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Biopsy specimens from the beds of leg
ulcers of fifteen patients were obtained
before and after the application for 5 days of cultured
human amnion. After amnion application there was con-
siderable granulation tissue in the ulcer bed and micro-
scopical evidence of thinned connective tissues, vessel
development, more compact resolution of vascular base-
ment membranes, and many more factor VIII granules
within endothelial cells. These findings suggest the pre-
sence of angiogenic factors in human amnion and this
could explain the hitherto unexplained success of amni-
otic membranes in surgical practice.

Summary

Introduction

WouNnD healing is affected adversely by poor general
health and several local factors such as inadequate
blood-supply and chronic infections. If direct closure of
the wound is impracticable, a healthy granulating
wound bed which will close either by marginal epithelia-
lisation or by autografting is desirable. The plethora of
creams, powders, solutions, and dressings used to pro-
mote wound healing indicates the incomplete state of
knowledge on this subject. Human amnion has been
sporadically used, since at least 1910, to promote the
formation of granulation tissues,!* and lately as a biolo-
gical dressing for open wounds,’7 including burns®-!
and chronic ulceration of the legs.!> However, the vascu-
lar events which are initiated by this therapy have not
been investigated. We present histopathological and im-
munohistological evidence for the development of pro-
fuse granulation tissue-in the ulcer bed after amnion
application to leg ulcers.

MR BENNETT AND OTHERS: REFERENCES—continued

N

Sabella N. Use of fetal membranes in skin grafting. Med Records NY 1913;
83:478-80.

Troensegaard-Hansen E. Amniotic grafts in chronic skin ulceration. Lancet
1950;i: 859-60.

. Robson MC, Krizek T]. Amniotic membranes as a temporary wound dress-
ing. Surg Gynacol Obster 1973; 136: 904-06.

. Gruss ]S, Jirsch DW. Human amniotic membrane: a versatile wound dress-

ing. J Can Med Assoc 1978;118: 1237—46.
Bose B. Burn wound dressing with human amniotic membrane. Ann R Coll
Surg Eng 1979; 61:444-47.

. Kinmonth JB, Rob CG, Simeone FA, eds. Ulcers of the legs and feet. In: Vas-
cular surgery. London: Edward Arnold 1962: 330--36.

. Summers FH, McLaughlin CR. Emulsifying eusolliquid paraffin. Lancet
1968;ii: 1299.

9. Bourne G. Human amnion and chorion. London: Lloyd-Luke, 1962: 10.

10. Colacho G, Graham III WP, Green AE, Matheson DW, Lynch D. Human
amniotic membrane as a physiologic wound dressing. Arch Surg 1974.
109:370-73.

- Matthews DN. Storage of skin for autogenous grafts. Lancet 1945; i:
775-78.

12. Bisgaard H. Ulcers and eczema of the leg. Copenhagen: Munksgaard, 1948,

13. Burger K. Kunstliche scheidenbildung mittels eihauten. Zentralblau
Gynakol 1937; 2437-40.

. de Rotth A. Plastic repair of conjunctival defects with fetal membranes. Arch
.Ophthalmol 1940; 23: 522-25.

. Matthews RN, Bennett JP, Faulk WP, A review of the role of amniotic mem-

brane in surgical practice. Submitted for publication, 1980.

@ N v W

—
—_

1

-
“m o

THE LANCET, MAY 31, 198q

Patients and Methods

Extra-embryonic membranes were collected and majp.
tained in tissue culture as described elsewhere.'>!* The amnjop
epithelium and its basement membrane were separated by
blunt dissection from the underlying amniotic mesenchyme
and chorion immediately before application to leg ulcers,
These tissues demonstrated good viability for up to 3 weeks jn
culture.'?

Fifteen patients'? with chronic leg ulcers (of up to 40 years
duration) which were refractory to conservative and surgical
methods of treatment, including autografting in eleven cases,
were admitted and kept on strict bed rest throughout treat-
ment. Their surgical management is reported in an accom-
panying paper.!?

Before and 5 days after amnion application two adjacent
biopsy specimens were obtained aseptically from the ulcer bed,
One was placed in 10% buffered formalin for hematoxylin and
eosin (H and E) and reticulin stains.!* The other was snap
frozen in liquid-nitrogen-cooled isopentane, and cryostat sec-
tions were prepared on microscope slides without chemical
fixation and processed for immunohistology.!> Rabbit mono-
specific antiserum to human factor VIII was obtained from the
Netherlands Red Cross Blood Transfusion Service and a fluor-
escein-isothiocyanate (FITC) conjugate of sheep anti-rabbit
immunoglobulin (Ig) was obtained from Burroughs Wellcome,
Kent. Fluorescence microscopy'® was performed with a Zeiss
Universal microscope fitted with an FITC interference primary
filter, dark ground condensor, and a 520 nm barrier filter.

