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Aetiology of peptic ulcer: a prospective
population study in Norway

Roar Johnsen, Olav Helge F0rde, Bjorn Straume, Per G Burhol

Abstract
Study objective - To analyse simultan-
eously the effect of several risk factors for
peptic ulcer.
Design - Cohort study where all patients
with new or incident peptic ulcers in a
well defined population were registered
for a seven year period. The follow up
started with a comprehensive health sur-
vey including a questionnaire on diet,
lifestyle, psychological and social con-
ditions, and health. Relative risks, both
sex specific and separate, for gastric and
duodenal ulcers were estimated from
proportional hazard regression analysis.
Setting - A population based survey con-
ducted in the municipality of Troms0,
northern Norway.
Participants - In 1980, a total of 21 440
men and women, aged 20 to 54 years and
20 to 49 years respectively, were invited to
participate. A total of 14 667 people
attended and returned the questionnaire.
Main results - A total of 328 people had
their first peptic ulcer in the follow up
period. Age, cigarette smoking, first de-
gree relatives with peptic ulcer, and low
educational level were shared risk factors
for peptic ulcer in both men and women.
In men, frequent upper respiratory
infections increased the risk of gastric
ulcer and drinking a great deal of milk
increased the risk of duodenal ulcer.
None of the other dietary variables,
including coffee and alcohol consump-
tion, contributed significantly to the risk.
Use of analgesics was not a risk factor,
and none of the psychological indicators
analysed carried any significant risk.
Conclusions - Age, inheritance, and
cigarette smoking are all important risk
factors for peptic ulcer. The increased
risk associated with low educational
background indicate that social strains,
comprising lifestyle and diet habits, are
part of the multifactorial aetiology of
peptic ulcer. No support was found for
the assumption that peptic ulcer disease
is a psychosomatic disorder. This study
did not support the view that duodenal
and gastric ulcers have different aetiolo-
gies - rather it showed a similarity in risk
patterns.

(J Epidemiol Community Health 1994;48: 156-160)

The aetiology of peptic ulcer disease is still
dubious. There is controversy about the pos-
sible effect of stress,'" inheritance,9-7 cigarette

smoking,8 and use of analgesics,9-1 as well as
social conditions and personal traits, psycho-
logical factors, and diet."-1'2 Even the assertion
that the risk in men and women is different is
questioned. 1-14 Divergent views persist on
whether duodenal and gastric ulcer are the
same disease with different localisation or sep-
arate disease entities.'5116

Helicobacter pylori has recently been intro-
duced as the aetiologic agent in peptic ulcer
disease,'7 but several studies have shown that it
is also present in 30 to 50% of people without
dyspepsia,'7-'9 indicating that its role may not
be so important. Carefully designed studies of
other risk factors are therefore of great inter-
est.
Most studies of the aetiology of peptic ulcer

have been case-control studies of hospital
patients9-10 or cross sectional surveys of general
populations.'2 Traditionally, an apparent ulcer
has been required for the diagnosis of peptic
ulcer disease. This has excluded a number of
people with the disease and has resulted in
biased samples. We are not aware of any cohort
study in which several possible risk factors
were determined at the start of the study.20
Such studies that offer the possibility of ana-
lysing the effects of several putative risk factors
simultaneously in well defined cohorts of suffi-
cient size are needed."
This cohort study aimed to explore the

aetiology of peptic ulcer disease in a prospect-
ive study in which information on history of
disease and health indicators, diet, lifestyle,
social, and psychological factors were available
from the cross sectional study.

Subjects and methods
In a comprehensive health survey in the muni-
cipality of Troms0 in 1979-80,21 all men born
between 1925 and 1959 and all women born
between 1930 and 1959 were invited to partici-
pate. A total of 21 440 were eligible. Altogether
16 621 people attended and 14 667 returned a
supplementary questionnaire that included
several items on health and lifestyle, and ques-
tions on dyspeptic symptoms and peptic ulcer
occurrence.
The University Hospital in Troms0 is the

