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SUMMARY Maximal acid output (MAO) after pentagastrin stimulation and gastrin response to a

standard meal was studied in 100 control and 200 duodenal ulcer subjects from each of two ethnic
groups, Scots and Chinese. The acid output was significantly higher in the Scots than in the Chinese
for both controls and duodenal ulcer patients. Despite correction for differences in body stature by
expressing MAO as a function of the body weight, these differences persisted. In 45 pairs of closely
matched patients with duodenal ulcer, the differences between the two ethnic groups remained
significant, irrespective of whether MAO was expressed in absolute or weight corrected values. This
indicates that differences in age, sex, family history, or duration of illness did not account for
differences in acid output. In 20 pairs of normal control and 45 pairs of duodenal ulcer patients the
fasting and post-prandial serum gastrin levels did not differ significantly between the two ethnic
groups. The proportion of acid normosecretors was significantly higher in the Chinese duodenal ulcer
patients than in the Scottish. The reason for these differences in the gastric acid output between the
two ethnic groups is not known and needs to be studied further.

The pathophysiology of duodenal ulcer remains
undefined. There is ample evidence that patients with
duodenal ulcer as 'a group' secrete on average a
higher amount of gastric acid than normal when
stimulated by maximal doses of histamine acid
phosphate or pentagastrin, but the individual levels
of the two groups overlap each other widely.12
Two previous studies3 4 suggested that Chinese
patients with duodenal ulcer had a small acid output
upon stimulation by histamine acid phosphate or
pentagastrin when compared with occidental
subjects.

These two studies, however, can be regarded only
as preliminary because the comparison was made
with patients reported in the Western literature and
a large number of factors that may affect acid
secretion have not been taken into consideration-
namely, age and sex,1 body weight,26 duration of
ulcer symptoms,68 blood group status,2 7 8 family
history of ulceration,910 complication by pyloro-
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duodenal stenosis,2 6 as well as a lack of uniformity
in the methods used to measure acid secretion.
The present study examines the acid secretion in

the context of these and some other factors in two
ethnic groups of duodenal ulcer patients: Chinese
and Scots.

Methods

PATIENTS
The data were obtained from a consecutive series of
200 duodenal ulcer patients attending hospital in
Hong Kong and a similar consecutive series in
Edinburgh, Scotland. They correspond to two of the
series reported in another paper (unpublished data).
Duodenal ulcer was diagnosed by barium meal,

endoscopy and/or subsequent surgery. Patients with
pyloroduodenal stenosis were excluded from the
study.

NORMAL CONTROLS
One hundred Chinese and 100 Scottish subjects
acted as controls. These were recruited from among
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healthy medical staffs, students, technicians, and
patients who had recovered from an unassociated
illness such as pneumothorax or from a minor
operation like herniorrhaphy. Informed consent was
obtained from all subjects studied. These subjects
also correspond to those reported by Prescott et al.
(unpublished data) with the addition of 50 Scottish
subjects in whom height was not recorded.

MAXIMUM ACID OUTPUT (MAO)
This was measured in all subjects. The methodology
was conventional'1 and is described in detail else-
where (unpublished data).

SERUM GASTRIN ESTIMATION
This was carried out on a separate day in 20 pairs of
normal controls and 45 pairs of duodenal ulcer
patients (vide infra). Fasting started at 20.00 hours
the day before. At 09.00 hours, a slow intravenous
infusion of sodium chloride solution (150 mmol/l)
was started. After the subject had rested for 15
minutes the first blood sample was taken (zero to
15 minutes) and 15 minutes later (zero time) another
sample was taken, after which the patient ate a
standardised meal consisting of 50 g protein, 40 g
carbohydrate, and 40 g fat. For the Scots, the meal
consisted of 20 g Casilan (protein hydrolysate)
mixed with an instant breakfast powder with 6 g
protein, 0 15 g fat, and 10 g carbohydrate and
homogenised in 300 ml of milk, together with 45 g
ofcheddar cheese and 10 g of butter. For the Chinese,
the meal was in the form of a milk drink (60 g
Sustagen in 60 ml of milk) and Chinese-style rice
congee (130 g of minced beef in 240 ml of plain
congee with 5 ml of cooking oil). Additional blood
samples were taken at 15, 30, 45, 60, and 90 minutes
after the start of the meal. The serum from all
samples was extracted by centrifugation immediately
and stored at -20°C for subsequent radio-
immunoassay.

Gastrin estimations by radio-immunoassay were
performed in duplicate with a modification of the
method of Yalow and Berson.'2 The details of the
assay have been previously reported.'314 Sensitivity
was below 2.5 mmol/l of serum. Within assay and
between assay coefficients of variation were 6-2 and

13%, respectively. The antiserum reacted equally
with G17 and G34 gastrin. The data showed no
significant skewness.
The MAO results are presented both as raw

values and after standardisation by division by body
weight (unpublished data), having shown that when
MAO is regressed on weight the intercept on the y
axis does not differ significantly from zero.
The integrated gastrin response after the standard
meal ( Eg) of each subject was derived by computing
the total area under the response curve from zero
to 90 minutes.

