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Abstract

BACKGROUND

Helicobacter pylori (H. pylori) infection is a risk factor for many diseases, including
peptic ulcer disease and gastric cancer. While H. pylori eradication therapy can
prevent these diseases, potentially unfavorable effects of eradication therapy have
also been reported in some diseases, such as gastroesophageal reflux disease
(GERD), Barrett’s esophagus (BE), inflammatory bowel disease (IBD), allergic
diseases, and metabolic diseases. Consequently, both positive and negative
impacts should be considered when assessing the effects of H. pylori eradication
therapy.

AIM
To compare the incidence of these diseases before and after H. pylori eradication
and to comprehensively assess its effects.

METHODS

This retrospective cohort study used a Japanese nationwide health claims
database (April 2009-March 2020), developed by the Japanese Ministry of Health,
Labour and Welfare. The database contained almost all health insurance claims
data issued in Japan, and specific health check-up data for individuals who took
the check-ups. Descriptive statistics were used for the analyses. Patients who
received primary eradication therapy were defined as those prescribed medi-
cation for H. pylori eradication. New diagnoses, defined as incidence of upper
gastrointestinal diseases and IBD, and prevalence of allergic diseases were
compared before and after eradication. The incidence and prevalence of each
disease were also compared between the 3-year period before eradication (from
the 4™ to the 2" year prior to the year of eradication) and the 3-year period after
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eradication (from the 1 to the 3 year after the year of eradication) based on the age category and
calendar year and month. Changes in body mass index and proportion of patients with metabolic
syndrome (MS) were examined before and after eradication.

RESULTS

We identified 5219731 patients who received primary eradication therapy. The 65-69 years age
group had the greatest number of patients in both sexes. There was no significant increase in the
incidence of GERD after eradication when considering the effects of aging and reporting period.
However, the incidence of BE was higher in the 3-year period after eradication than in the 3-year
period before eradication for all age categories (0.02%-0.10% vs < 0.01%-0.05%). The incidence of
IBD and prevalence of allergic disease were also higher after eradication. In contrast, the incidence
of gastric and duodenal ulcers and gastritis was reduced after eradication. In patients with at least
one entry of health check-up data (1701111 patients), the percentage of patients with MS showed a
slight increase following eradication (11.0% in the year of eradication and 12.2% after 5 years).

CONCLUSION
The results suggest that H. pylori eradication therapy reduces peptic ulcers and gastritis; however,
it is associated with increased incidence of several other chronic diseases.

Key Words: Administrative claims; Healthcare; Allergy; Eradication therapy; Gastroesophageal reflux
disease; Helicobacter pylori; Inflammatory bowel disease
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Core Tip: While Helicobacter pylori (H. pylori) eradication can prevent certain diseases including peptic
ulcer diseases and gastric cancer, unfavorable effects of eradication therapy have also been reported. We
analyzed a Japanese nationwide health claims database containing almost all health insurance claims data
to compare the incidence and prevalence of specific diseases before and after H. pylori eradication to
comprehensively assess its effects. We identified 5219731 patients who received primary eradication
therapy. H. pylori eradication drastically reduced peptic ulcers and gastritis but was associated with an
increase in Barrett’s esophagus, inflammatory bowel disease, allergic disease, and metabolic syndrome.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is a risk factor for many diseases, including peptic ulcers[1], gastric
cancer[2], gastric mucosa-associated lymphoid tissue lymphomal[3], H. pylori-associated gastritis[4],
idiopathic thrombocytopenic purpura[5], and iron deficiency anemia[6]. H. pylori eradication therapy
can effectively prevent these diseases. However, unfavorable effects of eradication therapy have also
been reported. For instance, the relationship between H. pylori infection and gastroesophageal reflux
disease (GERD) is controversial. Some studies have suggested a lower incidence of GERD and its
complications, such as Barrett’s esophagus (BE), in patients with H. pylori infection[7-10]. A study
reported that the prevalence of GERD increased in patients after successful H. pylori eradication and was
comparable to that in patients without H. pylori[11]. However, some studies found no association
between H. pylori eradication and GERDJ[12], while others reported that eradication is not associated
with GERD development in dyspeptic patients but might pose a higher risk in patients with peptic
ulcers[13]. An inverse association of H. pylori infection with some immune system diseases, including
allergies[14-18] and inflammatory bowel disease (IBD)[18-22], has also been reported. Moreover,
relationships between H. pylori infection and metabolic diseases and associated conditions such as
obesity have also been described. H. pylori infection may increase the risk of dyslipidemia[23,24] and
metabolic syndrome (MS)[25]. While favorable effects of H. pylori eradication on triglyceride and high-
density lipoprotein cholesterol (HDL-C) levels[26] or dyslipidemia[27] have been reported, it has also
been found that eradication therapy may increase the incidence of hyperlipidemia and obesity[28,29].
Therefore, both positive and negative impacts should be considered when assessing the effects of H.
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pylori eradication therapy. A comprehensive evaluation of these effects in Japan, where large-scale
eradication therapy was commenced earlier than it was in other countries due to its coverage by
universal healthcare, might provide useful information for clinicians worldwide.

