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Abstract

Background: Atrophic gastritis—the end stage of chronic gastritis—is an asymptomatic disease due to Helicobacter pylori
infection causing decreased vitamin B12 and folate absorption, which may lead to severe haematological and neuropsycho-
logical disorders including Alzheimer’s disease. The diagnosis requires endoscopy and biopsies from symptomatic patients,
explaining why its true prevalence in the population is not well-known.
Objective: We aimed to evaluate the prevalence of various stages of chronic gastritis in an autopsy series most closely
representing the general population.
Subjects and Methods: Gastric mucosa samples were collected prospectively from out-of-hospital deaths included in the
Tampere Sudden Death Study (n = 70, mean age 63, age range 22–91 years). Antrum and corpus samples were stained with
a H. pylori antibody and staged histopathologically.
Results: Chronic gastritis with or without atrophic changes was detected in 40% of the cases. The proportion of healthy
mucosa decreased age-dependently from 71.4% among individuals aged <50 years to 43.5% among the oldest individuals
(>70 years), and that of chronic non-atrophic gastritis from 21.4% to 8.7%. In contrast, the prevalence of atrophic gastritis
was 27.1% and increased in the age groups from 7.1% to 47.8% (P = .019) among the oldest individuals, showing a strong
association (P < .0001) with H. pylori immunopositivity.
Conclusions Atrophic gastritis is a common feature of the ageing stomach, which is observed in every second individual aged
70+ years, showing a strong association with H. pylori immunopositivity. Atrophic gastritis may be a more common risk
factor in old age for diseases associated with low serum B12 and folate levels than has been previously known.
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Key Points
• Atrophic gastritis is a common feature of the ageing stomach being seen in every second individual aged 70+ years.
• Atrophic gastritis may be a more common than previously known risk factor at old age for diseases associated with low

serum B12.
• Atrophic gastritis shows strong association with Helicobacter pylori infection
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Introduction

Chronic gastritis is a common disease with potentially seri-
ous consequences. More than half of the world’s population
may be affected by the disease to some extent, although its
prevalence has declined in Western countries in recent years,
along with a decrease in the prevalence of H. pylori infec-
tions—the main cause of chronic gastritis [1, 2]. Addressing
chronic gastritis is, nonetheless, very important, as the end
stage of the disease—atrophic gastritis—is a key risk factor
in gastric cancer [3–5], but also because it decreases the
absorption of cobalamin (vitamin B12) [6, 7] and folate
[8], leading to an increased risk of severe haematological
disorders such as pernicious anaemia, and a broad spectrum
of neurological, cognitive and psychiatric manifestations [6,
7]. Low plasma levels of vitamin B12 and folic acid increase
homocysteine levels, which have been linked with cognitive
decline and with an increased risk of dementia [6, 7, 9, 10]
as well as with increased risk of ischaemic heart disease [11].
The real risk that atrophic gastritis poses for these diseases
is difficult to estimate because the prevalence of atrophic
gastritis in old age in an asymptomatic population has not
been ascertained.

According to the guidelines by the British Society of Gas-
troenterology and the American Gastroenterological Asso-
ciation (AGA) Institute, atrophic gastritis is defined as the
process of chronic inflammation mainly caused by H. pylori
infection or autoimmunity leading to the loss of appropriate
glands and their replacement by fibrous tissue or intestinal-
type glands which are inappropriate for the location, i.e.
metaplasia [12–14]. A diffuse type of atrophic gastritis lim-
ited to oxyntic (fundic) mucosa can also be autoimmune in
origin, although it seems that H. pylori may also play an
important role as a microbial trigger in these cases [15–17].

Helicobacter pylori is usually acquired during early child-
hood [18, 19]. Since the infection usually does not disappear
spontaneously and primary infection in adults are very rare,
the prevalence of the infection in each birth cohort reflects
the prevalence of childhood infections, which explains why
the prevalence is highest among the older individuals [2,
20]. The declining prevalence of H. pylori infection has
led to an increased number of H. pylori negative gastritis
diagnoses worldwide [21, 22]. Recently, a detailed analysis
of the gastric microbiota in chronic gastritis and gastric car-
cinoma using 16S rRNA gene profiling and next-generation
sequencing detected an enrichment of other bacterial genera,
mostly intestinal commensals, along with H. pylori [23].