Results

Gross appearance—In most patients a clean, red,
delicate layer of granulation tissue had formed through-
out the wound bed after 5 days of amnion application.
Some had a less exuberant response, but all wound beds
produced punctate bleeding after moderate to firm rub-
bing of the surface with a gauze swab. When the superfi-
cial granulation tissue was removed the underlying sur
face also bled freely. ‘

Histopathology.—H and E stains of biopsy specimens.{ |
from the ulcer bed before amnion application showed ¥

few small vessels (fig. 1A), but biopsy specimens taken
after application of amnion showed many capillaries
(fig. 1B). Reticulin stains of ulcer-bed tissues before
amnion application contained dense connective tissue
that tended to isolate groups of thick-walled vessels with
disordered endothelium; many of the vessels appearefi
not to be patent (fig. 2A). After 5 days of amnion appli-
cation the connective tissue fibres were more delicate
and the vessels seemed to be more numerous, evenly dis-
persed, thin-walled, and patent, and the endothelium
was often more clearly defined (fig. 2B). Biopsy spect-
mens taken before amnion application showed promt
nent infiltrates of polymorphonuclear leucocytes an

/

¢

mononuclear cells, often with the morphological charac-

teristics of plasma-cells,

Immunohistology.—Before amnion was applied
biopsy specimens contained very little factor VIII in ic
vascular endothelial cells (fig. 3A), and cells reacung
with this antiserum were diffusely distributed, often g1V~
ing a dull fluorescence in the vessel wall and surrounc”
ing connective tissues. However, all biopsy specimens
taken after S days of amnion application contained bril-
liant immunofluorescent granules within the endothe
lium, and many more vessels were identified (fig. 3B)-

|
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Fig. 1—Representative fields in H and E stained sections.

Paucity of vessels in a generally densely collagenised stroma in pre-
amnion biopsy specimen (A) as compared with numerous widely
patent vessels in a much less dense stroma in post-amnion biopsy speci-
men (B).

Autografting.—These results are reported in an
accompanying paper.'?

To obtain a controlled assessment of the effectiveness
of the use of human amnion as an adjunct in wound
healing, four patients were managed by more traditional
approaches to leg ulcer therapy before they had amnion
application and autografting.!? Neither the gross nor the
microscopical appearance of their lesions after their in-
ittal treatment displayed the favourable features of
healthy granulation tissue seen after 5 days of amnion
application.

Discussion

Mammalian embryos come to lie within a fluid-filled
sac that arises from extra-embryonic tissues. The sac is
composed of two principal layers.!” The chorion (cyto-
trophoblast) which forms the outer aspect of the sac is
in contact with maternal cells without being rejected.!8
The inner aspect, that tissue used in our present studies,

Fig. 2—Reticulin-stained sections.

_ Pre-amnion biopsy specimens (A) demonstrate thick-walled vessels
In a stroma containing coarse and often closely packed fibres; post-
amnion biopsy (B) shows thinner walled, more sharply defined vessels
In a much looser interstitium with fibres that are fine and more widely
Separated.

1157

Fig. 3—Immunofluorescence with rabbit anti-factor VIII anti-
body.
(A) Absence of factor VIII and hence of blood-vessels in pre-amnion
biopsy, in contrast with (B) which shows many sharply defined, thin-
walled, patent, small blood-vessels in post-amnion specimen.

consists of the predominantly single-celled layer of
amnion epithelium and its underlying basement mem-
brane. This part of the sac is bathed by amniotic fluid
without actually being in contact with maternal tissue.!’

In our hands, the most striking effect of amnion on
the healing of chronic leg ulcers was the development of
new vessels as observed grossly, histopathologically, and
immunobhistologically by antiserum to factor VIII as a
marker of endothelium.?’ Vessel growth-promoting fac-
tors are said to be produced by tumour cells?! and by in-
compatible donor lymphocytes in graft-versus-host reac-
tions.?? Since human extra-embryonic membranes share
structural and functional properties with certain tumour
cells, 24 the effects we observed may be due to amnion
angiogenic factors acting on the capillary endothelium.
Could these factors be isolated for use as therapeutic
agents in wound healing?

