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An epidemiological study of ulcerative colitis and
regional enteritis in the Oxford area

J. G. EVANS AND E. D. ACHESON

From the Nuffield Department of Clinical Medicine, University of Oxford

EDITORIAL SYNOPSIS This epidemiological study relates to a 10-year period and a population which
increased from 250,000 to 300,000 and provides important information concerning the annual
incidence of new cases in the population.

Since the first clinical descriptions of idiopathic
ulcerative colitis (Allchin, 1885; White, 1895) there
have been few attempts to study the disease in
relation to a population at risk. Until recently,
ideas concerning the frequency of the disease and
the relative risks by sex, age, and so on have been
based on series of cases from individual hospitals
and clinics (Sloan, Bargen, and Gage, 1950; Rice-
Oxley and Truelove, 1950) or upon indirect esti-
mates (Houghton and Naish, 1958). In 1958
Ustvedt determined the number of persons admitted
to hospital for the first time with ulcerative colitis in
Norway over a 10-year period, and calculated rates
per million population. This work has subsequently
been extended by Gjone and Myren (1964). Wigley
and Maclaurin (1962) have published first hospital-
ization rates for New Zealand with special reference
to the Wellington area. Acheson and Nefzger (1963)
studied the epidemiology of ulcerative colitis in the
United States Army in 1944. All these studies were
based on hospital admissions.
The study reported in this paper stems from an

attempt to obtain data about every diagnosed case
of ulcerative colitis and regional enteritis in an
English community of known constitution. As the
number of cases of regional enteritis discovered was
small the major part of the analysis relates to
ulcerative colitis only. However, incidence and
prevalence rates for regional enteritis are also given.

MATERIAL AND METHOD

DESIGN OF THE SURVEY The period studied was the
decade from 1 January 1951 to 31 December 1960, the
latter date being designated as prevalence day. The area
consisted of Oxford County Borough and 13 surrounding
urban and rural districts (Fig. 1) which together supported
a population which increased over the decade from
250,000 to 300,000 (excluding students of Oxford

University and members of the Armed Forces stationed
in the area). Information about the sizi and constitution
of the population was obtained from the county reports
of the 1951 and 1961 National Census with the assump-
tion that intercensal population changeS had occurred in
a linear manner.
The hospital services for this population are provided

almost exclusively by the group of ttaching hospitals
associated with Oxford University which draw patients
from a considerably wider area than th4t covered by this
study. The services provided are comprehensive and
include all the specialities. Independbnt data derived
from the Oxford Record Linkage Study (Acheson, 1964)
suggest that in 1962 less than 5% of the total number of
hospital admissions experienced by the population at
risk occurred in hospitals situated outside the area.

ASCERTAINMENT OF CASES The following methods of
case finding were used:

1 The diagnostic index of the group of teaching
hospitals was searched for the years 1938 to 1960 inclusive
for patients bearing any of the following diagnoses:
ulcerative colitis, rectal ulcer, acute colitis, chronic
colitis, dysentery (all forms), sigmoiditis, mucous colitis,
proctitis (all forms), spastic colon, and regional enteritis.
Similar searches were carried out for patients giving
addresses within the area in the records departments of
the hospitals at Reading, Banbury, High Wycombe, and
Aylesbury (Fig. 1).

2 Letters were sent to all consultant physicians,
surgeons, and paediatricians asking them to report
private or National Health Service patients with these
diagnoses. Replies were received from all of these.

3 A series of circular letters was sent to 219 family
doctors practising within and just outside the area. The
final reply rate was 98 %.
4 As out-patient records are not included in the

diagnostic indices of any of the local hospitals the search
for out-patients was limited to the files of the ulcerative
colitis clinic which was opened at the Radcliffe Infirmary
in 1956. Fortunately, however, up to 1956 most sigmoido-
scopies are known to have been performed as an in-
patient procedure in the teaching hospital group, thus
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FIG. 1. The area covered by the study.

County Boundary

....... O... Local Authority Boundary

//,/////////// Boundary of Study Area.

ensuring that the majority of diagnoses of ulcerative
colitis and proctitis were indexed, even if these patients
had not subsequently been readmitted.

5 A search was made through the admissions books
of the only private nursing home which provides a

comprehensive service, including surgery and diagnostic
radiology, in the area and of the local hospital for
infectious diseases. A systematic search of the records
of the local geriatric hospital was also made for patients
discharged between 1951 and 1960 with a diagnosis of
ulcerative colitis, proctitis, or regional enteritis.

6 The Registrar General supplied a list of persons

certified as having died from ulcerative colitis during the
decade while resident in the area. This independent

information provided a means of checking our degree of
ascertainment. Of the 17 deaths notified from this source,
one was not of ulcerative colitis (staphylococcal entero-
colitis), one' patient had died in 1960 shortly after
moving into the area, two' were inmates of mental
hospitals in whom ulcerative colitis appeared to have been
a terminal illness, and 121 were known to us. The
remaining case' was in the Radcliffe diagnostic index but
had been missed. There were four' other deaths not
reported by the Registrar General in which, according to
the hospital records, ulcerative colitis was the cause of
death.
'The mortality rates quoted in Table III are derived from the 20 cases
marked.
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The records of all patients admitted to the provisional
list from the sources described above were then obtained
and scrutinized with regard to residence qualifications
and diagnosis.

CRITERIA OF RESIDENCE For admission to the study, a
patient must have been normally resident in the defined
area for a period of at least six months during the decade.
Members of the Armed Forces stationed in the area were
excluded, as were students not normally resident in the
area and patients who had moved into the area to be
treated for ulcerative colitis.

DIAGNOSTIC CRITERIA The diagnostic categories
employed were definite ulcerative colitis, probable
ulcerative colitis, definite proctitis, probable proctitis,
definite regional enteritis, probable regional enteritis, and
mixed forms. The following criteria were used:

Definite ulcerative colitis This includes (1) a history
of diarrhoea and/or rectal bleeding for six weeks or more,
with (2) either a record of at least one sigmoidoscopy2
revealing friability of the mucosa with contact bleeding
and/or petechial haemorrhages and/or ulceration with
intervening inflammation of the mucosa; or a barium
enema with radiological evidence of ulceration or
narrowing or shortening of the colon; or characteristic
macroscopic and microscopic changes of surgical
resection specimens or at necropsy.