Helicobacter pylori infection usually induces acute gas-
tritis with an active inflammation that lasts a few weeks
and subsequent chronic inflammation which may become
lifelong [1, 24]. Not all patients with H. pylori infections
develop chronic gastritis. It is estimated that 20% of acute
cases of H. pylori gastritis are self-limiting, most likely due
to a combination of bacterial strain diversity, host genetics
and environmental factors [1, 25, 26]. Helicobacter pylori
infection tends to appear first in the antrum, developing

antrum-predominant chronic gastritis, then spread to the
corpus, leading to pan-gastritis. During the acute phase, a
histological evaluation of gastric mucosa shows an infiltra-
tion of neutrophils. When the infection becomes persistent,
neutrophils and other polymorphonuclear leukocytes are
gradually replaced by mononuclear inflammatory cells. This
stage is referred to as chronic gastritis. As the infection
progresses, mononuclear cells form organised lymphoid fol-
licles and the inflammation usually becomes less intense
[24, 27]. Atrophic gastritis represents the end stage of this
inflammatory sequence, with the process from chronic gas-
tritis to chronic gastritis with atrophic changes (atrophic
gastritis) advancing gradually over decades, usually while the
patient remains asymptomatic [19, 28–30]. Heartburn and
regurgitation are present in ∼24% and 12% of the patients,
respectively [30].

According to the guidelines, the diagnosis of atrophic
gastritis should be confirmed by means of histopathol-
ogy [13, 14] The actual prevalence of chronic gastritis
and chronic atrophic gastritis in a community-dwelling
population remains unclear; however, as the disease is
often asymptomatic [19, 29] and the golden standard for
diagnosis is a histological evaluation of biopsies from invasive
endoscopies. In a meta-analysis of 14 studies covering 18,510
cases, the prevalence of atrophic gastritis in the general
population was suggested to be ∼16% [31]. There are no
data on the prevalence of less advanced forms of chronic
gastritis in the general population. However, in a cohort
of Finnish outpatients who underwent gastroscopy due to
gastrointestinal symptoms, the prevalence of chronic gastritis
amounted to as high as 80% among those aged 70+ years
and that of atrophic gastritis to 40% [2]. The only non-
invasive way to assess the prevalence of atrophic gastritis at
a population level is to apply serological assays whose results
have not shown good concordance with biopsy studies,
generally yielding much lower figures of prevalence [31].
The prevalence of pepsinogen I-defined functional atrophic
corpus gastritis was only 5.7% in a study comprising a
stratified sample of healthy adults aged 35–64 years from
the populations of two small communities in Northern
Sweden in 2009 [32]. Among the oldest age group of 55–64
years, the prevalence was 8.3%. Similarly, based on serum
pepsinogen I and II assays, the prevalence of atrophic gastritis
among New Zealanders was 6.7% [33]. In a systematic
meta-analysis review [34], the combination of pepsinogen,
gastrin-17 and anti-H. pylori antibodies in serological assays
(panel test) seemed to be a reliable non-invasive tool for
the diagnosis and exclusion of advanced atrophic gastritis,
but it does not help in detecting the preceding stages of
the disease. As healthy patients cannot ethically be biopsied,
autopsy samples may provide a solution, but to the best of
the authors’ knowledge, no previous gastritis studies have
utilised autopsy series in which the victims had died of
reasons unrelated to chronic gastritis.

The purpose of this study was to determine the prevalence
and age-dependence of the spectrum of chronic gastritis, and
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especially that of atrophic gastritis and H. pylori infection
in an autopsy series most closely representing the general
population.

