Serum pepsinogens I and II and gastric mucosal
histology after partial gastrectomy
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We determined the effect of postgastrectomy gastritis on serum pepsinogen I and
II concentrations in 108 subjects with subtotal gastric resection. Eleven had normal
remnant mucosa, 22 had superficial gastritis, and 75 had atrophic gastritis. In the subjects with
superficial gastritis, serum pepsinogen I and II concentrations were significantly higher than in
those with normal remnant mucosa, but the ratio of pepsinogen I to II did not differ from normal.
In atrophic gastritis, serum pepsinogen I concentrations fell with increasing severity of mucosal
damage, but pepsinogen II was persistently raised. Consequently, the ratio of pepsinogen I to II
in subjects with atrophic gastritis was significantly lower than in those with superficial gastritis or
normal remnant mucosa. Discriminant function analysis revealed that the ratio of pepsinogen I to
II, in combination with the absolute level of pepsinogen II, had a sensitivity of 80%, a specificity
of 73%, and a positive predictive value of 87% for atrophic gastritis in this population. We
propose that the parallel increase in serum pepsinogen I and II concentrations in postgastrectomy
superficial gastritis is because of an increased rate of endocrine release of both zymogens from
the fundic glands, and that the dichotomy in pepsinogen I and II concentrations in
postgastrectomy atrophic gastritis results from the loss of fundic glands, which produce both
zymogens, and the appearance of metaplastic pyloric glands, which produce only pepsinogen II.
SUMMARY

pepsinogen

Partial gastric resection for duodenal ulcer is followed by a high prevalence of atrophic gastritis of
the remnant mucosa. 1-4 This is associated with an
increased risk for gastric cancer,4 while the absence
of atrophy may be associated with an increased risk
for recurrent ulcer.5 Postsurgical atrophy, unlike
atrophic fundic gland gastritis in the general population, is not associated with a high serum gastrin or
with circulating antibodies to parietal cells.2 Thus,
the presence of postoperative atrophic gastritis can
be ascertained only by gastric biopsy or acid
secretory tests.
Atrophic fundal gastritis in unoperated subjects
has been found recently to be associated with a
raised concentration of serum pepsinogen II (PG II)
and a low concentration of pepsinogen I (PG I).6
These findings appear to reflect two morphological
phenomena of atrophic gastritis, namely the loss of

fundic glands, which secrete PG I and PG 11,7 8 and
their replacement by metaplastic pyloric glands,
which produce only PG II.8 9 Because of the
discordant behaviour of PG I and PG II, the ratio of
PG I to PG II in serum has been found to be a
marker of atrophic gastritis in unoperated subjects.6
In this study, we have investigated the possibility
that serum PG I and PG II concentrations might also
serve as a subclinical marker of atrophic gastritis in
patients with partial gastric resection.
Methods
SUBJECTS

The study population consisted of 108 men who had
participated in an endoscopic biopsy study of the
prevalence of gastritis after partial gastric resection
and Billroth II anastamosis for duodenal ulcer. The
morphologic characteristics of the gastric remnant
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mucosa have been reported previously.2 Briefly,
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the anterior and posterior walls of the gastric
remnant, processed for light microscopy, and classified as normal, superficial gastritis, or mild, moderate, or severe atrophic gastritis. Each subject was
assigned a histologic diagnosis based on the average
score of all biopsies or if two categories were
represented equally, to the more severe. There were
11 subjects with normal mucosa, 22 with superficial
gastritis, and 75 with atrophic gastritis. The degree
of atrophic gastritis was mild in 46 subjects, moderate in 25, and severe in four.
The interval between operation and study ranged
between two and 20 years. The mean (±SD) age of
the subjects was 50±9 years. None had clinical
symptoms of recurrent ulcer and none was found to
have an ulcer at endoscopy. Each subject had
consented to the study after its nature and purpose
had been explained.
SERUM PEPSINOGENS

