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Cigarette smoking, gastric acid secretion, and serum
pepsinogen I concentrations in duodenal ulcer patients
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SUMMARY Cigarette smoking has been linked with duodenal ulcer disease although the
mechanism of this association is unclear. This study assessed basal gastric secretory response to
acute smoking of smokers with an active duodenal ulcer; in addition the possible effects of
chronic smoking on gastric secretory capacity, as expressed by pentagastrin stimulated gastric
acid secretion and fasting serum pepsinogen I (PG I) concentrations, were investigated in
patients with active duodenal ulcer, or non-ulcer dyspepsia. In 10 smokers with duodenal ulcer
smoking four cigarettes during 40 minutes did not influence basal gastric secretion of acid and
pepsin, or serum PG I and gastrin concentrations. In 136 patients with duodenal ulcer and 90
controls with non-ulcer dyspepsia, pentagastrin stimulated acid secretion and fasting serum PG I
concentrations were significantly higher among habitual heavy smokers than among non-

smokers. These findings suggest that in heavy smokers with duodenal ulcer acid- and
pepsin-secreting cell function is not affected by acute cigarette smoking. By contrast, chronic
cigarette smoking seems to be associated either with an increase of parietal- and chief-cell mass,

or with an enhancement of their secretory capacity.

Cigarette smoking has been usually claimed to be a
risk factor in the pathogenesis of duodenal ulcer
disease, but the available evidence in favour of a
causal relationship between smoking and duodenal
ulcer is suggestive, and not conclusive.' Three sets
of data support such an association: firstly, epi-
demiological studies have shown higher prevalence
of peptic ulcer in smokers than in non-smokers;2-4
secondly, it has been observed that individuals
affected by duodenal ulcer smoke more and start
smoking at an earlier age than do subjects without
ulcer,5 and finally, several clinical trials have docu-
mented that smoking influences duodenal ulcer
healing and relapse. Significantly higher ulcer heal-
ing rates and less frequent recurrences have been
reported by many authors in non-smoking, than in
smoking patients treated with different drugs.6l°

Studies of the acute effects of cigarette smoking
on gastric acid and pepsin secretion have shown
conflicting results. 11t4 With the exception of a few
preliminary reports,'158 no information is available
about the chronic effects of smoking on parietal- and
chief-cell function.
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The purpose of the present study was two-fold:
firstly to evaluate the effects of acute smoking on
basal gastric secretion of acid and pepsin and on
serum concentrations of gastrin and group I pepsi-
nogens (PG I) in smokers with an active duodenal
ulcer and secondly, to investigate the hypothesis
that habitual heavy smokers with duodenal ulcer, or
non-ulcer dyspepsia, have higher peak acid output
(PAO) values and serum PG I concentrations than
similar patients who have never smoked.

Methods

PART 1

PATIENTS
Ten male patients, with endoscopically diagnosed
active duodenal ulcer, participated in this study. All
patients were habitual cigarette smokers, with a
mean consumption of 23 (range 15-40) cigarettes
per day. Their age was 21-48 years (mean 34 years);
their mean±SD peak acid output to 6 ,ug/kg
pentagastrin subcutaneously (Peptavlon, ICI, Great
Britain) was 54-9±14-6 mmol/h. All subjects gave
their informed verbal consent before admission to
the study.
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PROCEDURE
All medication was discontinued 72 hours before the
study. Each fasting patient, with smoking prohibited
for at least 10 hours before each test, underwent in a
random order two experiments with at least two
days' interval. On the first experimental morning,
the tip of a nasogastric double lumen tube (Salem 18
Fr,) was positioned under fluoroscopic control in the
gastric antrum. After aspirating and discarding the
resting gastric secretion and the first 30 minutes of
basal collection,'9 basal secretion was continuously
collected in 30 minute periods by using intermittent
suction. Blood samples for PG I and gastrin
determination were collected throughout the experi-
ment at 20 minute intervals. Blood was centrifuged
after clotting and serum immediately stored at
-20° C until assayed.
After initial 60 minute basal period, each subject

smoked four filter cigarettes during 40 minutes,
taking care to inhale. Each cigarette had an approxi-
mate nicotine content of 1 6 mg. As it has been
shown that in smokers about 25% of the nicotine
content of cigarette is absorbed,20 each patient
received a dose of nearly 1-5 mg of nicotine during
40 minutes.
The gastric secretory response and the pattern of

serum PG I and gastrin were followed during the
smoking period and for a further 80 minutes. An
identical procedure was followed for the second
experiment which was used as control, because the
patient did not smoke throughout the study.

