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ABSTRACT

Helicobacter pylori infection is a significant risk factor for gastric cancer. The infection is acquired
mainly in early childhood and is influenced by environmental factors, including socioeconomic status
and sibling number. However, the impact of socioeconomic status and sibling number on Helicobacter
pylori infection has not been well studied in Japan. We conducted a cross-sectional study to evaluate the
impact of socioeconomic status, represented by education level, and sibling number on the prevalence of
Helicobacter pylori infection among 3,423 non-cancer subjects who visited Aichi Cancer Center between
2005 and 2013. We calculated odds ratios (ORs) and 95% confidence intervals (CIs) using a logistic
regression model adjusted for potential confounding variables. Of the 3,423 subjects, 1,459 (42.6%)
were Helicobacter pylori-positive. The prevalence of Helicobacter pylori infection linearly decreased with
increasing socioeconomic status [ORs (95% Cls) of moderate and high socioeconomic status relative to
low socioeconomic status of 0.67 (0.53-0.84) and 0.43 (0.34-0.54), respectively; P trend=9.7x10""]. In
contrast, the prevalence of Helicobacter pylori infection linearly increased with increasing sibling number
[ORs (95% Cls) of SN 3-4 and 25 relative to sibling number <2 of 1.74 (1.47-2.06) and 2.54 (2.12-3.04),
respectively; P trend=1.2x102*]. This study showed that socioeconomic status and sibling number were
significantly associated with the prevalence of Helicobacter pylori infection.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a Gram-negative bacteria that infects human gastric mucosa,’
and was first isolated by Marshall and Warren in 1983.% Several studies have indicated that H.
pylori infection is associated not only with gastrointestinal diseases, such as peptic ulcer disease,
atrophic gastritis and distal gastric cancer,® but also with extra-gastrointestinal diseases, including
ischemic heart disease and iron deficiency anemia.*

H. pylori infects almost 50% of people worldwide.> However, there is a substantial difference
in the prevalence of H. pylori infection between developing and developed countries.® In devel-
oping countries, prevalence is very high, reaching 70% among children, whereas in developed
countries it is generally less than 40% in the general population, and is significantly lower in
children and adolescents than in the general population.” In Japan, the prevalence of H. pylori
infection was historically very high, but has been decreasing by birth cohort from 80-90% in
the older population born before 1950 to less than 2% in children born after 2000.% This wide
difference in H. pylori prevalence between developing and developed countries and across birth
cohorts may be attributable to geography, ethnicity, living conditions and socioeconomic factors.’

Lower socioeconomic status (SES) is thought to be associated with higher prevalence of H.
pylori infection because low SES is associated with poor hygiene and unfavorable sanitary condi-
tions, which are considered important risk factors for H. pylori infection.” On the other hand,
high sibling number (SN) may negatively affect general health, and can be positively correlated
with higher prevalence of H. pylori infection.' H. pylori transmission between siblings might
be facilitated by close interpersonal contact (sharing cups, sharing a bed and close playing).'
Previous studies showed that the prevalence of H. pylori infection is associated with SES'?
and SN.'" However, the impact of SES and SN on the prevalence of H. pylori infection in the
Japanese population, who historically have high prevalence, is largely unknown.

Here, we conducted a cross-sectional study to investigate the impact of SES and SN on the
prevalence of H. pylori infection after adjustment for confounding factors.

MATERIALS AND METHODS

Study design, participants and data

We selected subjects who were enrolled in the Hospital-based Epidemiological Research
Program III at Aichi Cancer Center (HERPACC III), which ran from November 2005 to March
2013. Briefly, first-visit outpatients at Aichi Cancer Center Hospital (Nagoya, Japan) were
asked to fill out a self-administered questionnaire describing their level of education and SN,
in addition to basic characteristics of age, sex, birth year, height, current weight, weight at age
20, smoking status and alcohol drinking status. They were also asked to provide blood samples
for H. pylori testing. Approximately 66.4% of all visiting outpatients enrolled in HERPACC III
during this period.'®

Subject selection for this study from among HERPACC III participants is shown in Fig. 1. A
total of 11,559 subjects filled out a self-administered questionnaire and provided blood samples
between November 2005 and March 2013. Among non-cancer subjects, we randomly selected
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3,423 subjects for this study (male, 1,869; female, 1,554). These were categorized as H. pylori-
positive, n = 1,459 (42.6%) and H. pylori-negative, n = 1,964 (57.4%).

28,332 first-visit outpatients to Aichi Cancer Center Hospital
November 2005-March 2013

> 9,526 did not
participate

| 18,806 participated in HERPACC 111 with informed consent |

7,247 excluded
(without blood samples)

| 11,559 participants with blood samples |

4,799 excluded
(cancer subjects)

| 6,760 non-cancer subjects |

| 11,559 participants with blood samples |

| 3,424 randomly selected for this study | 1 subject excluded

(H. pylori status
not determined)

| 3,423 final study population |

1,459 (42.6%) 1,964 (57.4%)
H. pylori-positive H. pylori-negative

Fig. 1 Flowchart of subject selection
Flow shows the process of subject selection for the study, Impact of Socioeconomic Status and Sibling Number
on the Prevalence of H. pylori Infection. The study was conducted based on the Hospital-based Epidemiology
Research Program III at Aichi Cancer Center (HERPACC III) (Nagoya, Japan).