Other possible features that might promote the effec-
tiveness of amnion as a biological dressing are its
reported bacteriostatic properties,?> a feedback regula-
tion of procollagen synthesis by collagen products in the
explanted amnion,? and an as yet undefined contribu-
tory function of the intermediary culture step we use.
The usefulness of amnion as a biological dressing for
burns!! and chronic leg ulcers!? suggests that it may
have a broader application.

This work was supported in part by the Medical Research Council,
the South East Thames Regional Health Authority, British Petroleum,
and the East Grinstead Research Trust. We are gratetul to the Obstet-
rics Departments of Pembury and Crawley Hospitals for providing the
amniotic membranes.

Requests for reprints should be addressed to W. P. F.
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REVERSIBLE MILD DIABETES IN CHILDREN
AFTER TREATMENT WITH
CHLORPROPAMIDE

WiLLiam J. MUTCH Joun M. STOWERS
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Summary In 9 patients with juvenile-onset

chemical diabetes treated with oral
chlorpropamide, oral or intravenous assessments of car-
bohydrate tolerance were made regularly three weeks
after withdrawal of therapy. 6 patients with sequential
intravenous tests achieved statistically significant rever-
sal of their carbohydrate intolerance and have remained
normal for an average of 5.6 years (range 1-11 years). 2
patients who subsequently required insulin therapy were
maintained in remission for 3.5 years and 5 vyears,
respectively. There appears to be a group of young
patients with chemical diabetes who achieve significant
remission with sulphonylurea therapy.

Introduction

SULPHONYLUREAS “cure” experimental diabetes in
animals.! Fajans and Conn? have shown improvement in
the glucose-tolerance tests of young patients with mild
diabetes after a course of tolbutamide. Various reports
have confirmed this.»* Stowers® observed that patients
aged under 35 with chemical diabetes had a better
carbohydrate-tolerance response to long-term chlor-
propamide than did older patients. The former group
included a number of children aged 3 to 16 years.

We now describe the behaviour of carbohydrate
tolerance in a group of patients with juvenile-onset
chemical diabetes treated with oral chlorpropamide.

Patients and Methods

9 patients (5 girls and 4 boys) with an average age at presen-
tation of 12.0 years (range 3-16) were reviewed (table I). Each
patient had an oral or intravenous glucose-tolerance test under
basal conditions. The result of the intravenous test was
expressed numerically as an increment index.® This is a
measure of the rate of fall of the increment of the plasma
glucose over the mean fasting level. An increment index >2.97
was normal and >2.46 abnormal. Results between these levels
were regarded as probably abnormal. All patients had chemical
diabetes at the time of diagnosis.’

THE LANCET, MAY 31, 195

TABLE 1 - DETAILS OF PATIENTS IN STUDY

T ——
Patient| Ageat Family history Mode of presentation Weight a
presentation presentation
(yr) &
1 3 +ve, mother on tablets | Glycosuria found by 14.5
mother
2 14 —ve Recurrent furun- $6.5
: culosis
3 8 +ve, paternal grand- | Polydipsia 1 yr 37.8
father on 1ablets
4 16 +ve, mother, father, | Screening of children 61.1
2 sisters on tablets of diabetic parents
5 15 —ve Glycosuria on routine 549
examination
6 15 —ve Glycosuria on routine 55.6
examination
7 9 +ve, mother on tablets | Screening of children 249
of diabetic mothers
8 15 —ve Glycosuria on routine 37.5
examination
9 13 —ve Primary symptoms 45
after measles

All 9 patients were given dietary advice and started on chlor-
propamide 50-100 mg daily. At presentation the weight of 6
patients was less than 1 standard deviation above the 50th per-
centile, that of 2 less than 2 SD, and that of 1 more than 2 SD
above the 50th percentile.® Glucosz tolerance was tested yearly
after discontinuation of the chlorpropamide for three weeks in
order to obviate any direct pharmacological effect. The dosage
of chlorpropamide was adjusted according to the result. The
mean dosage during the period of follow-up was 158 mg daily
(range 50-375 mg). The mean follow-up period was 7.2 years
(range 3-16 years). 4 patients had first-degree relatives with
diabetes; all the affected relatives were treated with tablets and
1 possibly had maturity-onset diabetes of the young (MODY).?