MATCHING

Twenty pairs of normal controls were selected from
each race for comparison of gastrin secretion. Each
pair was matched against sex and age to the nearest
five years. Forty-five pairs of patients with duodenal
ulcers were selected from each race for comparison
of gastrin secretion. Each pair was matched against
sex and age to the nearest five years. Forty-five
pairs of patients with duodenal ulcers were selected
from each race for comparison. These pairs were
those giving a complete match with respect to sex,
age to the nearest decade, duration of ulcer symptoms
to the nearest five years, positivity of family history
of ulcer dyspepsia, and blood group status. As well
as giving the information on gastrin levels this set
of 45 pairs was also used in comparing MAO levels.

STATISTICAL ANALYSIS
In the matched situation the paired t test or
McNemar's test'5 were used as appropriate. Other-
wise the t test for independent samples of Chi-
squared tests was used.

Results

NORMAL CONTROLS
The mean age and sex distribution are shown in
Table 1. Among Chinese subjects male and female
did not differ significantly in their acid secretion,
whether this was expressed in absolute values
(mmol/h) or in relation to total body weight (TBW)
(mmol/h per kg). Among the Scots, however, males
had a significantly higher acid output than females

Table 1 Chinese v Scots: normal subjects, age and MAO in males andfemales (mean±SD)

Chinese Scots

Males Females Males Females

No. 60 40 60 40
Age (yr) 41-0 ±17.0 48-3 ±18-6 39-2 ±13-9 458 ±13-0
MAO (mmol/h) 12-9 ± 5.4 12-5 ± 6-4 23-3 ± 9-6 17-8 ± 6-3
MAO (mmol/kg) 0.25± 0-10 0.26± 0.12 0 30± 0.10 0.29± 0-09
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when this was expressed in absolute values (P<0.01),
but not so when the values were corrected for body
weight. Between the two races, the acid output in
absolute values was significantly higher in the Scots
than in the Chinese (P<0-001) and this holds for
both sexes. Furthermore, the overall difference
persisted, though to a less extent when the acid
output was corrected for body weight (P<0 01). The
mean and standard deviation was 0.25±0 11
mmol/h per kg for the Chinese and 0'30±0.10 for
the Scots.

ALL DUODENAL ULCER PATIENTS
The mean age and sex distribution are shown in
Table 2. The Chinese patients were, on average,
younger than the Scots (P<0 001). Among the
Chinese patients the MAO between the two sexes
was significantly different, whether this was expressed
in absolute values (P<0.001) or in relation to body
weight (P<0'01). Among the Scottish patients,
while this was so when MAO was expressed in
absolute values (P<0001), the difference dis-
appeared when this was corrected for body weight.
The differences between the two races were signifi-
cant in both sexes and were so irrespective of
whether maximum acid output was expressed in
absolute or weight-corrected values (P<0 001). The
differences in the age distributions partly accounts
for the difference in acid output between the male
and female Chinese, as MAO decreases with age.
However, this is not a complete explanation. The
difference in mean age between males and females
is similar in both the Chinese and Scots, and yet the
Chinese show a male-female difference in weight-
corrected acid output which is significantly different
from that seen in the Scots (P<0.05). The difference
in the mean age of the Scots and the Chinese offers
no explanation for their difference in levels of acid
output.

MATCHED DUODENAL PATIENTS (Table 3)
In the 45 pairs of closely matched patients with
duodenal ulcer, the differences between the two
races remained significant irrespective of whether
acid output was expressed in absolute or weight-
corrected values (P<0 001).

SERUM GASTRIN
In both the 20 pairs of normal controls (Table 4)
and the 45 pairs of ulcer patients (Table 3) the
fasting and post-prandial serum gastrin levels did
not differ significantly between the two races.

NORMOSECRETING AND HYPERSECRETING
DUODENAL ULCER PATIENTS
Patients whose MAO corrected for body weight
was higher than two standard deviations above the
mean of the normal controls were considered as
hypersecretors and those whose acid output was
within these limits were normosecretors. Based on
the 100 normal controls of the respective races the
proportions of normosecretors and hypersecretors
were determined among the 200 duodenal ulcers of
each race as well as in the 45 pairs of matched
patients. The proportion of normosecretors was
significantly higher in the Chinese patients than in
the Scottish. The same trend was still obvious in
the 45 pairs of matched patients and the difference
remains significant (Table 5).