Evaluation of H. pylori infection and pepsinogen levels

Serum IgG levels for H. pylori were measured using a commercially available direct enzyme-
linked immunosorbent assay (ELISA) kit (‘E Plate “Eiken” H. pylori Antibody’; Eiken Kagaku,
Tokyo, Japan). H. pylori infection was defined as an anti-H. pylori IgG > 10 U/ml in serum.
The sensitivity and specificity of this cut-off value are 90.7% and 91.5%, respectively, when
validated against the 13C urea breath test.'* Serum pepsinogen (PG) levels were measured by
chemiluminescence enzyme immunoassay, and atrophic gastritis was defined by PG I < 70 ng/
ml and PG I/PGII < 3."

Subjects who had atrophic gastritis (defined as PG I < 70 ng/ml and PG I/PG II < 3) but
were anti-H. pylori 1gG-negative on testing were considered to be H. pylori-positive in this
study, with reference to the natural history of H. pylori infection (negative seroconversion of H.
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pylori antibodies)."s

Subjects with anti-H. pylori 1gG less than 10 U/ml might had been infected with H. pylori in
the past,'® and the low titer is due to either a defective immune response to H. pylori antigen
or eradication therapy. Therefore, we re-examined the association between SES/SN and H. pylori
infection with consideration to all those with anti-H. pylori 1gG > 3 U/ml as H. pylori-positive
subjects.

SES and SN measurement

We obtained information on SES and SN from self-administered questionnaires. Education
level, a principle SES measure, was classified into five groups, namely low (primary/junior-high
school), moderate (senior-high school), high (college/university/graduate school), others, and un-
known. We classified total number of siblings into four groups, namely <2, 3—4, >5 and unknown.

Lifestyle measurement

We obtained lifestyle information using self-administered questionnaires. Alcohol consumption
was estimated from the amount consumed in grams per day (g/day) and classified as follows:
non-drinker; light drinker, defined as alcohol consumption less than 23 g/day; moderate drinker,
defined as alcohol consumption (23.0-45.9) g/day; and heavy drinker, defined as alcohol consump-
tion 246 g/day.”” Body mass index (BMI) was calculated using the following equation: BMI =
self-reported body weight (kg)/height (m?), and categorized as follows: underweight, defined as
BMI less than 18.5 kg/m? normal, defined as BMI 18.5-23 kg/m?; overweight, defined as BMI
23-27.5 kg/m? and obese, defined as BMI >27.5 kg/m2'® Cumulative exposure to smoking
was estimated using pack-years (PYs), calculated by multiplying the number of cigarettes packs
smoked per day by the number of years of smoking, and categorized as follows: 0, <20, <40,
<60, and >60."

Statistical Analyses

We compared basic characteristics between H. pylori-positive and -negative groups using the
chi-squared test. We used logistic regression models to estimate odds ratios (ORs) and cor-
responding 95% confidence intervals (CIs) for H. pylori infection associated with SES and SN.

We estimated ORs using the following four models: Model 1 (crude analyses); Model 2, a
multivariable model which adjusted for age category (<40, 40-49, 50-59,60-70, >70) and sex;
Model 3, which adjusted for birth year (<1950, 1950-1960, >1960), current BMI (<18.5, 18.5-23,
23-27.5, 227.5), BMI at age 20, age category and sex; and Model 4, which further adjusted for
drinking category (never, light, moderate and heavy) and smoking category (PYs 0, <20, <40,
<60 and >60). Furthermore, we estimated P values for trend by assigning ordinal variables in
SES and SN categories as continuous variables in each model.

We explored stratified analysis to examine differential associations by respective lifestyle
factors. We then examined possible interactions by including the interaction term between SES
category (low, moderate and high)/SN category (<2, 3-4 and >5) and categories of different
confounding variables (age, sex, birth year, BMI at age 20, current BMI, smoking and drinking).
Finally, we examined the statistical interaction between SES and SN by including an interaction
term between SES categories (low, moderate and high) and SN categories (<2, 3-4 and >5). P
values for interaction were calculated using the likelihood ratio test. Statistical analyses were
conducted using STATA statistical software version 14.0 (Stata Corp., College Station, Texas,
USA), and P values <0.05 were considered statistically significant.
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RESULTS

Farticipants

Baseline characteristics of the study population are shown in Table 1. Of the 3,423 participants,
1,459 (42.6%) were H. pylori-positive and 1,964 (57.4%) were H. pylori-negative. H. pylori
prevalence was higher among elderly participants than younger participants. Similarly, it was
higher among the population born before 1950 than among populations born after 1950. H. pylori
prevalence was higher in males than in females and in those with a high BMI either at age 20
or currently than in those with a low BMI. There was no clear difference in the proportion of
heavy smokers or drinkers between the H. pylori-positive and -negative groups.