Results

The behaviour of each patient’s carbohydrate
tolerance is shown in table 1. 7 patients achieved reversal
to normal tolerance. Of these, 6 have remained normal
for an average of 5.6 years (range 1-11 years), 3 of them
having been off chlorpropamide for 8.0 years on average.
In the other patient diabetes developed after a period of 7
years with increasing weight and intermittently raised
fasting plasma-glucose levels. He defaulted and has
recently returned to the clinic, weighing 118 kg. Oral
glucose tolerance is now normal 4 years after the finding
of overt diabetes. Throughout he has been free of
diabetic symptoms and he is the only patient in this
group to have exceeded 2 SD above the 50th percentile
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TABLE II—CHANGES IN CARBOHYDRATE TOLERANCE AFTER TREATMENT WITH CHLORPROPAMIDE i
—] 1Y
Patient Initial Initial | Tolerance | Duration | Daily dose | Time to Duration of normal Most Total | Comments [
tolerance | fasting | at reversal of of reversal tolerance (yr) recent | follow-up
plasma | or failure |treatment| chlorprop- or tolerance (yr)
glucose (yr) |amide (mg) | failure On Off
(mm/1) (yr) |chlorpropamide |chlorpropamide
" 1 i
Patients
who l
achizved
reversal: !
{ Oral test: Oral test: Oral test: :
60 min, 4.5 30 min 4 50 0 8 30 min 12 §
12.1 mm/Y; (peak), (peak), 0
120 min, | 5.4 mm/A; 8.9 mm/l; »
8.3 mm/1 120 min, 120 min, |
3.1 mm/ 5.3 mm/l; $ g
43311 ‘e
6 mo i
after oral .
test [
2 289 LL 52 |408LL 8 100-375 3 8 49511 16 g
3 1.76 L1 5.5 396 1.1 1 200 0 7 Oral test: 12 [Defaulted &
FPG clinic i
4.9mm/1; for 4 yr i
90 min, L
8.3mm/l;
120 min,
5.Smm/1.
4 257 LL 4.1 3.65 1.1, 2 100 1 9 36511 11 Moved
from area
5 24311 39 43311 3 100 1 0 43311 3 Moved
from area
6 248 L1 39 35511 1.5 100 1.5 0 46211 3 Defaulted
clinic
7 21711 6.2 |3.471L 1 50 2 0 34411 3
(Mean {Mean (Mean
2.3811L) 38411) 395 L1)
Patients
requiring
tnsulin:
2.61 LL 5.2 1.15LL s 500 5 Symptom-
FrG free for
6.5 mm/l period of
follow-up
9 Oral test: 5.5 1.65 L1 35 375 3,5 |Symptom-
90 min, FPG free for
13.9 mm/l 7.7 mmA period of
120 min, follow-up
12.2 mm/;
1.78 L.I.
6 mo later
(Mean (Mean
2.191L) 1401LL)
LI.=increment index. FPG=fasting plasma glucose. mm/l=mmol/l.
during the follow-up period. WithirE the grcSJup th)c Discussion
average time to reversal was 2.1 years (range 1-5 years). .
The patients who achieved reversal remained on chlor- waIsn rZ:voei sge d"?}fg‘iﬁggggﬁ:{’ n\:irtr}?aihgli;:%ﬁ;;%iﬁncg
propamide for an average of 2.6 years (range 1-8 years). patients who had sequential intravenous tests achieved

The remaining 2 patients progressed to insulin
therapy. Their remissions lasted for 3.5 and 5 years,
respectively.

6 patients who achieved reversal had sequential
intravenous tests. The difference between the initial
tolerance and reversal tolerance was highly significant by
Student’s ¢ test (¢=7.30, p>0.001). Similar significance
was found between the initial tolerance and the most
recent tolerance (:=6.38, p>0.001).

If the total of 8 patients who had sequential
intravenous tests are considered—i.e., including the 2
patients who showed no reversal to normal and
progressed to insulin therapy—then the difference bet-
ween initial and most recent tolerance was at the bor-
derline of significance (t=2.9, 0.05>p<0.10).

and have maintained highly significant reversal of car-
bohydrate intolerance.

Rosenbloom et al,,* in a summary of published
reports, noted that two-thirds of 33 children treated
with sulphonylureas for periods of 0.2-5 years
improved or maintained their glucose tolerance. Among
25 patients aged 9-17 years at presentation Fajans et
al.*> found that in 72% the mean glucose tolerance
showed some improvement. This group had been treated
with diet or diet plus sulphonylurea. The number in each
treatment group was not disclosed. The whole group was
followed for 1.7-19.5 years. Our observations of the fate
of carbohydrate tolerance in young patients with
chemical diabetes over a similar period of time (3-16
years) are thus in broad agreement. '

-




B

-

A L

1160

2 of our patients remained symptom-free for 3.5 years
and 5 years, respectively, before needing insulin therapy.
They had normal fasting blood-sugar levels and a
negative family history of diabetes.

