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SUMMARY

Background
Helicobacter pylori prevalence in Western countries has been declining simul-
taneously with increases in childhood asthma and allergic diseases; prior stud-
ies have linked these phenomena.

Aims
To examine the association between H. pylori colonisation in children and risk
of asthma and related conditions at school age. We secondly examined addi-
tional effects of maternal H. pylori status by pairing with children’s status.

Methods
This study was embedded in a multi-ethnic population-based cohort in Rot-
terdam, The Netherlands. We measured anti-H. pylori and anti-CagA anti-
bodies in serum of children obtained at age 6 years, and of their mothers
obtained during midpregnancy. Asthma or related conditions were reported
for children at age 6 years. We used multivariate logistic regression analyses
among 3797 subjects.

Results
In children, the H. pylori positivity rate was 8.7%, and 29.2% of these were
CagA-positive. A child’s colonisation with a CagA-negative-H. pylori strain was
associated with an increased risk of asthma (Odds ratio 2.11; 95% CI 1.23–
3.60), but this differed for European (3.64; 1.97–6.73) and non-European (0.52;
0.14–1.89) children. When taking into account maternal H. pylori status, only
H. pylori-positive children with an H. pylori-negative mother had increased risk
of asthma (2.42; 1.11–5.27), accounting for 3.4% of the asthma risk.

Conclusions
Colonisation of a European child with a CagA-negative-H. pylori strain at age
6 was associated with an increased prevalence of asthma, but there was no
association for non-European children. The underlying mechanisms for the
observed risk differences require further research.
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INTRODUCTION
Reduced exposure to exogenous microbes and their
products have been suggested to be involved in the
pathogenesis of asthma and related conditions, such as
eczema and allergies.1 An alternate hypothesis is that the
epidemic rise in asthma and related conditions may be
partially explained by altered composition of our indige-
nous microbiota due to changes in human ecology.2 The
gastric bacterium Helicobacter pylori has been used as a
proxy for this modern phenomenon.2 Studies in mice
have demonstrated that experimental infection with
H. pylori prevents allergic asthma through the induction
of regulatory T cells (Tregs).3 Direct contact between
H. pylori and dendritic cells (DCs) was found to be
essential for the induction of tolerogenic DCs. These
DCs produce IL-18, important for the conversion of
na€ıve T cells into Tregs.3 Eventually, these Tregs may
suppress asthmatic immune responses in the airways.4

This interaction between H. pylori and the immune sys-
tem may be affected by its genotype: expression of the
cagA gene (cytotoxin-associated gene A) has been associ-
ated with a more marked cellular and humoural immune
response, with persists throughout human life.5

During recent decades the prevalence of H. pylori
colonisation has dropped dramatically in Western coun-
tries.6 Currently, fewer than 10% of children born in
Western countries are H. pylori positive.7, 9 Several epi-
demiologic studies examined the relation between H.
pylori colonisation and asthma and asthma-related con-
ditions in childhood.9–14 However, results from these
studies appear contradictory. This may have been due to
differences in study design,9, 10, 14 low number of partic-
ipants,9, 10, 13 differing methods and timing of H. pylori
status identification,11, 14 and insufficient accounting for
potential confounders.12, 14 It also is unclear whether
maternal H. pylori colonisation during pregnancy affects
the child’s risk for asthma and related conditions. Mater-
nal H. pylori colonisation during pregnancy may be a
risk factor for foetal growth retardation,15, 16 which sub-
sequently might lead to increased risk for asthma.17 Chil-
dren of an H. pylori-positive mother may be more likely
to acquire colonisation at younger age, but it is not
known whether this also may affect risk of asthma and
related conditions.

Therefore, we first examined the associations of
asthma and related conditions with H. pylori colonisa-
tion in children, and secondly we focused on the effect
of paired maternal and child’s H. pylori status on these
outcomes. These analyses were facilitated by a large

multi-ethnic population-based prospective cohort study
in Rotterdam, The Netherlands.

