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For Debate . . 0

Acute appendicitis and dietary fibre: an alternative hypothesis

D J P BARKER

Abstract

This paper examines the time trends in acute appendicitis in
Britain in relation to changes in consumption of fibre, meat, and
sugar. Knowledge of previous case fatality rates, diagnostic
criteria, and management are sufficient to infer general trends in
incidence from mortality data. The incidence rose steeply from
around 1895 and feli from the 1930s onwards. Contrary to
previous statements there is no evidence that disease rates were
greatly influenced by the dietary changes in the second world
war. It is concluded that dietary changes do not explain the time
trends in appendicitis and that the epidemiology of the disease is
more readily explained by a primarily infectious aetiology.

Introduction

In 1920 Rendle Short reviewed the rise of appendicitis in Britain
during the previous 20 years and the international differences in its
frequency.'-3 He concluded that the disease had arisen because of
"the relatively less quantity of cellulose eaten on account of the
wider use of imported foods." From this conclusion arose the
"dietary fibre hypothesis,"4 which was later extended to include a
range of diseases commonly seen in Western societies.56

This paper compares the time trends in appendicitis in Britain
during the past hundred years with the changes in diet. Trends in
meat and sugar consumption are discussed together with those in
the two main sources of fibre-cereals and vegetables. High
intakes of meat and sugar are internationally and historically the
principal correlates of a low fibre diet.

Trends in appendicitis

DEATH RATES

The Registrar General for England and Wales first abstracted
appendicitis as a separate cause of death in 1901 and annual
mortality rates are available thereafter.7 Figure 1 shows crude
average annual mortality rates for appendicitis in England and
Wales during 1901-80. Since the trends for males and females are
similar, and there is no appreciable sex difference in incidence,
data for the two sexes are combined. Death rates rose from 1901
until around 1911, remained steady until the late 1930s, and
thereafter progressively declined.

In medical journals at the beginning of the century there was
general agreement that the increase in appendicitis in Britain
began around 1890-95. The disease was recognised and described
long before that but seemingly was rare.8 Anecdotal evidence and
analysis of hospital records suggest that the rise began abruptly.'39

There is evidence of a similarly abrupt rise in Germany,'° in the
French army," and in Russia.'2
During the first decade of the century annual death rates in

England and Wales rose from around 40 to 70 per million. It is
likely that incidence rates rose more steeply than death rates since
case fatality fell sharply.'3 On the other hand, the rise may have
been exaggerated by wider recognition of the disease after Fitz's
classic account in 1886.'4 All reports agreed that appendicitis was
commonest in children and young adults, some 60% of cases
occurring between the ages of 10 and 30."5
During the first world war death rates from appendicitis were

unchanged among children and young adults. Among older
women, aged 55 and over, they transiently declined to around 80%
of the prewar values. Data on men are difficult to interpret because
of uncertainty about the denominator.

After the first war mortality remained steady. Large studies of
hospital records in Britain and America have shown that from
around 1920 to 1935 case fatality declined, owing to earlier hospital
admission and surgery and the less frequent use of purgatives as
initial treatment.'5 16 Although the constant mortality and falling
hospital case fatality could have reflected a constant incidence with
increased admission of milder cases, it seems likely that incidence
rose. There are no incidence data for the general population.
Nevertheless, National Health Insurance statistics for Scotland,
which relate to adults only, indicate an annual incidence of around
45 per 10 000 in 1931-35."' Adjustment to a total population rate,
taking account of the known percentage distribution of cases in
children, gives an estimated annual rate of 55 per 10 000.
Death rates began to fall during the 1930s. Figure 2 gives age

specific trends by single year from 1931 onwards, rather than the
five year averages shown in fig 1. In all age groups except the very
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FIG 1-Average annual mortality rates for appendicitis in both sexes combined 1901-
80, England and Wales. (Based on Donnan and Lambert."8)
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elderly, aged 75 and over, death rates were already declining when
the second world war began. From 1940 onwards their rate of fall
did not greatly change, and the decline continued almost without
interruption through the postwar years. Figure 2 shows the low
levels reached by 1980. In the USA there was also a decline in
mortality during the 1930s, shown by the carefully kept records of
the Metropolitan Life Assurance Company of New York."
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FIG 2-Age-specific annual mortality rates for appendicitis in both sexes c

1931-54 and 1979-80, England and Wales. (Rates for 1939-42 based a
population, for 1943-9 on the total population.)
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DISCHARGE RATES