C-peptide studies on insulin-dependent patients
suggest there is some recovery of endogenous insulin
secretion during the “honeymoon period”.!! Measurable
C-peptide levels have been found in juvenile-onset
diabetes beyond the  “honeymoon  period”.!?
Sulphonylureas reduce the need for exogenous insulin.!?
Pfeiffer et al,!'* using an artificial pancreas, reported
that treatment with a sulphonylurea resulted in a smaller
requirement of insulin from the artificial pancreas and
increased C-peptide concentration.

Sulphonylureas may have contributed to prolonging
the remission in our 2 patients by potentiating beta-cell
function.

The longitudinal assessment of carbohydrate tolerance
has been limited by the reliability of the tolerance test.
The oral glucose-tolerance test gives variable results in
the same patient at varying time intervals.!®!¢ The
criteria of abnormality are also variable.!”'® Jackson,'®
in 200 oral tests on normal children, found that at each
peint there was skewing about the mean to higher values.
This may lead to overdiagnosis of chemical diabetes if
conventional criteria are used. Jackson?® observed that
the intravenous test was less sensitive for initial screen-
ing than the oral test using 1.75 g of glucose/kg of ideal
weight, but he found that the intravenous test was more
reproducible, thus making it more suitable for
longitudinal studies. The intravenous test also avoids the
variability related to gastrointestinal absorption.

The increment index was chosen for this study
because, with normal fasting levels in patients with
minor degrees of carbohydrate intolerance, the incre-
ments above fasting, rather than the absolute levels, give
a better fit to an exponential line.?!

No large comparative studies of oral-versus-
intravenous tests have been done in the age group under
consideration. Jackson?? recommends cautious inter-
pretation of data from oral tests because the metabolic
changes that accompany growth are complex.
Sutherland et al.,?* however, have argued cogently the
value of the intravenous test in pregnancy, in which
metabolism is similarly complex.

The mechanism of the improvement in chemical
diabetes after treatment with a sulphonylurea is conten-
tious. In quantitative studies on rat and mouse pancreas
Loubatiéres? noted a “beta cytotropic effect”—that is,
neogenesis of beta cells. Hypertrophy of the islets of
Langerhans has been observed in obese human beings.?*
Regeneration of islets after sulphonylurea therapy has
been reported.26-2%

The classical effect of sulphonylureas in the initial
stages of therapy is the stimulation of release of insulin
from beta cells.?’ This beta cytotropic effect?* would
tend to correct the “deficiency in the insulin secretory
mechanism of the beta cell” which Sherwin and Felig®
regard as “the predominant or primary lesion in most
forms of diabetes”. With long-term therapy there is little
or no change in total plasma insulin.?® In reviewing the
effect of long-term chlorpropamide on insulin levels,
Turner and Holman3! have suggested that “the same
insulin production at lower glucose levels may indicate
improved beta cell efficiency”. Fajans et al.'® have repor-
ted that with improved tolerance mean plasma-insulin
responses had not deteriorated after an average of 7.1
years and that there was a statistically significant rise in
plasma insulin at 30 min in oral tolerance tests in a
group treated with diet and sulphonylurea.

The early phase of insulin secretion is deficient in
many patients with chemical diabetes.>? Sulphonylureas
stimulate the first phase of insulin release.??

-
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Various extra-pancreatic effects of sulphonyluress
have been reviewed by Lebovitz and Feinglos** and Kra|)
and Chabot.?* Sulphonylureas induce an increase in the
number of insulin-receptor sites both in animals and iy
man.?*3¢ Extra-pancreatic effects improve carbohydrate
tolerance®” and Reaven et al.3% suggest that “resistance 1
the action of insulin is the primary lesion in patients
currently classified as having borderline glucose
tolerance or chemical diabetes”.

It seems likely that insulin deficiency and insulin
resistance are present to varying degrees in the diabetic
syndrome. Sulphonylureas have a beneficial effect on
both aspects. The variable end result of treatment of
chemical diabetes may well depend on the individual
response 1o beta cytotropic or extra-pancreatic action, In
a prospective study of patients treated with chlor-
propamide or placebo, we measured C-peptide levels in
an attempt to determine whether any improvement in
carbohydrate tolerance may be due more to pancreatic or
extra-pancreatic effects (Mutch, Stowers, Dingwall-
Fordyce, Murchison, and Bottazzo, unpublished).