Table 1 Characteristics of the study population

Variable H. pylori status®, N (%)
Positive Negative Total
1,459 1,964 3,423
Age category
<40 68 (4.7) 252 (12.8) 320
4049 138 (9.5) 419 (21.4) 557
50-59 302 (20.7) 471 (23.9) 773
60-70 581 (39.8) 536 (27.3) 1,117
>70 370 (25.3) 286 (14.6) 656
Birth year category
<1950 974 (66.8) 817 (41.6) 1,791
1950-1960 296 (20.3) 500 (25.5) 796
>1960 189 (12.9) 647 (32.9) 836
Sex
Male 880 (60.3) 989 (50.3) 1,869
Female 579 (39.7) 975 (49.7) 1,554
Current BMI"
Underweight 118 (8.1) 174 (8.9) 292
Normal 727 (49.8) 1,010 (51.4) 1,737
Overweight 523 (35.9) 650 (33.1) 1,173
Obese 82 (5.6) 121 (6.2) 203
Unknown 9 (0.6) 9 (0.4) 18
BMI at age 20
Underweight 177 (12.1) 306 (15.6) 483
Normal 1,007 (69.0) 1,319 (67.2) 2,326
Overweight 197 (13.6) 260 (13.2) 457
Obese 24 (1.6) 24 (1.2) 48
Unknown 54 (3.7) 55 (2.8) 109
PYs©
None 699 (47.9) 991 (50.5) 1,690
<20 212 (14.5) 361 (18.4) 573
<40 242 (16.5) 292 (14.9) 534
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<60 165 (11.3) 166 (8.4) 331
260 110 (7.5) 112 (5.7) 222
Unknown 31 2.1) 42 (2.1) 73
Alcohol drinking category!
Never 611 (41.9) 802 (40.8) 1,413
Light 486 (33.3) 740 (37.7) 1,226
Moderate 171 (11.7) 201 (10.2) 372
Heavy 176 (12.1) 207 (10.6) 383
Unknown 15 (1.0) 14 (0.7) 29

BMI: body mass index

PYs: pack-years

* H. pylori status was evaluated by measuring anti-H. pylori IgG antibody in the studied population,
negative: IgG <10.0 units/mL, positive: IgG 210.0 units/ml.

> BMI was calculated using the following equation: BMI = self-reported body weight (kg)/height (m?),
and categorized as follows: underweight, defined as BMI less than 18.5 kg/m? normal, defined as BMI
18.5-23 kg/m?* overweight, defined as BMI 23-27.5 kg/m? and obese, defined as BMI >27.5kg/m’.
¢ PYs, pack-years represents cumulative exposure to smoking, calculated by multiplying the number
of cigarettes packs smoked per day by the number of years of smoking and categorized as 0, <20,
<40, <60, >60.

4 Alcohol drinking category: light: <23 g/day, moderate: >23-<46 g/day, and heavy: >4 and heavy:
>46 g/day.

Association between SES and H. pylori infection

Table 2 shows the crude and adjusted ORs for H. pylori infection associated with SES. Overall,
there was a statistically significant dose-dependent negative association between SES and H.
pylori infection in the crude analysis (Low: reference, Moderate: OR = 0.67, 0.53-0.84, High:
OR = 0.43, 0.34-0.54; P for trend < 0.001). To control for potential confounders, we adjusted
for age, sex, birth year, current BMI, BMI at age 20, drinking and smoking in Models 2, 3
and 4. The association between SES and H. pylori infection remained statistically significant in
all models (Low: reference, Moderate: OR = 0.86, 0.68-1.08, High: OR = 0.67, 0.52-0.84; P
for trend < 0.001, Model 4).

Table 2 Association between socioeconomic status (SES) and H. pylori infection

HP-
Socioeconomic positive/-
status (SES) negative

Model 1? Model 2° Model 3¢ Model 4¢

(n)
Low 232/179 Reference Reference Reference Reference
Moderate 603/692  OR 0.67 0.85 0.86 0.86
95%CI (0.53-0.84)  (0.68-1.07)  (0.68-1.09)  (0.68-1.08)
P < 0.001 0.191 0.217 0.211
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High 607/1,077 OR 0.43 0.66 0.67 0.67
95%CI (0.34-0.54)  (0.52-0.83)  (0.53-0.85)  (0.52-0.84)
P < 0.001 0.001 0.001 0.001
P for trend < 0.001 < 0.001 < 0.001 < 0.001
Others 6/5 OR 0.92 0.76 0.76 0.74
95%CI (0.27-3.08)  (0.22-2.55) (0.22-2.55)  (0.22-2.49)
P 0.9 0.66 0.659 0.632
Unknown 11/11  OR 0.77 0.92 0.87
95%Cl (0.32-1.81)  (0.38-2.21)  (0.36-2.10)  (0.35-2.09)
P 0.554 0.855 0.759 0.744

SES: socioeconomic status

Low: primary and junior high school

Moderate: senior high school

High: graduate school, university, college or higher

HP: H. pylori status

OR: odds ratio

CI: confidence interval

* Model 1: Crude odds ratios.

® Model 2: Odds ratios adjusted for age category (<40, 4049, 50-59, 60-70, >70) and sex.

¢ Model 3: Odds ratios adjusted for birth year category (<1950, 1950-1960, >1960), current BMI
(<18.5, 18.5-23, 23-27.5, 227.5), BMI at age 20 (<18.5, 18.5-23, 23-27.5, 227.5), age
category and sex.