Subjects and methods

Gastric mucosa samples, one each from the corpus and
antrum, were taken from a subset of 74 individuals included
in the Tampere Sudden Death Study (TSDS) in 2014–
2015 who were subjected to a medicolegal autopsy due to
sudden unexpected out-of-hospital death. The average age
was 63 years (range 22–91 years), and 79% of the deceased
were males (M/F = 59/15). Of the cases, 44 (59.5%) had
died of cardiovascular diseases, 11 (14.8%) of other dis-
eases, including two (2.9%) cases (both female, aged 57
and 63 years) who had died of a sudden gastrointestinal
haemorrhage due to Mallory–Weiss syndrome. The remain-
ing 19 (25.7%) cases in the subset were non-natural deaths
including accidents or suicides. Post-mortem interval data
were available for 68 (97.4%) individuals and varied from 1
to 11 days (median, 3 days). Samples were fixed in buffered
formaldehyde for at least 24 hours and paraffin-embedded in
Tissue-Tek boxes. 5 μm sections were cut and stained with
an anti-H. pylori antibody immunostain (Novocastra mouse
monoclonal antibody from Leica Biosystems UK, 1:100
dilution) and applied using a Labvision LV-1 autostainer.
Slides were digitalised with an Operio Scan Scope XT and
viewed with the computer programmes ImageJ 1.45 s and
JVSview 1.2. This study was approved by the Regional Eth-
ical Committee of Tampere University Hospital (R16199)
and the national ethics committee Valvira.

Four cases (5.4%) were excluded from the study due to
misrepresentative tissue regions caused by twisting of the
thin mucosa samples during fixation and embedding. The
final study series thus comprised 70 cases with suitable sam-
ples for scoring. The 2 × 2 cm samples showed typical post-
mortem changes in the mucosa, but this did not significantly
affect the scoring as we evaluated the mucosa compartment
closest to the muscularis mucosae, which is thought to be
the key area for signs of atrophy [35]. The scoring was
based on the presence or absence of inflammatory cells and
lymphoid follicles, and in the atrophic stage the loss of
appropriate glands and their replacement by fibrous tissue
or intestinal-type glands (metaplasia). Acute gastritis was
defined as a presence of neutrophils and chronic inflamma-
tion as an increased number of mononuclear inflammatory
cells. Both inflammation and atrophy were classified using
the updated Sydney system [27] as absent, mild, moderate or
marked. Metaplasia was classified as absent, mild, moderate
or marked. Chronic gastritis was assigned when mononu-
clear inflammation was present with or without atrophic
changes. Atrophic gastritis was scored as mild, moderate or
marked based on the combination of antrum and corpus
scores (see Table 1).

For statistical analyses, the Kruskal–Wallis test, Chi-
squared test, t-test, Wilcoxon Signed-Rank Test and

Table 1. Characteristics in the Tampere sudden death study
(TSDS) cohort (N = 70)

N %
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Male 56 80
Female 14 20.0
H. pylori positive 20 28.6
Healthy mucosa 42 60.0
Chronic non-atrophic or atrophic gastritis 28 40.0

Chronic non-atrophic gastritis 9 12.9
Chronic atrophic gastritis 19 27.1

Mild atrophy 11 15.7
Moderate atrophy 5 7.1
Severe atrophy 3 4.3

Spearman’s correlation were used with IBM SPSS statistical
software, version 24.

Results

Of the 70 available cases, 56 (80%) were male and 14 (20%)
females. The individuals were aged from 22 to 91 years
(mean 63 years), with no statistically significant difference
in age observed between males and females (P = .188).
Overall, 42 (60.0%) had normal mucosa and 28 (40.0%)
had chronic gastritis with or without atrophic changes. None
had acute gastritis. Of the 28 cases with chronic gastritis, 19
(67.9%) had atrophic changes, and 9 (32.1%) had chronic
inflammation without atrophy. Of the 19 cases with atrophic
gastritis, 11 (57.9%) had mild, 5 (26.3%) moderate and
3 (15.8%) marked atrophy (Figure 1). Metaplastic changes
were observed in 5 (26.3%) of the atrophic gastritis cases.
Of the cases with mild atrophy, 4 (36.4%) were mainly
observed in antrum, 2 (18.2%) in the corpus and 5 (45.4%)
in both areas. As expected, 5 (62.5%) of the eight cases with
moderate or severe atrophy were detected in both antrum
and corpus samples. No statistically significant difference in
the prevalence of gastritis was observed between women and
men. Chronic gastritis with or without atrophy tended (OR
0.53; 95% CI: 0.15–1.91) to be more common among men
(42.9%) compared to women (28.6%), whereas the frequen-
cies of atrophic gastritis were similar for both sexes (26.8%
vs. 28.6%, respectively; OR 1.09; 95% CI: 0.30–4.02).