Probable ulcerative colitis This includes (1) an
acceptable sigmoidoscopy or barium enema report but
inadequate history; (2) an acceptable history but
sigmoidoscopic appearances dubious (e.g., mucosal
erythema only or any of the changes described above but
qualified as 'doubtful') and no barium enema; (3) an
adequate history but barium enema dubious (e.g., loss
of haustration only) and no sigmoidoscopy report;
(4) characteristic macroscopic appearance of operative
or post-mortem specimen but histology indefinite.

Definite proctitis The criteria were as for definite
ulcerative colitis with evidence that normal bowel was
visible above the affected rectal mucosa on sigmoido-
scopy.

Probable proctitis The criteria were as for probable
ulcerative colitis with normal mucosa visible above the
affected rectum on sigmoidoscopy or where changes on
barium enema did not extend above the rectosigmoid
junction.

Records of negative stool investigations for pathogenic
bacteria and parasites were available in 80% of the cases
ultimately accepted. Of the remaining 20%, there was
ancillary evidence available in the form of rectal biopsy,
surgical resection. or necropsy in half the cases.

Definite regional enteritis (Crohn's disease) A charac-
teristic positive histological report from an operative or
necropsy specimen (26 cases).

'At least one sigmoidoscopy report was available in all but 16 of the
285 accepted cases of ulcerative colitis and proctitis (94 4 Y.). Of the
remainder a pathological specimen was available in 12, a barium
enema and stool examinations had been done in three, and the
remaining case, for which the only available information was from
the death certificate, was used only for the computation of the
mortality rate.

Probable regional enteritis (Crohn's disease) (1) A
laparotomy report of characteristic naked-eye appear-
ances of the small bowel but no specimen of gut resected
for histology (six cases); (2) an equivocal histological
report from an operative specimen with characteristic
macroscopic features (two cases).
A total of 24 cases of regional enteritis were accepted,

excluding two cases referred to below which also had
classical ulcerative colitis. No cases of regional enteritis
were found in which a surgical operation had not been
carried out and the diagnosis depended on uncorroborated
radiological findings.
Mixed forms This group consisted of eight patients

who were difficult to classify as either typical ulcerative
colitis or typical regional enteritis, and two patients who
had suffered from both conditions in succession. A brief
r6sume of their particulars is given below.

Segmental colitis (three cases), diagnosed on the basis
of symptoms and radiological evidence of segmental
ulceration of the colon. Sigmoidoscopic findings and
appearance of the terminal ileum were normal.

Diverticulitis of the sigmoid with histological evidence
of ulcerative colitis (crypt abscesses) and also giant cell
systems reminiscent of Crohn's disease (two cases).

Hypertrophic granulomatous lesion of the terminal
ileum, caecum, and ascending colon, showing many
crypt abscesses and a few giant cell systems (one case).

Right-sided colitis, later becoming universal: a
colectomy specimen showed a gross ulcerative process
throughout the colon with pseudopolypi and many giant
cell systems (one case).

Right-sided colitis with gross steatorrhoea, later
becoming universal (one case).

Ulcerative colitis diagnosed on sigmoidoscopic and
radiological appearances followed by involvement of the
terminal ileum with histologically proven regional
enteritis (two cases).

Accepted cases A total of 641 cases were admitted
to the provisional list. Of these 182 were rejected because
they did not satisfy the criteria for residence and 140 of
the remainder were discarded because another diagnosis
was more likely or the information available was inade-
quate. Thirty-four cases of regional enteritis are not
considered further in this paper, except in Table III
where incidence and prevalence rates are given for
comparison with the rates for ulcerative colitis and
proctitis. One other patient with ulcerative colitis who
died at the beginning of the study period shortly after
moving into the area was used in calculating the mortality
rates only. The first diagnosis of the remaining 285 cases
and their status on prevalence day is displayed in Table I.

Table Ia shows the 180 patients in whom the first
diagnosis of ulcerative colitis or proctitis was made
while the patient was resident in the designated area
during the decade under study. These cases have been
used in determining incidence rates (cases first diagnosed
1951-1960+ population at risk). It can be seen that the
first diagnosis was regarded as definite in 93 3 % of these
cases.

Table Ib shows 105 additional cases in which the first
diagnosis had been made either before 1 January 1951 or
outside the designated area or both. This material was
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TABLE Ia
FIRST DIAGNOSIS AND STATUS ON PREVALENCE DAY OF 180 PATIENTS IN WHOM THE FIRST

DIAGNOSIS OF ULCERATIVE COLMS OR PROCITIS WAS REACHED BETWEEN
1 JANUARY 1951 AND 31 DECEMBER 1960

Status on Prevalence Day

Definite Definite Probable Mixed
Ulcerative Proctitis Ulcerative Forms
Colitis Colitis

Definite ulcerative colitis
Probable ulcerative colitis
All ulcerative colitis
Definite proctitis
Probable proctitis
All proctitis
Mixed forms
Totals

First Diagnosis

Other No Recent Moved
Conditions Attendance Out of

Area

95 2 - 2 - 16 5
- 1 2 - - 1 2
95 3 2 2 - 17 7
3 13 - 1 1 6 1
- - 1 2 1

3 13 - 1 2 8 2
- - - 4 - 1 -

98 16 2 7 2 26 9
(54 S) (8 9) (l-l) (3 9) (l l) (14 4) (S 0)

Dead Total

16
2
18
1

I

20
(I1-1)

136 (754)
8 (45)

144 (79 9)
26 (14-5)
4 (2 2)
30 (16-8)
6 (34)
180 (1000)

TABLE lb
FIRST DIAGNOSIS AND STATUS ON PREVALENCE DAY OF 105 PATIENTS IN WHOM THE FIRST

DIAGNOSIS WAS REACHED BEFORE 1 JANUARY 1951 OR WHILE THE PATIENT WAS
RESIDENT OUTISDE THE STUDY AREA

Status on Prevalence Day

Definite Definite Probable Probable Mixed
Ulcerative Proctitis Ulcerative Proctitis Forms
Colitis Colitis

No Recent Moved
Attendance Out of

Area

Definite ulcerative colitis
Probable ulcerative colitis
All ulcerative colitis
Definite proctitis
Probable proctitis
All proctitis
Totals