Herein, we performed a comprehensive analysis of the effects of H. pylori eradication therapy on
various diseases. This study used a Japanese nationwide health claims database, the National Database
of Health Insurance Claims and Specific Health Checkups of Japan (NDB), developed by the Japanese
Ministry of Health, Labour and Welfare, containing almost all (= 95%) health insurance claims data
issued in Japan[30]. In this database, health check-up data are also included for individuals who
underwent specific health check-ups. We compared the development of diseases (defined as the first
diagnosis) known to be related to H. pylori infection and eradication before and after eradication in
patients who underwent primary H. pylori eradication therapy. We also assessed changes in body mass
index (BMI) and MS development before and after eradication.

MATERIALS AND METHODS

Study design and data source

This claims-based study used NDB data[30] (April 2009-March 2020). The dataset contained medical
claims data, diagnosis procedure combination (DPC) claims data (claims related to bundled payments
during DPC hospitalization), and pharmacy claims data from patients who received primary H. pylori
eradication therapy or those who had at least one diagnosis of GERD. Specific health check-up data
available for patients who underwent check-ups included anthropometric data, laboratory values, and
answers to questionnaires. The observation period was defined as the entire period of data availability
for each patient.

Patients

Patients with a prescription for primary H. pylori eradication therapy covered by national health
insurance were identified and designated in our study as those who received primary H. pylori
eradication therapy. The three medications approved for this therapy are amoxicillin and clarithromycin
with either a proton pump inhibitor (PPI) or potassium-competitive acid blocker (P-CAB); these can be
prescribed as a combination of single drugs in the same month or as a combination pack (Supp-
lementary Table 1).

Outcomes and analysis

We compared the incidences of GERD, BE, other upper gastrointestinal diseases [including some
diseases of the digestive system other than those categorized as International Statistical Classification of
Diseases and Related Health Problems, 10" revision (ICD-10) code K92], and IBD, and the prevalence of
allergic diseases before and after primary H. pylori eradication therapy (see Supplementary Table 2 for
definition of the diseases). Furthermore, IBD was classified into Crohn’s disease (CD) and ulcerative
colitis (UC) according to the ICD-10 classification. Other upper gastrointestinal diseases were classified
into 10 types [esophagitis, other diseases of the esophagus, gastric ulcer (GU), duodenal ulcer (DU),
peptic ulcer, site unspecified, anastomotic ulcer, gastritis and duodenitis, functional dyspepsia (FD),
other diseases of the stomach and duodenum, and other diseases of the digestive system] according to
the ICD-10 classification, and allergic diseases were classified into five types (allergy, pollinosis, asthma,
hypersensitivity, and atopy) by disease name (Supplementary Table 2). It should be noted that since
allergic diseases were initially defined according to the ICD-10 classification and atopic asthma was
classified into the asthma group, the atopy group included only atopic cough. The month of primary
eradication therapy was defined as the earliest month in which primary eradication medications were
prescribed for each patient. The term ‘year of eradication’ refers to the year corresponding to this
month. The incidence of a disease was calculated on the basis of the earliest first diagnosis of each
disease, which was identified using the record of the first diagnosis date by the medical institution on
medical claims or DPC claims in the database.

The incidence and prevalence of each disease was calculated for each elapsed year from the
eradication, which was calculated as the integer part of the difference of the time and the time of the
eradication. If the difference was negative, the elapsed year was the integer part minus one, as in SAS
(version 9.4, SAS Institute, Cary, NC), the integers of the negative numbers were rounded up.

We also compared the incidence and prevalence of each disease between the 3-year period before
eradication (from the 4™ to 2" year prior to the year of eradication) and the 3-year period after
eradication (from the 1+ to 3" year after the year of eradication) based on the age category and calendar
year and month, represented by calendar month and year from July 2014 to June 2018.