4 Model 4: Odds ratios adjusted for drinking category (never, light, moderate, heavy), smoking category
by PYs (0, <20, <40, <60, 260, unknown), birth year category, current BMI, BMI at age
20, age category and sex.

In the stratified analyses by potential confounding factors, we observed similar findings within
each stratum, and no statistically significant interaction. Although there was no statistically
significant interaction between SES and birth cohort, the protective effect of high SES appeared
to be stronger among subjects born after 1960 (Low: reference, Moderate: OR = 0.41, 0.16-1.03,
High: OR = 0.27, 0.11-0.68; P for trend= 0.002) compared to those born before 1950 (Low:
reference, Moderate: OR = 0.96, 0.73-1.24, High: OR = 0.77, 0.59-1.01; P for trend= 0.045).

Association between SN and the prevalence of H. pylori infection

Table 3 illustrates the crude and adjusted ORs for the association between SN and H. pylori
infection. We observed a statistically significant dose-dependent positive association between
SN and H. pylori infection in the crude analysis (<2: reference, 3—4: OR = 1.74, 1.47-2.06,
>5: OR = 2.54, 2.12-3.04; P for trend= P < 0.001). After adjustment for potential confounders
(age, sex, birth year, current BMI, BMI at age 20, drinking categories and smoking categories),
the association was attenuated, but was still statistically significant in Models 2, 3 and 4 (<2:
reference, 3—4: OR =1.31, 1.10-1.57, 25: OR = 1.29, 1.04-1.59; P for trend= 0.022, Model 4).
In the stratified analyses by individual covariates, we did not observe any statistically significant
interaction between SN and any covariate.
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Table 3 Association between sibling number and H. pylori infection

HP-
Number of  positive/- Model 1°  Model 2  Model 3  Model 4¢
siblings negative
(n)
0-2 342/755 Reference Reference Reference Reference
34 582/737  OR 1.74 1.34 1.31 1.31
95%ClI (1.47-2.06)  (1.12-1.60)  (1.09-1.56)  (1.10-1.57)
P < 0.001 0.001 0.001 0.001
5- 524/455  OR 2.54 1.38 1.29 1.29
95%C1 (2.12-3.04)  (1.12-1.70)  (1.04-1.59)  (1.04-1.59)
P < 0.001 0.002 0.019 0.019
P for trend < 0.001 0.004 0.022 0.022
Unknown 11/17 - - - - -

HP: H. pylori status

OR: odds ratio

CI: confidence interval

* Model 1: Crude odds ratios.

® Model 2: Odds ratios adjusted for age category (<40, 4049, 50-59, 60-70, >70) and sex.

¢ Model 3: Odds ratios adjusted for birth year category (<1950, 1950-1960, >1960), Current BMI
(<18.5, 18.5-23,23-27.5, 227.5), BMI at age 20 (<18.5, 18.5-23, 23-27.5, 227.5), age
category and sex.

4 Model 4: Odds ratios adjusted for drinking category (never, light, moderate, heavy), smoking category
by PY (0, <20, <40, <60, 260, unknown), birth year category, current BMI, BMI at age
20, age category and sex.

Interaction between SES and SN on the prevalence of H. pylori infection

Table 4 presents the stratified analyses by SN for the association between SES and H. pylori
infection. The association remained consistent within each SN category.

In the interaction analyses between SES categories (low, moderate and high) and SN categories
(22, 3—4 and 25) for developing H. pylori infection, we did not observe a significant interaction
(P interaction = 0.991), suggesting that both variables are independently associated with H.
pylori infection.
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Table 4 Stratified analyses of the association between socioeconomic status (SES) and H. pylori infection by
sibling number

SES®
Low Moderate High P for
trend
Sibling OR 95%CI P OR 95%CI P
number
0-2 HP- 26/19 116/208 198/524
positive/-
negative
()
Reference  0.56 (0.28-1.13) 0.108  0.41 (0.21-0.82) 0.013 0.004
>3 HP- 202/158 486/476 403/547
positive/-
negative
()

Reference 091 (0.71-1.17) 0.494  0.73 (0.57-0.95) 0.022 0.009

HP: H. pylori status

OR: odds ratio

CI: confidence interval

OR: Odds ratios adjusted for drinking category (never, light, moderate, heavy), smoking category by
PYs (0, <20, <40, <60, 260, unknown), birth year category, current BMI, BMI at age 20, age
category and sex.

* SES: Socioeconomic status, Low: primary and junior high school, Moderate: senior high school,

High: graduate school, university, college or higher.

Association between SES/SN and H. pylori infection, including subjects with anti-H. pylori IgG
> 3 U/ml as H. pylori-positive

SES was found to be more negatively and dose-dependently correlated with H. pylori infection
when all subjects with anti-H. pylori 1gG > 3 U/ml were considered H. pylori-positive (Low:
reference, Moderate: OR = 0.58, 0.46-0.74, High: OR = 0.37, 0.29-0.47; P for trend< 0.001,
crude analyses). On adjustment for potential confounders, the association weakened substantially
but remained statistically significant (Low: reference, Moderate: OR = 0.80, 0.62-1.02, High:
OR = 0.63, 0.49-0.082; P for trend< 0.001, Model 4). In contrast, we observed a statistically
significant and linear positive correlation between SN and H. pylori infection (<2: reference, 3—4:
OR = 1.68, 1.43-1.97, 25: OR = 2.69, 2.25-3.22; P for trend< 0.001, crude analyses). After
adjustment for the same potential confounders, the association was attenuated, but also remained
statistically significant (0-2: reference, 3—4: OR =1.21, 1.01-1.44, >5: OR = 1.18, 0.95-1.46; P
for trend= 0.127, Model 4).