The concentrations of PG I and PG II in serum were
determined by radioimmunoassay as described previously.10 without knowledge of the biopsy results.
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STATISTICAL ANALYSIS

The test results were normalised by square root
transformation. Discriminant values were generated
by computer using established programs"l 12 and
used to determine the expressions of PG I and PG II
that best distinguished subjects with atrophic gastritis from those with normal remnant mucosa or
superficial gastritis. The significance of differences
in mean values was determined by Student's t test
for unpaired samples.
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Fig. 1 Distribution of serum levels ofpepsinogen I (A)
and pepsinogen II (B) according to the histological status of
the remnant mucosa. N, normal body mucosa; SG,
superficial gastritis; Al, A2, and A3, mild, moderate or
severe atrophic gastritis, respectively.

Results

The mean (±SE) concentrations of serum PG I and
PG II were 27*6±4*2 and 9*3±1-3 Ag/l, respectively,
in the subjects with normal mucosa in the gastric
0
6S
remnant (Fig. 1).
S
0
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In the subjects with superficial gastritis, serum PG
50
I was 46-0±4-4 ,g/l and serum PG II was 15-2±1-3
0
0
,ug/l (Fig. 1). Both values were significantly higher a. 4than in the group with normal mucosa. The PG I/PG
II ratio, however, did not differ from normal (Fig.
0oil 0
2), because the percentage increments of PG I and
0
2PG II were similar, about 65%.
2
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The mean concentration of serum PG I in the
.
GPt
S
1subjects with atrophic gastritis decreased progressively with increasing severity of mucosal damage.
0The values were 36-2±3*0, 25-8+3-9, and 14-7±2-4
N
SG
Al
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A3
,ug/l, respectively, in subjects with mild, moderate,
and severe involvement (Fig. 1). In contrast, serum Fig. 2 Distribution of values for the pepsinogen I to
PG II concentrations were significantly raised in pepsinogen II ratio according to the histological status of the
each histologic category and were not related to the remnant mucosa. For abbreviations, see Fig. 1.
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severity of mucosal damage. The values, in order of
increasing severity of atrophic gastritis, were
17 8±1-2, 19-8±1*2, and 18-4±3*1 ,ug/l (Fig. 1).
Thus, owing to the progressive fall in serum PG I
and the persistent rise of serum PG II, the PG I/PG
II ratio was also inversely related to the severity of
mucosal damage. The ratio was 2-13±0-13 in
subjects with mild involvement, 1-22±0 11 in those
with moderate involvement, and 0 80±0-13 in those
with severe atrophic gastritis (Fig. 2). The ratio in all
subjects with atrophic gastritis was 1-74±0-11,
significantly less (p<001) than the value of
317±0-29 in the subjects with normal mucosa or
superficial gastritis.
Discriminant function analysis revealed that the
PG I/PG II ratio in combination with the absolute
level of PG II was better able to identify subjects
with atrophic gastritis than either the ratio or the
level of PG II alone. The discriminant value for this
combination had a sensitivity of 80%, a specificity of
73%, and a positive predictive value of 87% for
atrophic gastritis of the gastric remnant (Table).
Discussion

This study has shown that in subjects with partial
gastric resection, increasing severity of atrophic
gastritis of the remnant mucosa is associated with a
progressive fall in serum PG I and with a persistent
rise of serum PG II. These findings are similar to
those observed in unoperated subjects with atrophic
gastritis of the fundic gland mucosa,6 and can be
explained by the morphologic features of this
disorder - a loss of chief cells, which secrete both
PG I and PG II7 8 and the appearance of metaplastic
pyloric glands which produce only PG 11.8 9
Because there is no reason to suspect that gastritis
alters the metabolic clearance rates of PG I and PG
Table Classification matrix of gastric mucosal histology
by pepsinogen Ilpepsinogen II ratio in combination with
pepsinogen 11
Classification by PG

I/PG II ratio and PG II*
Normal or

Classification
by biopsy

Subjects
(no)

superficial

Atrophic

gastritis

gastritis

33
75

24
15

9
60

Normal or

superficial gastritis
Atrophic gastritis

Sensitivity: 60/75 = 0-80; specificity: 24/33
predictive value: 60/69 = 0.87.
*
Discriminant value:
VPG l/PG II-0-22PGff< 0-646.

