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Summary A study is reported in which the preva-
lence of symptomless diverticular disease

of the colon is related to the consumption of dietary
fibre in vegetarians and non-vegetarians. Vegetarians
had a significantly higher mean fibre intake (41&middot;5 g/day)
than non-vegetarians (21&middot;4 g/day). Diverticular disease
was commoner in non-vegetarians (33%) than in vege-
tarians (12%). Comparison of subjects with and without
diverticular disease in the vegetarian and non-vegetar-
ian groups provided some further evidence that a low in-
take of cereal fibre is associated with the presence of di-
verticular disease.

Introduction

DIVERTICULAR disease of the colon occurs frequently
in westernised populations eating little dietary-fibre and
rarely, if at all, in African communities where fibre con-
sumption is high.’ The incidence of the disorder is also
believed to have risen during the past 100 years in a
number of western countries as the intake of dietary
fibre has fallen.’ These reported associations do not

necessarily imply a cause-and-effect relation between a
low intake of dietary fibre and the risk of diverticular
disease, not only because the population groups con-
trasted have differed from one another in many ways
other than fibre intake,2 but also because the data on
which the analyses have been based are of doubtful
quality.

Patients with proven diverticular disease have been

reported to have a lower crude fibre intake than healthy
controls;3 however, the findings related to diet after the
onset of symptoms, and fibre intake may have been
altered as a result of the disease. We have, therefore,
studied dietary fibre intake in symptomless volunteers
living in southern England in relation to the presence or
absence of diverticular disease shown by radiology.

Subjects and Methods
Volunteers

Two groups of subjects aged 45 years and over were studied.

The first group was intended to be broadly representative of
the general population and comprised 264 patients (selected
from the lists of Oxford general practitioners) who agreed to
submit to a barium follow-through examination. The second
group comprised 56 symptomless members of the Vegetarian
Society of the United Kingdom living in southern England. 12
of these had been vegetarians since childhood, 14 for more

TABLE I-AGE AND SEX DISTRIBUTION OF VOLUNTEERS IN THE

TWO STUDY GROUPS

than 25 years, and the remainder for at least 10 years. The age
and sex distribution of the two groups of subjects is shown in
table i.

Dietary Methods
Full details of dietary methods will be published elsewhere.

Briefly, two approaches were used-a comprehensive question-
naire, based on the principles described by Burke4 and con-
cerned with recent food consumption; and a 3-week dietary
diary which was kept by 12 of the subjects under study and
used to validate the questionnaire. The questionnaire was com-
pleted during a semistructured interview (conducted by A. W.
or J. G.) for 189 non-vegetarians and 55 vegetarians. Proxi-
mate food constituents and fibre content were calculated from
standard values obtained from the tables published by
McCance and Widdowson.5 Daily dietary fibre intake esti-

Fig. I-Total fibre intake estimated from the dietary question-
naire (D. Q.) in relation teetotal fibre intake estimated from
dietary diary.
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mated from the questionnaire correlated closely with that from
the 3-week diary (fig. 1).

Radiological Methods
Details of the method used and its validation have been pub-

lished.6 Each participant ingested 120 ml of barium sulphate
(’Baritop 100’) in three divided doses, 6-8 h apart, 5 days
before a simple supine radiograph of the abdomen was taken.
In a few instances a second radiograph was necessary because
retention of large amounts of barium in the lumen of the colon
might have obscured diverticula. The technique used ensured
that the radiation doses involved were in line with the recom-
mendations of the World Health Organisation for volunteers
in a research project.’
The radiographs were examined by a consultant radiologist

(D. N.) and a physician (J. G.) who had no knowledge of either
the dietary-fibre intake or the identity of the individual con-
cerned. Diverticular disease was considered to be present if any
diverticula were detected in the transverse, descending, or sig-
moid colon.

Results

The total dietary fibre intake of the vegetarians was
much greater on average than that of the non-vegetar-
ians (fig. 2). Mean (&plusmn;s.D.) total dietary fibre intake for
the vegetarians was 41.5 (&plusmn;12.6) g and that for the non-
vegetarians was 21.4 (&plusmn;8.2) g; t=13.9, P<0.001. Diver-
ticular disease was consistently found more frequently
amongst the non-vegetarians (table II), the overall dif-
ference between the two groups being significant at the
1% level (X.21=9.93, P<0-O1). There was a strong associ-
ation between age and diverticular disease in the non-

vegetarian group (fig. 3), and also a suggestion that
diverticular disease in both vegetarians and non-vegetar-
ians occurred more frequently in men than women in
the younger age-group, but more frequently in women

Fig. 2-Comparison of total fibre intake in the non-vegetarian
and vegetarian groups.

TABLE II-PREVALENCE OF DIVERTICULAR DISEASE IN

NON-VEGETARIANS AND VEGETARIANS BY AGE AND SEX

Nos. in parentheses refer to percentages.

TABLE III-MEAN FIBRE CONSUMPTION OF 189 NON-VEGETARIANS
AND 55 VEGETARIANS WITH AND WITHOUT DIVERTICULAR

DISEASE

Results given in gis.D.
Difference between subjects with and without diverticular disease:
*t=2.24, p=0.026; tt=1.80, N.s.; tt=l’74, N.S.

than men in the older age-group (table II); however, this
difference is not statistically significant.