DISCUSSION

In this cross-sectional study, we observed a negative association between high SES and the
prevalence of H. pylori infection after controlling for confounding variables, including birth year,
BMI, smoking, and drinking. In addition, we found a positive association between higher SN
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and the prevalence of H. pylori infection. SES and SN were independently associated with H.
pylori infection, and no obvious interaction between these two factors was observed. This is the
first study to show a statistically significant association of SES and SN with the prevalence of
H. pylori infection in Japan.

The estimated prevalence of H. pylori infection in the overall studied population was 42.6%,
which is consistent with other studies from Japan® as well as other Eastern Asian countries?!
which defined H. pylori positivity according to serum antibody titer. The relatively low prevalence
in the present study compared to other studies from Japan® could be attributed to the nature
of the study population or the diagnostic testing. In the present study we defined H. pylori
positivity as an anti-H. pylori IgG > 10 U/ml in serum, with sensitivity and specificity of 90.7%
and 91.5%, respectively, as validated against the urea breath test. In addition, our study subjects
were all first-visit outpatients at our hospital, which is located in an area with a relatively high
SES in Nagoya. It is reported that H. pylori prevalence differs geographically in Japan, and Aichi
prefecture is among those prefectures with a relatively low prevalence.?

We adjusted our analyses with respect to common lifestyle factors in addition to the basic
characteristics of the study population. We found that H. pylori prevalence increased with age
and male sex. These findings are consistent with other reports.?*** Such tendencies could be
explained by the decrease in H. pylori prevalence among younger generations due to the steady
improvement in SES. The higher prevalence of H. pylori infection among males might be
related to their higher exposure to potential environmental sources of infection than females. The
seroprevalence of H. pylori was positively correlated with BMI, especially that at age 20, as was
also seen in other epidemiological studies.”> Such a trend could be explained by the impaired
intestinal immune response and defective function of macrophage and natural killer (NK) cells
in obese patients, which might facilitate H. pylori survival.?® We adjusted for tobacco smoking
and alcohol drinking as confounding factors because SES is well recognized to highly correlate
with smoking/drinking behavior. The possible mechanisms behind smoking/drinking and H. pylori
are as follows: heavy smoking is associated with decreased gastric mucosal blood flow, favoring
the colonization of H. pylori*’; and heavy alcohol consumption might disrupt the gastric mucosal
barrier and increase the mucosa’s permeability, resulting in inflammation which augments the
adherence of H. pylori.®

Our study is consistent with several previous studies which reported that the prevalence of
H. pylori was high among individuals with low SES,**3° albeit that the SES surrogates among
these studies differed. Among several SES measures, educational level is thought to be strongly
correlated with personal hygiene measures and child care.’! Accordingly, a higher educational
level is associated with a greater knowledge of sanitation and mitigation of unsanitary conditions,
which consequently act to reduce the risk of H. pylori infection.®

Our results showed that SN has a significant positive correlation with the prevalence of H.
pylori infection. This finding is in agreement with the results of several previous studies demon-
strating that high SN was a risk factor for H. pylori infection. Whitaker et al reported that the
risk of H. pylori infection is higher among adults who shared a bedroom during childhood than
among those who did not, suggesting possible transmission between siblings.* Another study
demonstrated that domestic overcrowding during childhood was independently associated with
H. pylori infection.** In contrast to our study, Nishise et al reported no significant association
between H. pylori seropositivity and SN among participants in a general health checkup program
in Yamagata prefecture in Japan.*® This inconsistency might be due to a difference in housing
between Nagoya city and Yamagata prefecture: given the population densities of these two cit-
ies, overcrowding due to SN might be more evident in Nagoya than Yamagata. Moreover, the
relatively smaller sample size of that study (n=695) might had been insufficient to elicit the exact
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correlation between SN and H. pylori infection. Parental transmission of H. pylori has also been
described as an important pathway of intrafamilial transmission from parents to their children.®
In Japan, Osaki et al assessed the genomic profiles of H. pylori isolated from H. pylori-positive
family members and showed that intrafamilial transmission (particularly from mother to child)
occurred in all studied families.’® Parents can transmit the infection through tasting or chewing
food for a child. Hulten et al reported that intrafamilial transmission of H. pylori was due to
contaminated water sources.’”’ Although intrafamilial transmission is usually attributed to common
environmental sources, parents might act as mediators of horizontal transmission among siblings.
Considering these lines of evidence, high SN might facilitate the spread of H. pylori infection
either by close contact between siblings or by intrafamilial transmission mediated by parents.