30

31
4

4

2

2
3

1

3 - _

35 5 1

34
7

41
3

4

2 10
1 1
3 11

2 2

2 2

79
11
90
14
1

15
43 5 13 105

therefore not suitable for determination of incidence.
Prevalence rates (cases resident in the study area on
31.12.60 population at risk) were calculated from 238
cases derived from Tables Ia and Ib. This figure can be
derived by subtracting from the grand total of 285
accepted cases, the 33 patients who had died before
prevalence day and the 14 patients who have moved
from the area but were known to be alive. The diagnosis
was classified as definite in 90-8% of the material used
for prevalence. One hundred and sixty-nine (71 %) of the
238 cases had been seen in hospital within one year of
prevalence day. In both Tables Ia and Ib, patients
classified on prevalence day as having had no recent
attendance were those who had not attended hospital
since 1 January 1960. Although these patients had

TABLE II
PRIMARY SOURCES OF CASE ASCERTAINMENT

In-patient diagnostic index of (a) colitis .... 7....17
Radtliffe and Churchine (b) Colitis not specified as
Rcifand ulcerative .29
Hospitals L(c) Other categories (see text) .-

In-patient records of other hospitals in the area ..... ........... I
Out-patient files of Radcliffe and Churchill Hospitals............93

Circular letter to general practitioners and consultants ..........-

Admissions book of private nursing home ...... ................ l
Death certificates ..........................................4

Total ..............................285

ceased to attend hospital their continued residence in the
area on prevalence day had been checked by a home
visit or by local enquiries.
Table TI depicts the sources from which primary

notifications of the accepted cases were obtained. From
a methodological point of view it is interesting that the
expensive and time-consuming circular letter to general
practitioners and consultants did not furnish any cases
that had not already been recovered from hospital
records or other sources.

RESULTS

The average annual incidence rates over the decade,
and the prevalence rate on 31 December 1960 are
set out in Table III expressed per 100,000 population.
The estimate of the average population at risk used
in this computation was 264,000. The prevalence
rate is a cumulative figure based on the assumption
that once attacked by the disease a patient continues
indefinitely to be liable to relapse. Patients who
previously suffered from one of the conditions under
study but who were free of symptoms on prevalence
day are therefore included in the prevalence rate.
Our present knowledge of the prognosis of ulcerative
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TABLE III
AVERAGE ANNUAL INCIDENCE (1951-60) AND
PREVALENCE RATES ON 31 DECEMBER 1960

FOR ULCERATIVE COLITIS, PROCTITIS, AND REGIONAL
ENTERMS BY SEX

Sex Incidence Cumulative Mortality per
Rate 1951-60 Prevalence 100,000 per
per 100,000 Rate on Year
per Year 31.12.60 per

100,000

Ulcerative colitis M
(definite and F
probable) T

Proctitis M
(definite and F
probable) T

All types of M
ulcerative colitis F

T

Regional enteritis M
F
T

4-5 (±0.6)1 55-4 (±6-2)
5-9 (±0-6) 76-0 (±7-0)
5-2 (±0-4) 65-7 (±4-7)

1-1 (±0-3) 8-2 (±2-4)
1-1 (±0-3) 14-4 (±3-1)
1-1 (±0-2) 11-4 (±2-0)

5-8 (±0-7) 64-3 (±6-7)
7-3 (±0-7) 95-0 (±7-8)
6-5 (±0-5) 79-9 (±5-2)

0-8 (±0-2) 8-2 (±2-4)
0-8 (±0-3) 9-8 (±2-5)
0-8 (±0-2) 9-0 (±1-4)

0-4
0-9
0-7

1 The figures in brackets are standard errors.

colitis is consistent with this view (Edwards and
Truelove, 1963) and a similar viewpoint is reasonable
for regional enteritis. Prevalence rates were computed
using an estimated population of 298,000.

AVERAGE ANNUAL INCIDENCE The average annual
incidence of ulcerative colitis was 5-2 (standard
error, S.E., 0-4) per 100,000, and of proctitis 1-1
(S.E. 0-2) per 100,000 giving a combined figure of
6-5 per 100,000 for all procto-colitis including mixed
forms. For regional enteritis the figure was 0-8
(S.E. 0-2) per 100,000. Thus the ratio of newly
diagnosed cases of procto-colitis to regional enteritis
was about 8 :1.

PREVALENCE ON 31 DECEMBER 1960 The cumulative
prevalence of ulcerative colitis was 65-7 (S.E. 4-7),
and of proctitis 11-4 (S.E. 2-0), giving a combined
figure of 79-9 (S.E. 5-2) per 100,000. To compute
these rates cases have been referred to the diagnostic
group occupied on their last attendance at hospital

before prevalence day. In 209 of the 238 cases
(87-8%) this was the same as the initial diagnosis.
Thirteen (5-5 %.) of the patients included in the
prevalence figure had previously undergone pan-
proctocolectomy; the prevalence of patients who
had undergone this operation in our population was
thus 4-4 (S.E. 1-2) per 100,000. The eight cases
classified as mixed forms of colitis (2-7, S.E. 0-9,
per 100,000) are also included in the prevalence rate
for all types of ulcerative colitis. The prevalence
rate for regional enteritis was 9-0 (S.E. 1-4) per
100,000.

AVERAGE ANNUAL MORTALITY The crude average
annual mortality rate for ulcerative colitis was 0-7
per 100,000, calculated from 20 deaths in which
ulcerative colitis was the underlying cause. The crude
rate for England and Wales during the decade was
slightly higher and varied from 0-9 to 1 -0 per 100,000.
However, the national rates also include deaths
ascribed to ulcerative enteritis, entero-colitis, and
ileocolitis.