To assess GERD status in patients with and without H. pylori eradication, we compared treatments in
patients who received eradication therapy before GERD development with those who did not undergo
eradication therapy during the observation period. Patients with available health check-up data for the
year of the first GERD diagnosis were included in this analysis (eradication group), and the data were
used to develop a propensity score (PS). Patients in the non-eradication group were identified from the
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patients with GERD, those who did not undergo eradication therapy, and those who had their health
check-up data. The patients identified in the non-eradication group were those whose sex, age at the
first GERD diagnosis, and the month of the first GERD diagnosis matched with those of anyone in the
eradication group. After adjusting for confounding factors using the PS, the types of drugs prescribed
for GERD were compared by year from first GERD diagnosis and by calendar year between the
eradication and non-eradication groups. The PS was estimated using a logistic regression model with
eradication (dummy variable) as the explained variable, and age, sex, and specific health check-up data
(BMI, abdominal circumference, systolic blood pressure, diastolic blood pressure, triglyceride, HDL-C,
low-density lipoprotein cholesterol, aspartate aminotransferase, alanine aminotransferase, y-glutamyl
transpeptidase, fasting blood glucose, and hemoglobin Alc) as explanatory variables. The PS was
divided into four classes, and patients within each group were assigned the same weight to make the
total weight comparable between groups in each PS class. The following drug classes for GERD
treatment were analyzed: Histamine H, receptor antagonist, P-CAB, PPI, and others (Supple-
mentary Table 3). In patients who received GERD treatment in the month of first diagnosis, the period
of continuous GERD treatment was compared between patient groups after adjustment using the
Kaplan-Meier method with the log-rank test (in this test, P < 0.05 was considered statistically
significant). Treatment was defined as any treatment with no gap exceeding 3 mo.

Changes in BMI and proportion of patients with MS were examined before and after eradication in
patients for whom these data of specific health check-up were available at least once or yearly for the 3
years before and after the year of eradication. If multiple values were recorded for a patient in the same
year, the average value was used. Patients with MS were defined as those with an abdominal circum-
ference of 2 85 cm in men or = 90 cm in women, and who met at least two of the following criteria: (1)
Triglyceride = 150 mg/dL or HDL-C < 40 mg/dL; (2) Systolic blood pressure > 130 mmHg or diastolic
blood pressure > 85 mmHg; and (3) Fasting plasma glucose > 110 mg/dL[31]. We used the statistical
software packages SAS for the analyses. In the analyses using the specific health check-up data, missing
values were imputed based on all other factors using the MI statement in PROC MI of the SAS software.

Ethical approval

This study was approved by the Ethics Committee of Oita University, Faculty of Medicine (No. 1692).
All procedures followed were in accordance with the World Medical Association’s Declaration of
Helsinki (1964, and its later amendments). Informed consent was not obtained because this study used
anonymized claims data.

RESULTS

Overview of disease developments

The dataset included 5219731 patients who received primary H. pylori eradication therapy. Maximum
number of patients were in the 65-69 years age bracket at the time of eradication. There were more men
aged < 65 years, but more women aged 2 65 years (Figure 1).

The incidences of upper gastrointestinal diseases and IBD were highest in the year of eradication and
the preceding year, respectively (Table 1). After eradication, the incidences of GERD and IBD decreased
yearly, reaching similar levels to those before eradication. The incidences of other upper gastrointestinal
diseases markedly decreased after eradication. In contrast, the incidence of BE increased after
eradication. The prevalence of allergic diseases increased in the years before eradication and continued
to increase after eradication; the prevalence at 5 years after eradication was almost double the
prevalence approximately 10 years before eradication (Table 1).

GERD

The incidence of GERD in the 3-year period before eradication was similar to or slightly higher than that
in the period after eradication for all age groups, and it tended to increase with age regardless of
eradication status (Figure 2A). When data were analyzed according to the calendar year and month, the
incidence was higher after eradication, although this difference disappeared in later years (Figure 2B).
When comparing GERD treatment status between the eradication group (76367 patients) and non-
eradication group (1008539 patients), there was no remarkable difference in the trend of GERD
medication by year from first GERD diagnosis or calendar year, although the percentage of patients
receiving each type of GERD drug was slightly higher in the eradication group (Supple-
mentary Figure 1). In patients who received GERD medication in the month of the first GERD diagnosis
(72170 and 920794 patients in the eradication and non-eradication groups, respectively), the continuous
treatment period was significantly longer in the eradication group (P < 0.01) (Supplementary Figure 2).