only hospital in the area. There are no private
doctors, institutes, or other hospitals with the
required diagnostic facilities in the area (the
distance to the nearest alternative hospital is
250 km). All x ray examinations, upper gas-
trointestinal endoscopies, and actual opera-
tions performed on the study population
between 1979 and 1987, were reviewed for
peptic ulcers. To ensure that all registered
ulcers were "new" or "incident", the medical
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records of all cases were examined. Those who
reported at the screening in 1979/80 that they
had had a peptic ulcer and whose claim could
be verified through medical records, were
excluded from the study population.
The diagnostic criteria for peptic ulcer diag-

nosed by x ray examinations or by endoscopy,
and the censoring for death and migration,
were as follows. All x ray examinations had to
be performed with the double contrast
method; an ulcer seen on x ray was considered
to be gastric or duodenal depending on which
side of a dividing line 3 cm proximal to the
pylorus the lesion was seen. With regard to
endoscopy, gastric or duodenal ulceration was
diagnosed where a crater of at least 05 cm
could be seen proximal or distal to the pylorus
respectively. Only one ulcer episode was
recorded in each subject, except when ulcers at
different locations were diagnosed at different
times. When the total number of peptic ulcers
is given, however, this corresponds with the
number of subjects with new peptic ulcers.
The population at risk was censored for all
deaths recorded by the Central Bureau of
Statistics of Norway during the period. Alto-
gether 237 men and 67 women died during the
study period. The bureau also provided in-
formation on individual migration in the study
population (2234 men and 2099 women) but
not on the exact time of leaving. As an approx-
imation for censoring purposes, all migration
was recorded as taking place in the middle of
the follow up period - that is, 3 5 years were
used as the mean observation time for these
people.22
The following independent variables were

introduced in the regression analyses:
(1) Sociodemographic characteristics - age

(in years); sex; ethnic origin (Norwegian, Fin-
nish, Lapp); change in residence last year;
unemployment last year; shift work, night
work (all yes/no answers); length of education
(< 8, 8-10, 11-12, > 13 years).

(2) Family characteristics - living con-
ditions during childhood (graded in four
categories); full time housewife occupation;
occurrence of peptic ulcer in first degree rela-
tives (all yes/no answers).

(3) Lifestyle indicators - body mass index
(weight/height2), systolic and diastolic blood
pressure (mmHg); cholesterol, triglycerides
and blood glucose concentrations (mmol/l);
daily cigarette smoking (if yes, how many
cigarettes were smoked per day); former cigar-
ette smoking and how many years since smok-
ing was stopped; type of bread most commonly
used (white, brown); graded answers (three or
four categories) on the use of analgesics (from
one to three times a week to rarely or never),
consumption of coffee (from never to nine or
more cups/day), milk (from never to five or
more glasses/day), wine, beer, liqueur (all,
from never to about daily), slices of bread
(from less than two to 13 or more/day), physi-
cal activity at work (from mainly sedentary
work to mainly heavy physical work) and
leisure (from never to daily), the frequency of
alcohol intoxication (from never to about
daily), fish as main dish (from less than once a

week to five to six times a week), and use of
minced meat (from less than once per month
up to twice or more a week).

(4) Dimensions of health status - there were
yes/no answers on questions concerning sleep-
ing disturbances, diabetes, kidney stones, low
back pain, rheumatoid arthritis, hypertensive
treatment, frequent upper respiratory tract
infections. Mental depression, problems of
coping, and insomnia were determined (from
not at all to much more than usual).
Only subjects with a complete set of vari-

ables were included in the study.

STATISTICS
The association between peptic ulcers and
other variables was analysed by Cox regression
models.23 The applied statistical programme
tests if the proportional hazard assumption is
satisfied.23 Only variables that contribute sig-
nificantly (p < 0 05) to the explained variance
in separate regressions for any of the peptic
ulcer locations, in either men or women, were
included in the final regression model. Abso-
lute risk calculations (incidences) were age
adjusted by direct standardisation with the
total study population as a reference. The
population attributable risk was estimated
according to Lilienfeld.24

Relative risk (RR) was calculated from the
regression coefficients (beta) as an antilog of
beta, and corresponding confidence intervals
as an antilog of beta ± 1 96 x SE.25

Testing for interaction was performed by
adding product variables in the regressions.