The overall prevalence of atrophic gastritis in this cohort
was 27.1%. The prevalence of atrophic gastritis increased
with age (Figure 2). The prevalence of atrophic gastritis in the
age group of 20–50-year-olds was 7.1%, in those aged 51–
70 years 21.2% and in the group aged 71–91 years 47.8%
(P = .019).

Helicobacter pylori was detected in 20 (28.6%) cases
(Figure 3). Of the 28 cases with chronic gastritis with or
without atrophy, 18 (64.3%) were positive for H. pylori. The
prevalence of H. pylori was 4.8% in the healthy mucosa
subgroup, 44.4% in those with chronic non-atrophic
gastritis and 73.5% in those with chronic atrophic gastritis
(P < .001). The prevalence of H. pylori was 14.3% in
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Figure 1. Antrum mucosa (15× magnification) of the TSDS autopsy cases. (A) Healthy mucosa: abundant glands (GL) and no
inflammation, with ducts of gastric glands (D) visible. (B) Chronic non-atrophic gastritis: moderate mononuclear inflammation with
lymphoid aggregates (asterisks), no neutrophils present and no atrophy. (C) Gastritis with mild atrophy: mild diffuse mononuclear
inflammation, such as lymphocytes (black arrow), and mild atrophy where less than 30% of glands (GL) have been replaced by
fibrous tissue. (D) Gastritis with moderate atrophy: mild mononuclear inflammation and 30%–60% of glands replaced by fibrous
tissue (white star). (E) Gastritis with marked atrophy: mild inflammation and more than 60% of glands (GL) replaced by fibrous
tissue. (F) Metaplasia: the architecture of normal gastric mucosa is gone, and glands have been replaced by intestinal-type glands
and goblet cells are present (white arrow).

Figure 2. The prevalence of atrophic gastritis increases with age.

those aged 20–50 years, 27.3% in those aged 51–70 years
and 39.1% in the age group of 71–91-year-olds, but no
statistically significant difference was found between the age
groups (P = .261. No statistically significant difference in
H. pylori positivity was observed between women and men
(OR: 1.00; 95% CI: 0.274–3.656, P = 1.00).

Of the cases, 14 (20.0%) showed a colonisation of bac-
teria other than H. pylori, but no statistically significant

Figure 3. Atrophic mucosa showing Helicobacter pylori coloni-
sation (arrows).

correlation was detected between bacterial colonisation and
the postmortem interval (P = .866).

Discussion

In this study cohort, atrophic gastritis was found to be rela-
tively common, with the prevalence and severity increasing
with age. Atrophic changes were typically mild (57.9% of all
atrophic cases) and multifocal. The changes were particularly
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common among the oldest individuals, with half of the
autopsy cases older than 70 years having atrophic changes,
although these changes were usually only mild or moderate.
The prevalence of atrophic gastritis was greater than the
prevalence of non-atrophic chronic gastritis. Only corpus
atrophy leads to functional changes such as impaired gastric
acid and intrinsic factor secretion or iron and cobalamin
deficiency. In all our atrophic gastritis cases, the corpus
mucosa was more or less affected in 36.8%.

The present study showed that H. pylori bacteria were
also detected in some cases with virtually normal mucosa,
suggesting that H. pylori colonisation does not necessarily
lead to inflammation. Interestingly, 26.3% of the cases with
atrophic gastritis and 55.5% of those with chronic gastritis
without atrophy were H. pylori negative. Some may be false
negatives as a result of a failure to detect the bacteria, perhaps
due to the fact that H. pylori bacterial numbers decrease—
sometimes beyond detection—as the atrophy advances [36],
but it is unlikely that all of the negative cases were false
negatives. Autoimmune gastritis could also explain the num-
ber of H. pylori negative gastritis cases, but there was only
one sample (1.4%) with the appearance of autoimmune
gastritis.