The exact route of transmission of H. pylori infection is not clearly understood. One possible
route of transmission is interpersonal transmission.*® The observed association between SN and
the increased risk of H. pylori infection in this study supports the possibility of an oral-oral
transmission pathway.’® The oral-oral transmission likely favors the hypothesis that overcrowd-
ing and close interpersonal contact are important risk factors for H. pylori infection. Another
plausible route for H. pylori transmission is fecal-oral transmission®*3> which has been suggested
for its link with socioeconomic.’** Accumulating evidence from epidemiological studies supports
transmission by the fecal-oral route. Previous reports showed that H. pylori DNA was detected
in drinking well water in Japan* and in municipal water in Peru,*” supporting the assumption
that H. pylori could be transmitted via drinking water after contamination with feces. Our results
are consistent with both possible pathways.

This study has a number of strengths. First, it is a relatively large-scale study, which allowed
us to control for major confounders and provide detailed data on SES and SN. Potential con-
founding by birth year, age, sex, BMI, smoking and drinking was carefully considered, and our
findings showed that SES and SN are independently associated with H. pylori infection. Second,
the H. pylori infection status of the study subjects was examined by serology testing, which
is a reasonable indicator for past infection. In the natural history of H. pylori infection, some
H. pylori antibody-positive subjects develop chronic atrophic gastritis with negative seroconver-
sion of H. pylori antibody.” Our study design took negative seroconversion into consideration
appropriately. Third, we re-evaluated the association between SES/SN and H. pylori infection
defining H. pylori-positivity as an anti-H. pylori 1gG > 3 U/ml in serum to include those who
might had been infected before. The association was consistent which confirm and validate our
primary results.

Several limitations also warrant mention. First, the study might have been affected by recall
bias. Nevertheless, the HERPACC system is less prone to this bias than typical hospital-based
studies as lifestyle information was collected before diagnosis. In addition, we previously reported
that questionnaire-based lifestyle factors in this population were similar to those of the general
population in Nagoya in terms of the exposures of interest in HERPACC-1.#* Our findings
therefore appear applicable to the general population. Second, the study was conducted under a
cross-sectional design in which exposure and outcome measurements were performed at the same
time. Accordingly, the causal sequence may be still undetermined and it would be difficult to
infer causality. Nevertheless, the observed association of SES and SN with H. pylori may be still
valid because H. pylori infection is predominantly acquired in early childhood, which is affected
first by living conditions. Third, SES was evaluated based on subjects’ educational level only.
Taken the fact H. pylori infection happens in early life,” direct indicators of SES in early life
should be desirable measurement. However, the fact that current educational level is reflecting
how the living condition was in the past® partly justify our use of current educational level as
a surrogate of SES in early life. Future studies may consider other indicators of SES in early
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life, such as parents’ educational levels, income and occupation. Fourth, we did not examine
the impact of birth order in our analysis. Further studies to investigate the variable would be
informative. Finally, our study findings were limited to a Japanese population and the results
are not necessarily applicable to other populations.

CONCLUSION

This study showed that the prevalence of H. pylori infection is high among individuals with
low SES and among those with a high SN. Our findings indicate that close person-to-person
transmission and unfavorable sanitary conditions are the main mechanisms of H. pylori infec-
tion spread. Our results warrant further investigation to clarify the natural history of H. pylori
transmission over lifetime.

ACKNOWLEDGEMENTS

The authors thank the team of the Hospital-based Epidemiologic Research Program at Aichi
Cancer Center (HERPACC). The first author would like also to thank Dr Michi Sawabe at the
Department of Head/Neck Surgery at Aichi Cancer Center Hospital for his comments.

CONFLICT OF INTEREST DISCLOSURE

The authors have nothing to disclose.

ETHICS STATEMENT

This research project was approved by the ethics committee at Aichi Cancer Center (IRB-
approval ID: 2020-2-25). All participants provided written informed consent as approved by the
ethics committee of Aichi Cancer Center.

FINANCIAL SUPPORT

This study is supported by Grants-in-Aid for Scientific Research from the Ministry of Educa-
tion, Science, Sports, Culture and Technology of Japan [Priority Areas of Cancer (No. 17015018),
Innovative Areas (No. 221S0001), and JSPS KAKENHI Grants (15K08792, JP16H06277,
JP26253041, JP15H02524, 19K10659)]; and by a Grant-in-Aid for the Third Term Comprehensive
10-year Strategy for Cancer Control from the Ministry of Health, Labour and Welfare of Japan.

REFERENCES

1 Nakayama Y, Lin Y, Hongo M, Hidaka H, Kikuchi S. Helicobacter pylori infection and its related factors
in junior high school students in Nagano Prefecture, Japan. Helicobacter. 2017;22(2). doi:10.1111/hel.12363.

2 Marshall B, Warren JR. Unidentified curved bacilli in the stomach of patients with gastritis and peptic
ulceration. Lancet. 1984;1(8390):1311-1315. doi:10.1016/s0140-6736(84)91816-6.

3 Bouvard V, Baan R, Straif K, et al. A review of human carcinogens--Part B: biological agents. Lancet

Nagoya J. Med. Sci. 84. 374-387, 2022 385 doi:10.18999/nagjms.84.2.374



10

11

13

14

15

19

20

21

22

23

24

25

26

27

Moaz Elshair et al

Oncol. 2009;10(4):321-322. doi:10.1016/51470-2045(09)70096-8.

