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Abstract

Background: Helicobacter pylori infection produces progressive mucosal damage that may 

eventually result in gastric cancer. We studied the changes that occurred in the presence and 

severity of atrophic gastritis and the prevalence of H. pylori infection that occurred coincident with 

improvements in economic and hygienic conditions in Japan since World War II.

Materials and Methods: The prevalence of H. pylori infection and histologic grades of gastric 

damage were retrospectively evaluated using gastric biopsy specimens obtained over a 40-year 

period. Gastric atrophy and intestinal metaplasia were scored using the updated Sydney 

classification system.

Results: The prevalence of H. pylori and severity of atrophy were examined in 1381 patients 

including 289 patients examined in the 1970s (158 men; mean age, 44.9 years), 787 in the 1990s 

(430 men; 44.2 years), and 305 in the 2010s (163 men; 53.2 years). Overall, the prevalence of H. 
pylori infection decreased significantly from 74.7% (1970s) to 53% (1990s) and 35.1% (2010s) (p 
< .01). The prevalence of atrophy in the antrum and corpus was significantly lower in the 2010s 
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(33, 19%, respectively) compared to those evaluated in either the 1970s (98, 82%) (p < .001) or 

1990s (80, 67%) (p < .001). The severity of atrophy and intestinal metaplasia also declined 

remarkably among those with H. pylori infection.

Conclusions: There has been a progressive and rapid decline in the prevalence of H. pylori 
infection as well a fall in the rate of progression of gastric atrophy among H. pylori-infected 

Japanese coincident with the westernization and improvements in economic and hygienic 

conditions in Japan since World War II.
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In 1983, Warren and Marshall [1] cultured Helicobacter pylori and suggested that it was 

responsible for gastritis and the gastritis-related diseases, peptic ulcer disease, and gastric 

cancer [2,3]. In 1994, the World Health Organization classified H. pylori as a group I 

carcinogen [4] and confirmed that designation in 2012 [5]. Helicobacter pylori is now 

recognized as etiologically responsible for gastritis-associated peptic ulcer disease, the 

majority of gastric cancers as well as gastric MALT lymphoma. Proof of these etiological 

associations capped decades of work on the natural history of gastritis and its relation to 

disease [6–16].

Helicobacter pylori causes progressive gastric damage that is initially most prominent in the 

antrum and subsequently advances into the corpus [17,18]. Gastric cancer risk is associated 

with the extent and severity of atrophic injury, which is recognized by loss of normal 

glandular elements (atrophy), and the development of metaplastic epithelia (pseudopyloric 

or spasmolytic-polypeptide expressing type and intestinal type) [17,19]. The population risk 

of developing gastric cancer increases with the rate of development of these atrophic 

changers [17]. In Western countries such as the United States, the incidence of gastric cancer 

was noted to decline rapidly such that it fell from being the most common cancer in the first 

quarter of the 20th century to an uncommon disease by the beginning of the 21st century 

[20]. This change in incidence was initially associated with a marked increase in duodenal 

ulcer which then also declined as the prevalence of H. pylori infection declined [20]. The 

different H. pylori-related disease is associated with different patterns of gastritis (i.e., 

atrophic pangastritis or corpus predominant gastritis in gastric ulcer and gastric cancer and 

antral predominant with duodenal ulcer) suggesting that the rapid changes in disease 

manifestation were accompanied by similar changes in the rate of development of atrophic 

gastritis [17,19–22].

The incidence and mortality rate of gastric cancer have declined in the past several decades 

in Japan [23]. However, there have been few studies regarding the trends in H. pylori 
infection and the pattern and severity of gastritis over this same time period [24–28]. This 

study focused on correlating the long-term changes in the prevalence of H. pylori infection 

with the histologic expression of the infection in Japan over a 40-year period starting with 

the 1970s.
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Methods

Patient Selection

We retrospectively analyzed records of patients undergoing upper gastrointestinal endoscopy 

based on three 3-year periods (i.e., 1975–1978, 1991–1994, and 2010–2013). The records 

were obtained from Hiroshima University Hospital (1975–1978 and 1991–1994) and 

Kawasaki Medical School (2010–2013) both located in the western portion of Honshu 

Island. The patients were among those who received upper endoscopy for investigation of 

dyspepsia or for screening of gastric cancer. Additional entry criteria included age older than 

18 years at the time of endoscopy and no localized lesions in the upper gastrointestinal tract 

such as esophagitis, peptic ulcer, or malignancies. Exclusion criteria included: 1, history of 

previous H. pylori eradication therapy; 2, patients who, in the previous 8 weeks, had 

received drugs that may have affected the histologic evaluation before (e.g., nonsteroidal 

anti-inflammatory drug: NSAID, proton-pump inhibitor, or antibiotics). Written informed 

consent for the procedures was obtained from all patients. The study protocol was approved 

by the Ethics Committee of the Hospitals.