BE

The incidence of BE was higher in the 3-year period after eradication than in the period before
eradication for all age categories (Figure 3A), and throughout the observation period (Figure 3B). The
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Table 1 Incidence or prevalence of each disease by year from primary Helicobacter pylori eradication therapy

Upper gastrointestinal diseases

Denominator
Year . Average age Barrett's Other l..lpper. IBD Allergy
(patient-year) GERD gastrointestinal
esophagus .
diseases
-10 1146497 489 231% (2.28%,  0.004% (0.002%,  11.45% (11.39%,11.51%)  0.029% 17.5% (17.4%,
2.33%) 0.005%) (0.026%, 17.5%)
0.032%)
9 1943505 50.1 2.55% (2.52%,  0.006% (0.005%,  11.10% (11.05%,11.14%)  0.028% 20.0% (19.9%,
2.57%) 0.008%) (0.025%, 20.0%)
0.030%)
-8 2761765 513 2.75% (2.73%,  0.007% (0.006%,  10.57% (10.54%,10.61%)  0.026% 21.3% (21.2%,
2.77%) 0.008%) (0.024%, 21.3%)
0.028%)
7 3364755 52.5 3.02% (3.00%,  0.010% (0.009%,  9.89% (9.86%, 9.92%) 0.027% 23.1% (23.1%,
3.04%) 0.011%) (0.025%, 23.2%)
0.029%)
-6 4001760 53.7 3.18% (3.16%,  0.011% (0.010%,  9.27% (9.24%, 9.30%) 0.027% 24.4% (24.3%,
3.19%) 0.012%) (0.025%, 24.4%)
0.028%)
-5 4520587 54.9 3.38% (3.37%,  0.015% (0.014%,  8.67% (8.64%, 8.70%) 0.028% 25.7% (25.7%,
3.40%) 0.016%) (0.026%, 25.7%)
0.029%)
-4 4746859 55.9 3.48% (3.47%,  0.018% (0.017%, 7.54% (7.51%, 7.56%) 0.027% 27.4% (27.3%,
3.50%) 0.019%) (0.025%, 27.4%)
0.028%)
-3 4880888 56.9 3.58% (3.56%,  0.023% (0.022%,  6.50% (6.48%, 6.53%) 0.027% 28.8% (28.7%,
3.59%) 0.024%) (0.026%, 28.8%)
0.028%)
2 5025747 57.9 3.80% (3.78%,  0.030% (0.028%,  6.04% (6.02%, 6.06%) 0.029% 30.3% (30.3%,
3.81%) 0.031%) (0.027%, 30.4%)
0.030%)
1 4732998 58.8 11.01% 0.164% (0.161%,  19.31% (19.27%,19.35%)  0.046% 33.7% (30.3%,
(10.99%, 0.168%) (0.044%, 30.4%)
11.04%) 0.048%)
0 4892585 59.8 11.33% 0.223% (0.219%,  16.48% (16.45%,16.51%)  0.053% 34.7% (34.7%,
(11.30%, 0.227%) (0.051%, 34.8%)
11.36%) 0.055%)
1 4137930 61.0 3.84% (3.82%,  0.083% (0.080%,  0.15% (0.15%, 0.16%) 0.034% 35.0% (34.9%,
3.86%) 0.086%) (0.032%, 35.0%)
0.036%)
2 3344893 62.2 3.30% (3.28%,  0.080% (0.077%,  0.12% (0.12%, 0.13%) 0.030% 35.7% (35.7%,
3.32%) 0.083%) (0.028%, 35.8%)
0.032%)
3 2520763 634 2.98% (2.96%,  0.076% (0.072%,  0.10% (0.09%, 0.10%) 0.030% 36.7% (36.7%,
3.00%) 0.079%) (0.028%, 36.8%)
0.032%)
4 1900509 64.5 2.76% (2.74%,  0.076% (0.072%,  0.09% (0.08%, 0.09%) 0.028% 36.5% (36.4%,
2.78%) 0.080%) (0.026%, 36.6%)
0.031%)
5 1275881 65.4 251% (249%,  0.073% (0.069%,  0.07% (0.07%, 0.07%) 0.028% 38.6% (38.5%,
2.54%) 0.078%) (0.025%, 38.7%)
0.031%)