ANALYTICAL PROCEDURES
Gastric collections were analysed for volume, pH,
acid concentration and peptic activity. The acidity
was determined by titration to pH 7 using 0 1 mmol/l
sodium hydroxide with an automatic titrator (Auto-
burette, Radiometer, Copenhagen). Peptic activit2y
was measured according to the method of Berstad. l
Acid and pepsin output were calculated for 60
minute periods. Serum PG I concentrations were
determined by a commercial radioimmunoassay kit
(Pepsik, Sorin Biomedica, Saluggia, Italy) which
provides a detection limit of 1 ng/ml with intra- and
interassay variation of 7% and 10% respectively.
Reference range in our laboratory for PG I is 20-80
ng/ml.22 Concentration of gastrin was determined
using a commercial RIA kit (Becton Dickinson,
Orangeburg, New York) with normal range up to
100 pg/ml.

PART 2

PATIENTS
One hundred and thirty six of 178 patients with
endoscopically diagnosed active duodenal ulcer

referred to our Unit from December 1982 to June
1984 were admitted to this part of the study. Eighty
of these (56 men and 24 women), mean age 38.8
years (range 23-63 years), were habitual heavy
cigarette smokers (>15 cigarettes/day in the past
two years), while 56 (40 men and 16 women),
average age 41*1 (range 21-60 years) never smoked.
Accurate information about smoking habits, dura-
tion of dyspeptic symptoms, previous complications,
family history of peptic ulcer and daily consumption
of alcohol was collected from each patient before
entry to the study. Patients smoking <15 cigarettes/
day, those smoking for less than two years and those
smoking pipes, or cigars, were excluded from the
study.

Ninety patients in whom a diagnosis of non-ulcer
dyspepsia had been made during the same period
were used as controls. Under the term non-ulcer
dyspepsia we included patients complaining of
upper digestive tract discomfort - for example,
epigastric pain, feeling of fullness, belching -
without any organic disease of oesophagus, sto-
mach, duodenum, biliary system, or pancreas.
Among these patients, 45 (24 men and 21 women),
aged 18-60 years (mean 39.6), never smoked, while
45 (25 men and 20 women), average age 38*9 years
(range 26-58 years), were habitual heavy smokers,
according to the criteria previously defined. All
medication was discontinued 72 hours before the
study. In each subject after an overnight fast and
without smoking for at least 10 hours before, basal
and pentagastrin-stimulated (6 ,g/kg subcutaneous-
ly) acid outputs were determined.
Blood samples for PG I estimation were collected

on the same morning before the gastric function
test. Serum PG I concentrations were determined as
above.

STATISTICAL ANALYSIS
Student's t test for paired samples was used to
determine the significance of the changes in acid and
pepsin output and in serum PG I and gastrin
concentrations during smoking and control experi-
ment. Chi-square, Student's t test for unpaired
samples and Mann-Whitney U test were used as
appropriate for the statistical evaluation of the
second part of the study. Differences with p<0-05
were considered significant.