The majority of observations on the actions of
sulphonylureas have been made with ongoing therapy.
Our results, as well as those of Fajans! and the con-
tributors to the symposium in chemical diabetes mellitus
in childhood,* were obtained when the patient had been
off treatment for 1-2 days (if on tolbutamide) or 1-3
weeks (if on chlorpropamide). These observations
suggest that the potential to produce remission does not
depend on the immediate pharmacological effect of the
sulphonylurea but represents a modification of the basic
metabolic abnormality.

Our understanding of the natural history of juvenile-
onset diabetes has undergone considerable revision in the
past two decades. Tattersall® defined a “mild familial
diabetes with dominant inheritance”, and the concept of
MODY has gained general acceptance. When the disease
follows a general benign course the exact contribution of
a particular therapeutic measure is much more difficult
10 establish, Rosenbloom et al.* acknowledged the
improvement of carbohydrate tolerance in several groups
of children treated with a sulphonylurea but suggested
that no investigator could truly distinguish between drug
effects and natural history. Fajans’®® was, however,
careful to say that in his group “we have established that
there is not spontaneous fluctuation or improvement in
carbohydrate tolerance prior to initiation of
sulphonylurea therapy”. Our results and the experience
of others leads us to believe that there is a group of
patients with chemical diabetes who may achieve remis-
sion from their carbohydrate intolerance for long periods
after stopping sulphonylurea therapy. Fajans* has
expressed a similiar opinion. Further information can
only be gained by purposeful seeking for diabetes in its
chemical state, which is the only one which
sulphonylurea has been shown to benefit.*

We thank staff-nurse H. Aitken and the technicians of the chemical
pathology department, Aberdeen University, for technical assistance;
Miss L. Dingwall-Fordyce for statistical advice; and Mrs D. Crockett
for typing the manuscript.

Requests for reprints should be addressed to J. M. S,
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The cause of death in 1951-1977 and
cancer morbidity in 1959-73 were deter-
mined in 1094 (99.6%) eligible spouses of 1716 persons
in Sweden who died from colon and rectum cancer in
1961. The risk of colorectal cancer and other possibly
aetiologically related diseases was no higher in the
spouses than in a matched population.

Summary

Introduction

ErpEMIOLOGICAL evidence®? and animal studies?
suggest that diet is important in the aetiology of large-
bowel cancer. Bile acids and their degradation products,
secreted in response to the consumption of fat,* are
believed to promote cancer whereas dietary fibre has
been claimed to protect against bowel cancer.>® Most of
the evidence comes from studies of international varia-
tion in bowel-cancer rates with diet and the increase in
risk among migrants who move from low to high
incidence areas.

If diet is an important factor in the development of
large-bowel cancer, then spouses of patients with these
tumours may be assumed to constitute a high-risk group
since married couples are likely to have a similar diet for
much of their adult lives. We therefore investigated the
risk of colorectal cancer in spouses of patients who died
from these diseases in Sweden in 1961.

Patients and Methods

1716 persons (index cases) were listed in the Swedish Central
Bureau of Statistics as having died from cancer of the colon
(ICD 153) or cancer of the rectum (ICD 154) in Sweden in
1961 (table I). Since 1947 a record of life-events from birth to
death has been kept for every inhabitant of Sweden. Up till
1968 these records were stored in the archives of the Central
Bureau of Statistics after a person’s death.

Spouses who had died before 1951 were excluded from the
study, because reliable data on cause of death were not
available before then. Persons who had divorced before 1947
were also excluded because they could not be indentified with
certainty. The remaining 1098 spouses eligible for follow-up
(table I), were sought in national population, death, and cancer
registries. Cause and date of death were ascertained between
1951 and 1977 and surviving spouses were identified as being
alive on Jan. 1, 1978. Cancer morbidity was ascertained for the
period of 1959-1973; cancer registration was started in 1958
and had not yet been completed for the years after 1973.

Record linkage was based on the personal identification
numbers introduced in Sweden in 1947, Only 4 of the 1098
persons could not be traced or had emigrated; 99.6% of the
spouses eligible for study were identified.

International Classification of Diseases (ICD) codes assigned
to patients were abstracted from the death register (ICD 6, 7
and 8)"~, and from the cancer registry (ICD 7). Mortality was
analysed according to the A-list for selected causes of death.
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TABLE [—-DEATHS FROM COLORECTAL CANCER IN SWEDEN IN 1961 AND
REASONS FOR EXCLUSION FROM FOLLOW-UP

Index person
Colon Rectum Total
Males Fema]esT Males | Females

No. of deaths 1961 580 562 356 218 1716
Exclusions:

Never married 82 109 46 48 285

Spouse died before 1951 56 126 38 57 277

Divorced 19 24 9 4 56
Follow-up:

Eligible for follow-up 423 303 263 109 1098

Lost to follow-up 1] ‘ 3 1 0 4

Followed up 1951-1977 | 423 300 262 109 1094

"z of eligible) (100.0) ‘ (99.0) (99.6) | (100.0) | (99.6)

Person-years-at-risk were calculated by the life-table method
for 1951-1977 for mortality and 1959-1973 for cancer mor-
bidity. The numbers of deaths by cause and the numbers of
cancer cases arising in this group of persons (expected numbers)
were calculated on the basis of Swedish national mortality and
cancer incidence rates, respectively, 1o derive mortality and
morbidity ratios indirectly standardised for age, sex, and period
of diagnosis.