Histologic Assessment

Two biopsy specimens were each obtained from the lesser curvature of the middle antrum 

and the anterior and posterior regions of the corpus for evaluation of gastritis and H. pylori 
infection. Biopsy specimens were cut into 4-μm-thick slices and were stained using the 

hematoxylin and eosin, Giemsa, or Gimenez methods. Histologic slides were independently 

assessed by two gastroenterologists experienced in the evaluation and scoring of gastritis 

with no knowledge of the clinical findings of the patients (KH and TK). These two 

gastroenterologists are very versed in the pathology of alimentary tract, especially, the 

updated Sydney system. Disagreements were resolved by joint review. The presence of H. 
pylori was identified using Giemsa or Gimenez staining. Atrophy and intestinal metaplasia 

were scored as present or absent, and the severity of mucosal atrophy and intestinal 

metaplasia was scored on a scale of 0–3 according to the updated Sydney system of 

classification: 0 = normal, 1 = mild, 2 = moderate, and 3 = severe.

Smoking Rate and Salt Intake in Japanese Population

The Ministry of Health, Labour and Welfare has investigated the smoking prevalence every 

year from 1965 for men and woman over 20 years old [29]. We extracted the mean smoking 

rate according to gender from 1965 to 2012. Salt intake in the Japanese population has been 

investigated by the Ministry of Health, Labour and Welfare since 1975. Before that time, the 

salt intake was estimated from the consumption trend of salty foods. We used the data 

published from the years 1950 to 2010 [30].

Statistical Evaluation

The age-specific prevalence of H. pylori infection as well as the atrophic gastritis and 

intestinal metaplasia scores were separately calculated in the three periods (i.e., 1970s, 

1990s, and 2010s) considering seven age groups: 18–19, 20–29, 30–39, 40–49, 50–59, 60–
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69, and 70–79 years. The statistical significance for each group was examined using the chi-

square test.

p-values < .05 were considered statistically significant. 95% confidence intervals (CI) were 

also calculated. Results of gastritis scores are expressed as mean ± standard error and as 

mean and 95% CI, and age of subjects is expressed as mean ± standard deviation. The 

changes were also analyzed by ANOVA on ranks for the severity (Sydney score) of antral 

atrophy, antral intestinal metalasia, corpus atrophy, and corpus intestinal metaplasia for those 

with H. pylori infections both for the entire group from each of the three time periods and 

separately for three age groups (20–39, 40–59, and 60–79) comparing the three time periods. 

Pairwise multiple comparisons were performed using Dunn’s method (Sigma Stat 

California, USA 3.5). p < .05 was considered significant.

Results

The total number of patients underwent upper routine endoscopy from 2010 to 2013 was 

5307, 5691, and 5089, respectively (We don’t have these data for 1975–1978, 1991–1994). 

Among these total patients, as not a random sample, we selected our study patients who 

gastroenterologists need to evaluate the histologic gastritis or H. pylori infection for taking 

gastric biopsy specimens or the patient wished to inspect. A total of 1381 subjects were 

entered including 289 (158 men, 131 women; mean age, 44.9 ± 16 years) in the 1970s 

group, 787 (430 men, 357 women; mean age, 44.2 ± 17 years) in the 1990s group, and 305 

(163 men, 142 women; mean age, 53.2 ± 17 years) in the 2010s group. The overall 

prevalence of H. pylori infection was significantly lower (107/305) among those studied in 

the 2010s (35.1%; 95% CI = 29–40%) compared to those evaluated in either the 1970s 

(216/289, 74.7%; 95% CI = 69–79%; p < .001) or 1990s (417/787, 53%; 95% CI = 49–56%; 

p < .05). In the 1970s, the prevalence of H. pylori infection increased with age but reached a 

plateau by age 30 consistent with the notion that the disease is primarily acquired in 

childhood and the incidence for any birth cohort tends to be stable after about age 20. 

However, evaluation of the trends in 2010s shows that overall the rate of acquisition was low 

leading to a low overall prevalence which was relatively constant for the first two decades 

followed by an increase reflecting the higher rates of acquisition that had previously 

occurred among birth cohorts born before approximately 2000 (Fig. 1).