EXTENT OF DISEASE AT FIRST DIAGNOSIS In view of the
importance of the extent of the disease upon prog-
nosis (Nefzger and Acheson, 1963; Edwards and
Truelove, 1963), it may be of interest to give figures
for the proportions of the 180 cases first diagnosed
during the decade 1951-60 by extent of involvement
at the first barium enema. These are summarized in
Table VI. It can be seen that in 69 cases (38-3%.) the
disease did not extend beyond the sigmoid colon
(this figure included cases of localized proctitis). Of
the 77 cases (42-8%) extending beyond the sigmoid
there were 33 (18-3 %.) with universal involvement of
the colon. In addition six cases were classified as
anomalous, i.e., right-sided, segmental, ileocolitis,
etc., and the extent of involvement at first diagnosis
was unknown in 28 cases, because a barium enema
had not been done at that time. The figure for
universal involvement is lower than that reported
from many hospital series (Sloan et al., 1950;
Edwards and Truelove, 1963). This probably reflects
the fact that most hospital series include a number of

TABLE IV
NUMBER OF CASES OF ULCERATIVE COLITIS DIAGNOSED (ALL FORMS)

IN EACH TWO-YEAR PERIOD, 1951-60 BY SEX

Year of First Diagnosis

1951/2
1953/4
1955/6
1957/8
1959/60
1951/60

Male

Number Average Annual
Incidence Rate

10
11
18
16
21

76

4-2
4-5
7-2
6-2
8-0

5-8

Female

Number Average Annual
Incidence Rate

16
11
18
27
32

104

6-0
4-1
6-6
9-7
11-3

7-3

Total

Number Average Annual
Incidence Rate

26
22
36
43
53

180

5-2
4-3
6-9
8-0
9-7
6-5
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serious or complicated cases referred from a distance
which bias the material in terms of severity. Such
cases are excluded from the type of study reported
here which refers to a defined population. In their
study of U.S. Army patients (males only) based on
similar principles, Acheson and Nefzger (1963) found
that 12-5 % of the cases had evidence of universal
involvement on referral.

SECULAR CHANGES IN INCIDENCE WITHN THE DECADE
1951-1960 The incidence rates for ulcerative colitis
and proctitis were not uniform over the decade. The
rates for two-year periods are shown in Table IV
and it can be seen that there has apparently been an
increase in the incidence of the disease over the last
six years.
A number of criticisms of this interpretation arise.

As the ascertainment of cases was retrospective the
increase may reflect progressive failure to retrieve
records as one searches further back in time. Such a
tendency will particularly affect methods of ascertain-
ment depending upon human memory, and will
also operate if medical recording and indexing
procedures have improved in the area over the
decade. Fortunately, however, the diagnostic index
of the United Oxford Hospitals which provide
most of the specialist care in the area was established
in 1938, 12 years before the commencement of the
decade under study. A further difficulty stems from
the fact that a special out-patient clinic was set up
for ulcerative colitis in 1956, and the records of this
clinic have been available to the study. It has not
been possible to search the out-patient records of
other clinics before or after that date. Any patients
treated on an out-patient basis only before 1956 who
have not been admitted to hospital or seen at the
ulcerative colitis clinic since would probably be lost
to the study. However, it seems likely that most
patients in whom the diagnosis was suspected would
have been admitted at least for sigmoidoscopy.
Another point which has to be taken into account

when interpreting the apparent increase in incidence
is the advent of steroid therapy as a relatively
effective treatment for the condition. The possibility
arises that this may have increased the number of
cases of ulcerative colitis suspected by family
doctors and referred to hospital for treatment
(referral rate). Such an effect can be studied by an
analysis of the interval between onset of symptoms
and referral during the decade. All but one of the
patients in whom the disease was first diagnosed over
the 10-year period were able to give an approximate
date of onset (Table V). Following the classification
of Rice-Oxley and Truelove (1950), those cases
(76-5% of the total) giving a history of less than two
years' symptoms will be referred to as new cases

TABLE V
LENGTH OF HISTORY AT FIRST DIAGNOSIS OF

ULCERATIVE COLITIS (ALL FORMS)
Number Percentage

Under 1 year
1-2 years
2-3 years
3-4 years
5-10 years
Over 10 years
Uncertain
Total

21}
8
6
17
11
1

180

765

23 5

100

and the remainder as old cases. As the disease is a
chronic one the number of sufferers in the community
at any time with a history longer than two years will
greatly outnumber those with an onset within the
preceding two years. One may predict, therefore,
that if a sudden increase in the number of patients
referred for treatment occurs there will be an increase
in the proportion of old to new cases seen at hospital
while the change in referral rate is actually occurring.

03

O
to

-0

0

o 01

.4

O

1

to

C.

A.

a.

1951/52 53/54 55/56 57/58 591W
Year of first diagnosis.

FIG. 2. Average annual incidence rates over successive
two-year periods. 1951-60for allforms ofulcerative colitis
(A) and new definite cases of ulcerative colitis only (B).
Ratios of old to new cases diagnosed in successive two-
year periods are also shown for all forms of ulcerative
colitis (C) and for new definite cases of ulcerative colitis
only (D). See text.
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The proportion will then return to its original value
when the rate has stabilized at its new level. With
this in mind the ratio of old to new patients has been
calculated for each of the two-year periods and the
results for all cases and for definite ulcerative colitis
only are depicted in Figure 2. It will be seen that
there was an increase in the proportion of old cases
about the middle of the decade but that the increase
in frequency of the disease has continued after the
proportion returned to its original value. Although
the numbers are small the picture is compatible
with the view that although an increase in referral
rate may have contributed to the sudden increase
in incidence rate in the years 1955-56, it was not
responsible for the continued increase thereafter.
The apparent increase in incidence might have

resulted from referral of milder cases of ulcerative
colitis previously overlooked as awareness of the
condition increased over the decade. This hypothesis
was tested by comparing the clinical severity of the
disease at first diagnosis for the two five-year
periods 1951-55 and 1956-60 using the three
categories of mild, moderate, and severe as defined
by Edwards and Truelove (1963). Taking only the
definite ulcerative colitis cases of recent onset
depicted in Fig. 2 (B), it was found that 52-5% of
those diagnosed in the first five-year period were
categorized as mild compared with 58 6% in the
second, an increase of 6 1 %. The average incidence
rates for this group of cases were 3-3 per 100,000
per year for the first five years and 4-3 per 100,000
per year for the second, an increase of 30%. From
this we conclude that increased referral of mild
cases has contributed little to the increase in
incidence. Further evidence for this view is obtained
by comparing for all forms of ulcerative colitis
(Fig. 2 (A)) the extent of disease at first diagnosis as
measured by radiological examination for the two
five-year periods. It can be seen from Table VI that
the proportions of patients with various types of
disease were closely similar in the two periods. In
the second part there was an almost twofold increase

TABLE VI
RADIOLOGICAL EXTENT OF DISEASE AT FIRST

DIAGNOSIS IN CASES OF ULCERATIVE COLMS (ALL
FORMS) FOR THE YEARS 1951-55 AND 1956-60 SEPARATELY
Radiological Extent of Year of Diagnosis
Disease at First Diagnosis

1951-55 1956-60 1951-60

Number Number Number

Sigmoid and below
Extending above sigmoid
Mixed forms
Unknown or uncertain
Total

2

26 (39-4%) 43 (37-7%/) 69 (38-3 %)
28 (42-5%) 49 (43-0%) 77 (42-8%/)
3 (4 5%) 3 (2-6%) 6 (3.3%)
9(13-6%) 19(16-7%) 28(15-6%)

66 (100-0 %) 114 (100-0 %) 180 (100-0%)

in incidence both of colitis limited to the recto-
sigmoid region and of more extensive disease.