Results
A total of 328 subjects with incident ulcers
were registered among the 21 440 in the study
population during the follow up period. The
Cox's proportional hazards analysis included
13 528 subjects without peptic ulcer and 243
with incident peptic ulcer who had given com-
plete answers in the supplementary question-
naire in 1979-80.
Age adjusted absolute risks, given as inci-

dences per 1000 person/years during the fol-
low up period, are shown in table 1. Daily
smoking, low educational level, and having
first degree relatives with peptic ulcer showed
the highest absolute risks. The population
attributable risks of daily cigarette smoking
were 53% and 60% for gastric and duodenal
ulcer, respectively. The corresponding risk of
heavy milk drinking was 27% for duodenal
ulcer for both sexes, and 39% in men only.
The relative risks shown in tables 2-5 were

estimated from the final Cox regression ana-
lysis in which the variables were included
simultaneously.
The risks from the separate analyses of gas-

tric and duodenal ulcers are shown in table 2.
Age (the RR for each year and the RRs for ages
30 and 49 years compared with age 20 years,
respectively); cigarette smoking; and having
relatives with peptic ulcer disease were signi-
ficant risk factors for both ulcer locations,
although their relative strength differed to
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Table I The number of peptic ulcers (No), the age adjusted incidences (I)* per 1000 person years, and the relative risks (RR) during the seven
years follow up in 13 771 men and women for some risk factors. Tromso 1979-87.

Risk factors Person years Peptic ulcer (n =247) t Gastric ulcer (n= 124tt Duodenal ulcer (n 147) t

No I RR No I RR No I RR

Smoking:
Never 28 141 32 1 13 1.0 17 0 60 1.0 17 0 61 1.0
Previous 20937 42 1 80 1-59 21 0.91 1 52 24 1-05 1-72
Daily 42 558 173 4 09 3-62 86 2.01 3 35 106 2 50 4 10

Education level (y):
< 12 66 249 208 2 88 1.0 111 1-52 1 0 118 1 65 1.0
.13 23828 35 1 57 055 12 058 038 25 1 10 067

Relatives with peptic ulcer:
No 75 255 170 2 36 1.0 80 1.02 1 0 104 1-34 1 0
Yes 16381 77 4 50 1.91 44 2 55 2 50 43 2 47 1 84

Milk drinking (,d):
<2 glasses 59 319 144 2 15 1.0 78 1 16 1.0 78 1 17 1.0
.3 glasses 31 111 103 3.67 1 71 46 1 69 1-46 69 2-42 207

Frequent respiratory tract
infections:
No 70349 177 2-36 10 82 1 08 1.0 109 1 47 1.0
Yes 21287 70 3 50 148 42 2 15 1 99 38 1 85 1 26

* Age adjusted by direct standardisation.
t The number of ulcers varies due to missing answers.

Table 2 The relative risks (RR) (95% confidence intervals (CI)) for variables significantly contributing to
predicting peptic ulcer in a proportional hazard general linear model in 13 771 men and women, censored for annual
death and average migration. Tromso 1979-87.

Predictors Pep
RR

Age ('y) 10(
30 v 20yt 1 74
49v20yt 514

Sex (male v female) 1-6,
Length of education ( category of 4) 0 71

> 14 v < 8 years of educationt 0 4E
Ulcer in 1st degree relatives 2 14
(0= no, 1 = yes)
Cigarette smoking 24'
(0= no, 1 = yes)
Glasses of milk ( category of 4) 1 2
> 4 v 0 glasses,,dt 1 8(

Upper respiratory tract infections 1 3(
(0= no, 1 = yes)

* Combined ulcers are included in both locations.
t Computed comparisons.

Dtic ulcer (n= 243)
(95% CI)

6 (1 04, 1 07)
6 (1 51, 205)
4 (3-32, 7 96)
2 (1-21, 2 16)
8 (0-67, 0 91)
8 (0 30, 0-76)
4 (1 63, 2 81)

7 (1 87, 3*26)
3 (1-05, 1 44)
,6 (1-16, 2*99)
56 (1-03, 1 80)

Gastric ulcer (n = 123) *
RR (95% CIl

1 08 (1-06, 1 10)
2 14 (1-72, 2-67)
9 11 (4-81, 17 2)
1 36 (0 91, 2 03)
0 72 (0 57, 0 91)
0-38 (0 19, 0-77)
2 53 (1 74, 3 66)

2 40 (1 62, 3-54)

114 (091, 142)

1 86 (1 27, 2 70)

Duodenal ulcer (n = 143) *
RR (95% CI)

1 04 (1 03, 1 07)
1 55 (1 28, 1 88)
3 58 (2 05, 6-24)
1 93 (1 31, 2 85)
0-84 (0 69, 1 02)

1 96 (1-37, 2 81)

2 71 (1 87, 3 92)

1 31 (1 07, 1 61)
2 24 (1-21, 4 14)
116 (079, 168)

Table 3 The relative risks (RR) (95% confidence intervals (CI)) for variables significantly contributing to
predicting peptic ulcer in a proportional hazard general linear model in 6864 men, censored for annual death and
average migration. Tromso 1979-87.