The prevalence of allergic diseases and incidence of the other diseases are shown with 95% confidence intervals (lower limit, upper limit). Year 0 is the year

of primary eradication, and negative values represent years before primary eradication. The elapsed year from the eradication was calculated as the integer

part of the difference in the year and the time of the eradication. If the difference was negative, the elapsed year was the integer part minus one, as in SAS,

the integers of the negative numbers were rounded up. GERD: Gastroesophageal reflux disease; IBD: Inflammatory bowel disease.
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incidence of BE increased with age regardless of H. pylori eradication status in patients < 70 years of age
and decreased thereafter beyond the age of 70 years (Figure 3A).
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Figure 1 Number of patients who received primary Helicobacter pylori eradication therapy, by sex and age group at the time of
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Figure 2 Incidence of gastroesophageal reflux disease in the 3-year period before the year of eradication and after the year of
eradication. A: By age categories; B: By calendar year and month.
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Other upper gastrointestinal diseases

The incidence of other upper gastrointestinal diseases was lower in the 3-year period after eradication
than in the period before eradication for all age categories (Supplementary Figure 3A), and throughout
the study period (Supplementary Figure 3B).

Gastritis and duodenitis showed the highest incidences before eradication, and their incidences
decreased after eradication (Supplementary Figure 4). The incidences of GU and DU were also higher
before eradication than after eradication (Supplementary Figure 4). The incidences of other diseases,
including FD, esophagitis, and other diseases of the esophagus, increased with time and were higher
after eradication than before (Supplementary Figure 4). Of note, the overall incidence of these diseases
was lower than that of the other upper gastrointestinal diseases.

IBD

The incidence of CD was higher in the 3-year period after eradication than in the period before
eradication for younger age categories. This difference decreased with increasing age, particularly for
patients aged > 60 years (Figure 4A). The incidence of UC was higher in the 3-year period after
eradication than in the period before eradication for patients aged > 30 years (Figure 4B). For both
diseases, the incidence tended to decrease with increasing age up to 50-59 years; the incidence of CD
was very low for this and older age groups (Figures 4A and B).

Allergic diseases

The prevalence of allergic diseases was higher in the 3-year period after eradication than in the period
before eradication for all age categories (Figure 5A), and throughout the entire study period (Figure 5B).
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Figure 3 Incidence of Barrett’s esophagus in the 3-year period before the year of eradication and after the year of eradication. A: By age
category; B: By calendar year and month.
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Figure 4 Incidence of inflammatory bowel disease in the 3-year period before the year of eradication and after the year of eradication by
age category. A: Crohn’s disease; B: Ulcerative colitis.
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Figure 5 Prevalence of allergic diseases in the 3-year period before the year of eradication and after the year of eradication. A: By age
category; B: By calendar year and month.

The prevalence of allergic diseases tended to be higher in older patients (Figure 5A); moreover, periodic
seasonal changes were observed, with a higher incidence in early spring (Figure 5B), both before and
after eradication. The prevalence of all types of allergies increased after eradication (Supp-
lementary Figure 5).
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Changes in BMI and MS

At least one set of data regarding BMI was available for 1701111 patients during the observation period,
and 100954 patients had BMI data available for every year of the 3 years before and after the year of
eradication. Among patients with at least one data point, the average BMI slightly decreased toward the
year of eradication, following which it slightly increased (Figure 6A). This increase was even more
remarkable among those with complete BMI data in the 3 years before and after eradication.

In all patients with health check-up data available at least once (1701111 patients), the percentage of
patients with MS slightly increased following eradication (Figure 6B). An even larger increase after
eradication was observed in patients with all data from 3 years before and after eradication.

DISCUSSION

This study comprehensively analyzed the effects of H. pylori eradication, including both favorable and
unfavorable aspects, in Japan. The database used in this study is a nationwide claims database
comprising data from almost the entire Japanese population, including more than 5 million people who
received primary H. pylori eradication therapy. While favorable effects on GU, DU, and gastritis were
confirmed, the treatment could result in the development of several concerning diseases. In particular,
the possibility of an increase in allergic diseases is a new finding that has not been reported in the past.