Hospital discharge rates for England and Wales confirm that the
postwar decline in mortality reflected a decline in incidence.'7
Annual discharge rates for acute appendicitis fell progressively
from 27 per 10 000 in 1959 to 13 in 1980. Upwards of 96% of
patients discharged with this diagnosis had undergone appendi-
cectomy. Although there was some diagnostic transfer from
"appendicitis" to "abdominal pain" during this period, the fall in
"appendicitis" was paralleled by a decline in appendicectomy, and
it is difficult to argue that it was solely determined by changes in
surgical policies.'8 A detailed review of appendicectomies in west
Cumberland from 1965 to 1978 showed a steady decline, which
was not explicable by a change in the rates of removal of
histologically normal appendices.'9
The decline in incidence of appendicitis is also confirmed by a

fall in general practitioner consultation rates between 1955-6 and
1970-1.25 A postwar decline in incidence has been recorded in other
European countries21 and in the USA.2221

SOCIAL CLASS

When appendicitis first appeared in Britain it was commoner
among the rich.9 For example, in 1921-3 mortality in men aged 20-
65 was 15-1 per 100 000 in social class I compared with 6-2 in
social class V." Recent data from the 1970 birth cohort of British
children show that this social class gradient has persisted.
Appendicectomy prevalences at 10 years of age were 1-9% in social
classes I and II, 1 5% in social class III, and 1 1% in social classes
IV and V (Golding J, personal communication).

Dietary changes

Figure 3, showing trends for cereal and vegetable fibre, meat
and sugar, is based on national estimates of food supplies and
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consumption, published at intervals since 1880 and summarised in
two recent publications.242' While cereal fibre intake fell from
12 2 g per person per day in 1880 to 8-1 in 1970, vegetable fibre
increased from 9 6 g to 11i5 g. Daily total fibre consumption per
person did not differ greatly in 1880 and 1970. The use of higher
extraction national wheat flours from 1942 until 1953 temporarily
increased cereal fibre intake to around 22 g. Vegetable fibre intake
also increased during the second world war so that total fibre was
around 37 g.
From around 1880 onwards there was a steep increase in

consumption of imported meat.26 Total meat consumption-that
is, imported and home produced-rose from 41 kg (91 lb) carcass
meat per head per year in 1880 to 60 kg (131 lb) in 1909-13.25
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FIG 3-Trends in United Kingdom food supplies from 1880. (Based on Southgate et
al24 and Greaves and Hollingsworth.25)

Consumption fell transiently during the first world war and then
was steady until the second war, when it fell to below 45 kg (100
lb). By 1956 it had returned to prewar levels.
The rise in sugar consumption from around 1845 onwards was

one of the oustanding changes in the British diet. By 1880
consumption had reached 29 kg (64 lb) per person per year.
Thereafter it rose progressively except during both wars, when it
declined. In the second war it fell back to levels approaching those
in 1880 but returned to prewar levels by 1953.

Discussion

Of all the diseases implicated by the dietary fibre hypothesis,
appendicitis is arguably the most susceptible to analyses based on
time trends. It occurs mainly in children and young adults and its
incidence is therefore likely to respond more swiftly to environ-
mental changes than diseases of later life-where there may be
lengthy latent periods of unknown duration. Most episodes of
appendicitis are emergencies ending in operation; therefore its
frequency has been well documented. Over the years so much has
been written about the disease that knowledge of case fatality,
diagnostic criteria, and management are sufficient to infer general
trends in incidence from mortality data.
The upsurge in the disease from around 1895 may have been

exaggerated by more widespread recognition. Its decline, as
reflected in mortality, may have been accelerated by changing
diagnostic practices in patients with abdominal pain, changing
criteria for appendicectomy, and falling case fatality. Nevertheless,
the overall pattern is clear-a steep rise which began abruptly
around 1895 and a steep fall from the 1930s onwards.
There are limitations to the dietary data. The estimates of

national food supply in the early years are uncertain. Calculations
of average consumption per person have less meaning when the
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distribution of food between social groups is appreciably uneven,
as it was in the past. Likewise diets of children and young adults
may not be well described by average figures. Despite these
limitations the data are probably adequate as indicators of general
trends.

Clearly the decline in appendicitis does not correlate with
changes in fibre, meat, or sugar. Moreover, there is little to
support the conclusion that the decline was initiated by the major
changes in the British diet during the second world war27 28; nor
does fig 2 point clearly to a wartime acceleration of a decline which
had already begun.