Predictors Pep
RR

Age (/ y) 1-05
30 v 20yt 1-63
49v20yt 4-15

Length of education ( category of 4) 0-83
> 14 v < 8 years of educationt 0-57

Ulcer in 1st degree relatives 1-95
(0= no, 1 = yes)
Cigarette smoking 2 66
(0= no, 1= yes)
Glasses of milk (,lcategory of 4) 1 -30

> 4 v 0 glassesldt 2-22
Upper respiratory tract infections 1-51
(0=no, l=yes)
* Combined ulcers are included in both locations.
t Computed comparisons.

,tic ulcer (n = 165)
(95% CI)

5 (1 03, 1 07)
3 (1 38, 1 94)
5 (2 52, 6 82)
3 (0-69, 0-99)
7 (0 33, 0-97)
5 (1-39, 2 73)

6 (1 88, 3 77)

D (108, 1 57)
2 (1 27, 3 89)
(1 08, 2 10)

Gastric ulcer (n = 80) *

RR (95% CI)

1 07 (1-04, 1-10)
1 99 (1-54, 2 57)
7.37 (3 52, 15-4)
077 (058, 1 01)

2 24 (1 40, 3 60)

278 (1-67, 461)

1 25 (0 96, 1 63)

2 21 (1-41, 3-48)

Duodenal ulcer (n 102)*
RR (95% CI)

1 04 (1 01, 1 06)
1-42 (1 08, 1-88)
2 78 (1 25, 6-20)
0-88 (0 70, 1-09)

1-94 (1-26, 2-98)

2-68 (1-72, 4-15)

1-33 (1-05, 1-69)
2-36 (1-62, 3-44)
1-12 (0-72, 1-75)

Table 4 The relative risks (RR) (95% confidence intervals (CI) ) for variables significantly contributing to

predicting peptic ulcer in a proportional hazard general linear model in 6907 women, censored for annual death and
average migration. Tromso 1979-87.

Predictors Peptic ulcer (n = 78) Gastric ulcer (n = 43)* Duodenal ulcer (n = 41)*
,RK (9-/ (ii)' ,nC 0//'RR

Age (/y) 1-08
30v20yt 2-21
49v20yt 10-l

Length of education (/category of 4) 0-68
> 14 v < 8 years of educationt 0-32

Ulcer in 1st degree relatives 2-53
(0= no, 1= yes)
Cigarette smoking 2 28
(0= no, 1= yes)
Glasses of milk (,category of 4) 1 02
> 4 v 0 glasses/dt

Upper respiratory tract infections 1 -O0
(0= no, I = yes)

* Combined ulcers are included in both locations.
t Computed comparisons.

(95% CI)

8(1-05, 1-12)
1 (1-63, 3-01)
0 (4-10, 24-5)
8 (0-49, 0-94)
2 (0-12, 0-84)
3(1-60, 4-01)

8 (1-42, 3-67)

3 (0-76, 1-40)

9 (0-64, 1-85)

RR (95% CIj

1-10 (1-05, 1-15)
2-61 (1-70, 4-00)
16-1 (4-63, 55-8)
0-65 (0-41, 1-02)

3 12 (1-70, 5-73)

2-00 (1-07, 3-74)

0-89 (0-58, 1-36)

1 32 (0-66, 2-63)

RR (95% (GI)
1-08 (1-03, 1-13)
2-14 (1-40, 3-26)
9-04 (2-65, 30-8)
0-73 (0-47, 1-10)

1-96 (1-01, 3-68)

3-04 (1-53, 605)

1-22 (0-80, 1-84)

1 27 (0-63, 2-54)
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Table 5 The relative risks (RR) (95% confidence intervals (CI)) for variables significantly contributing to
predicting peptic ulcer in a proportional hazard general linear model in 11 159 men and women without dyspeptic
symptoms in 1979, censoredfor annual death and average migration. Tromso 1979-87.