When the effect of aging and reporting period was considered, there was no significant increase in the
incidence of GERD after eradication. Previous studies reported conflicting results regarding the
relationship between H. pylori infection and GERD development. Among Japanese H. pylori-positive
patients, the odds ratio (OR) for GERD development is reported to be 0.35-0.50[10,32,33]. The lower
rates of GERD development in patients with H. pylori is reportedly due to the suppression of gastric acid
production caused by H. pylori infection. However, a systematic review based on randomized controlled
trials (RCTs) of patients who underwent H. pylori eradication indicated no significant increase in GERD
occurrence at 6, 12, and 24 mo following eradication[12]. No significant effects of H. pylori eradication on
GERD development were suggested by another systematic review analyzing RCTs[34]. In addition,
another RCT showed that H. pylori eradication did not affect the recurrence rate of GERD after
eradication[35]. In contrast, an increased risk following eradication therapy was suggested by a meta-
analysis of cohort studies and RCTs[36]. These contradictory results might be due to differences in
baseline diseases and study design. In fact, another systematic review suggested that eradication is not
associated with GERD development in dyspeptic patients, whereas an association in patients with
peptic ulcers is suggested by results of cohort studies but not of RCTs[13]. Collectively, the findings of
previous reports together with our results suggest the lack of an association between H. pylori
eradication and GERD development. Moreover, the type of GERD medication did not differ between
patients with and without eradication. This suggests that a change in GERD treatment including a
switch to more powerful P-CAB or an increase in dosage of PP1 is not required following eradication.

After eradication, a higher incidence of BE was observed in all age groups and over time. A previous
case-control study reported a lower risk of BE in patients with H. pylori infection, with an overall OR of
0.55 [95% confidence interval (CI): 0.35-0.84] after adjusting for age and white race, as well as an OR of
0.28 (0.15-0.50) in those with corpus atrophy or antisecretory drug use[37]. The diagnostic criteria of BE
is different in Japan and Western countries, so direct comparisons are difficult[38]. However, a possible
explanation for the higher incidence of BE may have to do with the palisade vessel at the distal
esophagus, a landmark of the gastroesophageal junction used in Japan, being more clearly identifiable
by endoscopy after eradication, as H. pylori may colonize the esophageal mucosa, causing inflammation
[39,40]. After eradication of H. pylori, small areas of columnar metaplasia may become visible due to
resolution of mucosal inflammation. Utilization of advanced image-enhanced endoscopy, such as linked
color imaging may also contribute to a higher diagnostic performance for BE[41]. Notably, BE lesions in
Japanese patients were very short (< 1 cm) in most cases, and patients with > 3-cm lesions were rare
(approximately < 1%)[42]. A previous Japanese case report described a case of esophageal adenocar-
cinoma after H. pylori eradication[43]. However, a Swedish cohort study indicated no evidence of an
increased risk of BE or esophageal adenocarcinoma after H. pylori eradication[44]. Further research,
including an evaluation of the characteristics of BE and its association with cancer, is warranted to
evaluate the true effects of eradication on BE in Japanese patients.

Both age-dependent and monthly analyses suggest lower incidences of other upper gastrointestinal
diseases following eradication therapy. Among these diseases, GU, DU, and gastritis and duodenitis
(analyzed together) were the most common before eradication. The effect of H. pylori eradication on the
risk of GU, DU, and gastritis has been previously established[1,4]; therefore, the reduced incidence of
these diseases after eradication was not surprising. Further, we found an increase in FD, as recorded in
the claims data, after eradication (Supplementary Figure 3), contrary to previous meta-analysis on RCTs
reporting improvement or no change after eradication[45-47]. This discrepancy may be explained by our
insurance claim system. For patients with dyspepsia symptoms and H. pylori infection, their diagnosis
would be H. pylori-positive gastritis, which allows them to receive eradication therapy under insurance
coverage. However, if they still had dyspeptic symptoms after successful eradication, their diagnosis
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Figure 6 Change in the average body mass index and percentage of patient with metabolic syndrome before and after the year of
eradication. A: Average body mass index; B: Percentage of patients with metabolic syndrome. Year 0 is the year of primary eradication, and negative values
represent years before primary eradication. BMI: Body mass index.

Jaishideng®

would be converted to FD, thereby increasing the number of patients with this label.