Table 3 Chinese v Scots: 45 pairs of matched patients,
maximum acid output (MAO), fasting and post-prandial
serum gastrin (mean+ SD)

Males Chinese Scots

AO (mmol/h) 19-0 ± 8-8 35-3 ±14-4 P<0-1
MAO (mmol/h/kg) 0.36± 0-17 0-56± 0-23 P<0001
Fasting gastrin

(pmol/1) 32-4 ±18-1 30-8 ±14-4 NS
Peak gastrin (pmol/l) 89-3 ±46.7 89-9 ±49.3 NS
Integrated gastrin

(nmol/min/l) 6-3 ± 2-3 6-1 ± 2-5 NS

Table 4 Chinese v Scots: 20 pairs, age and sex-matched
normal subjects; fasting and post-prandial serum gastrin
(mean± SD)

Chinese Scots

Fasting gastrin (pmol/l) 25.6±12.1 34-0±157
Peak gastrin (pmol/1) 59.2±20-1 68-7±21-9
Integrated gastrin (nmol/min/l) 51 ± 1-8 57± 1.8

Table 2 Chinese v Scots: duodenal ulcers, age, and MAO in males and females (mean± SD)
Chinese Scots

Males Females Males Females

No. 143 57 149 51
Age (yr) 39-8 ±15-3 45-9 ±18.0 45S9 ±13.7 51-3 ±12-3
MAO/mmol/h 21-8 ±10-1 17-4 ± 8-2 34-4 ±12.5 27-9 ± 9.7
MAO/mmol/h/kg 0.43± 0-21 0 35± 0-17 0-51± 0-18 0-52± 0-19
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Table 5 Chinese v Scots: percentage of normosecretors and hypersecretors in 200 duodenal ulcer patients and in
45 pairs of matched patients

All patients Matched patients

200 200 45 45

Normosecretors 138 (69.0%) 103 (51-5°%) 33 (73-3%) 22 (48.9%)
Hypersecretors 62 (31-0%) 97 (48-5%) 12 (26.7%Y) 23 (511%)

x2=7.5, P001 McNemar's test
X'=4 8, pO05

Discussion

This study shows that MAO levels are lower in
Chinese subjects than in Scots, both in patients with
duodenal ulcer and controls. There are, of course,
differences in stature between the races which could
conceivably explain the differences in MAO levels.
In a separate study standardisation by means of
division of body weight was recommended (un-
published data). However, even after division by
body weight, the above differences persist and are
highly significant. The anomalous finding of
different weight corrected MAO levels in male and
female ulcer patients in the Chinese series but not
in the Scottish series is not readily explained. Until
confirmed elsewhere it may, perhaps, best be
regarded as one of the chance 'significant' findings
that inevitably occur from time to time.
The difference in MAO levels between the Scots

and the Chinese was maintained in ulcer patients
even after matching for sex, age, duration of symp-
toms, familial dyspepsia, blood group, and absence
of pyloric stenosis. Fasting post-prandial serum
gastrin concentrations are similar in the two races
both in the normal controls and in the ulcer patients
(Tables 3 and 4). These features in Chinese duodenal
ulcer patients could be due to a lesser degree of
stimulation or 'drive' upon both gastrin and parietal
cells than is the case with Scots. Alternatively, the
primary feature may be a smaller gastrin cell mass
in Chinese with a consequent degree of lowering of
the trophic stimulus to the parietal cells.

It is of interest that duodenal ulcer appears in the
Chinese in association with a lower acid secretory
capacity than it does in Scots. The proportion of
normosecreting ulcer patients, defined as those
whose weight-corrected maximum acid output is
within two standard deviations of the mean of the
normal controls is significantly greater in the
Chinese than in the Scottish patients. Furthermore,
the parietal cell mass (PCM) of resected Chinese
stomachs4 appeared to be smaller when compared
with that of the resected Scottish stomachs reported
by Card and Marks." In both studies the size of
the PCM was linearly related to the maximum acid

output. It thus appears that, while more than two-
thirds of the Chinese patients have a relatively
normal PCM, only half of the Scottish patients
have such. Whether environmental factors such as
dietary habits and different genetic structure account
for the racial differences remains to be determined.
The reasons for the occurrence of duodenal

ulceration in acid normosecretors remain uncertain.
Previous studies indicate that normosecretors have
higher post-prandial gastrin response" than hyper-
secretors. They respond equally in acid output as
do the hypersecretors when they are psychically
stimulated by food teasing"8 and their pentagastrin-
stimulated acid output is more resistant than that
of the hypersecretors to cholinergic inhibition.20 It
is possible, therefore, that the pathophysiology of
patients with ulcer disease and normosecretion may
be different from that underlying the disease in acid
hypersecretors.
The results from matching for age, sex, age of

onset, duration of dyspepsia, etc. indicate that the
difference between the two races in the proportion
of normosecretors and hypersecretors is not simply
due to earlier reference to hospital of the Chinese
patients.

There is evidence of a trophic drive on the parietal
cell mass exerted through the hypothalamus-vagal
axis20 and by circulating gastrin.2122 In this study
we did not find differences between the races in
fasting and post-prandial plasma gastrin levels.

It may be that the parietal cell mass in Scots is
more responsive than in Chinese to an otherwise
equal trophic force. Alternatively, there may be
differences between ethnic groups in the ability to
respond to inappropriate secretion of acid by an
increase in the neutralising capability of HCO3
secretion or by morphological adaptation in the
duodenal mucosa rendering it more resistant to
proteolytic autodigestion. These factors have yet to
be reported.
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