.9) 33 (20.5) 3(16.1) 23(14.3}
2 10 mm (%) 4{3.4) 1(1.3) 4 (4.4) 3(2.9) 1(2.7) 9(5.6) 2(6.3) 6{3.7)
Moderate or severe 8 (6.9) 3(3.8) 5(5.6) 2(1.9 2(54) 7(4.3) 4(12.9) 7 (4.3)
dysplasia present (%)

*Byidence of compliance with intervention target at least 80% of the time was defined as “good compliance” while less than 80% of the time was defined as

‘poor compliance’.
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able 2. Neoplasia at 24 and 48 months: odds ratios (and 95% confidence inteﬁéis) for the effects of the three interventions,

¥ SeX
utcome Sex Low fat Bran Beta carotene
4 months?
Any adenoma
Maleb 0.7(04, 1.3) 20(1.1,3.8) 1.2 (0.6, 2.2)
No. adenomas/No. subjects 30/139 36/132 33/132
Feialeb 1.7¢0.7,4.5) 0.6 (0.2, 1.5) 32(1.1,9.2)
No. adenomas/No. subjects 13/56 9/61 17/66
Adenoma = 10 mm
Maleb 0.2(0.1, 1.0 0.8(0.2,2.% 1.0{0.3,3.3)
No. adenomas/No. subjects 3/139 5/132 6/132
Femated 09(0.1,6.0) 0.5(0.1,3.1) 2404, 154)
No. adenomas/No. subjects 2156 2/61 4/66
months
Any adenoma
Maled 0.7 (0.4,1.2} 1.8(1.0, 3.4 1.1(0.6,2.0)
No. adenomas/No. subjects 34/110 397104 38/108
Female? 1.8 (0.6, 4.9} 0.7 (0.3, 1.9} 2.9(1.0,87
No. adenomas/No. subjects 12/41 10/46 16/48
Adenoms > 10 mm
Male? 0.2(0.1,1.0p 0.9 (0.2, 3.0) 1.9(05,7.2)
No, adenomas/No. subjects 3/110 5/104 87108
Femaled 0.50.1,6.1) 0.3 (0.0,4.2) 6.0(0.5,77.1)
No. adenomas/No. subjects 1/41 2/46 4748

[ statistically significant, this analysis in relation to com-
ance is consistent with the results of other analyses of out-
fe, especially of large adenomas in the low fat and added
and beta carotene intervention groups.

s with previous analyses there was no apparent effect of
Interventions on the occurrence of small adenomas.5 The
ce of large adenomas in the subgroup with low fat plus
d bran is consistent with the hypothesis that dietary fat
ran influence, possibly via the metabolism of bile acids,
rowth of small adenomas to large adenomas, but have no
ct on the incidence of new small adenomas.!0 The latter
) be more directly influenced by non-dietary, possibly
etic factors.

uring the trial measures based on capsule counts and
ri-term recall indicated that compliance was good to
lient in all arms of the trial (median compliance of indi-
als averaged 95% or greater for each). This will be
ted in detail elsewhere. In summary, a sustained average
0ld rise in serum beta carotene confirmed the high uptake
is intervention. In the bran intervention group, the diet
data suggest that the median increase over baseline was
t7 g dietary fibre per day. Changes in the low fat inter-
on group are more difficult to interpret, with diet diary
showing an apparent median 19 g per day decrease in
¢ across the first 2 years. However, given the parallel
1 reported energy intake, the absence of substantial
ht loss in this group suggests that this figure exaggerates
e decline. Nevertheless, despite the imprecision of
Wres of compliance, we found lower rates of lfarge
dinas among those estimated to be good compliers with
it and bran interventions. To us, this adds further support
Cintention to treat data, indicating protective effects of
at and added bran.

mber of patients for each model based on patients with data for all covariates in model; Padjusted for the number of adenomas at entry colonoscopy,
ber of adenomas prior to study entry and history of LBC in first degree relatives; 2 = 0.05; ¢adjusted as for model b, but excluding adenomas prior to
in order to fit the model. Numbers in parentheses represent 95% confidence intervals.

The gender differences (Table 2) in the incidence of
adenomas of all sizes, most of which are small, are unex-
plained. For fat they are in the opposite direction to those in
the Toronto trial which analysed total incident adenomas and
did not present separate analyses of large adenomas.? How-
ever, their outcomes in relation to bran are consistent with
our results: lower odds ratios in females. We found no gender
differences, for low fat and added bran interventions, in
adenoma growth as indicated by large adenomas (Table 2).
This is consistent with the bypothesis that non-dietary factors
influence the incidence of small adenomas, and dietary fac-
tors have a bearing on adenoma growth.
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