Finally there is the possibility that the increase in
the annual number of cases diagnosed over the
decade is due to confusion with a distinct but
similar disease. An apparent increase in incidence
could have resulted, for example, if an increasing
number of cases of bacillary dysentery or spastic
colon were diagnosed as ulcerative colitis over the
period or conversely if a decreasing number of cases
of ulcerative colitis were diagnosed as dysentery or
spastic colon. This possibility was examined by
scrutinizing again the records of cases of spastic
colon, etc., diagnosed in 1951 and rejected from the
study, and cases of ulcerative colitis first diagnosed in
1960 and accepted for the study. On the evidence
available all these cases appeared to have been
classified correctly.

In conclusion it seems reasonable to put forward
the hypothesis that a real increase in incidence of all
forms of ulcerative colitis occurred in this area
during the decade under study.

THE INFLUENCE OF AGE AND SEX ON INCIDENCE These
factors are considered separately.
Sex For ulcerative colitis the average incidence

rate was higher in women than in men, the female/
male sex ratio being 1-4: 1; for proctitis, however,
the rates were identical in each sex (Table III).
When all types of cases were combined the ratio
was 1-3 :1. When the age-specific incidence rates
(by age at first diagnosis) of all cases combined were
plotted for each sex (Fig. 3a) it was seen that, with
one minor exception where the numbers were small,
there was a consistently higher incidence rate in
women of all age groups.
Age In each sex, the incidence rates computed

by age at first diagnosis rise steeply to the 35-44-year

TABLE VII
AVERAGE ANNUAL INCIDENCE RATES BY AGE AT
FIRST DIAGNOSIS AND SEX FOR ULCERATIVE

COLITIS (ALL FORMS)
Age at First
Diagnosis

0-14
15-24
25-34
35-44
45-54
55-64
65-74
75-
All ages

Male

Number Average
Annual
Incidence
Rate Per
105

2
8
16
18
15
10
6
1

0-6
4-7
8-2
9-2
8-2
7-6
8-7
25

Female

Number Average
Annual
Incidence
Rate Per
105

4
8

21
24
16
13
14
4

13
40

10-9
12-1
8-6
8-8

12-7
5.7

76 58 104 7-3
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FIG. 3. Average annual incidence rates for
colitis (allforms) by sex.
(a) Age at first diagnosis.
(b) Age at onset (excluding one female whose a
was unknown).

age group. At this point the rates in male
and do not fall steeply until extreme old a
3a, Table VII). In women the pattern is
there being a fall in middle life and a seco
in the 65-74-year age group with a sl
decline in old age, producing a bimodal ci

In view of the fact that onset of symp
cedes diagnosis by a variable interval (Ta
incidence rates were then plotted by age c
first symptoms (Figure 3b). A bimodal
still visible for women and was now mi
men as well. In Fig. 4 the sexes have been 4
The age groupings have also been altered
that the previous curve was not simply a
ation of the previous method of classifical
cases by age. The bimodal curve remaine<
cases were classified by age at diagnosis a

FIG. 4. Average annual incidence rates for ulcerative
colitis in both sexes combined.
A Allforms by age at first diagnosis.

10% B Allforms by age at onset.
' C New definite cases by age at onset (excluding proctitis

% Fmu" and mixedforms).

> O at onset, and when new definite cases of ulcerative
colitis only (excluding also proctitis and mixed
forms) were plotted. It also resisted the exclusion of
16 cases in which episodes of diarrhoea, rectal
bleeding, or other bowel symptoms had occurred
before the accepted date of onset of ulcerative colitis
but had been ascribed (possibly incorrectly) at the

70 e0 time to other conditions such as haemorrhoids,
gastroenteritis, and so on.
The possibility that the bimodal character of the

ukerative curves demonstrated is spurious must be borne in
mind. The hypothesis that it reflects sampling error

ige ofonset is difficult to test but for what it is worth the three
age groups concerned (40-49, 50-59, 60-69) con-
tributed substantial numbers when the sexes were

Xs level off combined. By age at diagnosis the rates and standard
ge (Figure errors3 are 40-49: 10-6 (S.E. 1-7); 50-59: 7T0 (S.E.
;different 1 5); 60-69: 11 2 (S.E. 2 2); by age at onset they are
ndary rise 40-49: 8-8 (S.E. 1P5); 50-59: 641 (S.E. 1P4); 60-69
harp final 8-9 (S.E. 2 0). Another possibility is that some error
urve. in our method of ascertainment resulted in our failing
toms pre- to obtain a proportion of cases with onset in middle
ble V) the age, or conversely resulted in an overestimate of
bf onset of incidence in the preceding and succeeding decades.
curve was Errors in our estimates of the population at risk
cnifest for seem unlikely to be large enough to produce such
combined, an effect in view of the fact that population censuses

[to ensure were carried out at the beginning and end of the
manifest- decade in question.

tinn nf thp, It seems reasonable also to consider the likelihood
d when all
md by age

i/n
population at risk

.-- -A-
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experiencing onset of
symptoms before the
age of 55, and at or
after 55 separately.

195152 53/54 55/56 57/58 5W60

that the bimodal age incidence curve has biological
significance. The first possibility is that it represents
the resultant of two diseases with different age
patterns. To examine this hypothesis the cases were
separated in two groups according to age at onset
(under age 55 and 55 years of age and over), and the
change in incidence rates over the decade were
plotted (Figure 5). There was no significant difference
between the two groups for any of the two-year
periods and the overall trends were similar over the
decade. Comparisons between sex ratios, length of
history, and place of residence of the two groups
also revealed no difference. Other comparisons
between the cases and a group of controls matched
for age will be published later.