Predictors Peptic ulcer (n = 125) Gastric ulcer (n =64)* Duodenal ulcer (n= 71)*
RR (950 CI) RR (95% CI) RR (95% CI)

Age ( y) 1-06 (1-04, 1-09) 1-09 (1-05, 1-12) 1-05 (1-02, 1-08)
30 v 20yt 1-84 (1-49, 2-28) 230 (1-68, 3-16) 1-60 (1-22, 2.11)
49 v 20yt 5-86 (3-16, 10-9) 11-2 (4-49, 28-0) 3-94 (1-84, 8-95)

Sex (male v female) 1-16 (0-79, 1-72) 0-75 (0-44, 1-29) 1-81 (1-05, 3-14)
Length of education ( category of 4) 0-81 (0-66, 1-00) 0-72 (0-52, 0-99) 0-92 (0-71, 1-19)
> 14 v < 8 years of educationt 0-53 (0-28, 0-99) 0-37 (0-14, 0-98) -

Ulcer in 1st degree relatives 2-09 (1-47, 3-07) 3-18 (1-93, 5-26) 1-45 (0-83, 2-53)
(O=no, 1=yes)
Cigarette smoking 2-11 (1-45, 3-06) 2-32 (1-37, 3-93) 2-18 (1-32, 3-59)
(0= no, 1 = yes)
Glasses of milk ( category of 4) 1-24 (0-99, 1-55) 1-04 (0-75, 1-43) 1-42 (1-06, 1-91)
>4 v 0 glasses dt - - 2-89 (1-19, 7-01)

Upper respiratory tract infections 1-44 (0-97, 2-13) 1-78 (1-05, 3-04) 1-38 (0-82, 2-33)
(0= no, 1 = yes)

* Combined ulcers are included in both locations.
t Computed comparisons.

some degree. The main differences were a
stronger association with age and a positive
family history for gastric ulcer. Smoking con-
veyed approximately the same risk for both
gastric and duodenal ulcer. In separate univar-
iate analyses, no linear relationship was found
between the number of cigarettes smoked and
risk of peptic ulcer. Besides these three com-
mon risk factors, male sex and high milk
consumption (compared with never or seldom
drinking milk) increased the risk of developing
duodenal ulcers, whereas low educational level
and reporting frequent upper respiratory tract
infections were associated with a greater risk
for gastric ulcer.
The results of the sex specific Cox regres-

sion analyses are shown in table 3 for men and
table 4 for women. Age, cigarette smoking, low
educational level, and having relatives with
peptic ulcer disease were significant risk fac-
tors common to both men and women. The
corresponding relative risks were highest for
women, but the confidence intervals over-
lapped. A high milk consumption and frequent
upper respiratory infections were associated
with an incresed risk of peptic ulcer in men.

Psychological factors such as depression,
sleeping disturbances, problems with coping,
social indicators of poor living conditions in
childhood, and the use of analgesics were
tested alone and together in the Cox model
with age, sex, cigarette smoking, educational
level, and having relatives with ulcer, but no
significant association with peptic ulcer was
found.
An analysis restricted to those who reported

no dyspeptic symptoms before 1979-80 are
shown in table 5. The results were principally
the same among the risk factors and with the
same mutual strength.

Discussion
The lack of consistent agreement on the aetio-
logy of peptic ulcer is not merely a result of the
shortage of epidemiological studies with a clas-
sic prospective design. Inherent requisites for
a study are unbiased assessments of both ex-
posure and end points, which are unattainable
for peptic ulcer disease. Although the appear-
ance of an ulcer is the most prominent, and
probably the only countable event in peptic

ulcer disease, it is nevertheless a "soft" end
point. Firstly, the prevalence of silent ulcers,
the intensity of symptoms, patients' self selec-
tion and doctors' decisions considering dia-
gnostic efforts make this an easily biased end
point."4 Secondly, the fact that an ulcer does
not exist or is unrecognisable at the time of
examination, does not, of course, exclude the
presence of peptic ulcer disease. On the expos-
ure side, the chronic nature of the disease with
periodic outbursts of symptoms, may initiate
lifestyle changes long before the diagnosis of
an ulcer.
Because we are aware that most of these