The statistical significance of differences between the obser-
ved and expected number was determined. A Poisson distribu-
tion was assumed. 95% confidence limits of the mortality and
morbidity ratios were estimated by dividing the true 95% con-
fidence limits of the observed number by the expected number
of cases.

Results

Colorectal cancer. — The observed and expected
number of deaths from colon and rectal cancer among
spouses before and after 1961, the year of death of the
index cases, are shown in table II. During the total
follow-up period, 1951-1977, there were fewer deaths
than expected (O/E=13/18.33), but this difference is not
statistically significant and may be due to random varia-
tion of small numbers. Whereas the risk in surviving
spouses was the same as that in the general population,
there was a deficit of cases before death of the index case.

In the A-list of the ICD, cancers of the small bowel are
included with colon tumours. The error introduced by
this is negligible in the estimate of expected numbers of
colon cancer; no small-bowe] tumours were observed.

The above findings are confirmed by the analysis of
cancer registry data covering the years 1959-73 (table

TARLE II—DEATHS FROM COLON AND RECTUM CANCER 1951-1977 IN SPOUSES
OF PEOPLE (INDEX CASES) DYING FROM THESE DISEASES IN SWEDEN 1961

Spouse died:
Causeof | Cause of
deathin death 1951-60 T 1961-77 1951-77
index case | spouse
Obs. | Exp.t J Obs. | Exp4 | Obs. | Exp.t

Colon Colon* 0 2.72 5 5.55 5 8.27

Rectum 1 1.50 1 2,72 2 4.22
Rectum Colon* 0 1.37 5 2.56 b 393

Rectum 0 0.71 1 1.20 1 1.91
Colon + Colon* +

rectum | rectum 1% 6.30 12 12.03 13 18.33

* Includes cancer of the small intestine (ICD 152).
1 Adjusted for age, sex, and period of death.
1 Observed number significantly smaller than expected p < 0.05.
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TABLE HI—INCIDENCE OF COLON AND RECTAL CANCER IN 1959-73 AMONG
SPOUSES OF PERSONS DYING FROM CANCER OF COLON AND RECTUM
IN 1961 INSWEDEN

Cause of death | Cancer morbidity | Obs. | Exp. O/E | 95% confidence

in index case in spouse limits
Colon 6 6.44 0.93 0.34-2.03
Colon Rectum 1| 217 | 046 | 001257
Colon 5 316 1.58 0.51-3.69
Rectum Rectum 0| rer | .. 0.00-2.21
Colon + rectum| Colon + rectum 12 13.44 0.89 0.46-1.56

III). These data give more reliable information on the
site of tumour than mortality statistics. None of the dif-
ferences is statistically significant; this finding also
applied when mortality and incidence data for both sexes
were examined separately.

Other causes of death — Cancer of the large bowel may
be aetiologically related to cancer of the breast, ischaemic
heart-disease, and gallbladder disease.!® We found no
increased risk of death from these diseases among
spouses of persons with large-bowel cancer (table IV),
although the mortality ratio for ischaemic heart-discase
1.21 (1.02 - 1.42 ; p< 0.05) was higher in wives. The
risk in men was not increased (SMR = 0.99). Standar-
dised mortality ratios (SMR) for several other cancers
and other causes of death had values around 1; none of
the differences in mortality between spouses and total
population was statistically significant (table IV).