Prevalence of mucosal atrophy and intestinal metaplasia across the 1970s, 1990s, and 2010s 

in H. pylori-positive patients is shown in Table 1. The prevalence of atrophy in the antrum 

was significantly lower in the 2010s (33%, 35/107) compared to those evaluated in either the 

1970s (98%, 212/216) (p < .001) or 1990s (80%, 333/417) (p < .001). Atrophy was also 

lower in the corpus and was significantly lower in the 2010s (19%, 20/107) compared to 

those evaluated in either the 1970s (82%, 177/216) (p < .001) or 1990s (67%, 280/417) (p 
< .001). Finally, the prevalence of intestinal metaplasia in the antrum was significantly lower 

in the 2010s (15%, 16/107) compared to those evaluated in the 1970s (63.9%, 138/216) (p 
< .001) and that in the corpus was also significantly lower in the 2010s (4.7%, 5/107) 

compared to those evaluated in the 1970s (32.4%, 70/216) (p < .05).
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The severity and extent of mucosal damage were investigated by assessing the prevalence of 

gastric mucosal atrophy and intestinal metaplasia in relation to age. Among those with H. 
pylori infection, the severity of mucosal atrophy and intestinal metaplasia significantly 

declined during the 1970s, 1990s, and 2010s (Figs 2 and 3).

Discussion

A significant decline in the prevalence of H. pylori infection in recent years in Japan has 

been documented previously and corresponds to improvements in national hygienic 

conditions and a trend toward nuclear families [24–28]. To our knowledge, this is the first 

report describing the recent trends while separately addressing the reduction in the 

prevalence of H. pylori infection in addition to the decline in severity of gastritis among H. 
pylori-infected Japanese adults. We show that among H. pylori-infected individuals, the age-

specific severity of atrophy and intestinal metaplasia has declined remarkably over 40 years 

of observation. Sipponen et al. [31] reported the prevalence of gastritis in Finland over 15 

years using biopsy specimens of patients obtained in 1977 (702 patients), 1985 (1309 

patients), and 1992 (1447 patients). They reported a decreasing prevalence of gastritis 

associated with a decreasing rate of H. pylori infections. Valle et al. [32] had previously 

reported the long-term course and consequences of H. pylori gastritis in a 32-year follow-up 

study (1952–1983) in Finland. They showed that the appearance of parietal cell antibodies 

during follow-up was associated with progression of severe corpus atrophy which was 

accompanied by disappearance of H. pylori infection. Imai and Murayama [33] examined 

autopsies and resected stomachs of Japanese patients in two different periods (1957–1962 

and 1978–1980) and showed that although there was a downward tendency in the prevalence 

of H. pylori infection among middleaged individuals, the prevalence of intestinal metaplasia 

generally remained high. In contrast, our more recent data clearly show a long-term trend 

toward a reduction in the prevalence of H. pylori infection as well as a change in the pattern 

of damage among those with H. pylori infection. This trend was evident despite the 

introduction of proton-pump inhibitors whose use would tend to enhance the rate of 

progression among those with H. pylori infection [34,35].

The eventual outcome of an H. pylori infection is related to the interaction between the 

virulence of the H. pylori strain, the genetic background of the host, and environmental 

factors such as diet [20]. Both smoking and salt intake have been shown to promote more 

rapid development of atrophic gastritis and intestinal metaplasia [36–38]. In a previous 

study, we investigated the relationship between H. pylori infection, smoking, atrophic 

gastritis, and intestinal metaplasia and found that atrophy and the histologic grade of 

intestinal metaplasia grades were higher in H. pylori-positive smokers than among 

nonsmokers [36]. Figure 4 shows the change in the fall in prevalence of smoking in the 

Japanese population over the past 40 years. High salt intake has long been established as risk 

factors for gastric cancer [39], and the daily salt intake in Japanese population has been 

decreasing over the past 60 years (Fig. 5). In addition, the reduction in salt intake and 

smoking, the Japanese diet has changed markedly since World War II such that the fat and 

protein intake are now similar to that Western countries [40]. The introduction of 

refrigeration and improvements in transportation have also resulted in a more varied diet and 

elimination of seasonal variation in availability of fruits and vegetables.
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Our prior animal studies using the H. pylori-infected Mongolian gerbil showed that 

excessive salt enhanced gastric corpus gastritis [37] and that long-term administration of a 

high-protein or casein diets suppressed corpus atrophic gastritis [41]. In that study, we 

proposed that the high-protein diet enhanced gastrin secretion which stimulated G cells to 

increase acid secretion which in turn limited the H. pylori infection to the antrum similar to 

what is seen in patients with duodenal ulcer [42]. Whatever the mechanism, the change in 

the Japanese diet to one with an increase in the intake of protein, fresh fruits, and vegetable 

and decreased use of salt likely contributed greatly to the observed changes in the 

development of atrophic gastritis demonstrated among H. pylori-infected Japanese.