Tsay FW, Hsu PI. H. pylori infection and extra-gastroduodenal diseases. J Biomed Sci. 2018;25(1):65.
doi:10.1186/312929-018-0469-6.

Hunt R, Xiao S, Megraud F, et al. Helicobacter pylori in developing countries. World gastroenterology
organisation global guideline. J Gastrointestin Liver Dis. 2011;20(3):299-304.

Hooi JK, Lai WY, Ng WK, et al. Global prevalence of Helicobacter pylori infection: systematic review
and meta-analysis. Gastroenterology. 2017;153(2):420-429. doi:10.1053/j.gastr0.2017.04.022.

Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of Helicobacter pylori infection. Clin Microbiol Rev.
2006;19(3):449-490. doi:10.1128/CMR.00054-05.

Inoue M. Changing epidemiology of Helicobacter pylori in Japan. Gastric Cancer. 2017;20(Suppl 1):3-7.
doi:10.1007/s10120-016-0658-5.

Malaty HM, Paykov V, Bykova O, et al. Helicobacter pylori and socioeconomic factors in Russia. Helico-
bacter. 1996;1(2):82-87. doi:10.1111/j.1523-5378.1996.tb00015.x.

Goodman KJ, Correa P. Transmission of Helicobacter pylori among siblings. Lancet. 2000;355(9201):358-
362. doi:10.1016/S0140-6736(99)05273-3.

Kivi M, Johansson AL, Reilly M, Tindberg Y. Helicobacter pylori status in family members as risk factors
for infection in children. Epidemiol Infect. 2005;133(4):645-652. doi:10.1017/s0950268805003900.
Suerbaum S, Michetti P. Helicobacter pylori infection. N Engl J Med. 2002;347(15):1175-1186. doi:10.1056/
NEJMra020542.

Watanabe M, Ito H, Hosono S, et al. Declining trends in prevalence of Helicobacter pylori infection by
birth-year in a Japanese population. Cancer Sci. 2015;106(12):1738-1743. doi:10.1111/cas.12821.

Samloff IM, Varis K, Thamaki T, Siurala M, Rotter JI. Relationships among serum pepsinogen I, serum
pepsinogen II, and gastric mucosal histology. A study in relatives of patients with pernicious anemia.
Gastroenterology. 1982;83(1 Pt 2):204-209.

Ohata H, Kitauchi S, Yoshimura N, et al. Progression of chronic atrophic gastritis associated with Heli-
cobacter pylori infection increases risk of gastric cancer. Int J Cancer. 2004;109(1):138-143. doi:10.1002/
ijc.11680.

Kiso M, Yoshihara M, Ito M, et al. Characteristics of gastric cancer in negative test of serum anti-
Helicobacter pylori antibody and pepsinogen test: a multicenter study. Gastric Cancer. 2017;20(5):764-771.
doi:10.1007/s10120-016-0682-5.

Sasakabe T, Wakai K, Kawai S, et al. Modification of the associations of alcohol intake with serum low-
density lipoprotein cholesterol and triglycerides by ALDH2 and ADHI1B polymorphisms in Japanese men.
J Epidemiol. 2018;28(4):185-193. doi:10.2188/jea.JE20160189.

WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for
policy and intervention strategies. Lancet. 2004;363(9403):157-163. doi:10.1016/S0140-6736(03)15268-3.
Ishioka K, Masaoka H, Ito H, et al. Association between ALDH2 and ADHIB polymorphisms, alcohol
drinking and gastric cancer: a replication and mediation analysis. Gastric Cancer. 2018;21(6):936-945.
doi:10.1007/s10120-018-0823-0.

Tamura T, Morita E, Kondo T, et al. Prevalence of Helicobacter pylori infection measured with urinary
antibody in an urban area of Japan, 2008-2010. Nagoya J Med Sci. 2012;74(1-2):63-70.

Nagy P, Johansson S, Molloy-Bland M. Systematic review of time trends in the prevalence of Helicobacter
pylori infection in China and the USA. Gut Pathog. 2016;8:8. doi:10.1186/s13099-016-0091-7.

Nakagawa H, Tamura T, Mitsuda Y, et al. Association between Helicobacter pylori infection detected by the
(13) C-urea breath test and low serum ferritin levels among Japanese adults. Helicobacter. 2013;18(4):309—
315. doi:10.1111/hel.12044.

Atisook K, Kachinthorn U, Luengrojanakul P, Tanwandee T, Pakdirat P, Puapairoj A. Histology of
gastritis and Helicobacter pylori infection in Thailand: a nationwide study of 3776 cases. Helicobacter.
2003;8(2):132—141. doi:10.1046/1.1523-5378.2003.00134 x.

Broutet N, Sarasqueta AM, Sakarovitch C, Cantet F, Lethuaire D, Mégraud F. Helicobacter pylori infection
in patients consulting gastroenterologists in France: prevalence is linked to gender and region of residence.
Eur J Gastroenterol Hepatol. 2001;13(6):677-684. doi:10.1097/00042737-200106000-00011.