METHODS

Design and setting
This study was embedded in the Generation R Study, a
population-based prospective cohort study of pregnant
women and their children in Rotterdam, The Nether-
lands.18 All children were born between April 2002 and
January 2006. The Medical Ethics Committee of the
Erasmus University Medical Centre approved the study
protocol and parents gave written informed consent for
themselves and their children. For the current study,
data from 3797 children with information on H. pylori
colonisation and any asthma or related conditions were
available (Figure 1).

H. pylori colonisation in children and their mothers
Helicobacter pylori colonisation of children was defined
by measuring IgG antibody levels in serum using an
enzyme-linked immunosorbent assay (ELISA).19 Sera
samples were obtained at age 6 years. A separate ELISA
was performed to determine serum IgG antibodies
against a specific recombinant truncated cytotoxin-asso-
ciated gene A (CagA) protein.20 Both ELISAs were vali-
dated locally, by adapting the ELISA properties based on
positive and negative controls. H. pylori and CagA
colonisation in mothers was measured from serum sam-
ples obtained during midpregnancy (gestational age 18–
25 weeks).21 Similar ELISAs were used for mothers and
children, with specific properties known from use in pre-
vious birth cohorts.19, 22

Asthma and related conditions at school age
Wheezing in the prior 12 months (no, yes), physician-
diagnosed asthma ever (no, yes) and physician-diagnosed
eczema in the last 12 months (no, yes) were assessed
using questions adapted from the International Study on
Asthma and Allergy in Childhood (ISAAC) core ques-
tionnaires at age 6 years.23 Inhalant allergy was assessed
by questionnaire at age 6 years; a positive history was
defined as inhalant allergy to pollens, mites or pets in
the prior 12 months (no, yes), diagnosed by a physician.

Covariates
Information on birth weight, gestational age, and sex of
the children were obtained from midwife and hospital
registries at birth. Post-natal questionnaires at ages of 6
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and 12 months supplied information on breastfeeding,
and at age of 6 years about lower respiratory tract infec-
tions during the prior 12 months. Use of antibiotics in
the prior 12 months was assessed by questionnaires
yearly at the ages of 1–6 years. Information on maternal
age, anthropometrics, ethnicity, socioeconomic status,
history of asthma or atopy, parity and pet keeping were
obtained by questionnaire, completed by the mother at
enrolment. Socioeconomic status was assessed using the
educational level of mother on the basis of her highest
level of completed education. Smoking during pregnancy
was reported at enrolment. Maternal psychological dis-
tress in the second trimester of pregnancy was defined
using a global severity index (GSI).24

Statistical analyses
The prevalence of asthma and related conditions in rela-
tion to child’s H. pylori and CagA status were examined
using chi-squared tests. We used multivariate logistic
regression analysis to examine the association of child’s
H. pylori and CagA status with asthma and related
conditions, taking potential confounders into account.

Missing data in the covariates were imputed with multi-
ple imputations using chained equations.25

If available, a child’s H. pylori status was paired with
maternal H. pylori status, resulting in four different
groups: mother and child both H. pylori negative,
mother H. pylori negative and child positive, mother
H. pylori positive and child negative, both mother and
child H. pylori positive. We used multivariate logistic
regression analysis to examine the association of com-
bined H. pylori status of mother and child, with asthma
and related conditions. Potential confounders were taken
into account. Due to the small numbers of cases we were
not able to differentiate with respect to CagA-status. We
calculated the population attributable fraction of H. py-
lori colonisation for asthma, using adjusted odds ratios
(ORs) estimated from logistic regression models.26

All measures of associations are presented as OR with
their 95% Confidence Intervals (CI). Statistical analyses
were performed using SPSS version 23.0 for Windows
(SPSS Inc., Chicago, IL, USA). An extensive description
of the methods is provided in the Supplementary
material.