Further comparisons between the clinical features
and course of the disease were made4 in 269 cases
(including those used for estimates of prevalence) in
which the necessary additional information was
available (96-4% of the total in our series), of which
221 had their onset early in life and 48 late in life.
No significant differences were found between the
two groups with regard to abruptness or severity of
onset nor in the type of clinical course that ensued.
However there was a significant difference in the
presenting symptoms (Table VIII). Diarrhoea was a
more common presenting symptom (P < 0O01) in
the late than in the early onset group, while con-
versely rectal bleeding (P < 005) was less common
in the late onset group. Contrary to expectation this
apparently did not reflect a difference in the extent
of colon involved at first referral as the two groups
were found to be similar in this respect.
Too much importance should not be attached to

these differences in presenting symptoms in the
absence of objective differences in the extent of
colon involved. It is possible, for example, that older
patients are less likely to notice rectal bleeding or

'For this section of the analysis our thanks are due to Drs. F. Edwards
and S. C. Truelove for permission to collate data from those cases
common to the present study and to their study of the natural history
of ulcerative colitis.

TABLE VIII
A COMPARISON OF THE PRESENTING SYMPTOMS
IN CASES OF ULCERATIVE COLITIS WITH ONSET

BEFORE AND AFTER THE AGE OF 55

Presenting Symptoms

Bleeding only
Bleeding and diarrhoea
Diarrhoea only
Total
Uncertain

Onset Onset
Before Age At or After
of55 Age 55

Number Number

72 (33 7%) 6 (13-0%)
88 (41 -1%) 21 (46 0%)
54 (252%) 19 (41-0%)

214 (100-0%) 46 (100-0%)
17 8

Applying Yates' correction for discontinuity:
Comparing bleeding with no bleeding: x' = 4-121, n = 1, P < 0O05
significant.
Comparing diarrhoea with no diarrhoea: x' = 6-665, n = 1, P < 0 01
significant.

are more likely to discount it as due to haemor-
rhoids. Alternatively the differences may simply
reflect a change in host response to the disease with
age. It remains to be seen whether other workers are
able to confirm this finding or give it an objective
basis. In summary, we found no convincing evidence
that the bimodal age incidence curve was due to the
admixture of two disease entities. However it should
be borne in mind that the relatively small number of
late onset cases means that only large differences
between the samples are likely to be detected.
Moreover the comparisons we have made are by no
means exhaustive.

If our material represents a single disease entity a
number ofpossible explanations arise for the bimodal
pattern. In addition to the possibility that the
bimodality may be due to variation in the detection
or ascertainment rate with age (which has already
been discussed) variation with age of either suscepti-
bility or exposure to an aetiological factor might
produce such an effect. At present we have no way
of testing either hypothesis.

TABLE IX
PREVALENCE RATES FOR ULCERATIVE COLITIS

(ALL FORMS) BY AGE AND SEX

Age Male Female

Number Cumulative Number Cumulative
Prevalence Prevalence
Rate Per 10' Rate Per 10'

0-14
14-24
25-34
35-44
45-54
55-64
65-74
75-
Total

2
S
16
18
25
14
10
3

93

5.4
24-6
75S9
91-0
124-9
92S5
123-1
69-6

4
4
13
31
45
28
13
7

145

11-4
18-2
65-9
1550
224-9
173-2
111-7
87-9
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FIG. 6. Prevalence rates for ulcerative colitis (all forms)
by age and sex.

The bimodality might also reflect a cohort
phenomenon. Thus if a group of people moved to
Oxford in early adult life from an area where due to
environmental factors the risk of the disease was
lower it might be assumed that they would contribute
a second peak to the age incidence curve about 30
years after arrival, the figure of 30 years being
derived from the interval between birth and the
first peak of the graph. This hypothesis was tested
by comparing place of birth of the patients with that
of controls matched for age, sex, and place of
residence chosen at random from the general
population. No significant difference was found.
Other more complex hypotheses are possible but
could not be tested. Further observations over a

TABLE X
MONTH OF ONSET OF FIRST SYMPTOMS IN

166 CASES OF ULCERATIVE COLITIS

Month of First Onset
of Symptoms

Winter
December
January
February

Spring
March
April
May

Summer
June
July
August

Autumn
September
October
November

Abrupt Gradual
Onset Onset

27
7
10
10

25
5

12
8

31
10
10
11

22
9
5

8

13
3
4
6

21
6
8
7

13
5

4
4

14
5

6
3

Total

40
10
14
16

46
11
20
15

44
15
14
15

36
14
11
11

Total 105 61 166

number of years may help to distinguish between
these possibilities.

AGE- AND SEX-SPECIFIC PREVALENCE RATES These are

shown in Table IX and are plotted as graphs in
Figure 6.

SEASON OF ONSET OF SYMPTOMS It was possible to
determine the month of first onset of symptoms
attributed to ulcerative colitis from the records in
166 cases. In view of the small numbers these were
aggregated into four groups: first onset in winter
(December-February), 40 cases; spring (March-
May), 46 cases; summer (June-August), 44 cases;
and autumn (September-November), 36 cases. No
significant seasonal trend was demonstrated. The
cases were then subdivided into those with an
abrupt clinical onset (105 cases) and those in whom
the type of onset was gradual or unknown (61 cases).
Neither of the subgroups revealed a significant
trend in season of onset (Table X). No attempt was
made to determine whether relapse or deterioration
were related to season.

GEOGRAPHICAL FACTORS For consideration of geo-
graphical differences in frequency each rural district
was merged with the urban district it surrounded.
No significant differences were apparent between
areas in either incidence or prevalence rates. Analysis
of incidence and prevalence within the separate
wards of the County Borough of Oxford also failed
to reveal any significant difference. We also plotted
the address at first diagnosis of the cases diagnosed
between 1951 and 1960 in Oxford on a large-scale
map of the City and this did not show any obvious
tendency of the cases to 'cluster'.
As far as possible urban and rural factors are

concerned, there are three main types of environ-
ment represented in the area; the rural districts,
the small market towns (municipal boroughs), and
Oxford County Borough. Three of the rural districts,
however, border on Oxford and support a population
in the suburbs and dormitory villages of the city.
These were therefore considered separately from the
other rural districts. The rates for these four types
of population were compared. No significant
differences were apparent after correcting for
differences in age and sex distribution of the
populations at risk.