insurmoutable methodological problems lead
to uncertainties about possible causal associ-
ations, we have carried out a large population
based prospective study assessing a broad
spectrum of exposure variables. We decided
not to use symptom status as a risk factor in the
analysis. Instead, we did a separate analysis of
subjects who denied having had dyspeptic
symptoms before the start of the follow up.
The risk pattern in this analysis did not differ
from the results of the analysis in the total
population.
Age, smoking cigarettes, and having first

degree relatives with peptic ulcer were com-
mon risk factors for developing both gastric
and duodenal ulcers in both sexes, although
the size of the relative risks varied somewhat,
both with sex and the location of the ulcer.
Neither use of analgesics, psychological fac-
tors, nor diet were significant risk factors for
peptic ulcers in this study.
The inheritance of peptic ulcer is considered

heterogenetic with a polygenic basis, and is,
among other things, linked to the ABO system
and secretor status.7 In this study, the increase
in risk of having one or more first degree
relatives with peptic ulcer was most marked
for gastric ulcer. In a stratified analysis to
evaluate the risk pattern in subjects with and
without a family history of peptic ulcer, the
risk pattern turned out to be about the same in
both strata, with only minor and inconsistent
differences.
The association between cigarette smoking

and peptic ulcer seems well documented.810
Although no dose response of cigarettes
smoked was observed in this study, it seems
beyond doubt that cigarette smoking carries a
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considerable risk for developing both gastric
and duodenal ulcer.

All the risk factors, discussed so far, fulfil
the criteria for the time sequence of a causal
exposure-effect relationship. Somewhat more
dubious in this respect is the observed associ-
ation with milk consumption. The association
was independent of whether the milk con-
sumed was whole or skimmed. The explana-
tion closest to hand is that this association
reflects the fact that many dyspeptics drink
milk to dull the pain. Separate analyses of the
symptom free, however, still showed that the
relative risk of milk drinking was at least the
same size, making the exposure-bias explana-
tion less plausible. It is more likely that milk,
through its calcium content, stimulates acid
secretion, leading to an association with duo-
denal ulcer.26

Cigarette smoking may be an inherent path-
ogenetic link to the second of the unexpected
risk factors - frequent upper respiratory tract
infections. Since frequent upper respiratory
infections contribute significantly to the varia-
tion in the regression model, other mechan-
isms explaining the increased risk must be
considered.27
The lack of association between peptic ulcer

and psychological factors was hardly unex-
pected.7 Assumptions about the role of these
factors in peptic ulcer disease display an
impressive disregard for the lack of evidence in
both lay and medically educated people. The
status of psychological factors relies mainly on
open case-control studies342829 with insuf-
ficient control for other factors.42829 Our find-
ings are consistent with an earlier cross sec-
tional study from Troms0, where the same
psychological variables, extracted from the
General Health Questionnaire,30 showed a
negative association with peptic ulcer but a
positive one with non-ulcer dyspepsia12 and
irritable bowel syndrome.31 This weighs
against lack of validity in our psychological
variables as an explanation for our negative
finding.
Low socioeconomic status is a generally ac-

cepted risk factor as an indicator of job roles
and living conditions. Low socioeconomic sta-
tus, assessed in this study by years at school,
probably represents a sum of strains from
lifestyle, diet, and daily social stress.32 Since
educational level cannot be considered an
aetiological factor of its own, a continued
search for indicators depicting the specific risk
factors inherent in social status, diet included,
is needed.

In conclusion, this prospective population
study has documented that in both sexes the
occurrence of gastric and duodenal ulcer is
related to age, inheritance, and cigarette smok-
ing. We were unable to support theories that
peptic ulcer is a psychosomatic disorder. The
association with milk consumption and upper
respiratory infection must be interpreted with
caution, in view of the number of factors
tested. The changing, and partly contrasting,
epidemiology of gastric and duodenal ulcer

over time may indicate a different aetiology of
the two conditions. The present study, how-
ever, shows similarities in the risk pattern
rather than differences, and does not support
the view that gastric and duodenal ulcers are
diseases with different aetiologies.
This study was done in cooperation with the National Health
Screening Service, Oslo.
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