Few gastritis studies have been conducted on non-
symptomatic individuals. A study [37] conducted on 4256
volunteers (mean age 56 years) in Finland found the
seroprevalence of H. pylori to be 19%, and the prevalence
of moderate or severe atrophic corpus gastritis 3.5% overall,
and, among those older than 70 years, 8.0%. In that study, a
diagnosis of advanced atrophic corpus gastritis was made
from blood samples with the GastroView� biomarker
(which has 82% sensitivity) and limited to corpus atrophy.
Our autopsy series representing a community-dwelling
normal population (mean age 63 years) showed somewhat
similar results for the prevalence of H. pylori (28.6%). In
contrast, the prevalence of all forms of atrophic gastritis
in the oldest age group of 70 + years was 47.8%—a much
higher figure than the previous study based on the use of
biomarkers. Another study [38] conducted in 1994 in a
nearby region of Finland found a 33.0% seroprevalence of H.
pylori among randomly selected people born in 1940–1949.
In our study, most individuals were born in the 1940’s and
1950’s, therefore our 28.6% prevalence of H. pylori concurs
well with this previous study. Non-invasive studies based
on the measurement of serum biomarkers can thus be used
to screen for gastric atrophy, but cut-off values are usually
set to differentiate advanced atrophic gastritis from healthy
mucosa, thereby offering little information on cases with
chronic non-atrophic gastritis or gastritis with mild atrophic
changes, which may also have clinical significance. An
endoscopic examination can reveal signs of inflammation,
but there is poor concordance between endoscopic and
histological atrophy [39]. This leaves histological evaluation
of chronic gastritis with mild atrophic changes as the best
method, although biopsy procedures tend to be unpleasant
and unlikely to be undertaken without good reason. Autopsy

samples may therefore provide relevant rates of prevalence.
To the best of our knowledge, this is the first observational
gastritis study using postmortem samples to examine the
prevalence of histological chronic gastritis with or without
atrophy in a cohort most closely representing the general
population, including potentially asymptomatic cases. We
found the prevalence of chronic non-atrophic or atrophic
gastritis to be 40.0% in the whole series, which is higher
than expected based on previous studies.

The limitations of this study include the fact that it
is male dominated since prospective medicolegal autopsy
series on victims of sudden out-of-hospital death mainly
comprises of men. Males tend to have more dangerous
habits including excessive use of alcohol and thus have a
greater risk of dying in accidents and of non-natural causes.
Men are also more likely to suffer an unexpected sudden
cardiac death. Despite these biases however, a medicolegal
autopsy series comprising unexpected out-of-hospital deaths
is considered to be the best available series to represent the
general population [40]. Because of the unexpected nature
of the death, we have limited or no information on their
smoking habits, medications and alcohol use. Additionally,
we had no possibility to measure the presence of anaemia
or vitamin B12 and folate levels in our autopsy cases. We
do not believe that postmortem changes of the ventricular
mucosa have led to an overdiagnosis of atrophic gastritis.
Autolytic changes of the glands did not prevent the scoring
of the samples because this was based on the presence or
absence of inflammatory cells and lymphoid follicles and
in the atrophic stage on the loss of appropriate glands and
their replacement by fibrous tissue or intestinal-type glands
(metaplasia).

Based on the present results, the possibility of insidious
atrophic gastritis should be considered more often when
examining older patients with heartburn or regurgitation as
well as patients with microcytic or megaloblastic anaemia,
pernicious anaemia or neurologic symptoms [13, 30]. Fur-
ther studies are needed to confirm our findings on the
common occurrence of asymptomatic atrophic gastritis in
older people and its potential contribution to diseases related
to dietary deficiencies that manifest as low levels of vitamin
B12, folate and iron.
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