A protective effect of H. pylori infection against IBD has been suggested by an observational cohort
study[48] and meta-analyses[19-21]. This relationship is explained by the effects of H. pylori infection on
the immune system[18]. H. pylori infection increases gastric mucosal expression of a regulatory T cell
marker, forkhead box P3, which decreases inflammatory Th1/Th17 responses and leads to suppression
of inflammatory diseases including IBD[18,21]. Recently, metagenomic studies demonstrated an uneven
recovery of the human gut microbiome after treatment with antibiotics[49,50], and the use of antibiotics
was associated with an increased risk of developing both new-onset CD and UC. This risk was highest
in the 1*year after antibiotic intake[51]. However, a higher incidence after eradication was also observed
in all ages when comparing the 3-year period before and after eradication, and the incidence of CD and
UC was higher in younger patients. In previous reports, eradication was not associated with an
increased risk of IBD[52], or numerically, but not significantly increased[53]. Meanwhile, a significant
increase in the risk of autoimmune diseases including IBD after eradication has also been reported[54].
A case-control study using Swedish national registry data showed that a history of antibiotic use is
associated with IBD development, and that dispensation of multiple antibiotics increases the risk[55].
Our results are therefore consistent with the Swedish national registry data and should be investigated
in other populations.

An inverse correlation of H. pylori infection with allergy has been reported in Japan[17] and other
countries, and several mechanisms have been proposed[14-16]. H. pylori neutrophil-activating protein
(HP-NAP), a virulence factor of H. pylori, reportedly stimulates neutrophils, increasing their production
of oxygen radicals and adhesion to endothelial cells[56]. HP-NAP was shown to inhibit eosinophil infilt-
ration and serum immunoglobulin E production in the lung, resulting in inhibition of interleukin (IL)-4
and IL-5 production in a mouse model[57]. These immunological changes in response to H. pylori
eradication may be associated with the development of allergic diseases, as supported by our own
findings. While the estimated number needed to treat for 3 years before and after eradication was
calculated to be 58.8 for GU, 714.3 for DU, and 19.2 for gastritis and duodenitis, the estimated number
needed to harm (NNH) for this period was found to be 12.3 for allergic diseases (unpublished data); this
highlights the necessity of monitoring the effects of eradication therapy on allergy. Nevertheless, the
effects of eradication therapy on chronic urticaria remain controversial; eradication therapy is
recommended for those with chronic urticaria in Japanese guidelines[58]. Further large-scale
prospective studies are warranted to understand the association between eradication and allergic
diseases.

There are many reports on the relationship between H. pylori eradication and BMI and MS
(Supplementary Table 4). Previous reports indicate that eradication generally increases BMI. An RCT
conducted in South West England including H. pylori-infected patients with an average BMI of approx-
imately 27 kg/m?reported an increase in BMI after eradication[59]. The increase in BMI after eradication
is reportedly caused by the improvement of dyspepsia symptoms[59] and effects on the hormonal
systems via ghrelin and leptin, which regulate food intake and appetite[24,59].

On the other hand, controversy remains about MS. Previous reports, including a Japanese study
before 2010, have reported that dyslipidemia is exacerbated by eradication. However, recent reports
have suggested that the factors that make up MS, especially dyslipidemia and diabetes, tend to improve
after eradication (Supplementary Table 4). Recent Korean studies examining patients with an average
BMI of approximately 24 kg/m?suggested an association between H. pylori infection and the risk of
dyslipidemia[24,27], as well as a decrease in this risk after successful eradication[27]. The difference
between the previous reports and our results may be due to the difference in the background of the
population and the length of the observation period. Dyslipidemia is greatly affected not only by H.
pylori status but also by age, sex, socioeconomic status, BMI, smoking status, diet, alcohol consumption,
and exercise. Recently, changes in the gut microbiota after eradication and its effects on metabolism
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have been discussed[26,60], and further elucidation of this pathophysiology is awaited.

Limits of the study

To our knowledge, this is the first study to investigate the effects of H. pylori eradication on a compre-
hensive disease spectrum in one of the largest target populations with a long observation period.
However, this study has several limitations. First, we defined patients who received H. pylori
eradication therapy based on prescription data. As such, there are no data about actual drug intake and
the results of eradication success. However, we can assume that eradication rate is approximately 80%
with PPI-based triple therapy, and 90% with the use of P-CAB-based triple therapy[61]. For those who
could not achieve eradication, nearly 100% success can be achieved with a secondary regimen with
metronidazole. Second, disease incidences were based on records of the diagnoses; thus, it was not
possible to confirm the true onset of the development of the disease. In addition, some patients may
have been diagnosed at the time of the medical visit or examination for eradication treatment, as
suggested by the highest incidence of gastrointestinal diseases around the year of eradication.
Consequently, the incidence might be overestimated around the year of eradication or later.
Furthermore, it is possible that some diagnoses recorded in the claims based on drug prescriptions or
diagnostic tests could be tentative or even false, although regular audit of the claims is done. In order to
reduce such short-term influences, we also analyzed changes of disease incidence in a longer time-span.
Third, although the NDB database is comprehensive, we only included a limited subset of patients
when assessing the GERD status in patients with and without eradication, (only patients having health
check-up data in the year of first GERD diagnosis were included) or when evaluating its effects on BMI
and MS (only patients having health check-up data within 3 years before and after eradication were
included). This affects the generalizability of these analyses. Finally, these findings may not be
applicable to other countries, particularly those with different dietary habits and physical constitutions.