As noted earlier, the most common H. pylori strains circulating in Japan are CagA positive 

of the East Asian CagA genotype [43]. These strains are thought to be highly virulent, and 

recent studies [44–46] have confirmed that these strains remain most common. The fact that 

the extent and severity of atrophic changes have declined rapidly despite the presence of 

these highly virulent H. pylori strains emphasizes the predominate importance of 

environmental factors in determining the outcome of H. pylori infections. The time-related 

decline in the rate of acquisition of atrophic changes among Japanese with H. pylori 
infection has occurred despite no change in host genetics or the prevalence of what is 

considered a highly virulent H. pylori strain [43]. As in Western countries, the change in the 

velocity in the development of atrophic damage among those with H. pylori has occurred 

coincident with changes in the environmental factors associated with decreased severity of 

gastritis such as westernization of the diet and use of refrigeration [20].

There are two limitations to this study. Firstly, our study is a retrospective analysis what 

reviewed biopsy specimens collected from a nonrandom sample. Secondly, considerable 

difficulties persist in the classification and grading of gastric atrophy with a substantial 

interobserver variability. In this study, the presence and severity of gastric atrophy and 

intestinal metaplasia were assessed by gastroenterologists experienced in gastric 

histopathology. The two gastroenterologists in this study are very versed in the pathology of 

alimentary tract, especially, the updated Sydney system. Two assessments were made one for 

atrophy and the other for the presence of intestinal metaplasia. Intestinal metaplasia is not 

subject to difficulties with intraobserver variation and served as a separate measure of the 

presence of corpus and antral atrophy making misclassification bias less likely.

In conclusion, our data clearly showed a trend of a fall in the prevalence of H. pylori 
infection of the last 40 years that was additional coupled with a decrease in the extent and 

severity of mucosal atrophy and intestinal metaplasia among those with H. pylori infections. 

These results are consistent with prior experience that decline in the incidence of gastric 

cancer may occur more rapidly than the decline in H. pylori infection.
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Figure 1. 
Age-specific prevalence of Helicobacter pylori from the 1970s to the 2010s in Japan. The 

pattern was typical for that of a developing country in the 1970s and then showed a 

progressive shift to the right as the rate of acquisition steadily declined in childhood. The 

base line prevalence currently appears to be stable at about 10%.
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Figure 2. 
Mean ± 95% CI of atrophy and intestinal metaplasia scores of antral mucosal biopsies in 

Helicobacter pylori-positive patients according to age group. Both mucosal atrophy and 

metaplasia in the antrum significantly decreased in time period setting in all age group.
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Figure 3. 
Mean ± 95% CI of atrophy and intestinal metaplasia scores of corpus mucosal biopsies in 

Helicobacter pylori-positive patients according to age group. Both mucosal atrophy and 

metaplasia in the corpus significantly decreased in time period setting in all age group.
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Figure 4. 
Time trend over 40 years showing the prevalence of smoking according to the sex in 

Japanese population. The smoking rate in the Japanese population has decreased remarkably 

over the past 40 years [29].
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Figure 5. 
Time trend of daily salt intake levels in the past 60 years in the Japanese population. Salt 

intake in the Japanese population has decreased remarkably in the past 60 years [30].
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Table 1

Prevalence of mucosal atrophy and intestinal metaplasia across the 1970s, 1990s, and 2010s in Helicobacter 
pylori-positive patients

1970s (n = 216) 1990s (n = 417) 2010s (n = 107)

Atrophy (n)

 Antrum   98% (212)   80% (333)*  33% (35)**,##

 Corpus   82% (177)   67% (280)*  19% (20)**,##

Intestinal metaplasia (n)

 Antrum 63.9% (138) 37.4% (156)*  15% (16)**

Corpus 32.4% (70) 21.3% (89) 4.7% (5)*

**
p < .001 versus 1970s,

*
p < .05 versus 1970s,

##
p < .001 versus 1990s.

Helicobacter. Author manuscript; available in PMC 2019 December 11.


	Abstract
	Methods
	Patient Selection
	Histologic Assessment
	Smoking Rate and Salt Intake in Japanese Population
	Statistical Evaluation

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