Results

PART 1
The effects of cigarette smoking on basal gastric
output of acid and pepsin are summarised in Figure
1. There was a small and not significant difference in
acid and pepsin output of the first basal hour
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Fig.1 Acid andpepsin output (mean ±SD) during control
and smoking experiment in 10 smokers with duodenal ulcer.

measured on the two experiments: acid output
averaged 10-4±5-1 (SD) mmol/h during control test
and 8-2±4-7 (SD) mmol/h during smoking test,
while mean pepsin output was 120-2±60-6 (SD)
mg/h and 129-9±49.6 (SD) mg/h respectively.
Moreover during control and smoking days no

significant changes in acid and pepsin output were

observed during the second and the third hour,
compared with the first hour. Serum gastrin and PG
I concentrations in response to cigarette smoking
are in Figure 2. No significant variations in the mean
basal concentrations of serum gastrin and PG I were
recorded on the two separate occasions. The mean
concentrations of serum gastrin and PG I remained
essentially unchanged during smoking and control
test.

PART 2
Duodenal ulcer patients had significantly higher PG
I concentrations (median 94 ng/ml, range 45-181)
than subjects with non-ulcer dyspepsia (median 70-5
ng/ml, range 28-128 - z=5 96, p<001). Significant-
ly higher PAO values were also found in patients
with duodenal ulcer (median 42 mmol/h, range

18-92) in comparison with dyspeptic subjects (me-
dian 33 mmol/h, range 11-55 - z=6*50, p<0-01).
The two groups of smoking and non-smoking
duodenal ulcer patients. were comparable for age,
sex, duration and age of onset of dyspeptic symp-

toms, past complications, family history of peptic
ulcer and daily alcohol consumption (Table).
Serum PG I as well as PAO were significantly

higher in habitual heavy cigarette smokers than in
non-smokers of both study populations. In smoking
duodenal ulcer group the median serum PG I was
103 ng/ml (range 45-159) in comparison with 77
ng/ml (range 47-181) of non-smoking patients
(z=5-17, p<001); the median PAO was 49 mmol/h
(range 31-92) in duodenal ulcer smokers and 39
mmol/h (range 18-71) in non-smokers (z=4.02,
p<0.01 - Fig. 3). Similarly, smoking subjects with
non-ulcer dyspepsia had a median serum PG I of 83
ng/ml (range 46-128) in comparison with 61 ng/ml
(range 28-96) of non-smokers (z=5.12, p<0-01);
the median PAO was 36 mmol/h (range 20-55) and
29 mmol/h (range 11-50) in the two subgroups
respectively (z=3 68, p<001 - Fig. 4).

Discussion

The available data concerning the acute effects in
humans of cigarette smoking on basal, or stimulated
gastric acid and pepsin secretion are controversial.
Smoking one, or a few cigarettes may stimu-
late14 23 24 inhibit"1 25 or have no effect 13 26 on
gastric acid and pepsin secretion. Such disparity

Table Characteristics ofduodenal ulcer patients

Smokers Non-smokers

Cases (no) 80 (56d, 249) 56 (40d, 16?)
Age: mean (years)±SE 38-8+1 1 41-1±1-4
Duration of symptoms,
mean (months)±SE 87-2±7-8 90-5±12 2

Age of onset of symptoms,
mean (years)±SE 32-0+1-1 33 7±1-6

Previous complications:
haemorrage (%) 3-7 5-4

Family history of
peptic ulcer (%) 32-5 37-5

Alcohol consumers (%)
(>50 g/day) 26-2 21-4

1329



Parente, Lazzaroni, Sangaletti, Baroni, and Bianchi Poro

160-

E

m 120

c
. _

o 80*

E
60

* * * * * * * *160
(A

-120 c
3
-U

8080-
I0

1.403

.

60 120 180 60 120 180
Time (minutes)

Fig. 2 Serum gastrin and pepsinogen I (PG I) (mean±SD) during smoking ( @-) and control (0 --- -0)
experiment. I I smoking period. Each value both ofsmoking and control study was statistically compared with
the initial basal value. * p=n.s.