Vegetarians with diverticular disease appeared to

have a lower mean intake of cereal (and total) fibre than
those unaffected by the disease (table III), but this differ-
ence did not reach statistical significance. Non-vegetar-
ians without diverticular disease consumed significantly
less vegetable fibre than those with the disorder (table
III).

Because of the important association between diver-

Fig. 3-Relation of distal diverticular disease to age in the non.
vegetarian group.
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TABLE IV-MEAN FIBRE CONSUMPTION OF 100 NON-VEGETARIANS
AND 23 VEGETARIANS AGED 60 YEARS OR OVER WITH AND

WITHOUT DIVERTICULAR DISEASE

Results given in g&plusmn; S.D.
Difference between subjects with and without diverticular disease:
*t=2.11, p=0.037; tt=2.31, p=0.023; =3-03, p=0.006; t=2.16,
p=0.042;<!!t=2.56,p=0.018.

ticular disease and age, the data were considered separ-
ately for younger and older subjects. Subjects >59 years
old with diverticular disease had a significantly lower
total mean fibre intake than those without in both the

vegetarian and the non-vegetarian groups (table iv).
This difference was chiefly accounted for by a difference
in cereal fibre intake in both vegetarians and non-vege-
tarians ; in addition, vegetable fibre intake tended to be
lower in vegetarians with diverticular disease. Further
subdivision of the data indicated that this difference in
the older age-group was largely confined to women.

Study of the younger age-group revealed one significant
difference in the fibre intake of affected and unaffected

individuals-non-vegetarians with diverticular disease
consumed more vegetable fibre than those without.
Examination of data among individuals whose fibre

intake was considered to be "stable" during adult life
showed an overall difference in total and cereal fibre

consumption between affected and non-affected subjects
in both study groups. This difference was apparent in
most of the subgroups, but small numbers precluded sta-
tistical analysis, and the data are therefore not presented
here. The data were also re-examined according to dif-
ferent definitions of diverticular disease (e.g., the pre-
sence of three or more diverticula). The findings were
essentially similar to those already described.

Discussion

There is little reliable information on the prevalence
of symptomless diverticular disease. Most authors who
have provided estimates have failed to define the disease
under investigation, and only one study, done in Den-
mark, relates to a randomly selected population of which
52% agreed to take part. The prevalence of symptom-
less diverticular disease in this Danish study was related
to age, being 7% in those below the age of 50 years and
43‘c in those above that age.
We attempted to determine whether the non-vegetar-

ians in our study were representative of all individuals
over 45 years of age on the list of the participating prac-
titioners, by investigating as many as possible of 100
randomly selected individuals; we had approached most
of the subjects in the study only once, and participants
were therefore largely self-selected. In the sample of 100,
however, further letters were sent to those not respond-

ing to the initial approach. The prevalence of diverticu-
lar disease among those of the 100 subjects who res-
ponded to the initial request was 39% (13 affected out
of 33, 2 films unsatisfactory), which was similar to the
31% (6 affected out of 16, 1 film unsatisfactory) among
those who required further follow-up..However, alto-
gether only 52 subjects were X-rayed. Of the remaining
48, 9 had moved and 39 refused to participate. The par-
ticipation-rate in the intensively followed group was
therefore 57% (52/91), and the prevalence-rates we have
reported may not be representative. Nonetheless, the
prevalence of diverticular disease in non-vegetarians in
the present investigation is similar to that reported in
the Danish study and a little higher than that reported
from Oxford by Manousos and his colleagues in 1967.9
Our study confirms the association between dietary

fibre and diverticular disease, but it also raises some

questions. Asymptomatic diverticular disease occurred
significantly less frequently amongst vegetarians than
amongst non-vegetarians consuming significantly less

cereal, vegetable, and fruit fibre. Vegetarians and non-
vegetarians differ in ways other than in their dietary
fibre intake; hence "within-group" comparisons are im-
portant. The differences in fibre intake between affected
and non-affected individuals in both the vegetarian and
the non-vegetarian groups were largely confined to older
females, although in the vegetarian group as a whole
there was a definite trend towards a higher consumption
of total and cereal fibre amongst those individuals who
did not have diverticular disease.

There are two possible explanations for the different
effects in different age-groups. Firstly, diverticular dis-
ease is common and strongly related to age; accordingly,
diverticula will eventually develop in many disease-free
young individuals. Secondly, younger people may have
a less stable eating pattern, which could mask any rela-
tion. Examination of data from only those individuals
who reported a stable fibre intake during adult life
showed an overall relation between diverticular disease
and dietary fibre consumption. This relation, based on
a small number of observations, was not statistically sig-
nificant.

It is more difficult to explain why the difference in
fibre consumption between those with and without di-
verticular disease was more striking amongst women.
This was apparent in both vegetarians and non-vegetar-
ians. We have also found a difference in bowel transit-
time between men and women (to be published) and,
considered together, these findings suggest that the sex
difference not be due to chance.