RELIGION Four of the 180 patients in whom ulcer-
ative colitis had been diagnosed between 1951 and
1960 were Jewish, a proportion of 2-2%. Unfortun-
ately no direct estimate exists of the number of
Jews at risk in the area. However, it was possible to
determine the number of Jews discharged from the
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United Oxford Hospitals in 1962 who gave an
address within an area closely similar to the survey
area. When expressed as a proportion of all dis-
charges in 1962 this was 0 4%. Although the
numbers are small, the evidence from this study is
therefore consistent with that reported elsewhere
(Acheson, 1960; Weiner and Lewis, 1960) that the
risk of ulcerative colitis in Jews is greater than in
others. The proportions of patients professing other
religions were similar to those in the 1962 hospital
population.

DISCUSSION

In this paper we have reported an attempt to
identify for the population of Oxford and the
surrounding countryside every case of ulcerative
colitis and regional enteritis diagnosed between 1951
and 1960 and every patient living on 31 December
1960. The estimates obtained help to place the
diseases in question in perspective amongst the
afflictions of the day and come surprisingly close to
the approximations of Houghton and Naish (1958).
If the Oxford area is representative of the current
experience of England and Wales as a whole, it
would appear that at least 3,000 people develop
symptoms of ulcerative colitis each year and that in
December 1960 there were at least 40,000 patients
living who were experiencing or had experienced
symptoms. The estimates for regional enteritis are
about one-eighth of these figures.
The survey has necessarily been an indirect one,

that is to say, the estimates are derived from the
proportion of the total number of sufferers in whom
the diseases have been diagnosed and in whom we
have found a record of the case. On theoretical
grounds a direct survey in which a systematic
sample of the population was examined for sigmoido-
scopic, radiological, and biopsy evidence of the
disease, regardless of the presence or absence of
symptoms, would have been preferable but would
have been impracticable because of the scale of the
enquiry and for other obvious reasons.

Indirect surveys almost always result in under-
estimates of frequency. The proportion of patients
who have never sought medical help must remain
unknown but will depend amongst other things
upon the nature and severity of the symptoms, the
abruptness of their onset, and the accessibility of
medical care. These points are particularly important
when comparisons of incidence and prevalence are
made between different countries.
The accuracy of the indirect survey also depends

upon the efficiency of the systems of medical records
in the community. In the Oxford area, the situation
is favourable because the facilities necessary in the

diagnosis of the conditions studied are concentrated
in a single group of hospitals with an efficient
diagnostic index of long standing.

Finally there remains the problem of the definition
and correct diagnosis of ulcerative colitis and regional
enteritis. The definition of ulcerative colitis is
essentially a negative one, and although the examin-
ation of surgical or necropsy specimens usually
reveals a distinctive pathological pattern (Warren
and Sommers, 1954) the clinical diagnosis has to be
made by a process of exclusion, particularly in
countries where dysentery is common. In this study
none of the patients were examined personally by
the authors for the purposes of the survey. The cases
were accepted or rejected by one of us (E.D.A.) on
the basis of a scrutiny of each medical record
including the reports of sigmoidoscopies, barium
enemas, biopsies, and bacteriological cultures. In
cases of doubt radiographs and surgical specimens
were reviewed by a radiologist and pathologist with
a special interest in the alimentary tract. The records
of in-patients with other conditions likely to be
confused with ulcerative colitis were also examined.
A means of checking our classification of the data
was fortunately provided by a study of the prognosis
of ulcerative colitis (Edwards and Truelove, 1963)
which was being carried out concurrently. Of the
285 cases accepted for our survey, 275 (96-5 %) were
also accepted after an independent assessment by
Edwards and Truelove. Conversely Edwards and
Truelove accepted no case which we had discarded
as unlikely to be ulcerative colitis.

SECULAR CHANGES IN INCIDENCE In a survey using
the retrospective approach, it is always difficult to
be certain that an apparent increase in incidence is a
genuine one. However, a critical examination of the
data from this survey suggests that the twofold
increase in the number of cases of ulcerative colitis
diagnosed over the decade 1951-60 cannot be
accounted for on the basis of the referral of long-
standing cases to take advantage of the advent of

19(0 1945 1950 1955 1960

FIG. 7. Crude annual mortality rate from ulcerative
colitis (LS.C. 572-2) for England and Wales, 1940-62.
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steroid therapy, increased diagnosis of mild forms of
the disease previously overlooked, failure to ascertain
early cases for technical reasons, or a secular trend
in misdiagnosis with conditions with similar
symptoms such as dysentery or spastic colon. Our
conclusion is that it is likely to reflect a true increase
in incidence of the disease in this area. Although no
comparable surveys have been found in the literature,
some support for this view is gained from the work
of Gjone and Myren (1964) who concluded that in
Norway the first hospitalization rate fbr :ulcerative
colitis had increased from 1.1 per 100,000 in the
quinquennium 1946-50 to 1-7 in 1951-55 and 2-3 in
1956-60.
Figure 7 shows that in England and Wales the

crude annual death rate from ulcerative colitis
declined steeply from 1-5 per 100,000 in 1940 (when
figures first became available) to 0 9 in 1947. From
1947 to 1962 the death rate has remained almost
constant, in spite of the introduction of steroids in
1954. Superficially this trend may appear to contra-
dict the one demonstrated in this paper. However,
in a chronic disease such as ulcerative colitis, the
interpretation of mortality rates is complex as they
reflect not only the incidence of the disease but the
efficacy of treatment and other factors influencing
its fatality. Edwards and Truelove (1963), in their
study of prognosis, found that the proportion of
patients who were severely ill on reaching hospital
was lower in the period 1953-62 than for the years
1938-52. For this reason and also because of
improved treatment, there was a substantial decrease
in fatality rate in the second period. If this experience
reflects a national reduction in the fatality of
ulcerative colitis, one would have expected the
mortality rate to continue to fall at least as steeply
in recent years as in the period during and immedi-
ately after the second world war, provided incidence
remained constant. One possible interpretation of
the fact that it has not done so it that incidence has
in fact increased in recent years.