If the large rise in incidence, from rarity to around 50 cases per
10 000 population per year, was the effect of changing levels of
consumption of a particular food, the new levels must be asso-
ciated with a high risk, both absolute risk and risk relative to that
in the population before the change. Given the variations among
individual diets which still exist within the population, a food
associated at certain levels of consumption with a high risk of
disease should be readily identified in comparisons of the diets of
cases of appendicitis and controls. This has not proved to be so;
the results of case-control studies have been inconclusive.29"-"

If changes in consumption of a food caused the upsurge of
appendicitis the 1880 consumption levels must be regarded as
thresholds above which (for fibre) or below which (for meat or
sugar) the disease is rarely induced. Such an interpretation,
however, is not consistent with the trends during and after the
second world war. At that time both cereal and vegetable fibre
consumption were appreciably above the 1880 levels, and meat and
sugar consumption fell to levels close to those in 1880. Given a
latent period no longer than a few years, at least in children, these
dietary changes would be predicted to cause a sharp drop in
appendicitis in the 1940s, followed by a rise in incidence in the
1950s when food rationing ceased. There is no evidence that this
occurred.

Interaction between several dietary influences offers a readier
explanation of the rise because dietary influences such as meat and
fibre vary together, historically and cross culturally, to an extent
which may make it impossible to separate their effects. Several
influences interacting multiplicatively, as is usual, would be less
easily identified in case-control studies than a single dominant
influence. Nevertheless, the lack of response of appendicitis trends
to dietary changes during and after the second world war remains
inexplicable. Consideration of the first world war adds little. The
temporary decline in appendicitis in older women, but not
children, at a time of shortages of many foods including meat and
sugar may have been a consequence of a fall in total food intake.
There are reports of considerable falls in appendicitis incidence in
Russia and Germany during periods of starvation."027

It may be concluded that dietary changes during the past
century do not offer a sufficient explanation for either the rise or
the decline of appendicitis in Britain. In particular, a close
dependence on dietary fibre intake, postulated 60 years ago, and
the origin of the hypothesis linking fibre to a range of "Western
diseases," does not withstand critical examination of trends.
The time trends are more readily explained by the hypothesis

that appendicitis is primarily an infectious disease. Many infec-
tions, spread by way of the alimentary or respiratory tracts, are
known to be associated with the high risk of disease implied by the
large rise in appendicitis at the turn of the century.

In 1932 Aschoff showed that the ultimate event in appendi-
citis was invasion of the distal appendicular wall by organisms
habitually among the enteric flora.'0 This remains the general
view." Debate centres on the preceding pathological changes. In
1946 Bohrod argued that the initiating event in appendicitis was
lymphoid hyperplasia in the appendicular wall and consequent
obstruction of the proximal lumen.33 He pointed out that this
would explain the remarkably constant age distribution of the
disease in different times and places, since the bulk of lymphoid
tissue in the appendicular wall in relation to luminal size is
maximal in the second decade of life. The theory also explains the
absence of faecoliths, an alternative possible cause of luminal
obstruction, in most removed appendices.'

The appendicitis epidemic in Britain started at the time when
infections had begun to decline steeply, in consequence of
improved living standards and sanitation.3 It may be postulated
that decreased incidence of infection among children, especially in
wealthier families, changed their pattern of immunity so that they
responded to certain enteric or respiratory infections with
lymphoid hyperplasia-which included the lymphoid tissue in the
wall of the appendix. This changed pathogenic response to
infections whose frequency in early childhood was declining would
be analogous to the age-dependent consequences of infection with
the poliomyelitis and Epstein-Barr viruses. Explanation of the fall
in appendicitis may depend on continued changes in the popula-
tion's immunity.
The hypothesis is able to explain the international distribution

of appendicitis. CountrieX where it is common are characterised by
lower incidences of infectious disease. The rising incidence of
appendicitis among the more affluent, urbanised communities
within non-industrialised countries may be explained by the
improvement in the hygienic conditions of these communities.
The hypothesis that appendicitis is primarily a response to

systemic infection with viruses or bacteria does not exclude a role
for diet-perhaps mediated through changes in the appendicular
flora and hence the likelihood of mucosal invasion following
luminal obstruction. A recent analysis in 65 local authority areas
within Britain showed no correlation between appendicitis inci-
dence and cereal fibre intake, but a strong negative correlation with
green vegetable consumption and a positive correlation with potato
consumption (unpublished data).

I am grateful to my colleagues Dr D N M Coggon, Dr A J Hall, and Dr
M Nelson for their comments on this paper; to Mrs Shirley Simmonds,
who helped with the library search; and to Mrs Bridget Wilde, who typed
the manuscript.
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