=

0-73; positive

II, it is reasonable to assume that the observed
alterations in serum PG I and PG II concentrations
reflect changes in their rates of entry into the
circulation. Thus, the significant rises in serum PG I
and PG II that were found in the subjects with
superficial gastritis implies that inflammation of the
gastric mucosa causes an increased rate of release of
PG I and PG II into the circulation. Hyperpepsinogenaemia and increased urinary pepsinogen excretion have been reported previously in subjects
with superficial gastritis.6 _S1S It is of interest that in
this study, which included only subjects with antral
resection, serum PG I and PG II concentrations rose
in parallel, while in a previous study of unoperated
subjects, superficial gastritis was found to result in a
greater percentage rise of PG II than PG 1.6 Because
in the latter study superficial gastritis of the fundic
gland mucosa was almost always associated with
antral gastritis, it seems reasonable to propose that
the 'excess' PG II in the unoperated subjects was
derived from an increased rate of endocrine release
of PG II from the pyloric glands in the gastric
antrum. An alternative possibility, that there was a
relative increase in the rate of release of PG II from
the fundic glands, is not supported by the results of
this study.
The data in postoperative superficial and atrophic
gastritis also suggest that the relative concentrations
of PG I and PG II in serum reflect their respective
cell masses, while their absolute levels reflect both
their cell masses and the presence of mucosal
inflammation. This proposal would explain the
finding that the mean serum PG I concentration in
the subjects with mild atrophic gastritis was intermediate between those found in subjects with
normal remnant mucosa and superficial gastritis.
Mucosal inflammation is common to superficial
gastritis and mild atrophic gastritis, but only the
latter is characterised by a partial loss of fundic
glands. Thus, the lower serum PG I concentration in
mild atrophic gastritis, relative to that in superficial
gastritis can be explained by a loss of chief cells.
Similarly, the higher serum PG I concentration in
mild atrophic gastritis, relative to that found in
subjects with normal remnant mucosa, can be
explained by an increased rate of release of PG I
from a smaller chief cell mass.
It should be noted that a lack of correlation has
also been reported between the parietal cell mass
and gastric acid output in unoperated subjects with
superficial gastritis. 3 14 In this instance, the discordance between structure and function is the converse of that found for serum pepsinogen concentrations - marked hypochlorhydria or achlorhydria in
the presence of normal appearing parietal cells. The
practical utility of these observations is that the
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serum PG I concentration can readily distinguish
patients with achlorhydria caused by superficial
gastritis from those with achlorhydria caused by
severe atrophic gastritis. Whereas serum PG I
concentrations raised superficial gastritis,14 the6y are
markedly reduced in severe atrophic gastritis. 16
Discriminate function analysis revealed that the
PG I/PG II ratio, in combination with the absolute
level of serum PG II, had a high sensitivity and
predictive value for postoperative atrophic gastritis.
The results require confirmation in other populations, but the available data indicate that in the
postgastrectomy patient, as in the unoperated patient,6 serum PG I and PG II concentrations provide
a 'serologic biopsy' of the gastric mucosa. It should
be emphasised that the derived value of both
determinations, the PG I/PG II ratio, has been
found, in both postoperative and unoperated subjects, to be the key marker of gastric mucosal
histology. It is evident from Figure 1A that the
serum PG I concentration by itself is of little value in
distinguishing among histologic groups. Although
the data have not been presented, the same is true
for the sum of the concentrations of PG I and PG II,
which is the immmunochemical equivalent of the
serum pepsinogen level that is obtained by conventional proteolytic assay.
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