This study has shown a relation between symptomless
diverticular disease and consumption of dietary fibre.
Furthermore, it appears that fibre of cereal origin is the
most important component of dietary fibre for protec-
tion against diverticular disease. This finding is consis-
tent with a number of other observations. Cereal fibre
is poorly digested by colonic bacteria,1O and it has a
mamum effect on increasing stool-weight and reducing
transit-time." Cereal fibre used therapeutically in pa-
tients with diverticular disease produces improvement in
symptoms and reduces the abnormally high intrasig-
moid pressures.12,13 It is concluded that an adequate in-
take of cereal fibre appears, in females at least, to pro-
tect the colon against the development of diverticular
disease.
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Summary 24 cases of adult acute leuk&aelig;mia, of
which 21 were evaluable, were treated in

irreversible relapse with high-dose piperazinedione and
supralethal total-body irradiation (T.B.I.) in conjunction
with autologous marrow transplantation (A.B.M.T.). The
grafted marrow cells had been collected and stored in
liquid nitrogen at the time of remission. In 12 patients
the marrow cells were fractionated on discontinuous
albumin gradients in an attempt to separate normal cells
from residual leuk&aelig;mic cells. 11 patients achieved com-
plete remission (C.R.); 7 other patients had signs of
engraftment but died before C.R. The median remission
duration was 4 months (2-14). 6 of 9 acute myeloblastic
leuk&aelig;mia patients, in whom bone-marrow transplan-
tation was the first treatment of relapse, achieved C.R.
4 of 5 patients with acute lymphoblastic leuk&aelig;mia,
whose bone-marrow cells were collected during first

remission, reached C.R. Autologous bone-marrow trans-
plantation is a valuable first treatment for acute myelo-
blastic leuk&aelig;mia in relapse and acute lymphoblastic
leuk&aelig;mia in second relapse.

Introduction

,RECENT advances in the treatment of adult acute

leukxmia have improved rates of complete remission
and lengthened survival. 1 2 However, despite this pro-
gress the majority of adult acute leukaemia patients die
of recurrence of leukxmia within 2 years of disease
onset.

The prognosis of adult acute myeloblastic leukaemia
(A.M.L.) after the first relapse is dismal. Only 30%
achieve a second remission, which is of short duration,
and overall survival is only 18 weeks.3 The survival of
patients with acute lymphoblastic leukaemia (A.L.L.) and
undifferentiated leukaemia (A.u.L.) in their second

relapse equals that of patients with A.M.L. in their first
relapse.4 The resistance of relapsed leukxmia could be
overcome with high-dose chemotherapy plus total body
irradiation (T.B.I.) followed by allogeneic bone-marrow
transplantation from HLA-identical, mixed-lymphocyte-
culture-negative donors. However, allogeneic bone-mar-
row transplantation is limited by the scarcity of suitable
donors: only 30% of our leukaemia patients have HLA-
identical donors. There is a large early mortality, up to
75%, within 3 months of transplantation because of in-
fectious complications, interstitial pneumonia, and graft-
versus-host disease resulting from histoincompatibility.
Only up to 17% of the transplanted patients survive 2
years after transplantation in complete remission

(C.R.) .1 6Patients treated by the Seattle group with syn-
geneic bone-marrow transplantation-i.e., transplan-
tation of marrow from identical twins-showed longer
term survival because they had no fatal graft-versus-
host disease and a lower incidence of interstitial pneu-
monia.7 Syngeneic bone-marrow transplantation, how-
ever, is limited by the very low incidence of identical
twins.

As an alternative to syngeneic and allogeneic bone-
marrow transplantation, we have transplanted the
leuksemic patient’s own cryopreserved remission bone-
marrow after high-dose chemotherapy and irradiation.8
In some cases we attempted to reduce possible leukamic-
cell contamination of the marrow-cell suspension col-
lected during remission by discontinuous albumin den-
sity gradient centrifugation of the cells.

Patients

14 patients had A.M.L., 8 had A.L.L., and 2 had A.U.L. The
median age was 28 (18-48). All except 5 bone-marrows

(patients 1, 7, 10, 12, 15) were aspirated during first remission,
Patients with A.L.L. and A.u.L. entered the transplantation pro-
gramme in second, third, or fourth relapse; patients with
A.M.L. in first and second relapse. All patients had received
extensive induction, consolidation, maintenance, and late in-
tensification therapy.’ 15 patients had received second-line

chemotherapy, 2 even investigational chemotherapy; and were
considered failures. 9 patients (8, 11, 13, 14, 16, 18-21) were
grafted without receiving second-line chemotherapy. 3 patients
2 A.M.L., 1 A.L.L.) could not be evaluated because they died
within 5 days of transplantation of pre-existing conditions
such as fungaemia, liver failure, and Pseudomonas septicaemia.

12 of the 24 patients, 10 of the 21 evaluable cases, received
fractionated marrow. The decision to perform marrow frac-
tionation before storage depended on the work load of the
laboratory, namely, on the number of other marrows simul-
taneously being frozen, an important determinant in qualm
control of freezing and thawing procedures.