THE AGE INCIDENCE CURVE One of the most
interesting findings of this survey has been the
secondary increase in incidence of ulcerative colitis
in persons over the age of 55. Reasons have already
been given why it is felt that this is not an artefact,
due to bias or sampling error but may have bio-
logical significance. Published age-specific data
collected from the literature have been compiled
separately in Fig. 8 (a) males, and (b) females. The
similarity between the New Zealand hospitalization
rates (Wigley and Maclaurin, 1962) and the Oxford
figures is striking and a secondary increase in old
age is seen in both sexes. There is no convincing
parallel in the Norwegian data (Gjone and Myren,

a .
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(b. Females.
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FIG. 8. Hospital discharge rates for ulcerative colitis by
age in New Zealand (Wigley and Maclaurin, 1962) and
Norway (Gjone andMyren, 1964).

1964). A secondary increase was also noted in a
study of U.S. Army cases (Acheson and Nefzger,
1963) although it occurred in a younger age group
(men who were aged 40-44 in 1944). Matsunaga
(1959) also noted a bimodal age pattern in Japanese
cases of ulcerative colitis but his method of case
ascertainment is open to criticism and the material
is not comparable with the other surveys.
Two main biological explanations for the bimodal

age-incidence pattern have already been discussed
in the appropriate section dealing with the results of
the survey. They are that our current concept of
ulcerative colitis is the resultant of two distinct
diseases with different age-incidence patterns; or
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that this is a single disease entity in which either
susceptibility, or exposure to environmental factors
varies with age in an unusual manner.
As far as the former view is concerned, Banks and

Klayman (1953) considered that cases of ulcerative
colitis beginning after the age of 50 constituted a
distinct group characterized by a clinical course
either remarkably benign or unusually severe and
complicated. Edwards and Truelove (1963) found a
significantly higher fatality rate in the first referred
attack in patients over the age of 60 (16-4%) than in
those under that age (7-6 %). Our own material
showed three acute fulminating cases (fatal within
one year of referral to hospital) out of 48 cases with
onset over the age of 55 with only one in the group
of 221 cases with an earlier onset. However, an
increased fatality rate with age is common to so
many diseases that it can hardly be adduced as
evidence of the existence of a separate subentity.
The possibility must be considered that both the

secondary rise in incidence and the difference in
presenting symptoms between the early and late
onset groups might be due to the inclusion of a
number of cases of primary Crohn's disease of the
colon, or of ischaemia of the large gut due to
vascular disease. Lockhart-Mummery and Morson
(1960) found that cases of Crohn's disease of the
colon typically present with diarrhoea, rectal
bleeding being unusual except when the rectum is
involved. Cornes and Stecher (1961) have suggested
that the incidence of primary Crohn's disease of the
colon is higher in old age than that of ulcerative
colitis. Their evidence, however, was based on
surgical resection specimens from an undefined
population. In the series described by Lockhart-
Mummery and Morson (1960), primary Crohn's
disease of the colon in patients over 50 was of the
localized or segmental type, the oldest patient with
diffuse lesions being 47. Exclusion of cases of seg-
mental colitis, right-sided colitis, and other 'mixed
forms' from our age-specific incidence rates (Fig. 4c)
did not obliterate the second rise in risk. It seems
therefore unlikely that this rise is due to cases of
primary Crohn's disease of the colon. The same
arguments apply to the clinical picture of segmental
colitis arising in elderly patients with occlusion of
the distal intestinal blood vessels (Marston, 1964).
Our findings support the view that in this country

ulcerative colitis rarely presents in childhood. This
may not be true in other countries and the large
series of cases in children reported by Lagercrantz
(1949) from Sweden and by Hijmans and Enzer
(1962), Holowach and Thurston (1956), and Bargen
and Kennedy (1955) from the United States, although
not referable to populations at risk, suggest that
children may be more susceptible in these areas. In

our own study particular care was taken during the
collection of cases to ensure that none diagnosed in
children were lost, but it remains possible that the
apparent low rate in childhood may reflect a tendency
to favour other diagnoses in this age group. Bouts of
diarrhoea in children may not be investigated by
sigmoidoscopy unless they are severe, prolonged, or
accompanied by haemorrhage. Nevertheless it is
possible that minor attacks may be an early mani-
festation of a process not diagnosed until later in life.
We were unable to detect an urban/rural difference

in risk as was found in New Zealand by Wigley and
Maclaurin (1962); Matsunaga (1959) found evidence
in Japan of a higher incidence in large towns com-
pared with small. Our findings possibly reflect a
greater uniformity of medical surveillance over the
region than obtain over the large areas involved in
the two studies cited. In the paper of Acheson and
Nefzger (1963) on records of the United States Army,
significant preponderance of cases who had been
born or had resided in large towns before enlistment
in the service was found at first. However, after
exclusion of the highly urban Jews (in whom the
incidence was shown to be twice that of the general
population), no significant difference remained.
Our findings are in keeping with the generally

accepted high risk in Jews. Coloured races were not
represented in our cases, but the number at risk in
the area is still very small.

SUMMARY AND CONCLUSIONS

An attempt has been made to identify and obtain
data about every case of ulcerative colitis (including
proctitis) and regional enteritis diagnosed in an
English community of known constitution within the
decade 1951-60 (incidence); and every patient
suffering or known to have suffered from these
diseases who was living within the defined area on
31 December 1960 (prevalence). Figures for the
average annual incidence and for the prevalence of
the two conditions are given.

Further analysis of the incidence of ulcerative
colitis has been reported by year of diagnosis,
extent of disease at first diagnosis, age and sex,
season of onset of initial symptoms, address within
the area, and religion.
An increase in the number of cases of ulcerative

colitis diagnosed per 100,000 population over the
decade was found. It was concluded that part at
least of this reflected a true increase in the incidence
of the disease.
The incidence of ulcerative colitis was slightly

higher in females than in males in all age groups.
The disease rarely manifested itself in children or
adolescents in this area; the incidence in both sexes
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then rose steeply with age to a peak in early middle
life, falling again in the sixth decade. A secondary
rise in incidence occurred in old age followed by a
further fall. Even in persons over the age of 75 the
risk of first developing ulcerative colitis was appreci-
ably higher than in childhood.
An examination of the distribution of the patients

within the area at time of first diagnosis did not
reveal any significant geographical differences in
incidence or prevalence nor was there any evidence
of an urban-rural gradient. A study of the season
of onset of first symptoms showed no significant
trend.

The authors wish to acknowledge their indebtedness to
the physicians, surgeons, and general practitioners in the
Oxford area for their cooperation in the survey, and to
the staff of the Records Department of the United
Oxford Hospitals for their assistance at every stage of the
enquiry.
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