CONCLUSION

Our data obtained from a nationwide Japanese claims and health check-up database suggest an
increased development of BE, IBD, allergic diseases, BMI, and MS, but not of GERD after H. pylori
eradication. Although we observed a drastic decrease in the incidence of GU, DU, and gastritis, a large
increase in allergic diseases may cancel out these beneficial effects, considering NNH. We believe that a
comprehensive long-term assessment of the treatment effects, considering both favorable and
unfavorable outcomes, is necessary for evaluating the true value of H. pylori eradication.

ARTICLE HIGHLIGHTS

Research background

Helicobacter pylori (H. pylori) eradication therapy can prevent some diseases, including peptic ulcer
disease and gastric cancer. However, potentially unfavorable effects of eradication therapy have also
been reported for some diseases, such as gastroesophageal reflux disease (GERD), Barrett’s esophagus
(BE), inflammatory bowel disease (IBD), allergic diseases, and metabolic diseases. Consequently, both
positive and negative impacts should be considered when assessing the effects of H. pylori eradication
therapy.

Research motivation

This study compared the incidence of some diseases before and after H. pylori eradication therapy in
order to assess the positive as well as negative effects of the therapy. The comprehensive evaluation of
these effects in Japan, where large-scale eradication therapy was commenced earlier than it was in other
countries because of coverage by universal healthcare, might provide useful information for clinicians
worldwide.

Research objectives

The objective of this study was to compare the incidence of some diseases, which appear to be
associated with H. pylori eradication therapy, before and after the eradication in order to obtain a
comprehensive overview of the treatment effects.

Research methods

This study used a Japanese nationwide health claims database, the National Database of Health
Insurance Claims and Specific Health Checkups of Japan (NDB; April 2009-March 2020), developed by
the Japanese Ministry of Health, Labour and Welfare. The database contains almost all (= 95%) health
insurance claims data issued in Japan as well as health check-up data for individuals who underwent
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specific health check-ups. Patients with a prescription for primary H. pylori eradication therapy covered
by national health insurance were analyzed as those who received primary H. pylori eradication therapy.
The incidences of GERD, BE, other upper gastrointestinal diseases, and IBD; the prevalence of allergic
diseases and metabolic syndrome (MS); and changes in body mass index (BMI) were examined before
and after primary H. pylori eradication therapy.

Research results

In total, 5219731 patients who received primary eradication therapy were identified in the database.
There was no significant increase in the incidence of GERD after eradication when considering the
effects of aging and the reporting period. The incidence of BE was higher in the 3-year period after
eradication than in the period before eradication for all age categories. The incidence of IBD and
prevalence of allergic disease were also higher after eradication. In contrast, the incidences of gastric
and DUs and gastritis were decreased after eradication. Among patients with at least one entry of health
check-up data (1701111 patients), the percentage of patients with MS showed a slight increase following
eradication (11.0% in the year of eradication and 12.2% after 5 years). Because this study only used
information recorded in the claims database, the disease incidences were based on records of the
diagnoses, and it was not possible to confirm the true onset of the development of the disease. The
accuracy of the records of diagnoses also affected the results of this study.

Research conclusions

To our knowledge, this is the first study to examine the effects of H. pylori eradication therapy using a
large-scale database in Japan. The results suggest that there is an increase in BMI and the development
of BE, IBD, allergic diseases, and MS, but not in the development of GERD, after H. pylori eradication
therapy. Although the treatment can drastically decrease the incidences of gastric and duodenal ulcers
and gastritis, a considerable increase in allergic diseases may cancel out these beneficial effects.

Research perspectives
A comprehensive, long-term assessment of the treatment effects, with consideration of both favorable
and unfavorable effects, is necessary for evaluating the true value of H. pylori eradication therapy.
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