between studies may be explained, in part, by the
wide differences in the number and in the nicotine
content of cigarettes smoked, particularly if there is
a dose dependent response of the stomach to
smoking. In this connection it has been shown that
nicotine, which is probably the main factor respons-
ible for the effects of smoking on the gastrointestinal
tract,27 may stimulate or depress autonomic ganglia,
depending on the dose.2 Many of the above-
mentioned studies, however, should be regarded
with caution. In those studies examining the influ-
ence of smoking on submaximal pentagastrin-
stimulated gastric secretion, a weak stimulatory
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Fig. 3 Serum pepsinogen I
(PG I) and peak acid output in
smokers and non-smokers
affected by duodenal ulcer.

effect of acute smoking, if any, might be obscured
by pentagastrin-induced stimulation. The studies of
the effect of smoking on basal gastric secretion lack
adequate controls. As there is marked intra-
individual variability of basal gastric secretion
during continuous collection for several hours,29 it is
necessary to use the same individual as his own
control and to repeat the study on separate two
days, with and without smoking, in order to confirm
that the observed variations in acid and pepsin
output during smoking are not merely random
fluctuations of the basal gastric secretory state.
The first part of the present controlled study has
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shown that in smokers with duodenal ulcer smoking
four cigarettes during 40 minutes - which we believe
may well reproduce the 'acute smoking episodes' of
a heavy smoker - causes no significant changes in
the basal gastric output of acid and pepsin. In
addition, insignificant fluctuations of fasting serum
gastrin and PG I concentrations have been reported
in response to smoking. The second part has
explored the possibility that habitual heavy cigarette
smokers have increased values of PAO and fasting
serum PG I in comparison with those who never
smoked. We have shown that heavy smokers with
duodenal ulcer, or non-ulcer dyspepsia, have signifi-
cantly higher PAO values and fasting serum PG I
than comparable non-smoking patients. These data
are in agreement with those reported in healthy
volunteers.17 18
The present study provides, therefore, two sets of

data which apparently contradict each other. In
smokers with duodenal ulcer smoking four ciga-
rettes during 40 minutes does not exert a stimulatory
effect on acid- and pepsin-secreting cells, while
chronic smoking seems to be associated with in-
creased stimulated gastric acid secretion and serum
PG I. If PAO and PG I can be considered as indices
of the parietal- and chief-cell masses respect-
ively,30' 3 it seems that chronic cigarette smoking
may lead either to increased parietal- and chief-cell
mass, or to an enhancement of their secretory
capacity. There are two possible explanations which
could account for this discrepancy: (1) smoking may
have a weak stimulatory effect on parietal and chief
gastric cells so that habitual heavy smokers, already
stimulated by chronic smoking, do not show an
additional effect due to acute smoking. In support of
this hypothesis, Fung and Tye reported a different

pattern of gastric acid secretion in response to acute
smoking between smokers and non-smokers.26 (2)
alternatively, also in the absence of an acute
demonstrable effect on oxyntic cells, smoking may
chronically lead to an increased parietal- and chief-
cell secretory capacity through indirect mechanisms,
for example through a vagal pathway. A similar
discrepancy has been described in rats for the effects
of nicotine on gastric secretion. Acute administra-
tion of 'smoking doses' of nicotine decreases the
volume of gastric juice and acid and pepsin output,32
while by chronic administration it increases volume,
acid and pepsin output33 through a vagal path-
way.3

In man preliminary data'5-18 suggest the hypo-
thesis that cigarette smoking may elicit chronic vagal
stimulation and in turn enhance gastric acid and
pepsin secretory capacity. This effect of smoking
would be similar to the significant increase of
stimulated acid secretion values observed in humans
after long term cholinergic therapy36 and in dogs
after chronic sham-feeding,37 which presumably acts
through vagal stimulation.38 Additional support for
this hypothesis is provided by our results, which
suggest the possibility of either an enhancement of
the parietal- and chief-cell mass, or an increase in
their secretory capacity as result of chronic cigarette
smoking.

The authors are indebted to Dr K G Wormsley for
helpful suggestions and criticisms. Special thanks
are due to Dr Nicoletta De Cesare for her assistance
in preparing the manuscript and to Dr Patrizio Sala,
Biostatistic Unit, Instituto De Angeli, Milano, for
statistical advice.
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