TABLE IV—CAUSES OF DEATH 1951-1977 AMONG SPOUSES OF PEOPLE
(INDEX CASES) DYING FROM CANCER OF COLON AND RECTUM IN 1961

IN SWEDEN
ICD 8 Cause of death | Obs. | Exp.t | O/E | 95% confidence
limits
150 Ca. cesophagus 3 222 | 135 0.28-3.99
151 Ca. stomach 25 2199 | 1.24 0.74-1.68
152,153 Ca. colon* 10 12.20 | 0.82 0.39-1.51
154 Ca. rectum 3 6.13 | 0.49 0.10-1.43
162 Ca. lung 6 8.61 | 0.70 0.26-1.52
174 Ca.breast(women) 8 10.77 | 0.74 0.32-1.46
185 Ca. prostate 12 10.79 1.11 0.57-1.94
410414 1HD 256 | 231.84 1.10 0.97-1.29
574,575 Cholelithiasis,
cholecystitis 4 7.04 | 0.57 0.15-1.45
Other causes 389 | 391.78 | 0.99 0.90-1.10
All causes 716 | 703.37 1.02 0.95-1.10

* Includes cancer of the small intestine (ICD 152).
1 Adjusted for age, sex, period of death.
IHD = ischaemic heart-disease.

Discussion

We found no indication that the risk of colorectal
cancer was increased among spouses of persons with
large-bowel cancer (tables II and III); nor was there an
increased risk of diseases which have been suggested to
be zetiologically related to cancer of the large bowel
(table 1V), except for the marginal increase in heart-
diseases among women.

Although the comparisons were adjusted for sex, age,
and period of diagnosis, no account could be taken of the
fact that the present cohort consists of married persons
only, because data on mortality by marital status are not
available in Sweden. Data for England and Wales"
indicate that the mortality from colorectal cancer i
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slightly lower in married women (standardised mortality
ratio [SMR] 90-95%) than in the total female
population. If this relation applies in Sweden and also to
married men, then the expected numbers for colorectal
cancer must have been slightly overestimated. However,
multiplication of the expected numbers for colon and
rectum cancer in tables II and III by factor of 0.9—i.e,,
the SMR for married women in England and Wales,
would not change our conclusions. The close
correspondence between the observed and expected
numbers of deaths from causes not suspected to be
related to colorectal cancer (table I1V) strengthens our
confidence in the validity of the method we used.

Several studies with this disease have shown an
increased risk of colorectal cancer in first-degree relatives
of patients.}>15 Macklin claimed that the risk of large-
bowel cancer was not increased in spouses of patients
with the disease.!? Woolf et al.!¢ found that large-bowel
polyps were more common in members of families at
high risk of colon cancer (25 out of 55 persons) than in
the spouses of patients with colon cancer. Only 1
questionable polyp was found in 25 of spouses. Chen et
al.'” found no husband-wife pairs with colorectal cancer
in a study in which 1.3 cases were expected. However,
Lovett!’ found that 3 out of 27 deaths among spouses
were due to this disease. No firm conclusions can be
drawn from these studies.

We have no proof that spouses in our study did indeed
share the same diet throughout married life. However, it
seems reasonable to assume a common dietary pattern in
married couples.

The association of colon cancer with diet may be so
weak and the variation in diet in Sweden so small that
host factors or susceptibility may be the major
determinants for the development of such cancer in
Swedes given a certain level of environmental exposure.
In a dietary survey with a one-week duplicate-portion
technique, the range in average daily fat intake was 82-
123 g in men and 47-92 g in women.!8

An explanation of the present results based on the
assumption that environmental exposure is uniform, does
not exclude, for example, fat, which correlates with the
international variation in bowel cancer, as a potential
atiological factor.'® Nor does it conflict with the changes
in mortality from colon cancer observed in migrants?®
who may experience extreme changes in dietary habits
and it also accords with the lack of association which
emerged from several case-control studies in which
attempts were made to relate colorectal cancer to diet—
Le., the results may be due to limited variation in the diet
of the population studied.?!-Further investigations are
Needed to determine whether uniform exposure is the
likely explanation for these “negative” findings. If such
an explanation proves to be true, international studies
will be a valuable means of testing hypotheses on diet
and large-bowel cancer.

The possibility that diet in adult life is unrelated to the
development of cancer of the colon should be considered.
Three out of four other smaller studies of bowel cancer
among spouses accord with this suggestion, but the
finding of an increased colon cancer mortality in first-
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generation Japanese migrants to the U.S.A. does not.?®
The results of our study do not exclude the possibility
that premarital (childhood or adolescent) diet may be
involved in the actiology of cancer of the colon. This
might also explain part of the increased risk among first-
degree relatives, especially as there is no evidence that
genetic factors can account for much of the variation in
colon-cancer risk.?%%3

Our results require confirmation by others. If eating a
diet identical with that of patients with bowel cancer is
not associated with an increased risk, the current view of
colon cancer actiology may need to be revised and dictary
patterns before marriage investigated. Studies of the risk
in sibships would be an important approach.
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Romanoff assisted with preparing the typescript. This study was
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