Thjodleifsson B, Olafsson I, Gislason D, Gislason T, Jogi R, Janson C. Infections and obesity: A multina-
tional epidemiological study. Scand J Infect Dis. 2008;40(5):381-386. doi:10.1080/00365540701708293.
Moulin CM, Marguti I, Peron JP, Rizzo LV, Halpern A. Impact of adiposity on immunological parameters.
Arq Bras Endocrinol Metabol. 2009;53(2):183-189. doi:10.1590/s0004-27302009000200010.

Parente F, Lazzaroni M, Sangaletti O, Baroni S, Bianchi Porro G. Cigarette smoking, gastric acid secretion,
and serum pepsinogen I concentrations in duodenal ulcer patients. Guz. 1985;26(12):1327-1332. doi:10.1136/

Nagoya I. Med. Sci. 84. 374-387, 2022 386 doi:10.18999/nagjms.84.2.374



28

29

30

31

32

33

34

35

36

37

38

40

41

42

43

SES and SN and H. pylori infection risk

gut.26.12.1327.

Zhang L, Eslick GD, Xia HH, Wu C, Phung N, Talley NJ. Relationship between alcohol consumption and
active Helicobacter pylori infection. Alcohol Alcohol. 2010;45(1):89-94. doi:10.1093/alcalc/agp068.

Ueda M, Kikuchi S, Kasugai T, Shunichi T, Miyake C. Helicobacter pylori risk associated with childhood
home environment. Cancer Sci. 2003;94(10):914-918. doi:10.1111/j.1349-7006.2003.tb01375.x.

Nishise Y, Fukao A, Takahashi T. Risk factors for Helicobacter pylori infection among a rural population
in Japan: relation to living environment and medical history. J Epidemiol. 2003;13(5):266-273. doi:10.2188/
jea.13.266.

Adler NE, Boyce T, Chesney MA, et al. Socioeconomic status and health: the challenge of the gradient.
Am Psychol. 1994;49(1):15-24. doi:10.1037//0003-066x.49.1.15.

Zaterka S, Eisig JN, Chinzon D, Rothstein W. Factors related to Helicobacter pylori prevalence in an adult
population in Brazil. Helicobacter. 2007;12(1):82-88. doi:10.1111/j.1523-5378.2007.00474.x.

Whitaker CJ, Dubiel AJ, Galpin OP. Social and geographical risk factors in Helicobacter pylori infection.
Epidemiol Infect. 1993;111(1):63-70. doi:10.1017/s0950268800056685.

Mendall M, Goggin P, Molineaux N, et al. Childhood living conditions and Helicobacter pylori seropositivity
in adult life. Lancet. 1992;339(8798):896-897. doi:10.1016/0140-6736(92)9093 1-r.

Eusebi LH, Zagari RM, Bazzoli F. Epidemiology of Helicobacter pylori infection. Helicobacter. 2014519
Suppl 1:1-5. doi:10.1111/hel.12165.

Osaki T, Okuda M, Ueda J, et al. Multilocus sequence typing of DNA from faecal specimens for the
analysis of intra-familial transmission of Helicobacter pylori. J Med Microbiol. 2013;62(Pt 5):761-765.
doi:10.1099/jmm.0.053140-0.

Hulten K, Han S, Enroth H, et al. Helicobacter pylori in the drinking water in Peru. Gastroenterology.
1996;110(4):1031-1035. doi:10.1053/gast.1996.v110.pm8612990.

Rasmussen LT, Labio RW, Gatti LL, et al. Helicobacter pylori detection in gastric biopsies, saliva and
dental plaque of Brazilian dyspeptic patients. Mem Inst Oswaldo Cruz. 2010;105(3):326-330. doi:10.1590/
s0074-02762010000300015.

Goh KL, Chan WK, Shiota S, Yamaoka Y. Epidemiology of Helicobacter pylori infection and public health
implications. Helicobacter. 2011;16 Suppl 1(01):1-9. doi:10.1111/j.1523-5378.2011.00874 .x.

Moreira ED Jr, Nassri VB, Santos RS, et al. Association of Helicobacter pylori infection and giardiasis:
results from a study of surrogate markers for fecal exposure among children. World J Gastroenterol.
2005;11(18):2759-2763. doi:10.3748/wjg.v11.i18.2759.

Horiuchi T, Ohkusa T, Watanabe M, Kobayashi D, Miwa H, Eishi Y. Helicobacter pylori DNA in drinking
water in Japan. Microbiol Immunol. 2001;45(7):515-519. doi:10.1111/j.1348-0421.2001.tb02652.x.

Inoue M, Tajima K, Hirose K, et al. Epidemiological features of first-visit outpatients in Japan: comparison
with general population and variation by sex, age, and season. J Clin Epidemiol. 1997;50(1):69-77.
doi:10.1016/5s0895-4356(96)00297-1.

Caro DH, Cortina KS, Eccles JS. Socioeconomic background, education, and labor force outcomes: evidence
from a regional US sample. Br J Sociol Educ. 2015;36(6):934-957. doi:10.1080/01425692.2013.868784.

Nagoya J. Med. Sci. 84. 374-387, 2022 387 doi:10.18999/nagjms.84.2.374