Missing data on asthma or 
related outcomes at age 6 
years (n = 670)

3797 with data on child’s H. pylori  
status and asthma or related 
outcomes at age 6 years

Wheezing n = 3135
Asthma n = 3062
Eczema n = 3082
Inhalant allergy n = 3584

8305 children participated in the 

follow-up at the age of 6 years

2910 with known maternal 
H. pylori status and asthma  
or related outcomes at age 
6 years

Wheezing n = 2410
Asthma n = 2353
Eczema n = 2373
Inhalant allergy n = 2749

6690 visited research centre at the 
age of 6 years

Sera obtained in 4593 children
(69%)

Not available for analysis due 
to logistic or technical reasons 
(n = 85) or duplicate samples of 
twin (n = 41)H. pylori status identified in 4467

children

Figure 1 | Study design and number of participants.
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RESULTS

Population characteristics
Characteristics of included children and their mothers
are provided in Tables 1 and S1 shows the comparison
of the included (n = 3797) with the excluded (n = 4508)
subjects. At a mean age of 6.1 years (s.d. 0.5), 8.7% of
the children were H. pylori positive. H. pylori status was
determined in their mothers at a mean age of 31.1 years
(s.d. 4.9), and 38.0% tested positive. The proportion of
CagA-positive strains among H. pylori-positive mothers
and children was 33.0% and 29.2% respectively. As
expected, the colonisation rate of children with an H. py-
lori-positive mother was higher than in children with an
H. pylori-negative mother (14.3% vs. 5.4%, P < 0.05).

Child’s H. pylori colonisation and asthma and related
conditions
We observed a higher prevalence of recent asthma, but
not of wheezing, eczema or inhalant allergy, in H. pylori-
positive compared with H. pylori-negative children
(asthma prevalence 9.5% vs. 5.2% respectively,
P = 0.045) (Figure 2, Table S2). Multivariate analyses
showed an association between H. pylori and increased
risk of asthma (OR 1.75; 95% CI 1.07–2.87) (Table 2).
Compared with H. pylori-negative children, those colo-
nised with a CagA-negative strain had an increased risk
of asthma (OR 2.11; 95% CI 1.23–3.60), but those colo-
nised with a CagA-positive strains were not (OR 0.94;
95% CI 0.32–2.79). The size of the effect estimates did
not change after additional adjustment for maternal
H. pylori status. Carriage of an Hp+CagA+ strain tended
to be inversely related to wheezing and inhalant allergy,
but effects were not significant (OR 0.24; 95% CI 0.05–
1.05 for wheezing, OR 0.26; 95% CI 0.06–1.07 for inha-
lant allergy). Stratification for ethnicity showed that the
association of H. pylori colonisation with asthma was
only present in children of European background (OR
3.11; 95% CI 1.70–5.72), and not in those of non-Eur-
opean background (OR 0.72; 95% CI 0.29–1.74), with a
P value for interaction of 0.009 (Tables 3 and S4). Con-
sistent trends were observed for wheezing, eczema and
inhalant allergy, however, the interaction terms were
nonsignificant (Table S4). Other tests for interactions
were nonsignificant (P > 0.05).

Paired mother–child H. pylori status and asthma and
related conditions in children
In 2910 (77%) of the children, the H. pylori status of
their mother was known. We observed no differences in

prevalence of wheezing, asthma, eczema and inhalant
allergy of the children according to the combined H. py-
lori status of mother and child (Table S5) (P > 0.05).
Multivariate analysis revealed a positive association with
asthma in children who were H. pylori positive, but with
a negative mother (OR 2.42; 95% CI 1.11–5.27)
(Table 4). The proportion of asthma attributable to
H. pylori-positivity in children with an H. pylori-negative
mother was 3.4% (95% CI 0.6–4.7) Stratification for eth-
nicity showed that the association with asthma was only
present in children of European background, both for
H. pylori-positive children with a H. pylori-negative or
positive mother (OR 3.25; 95% CI 1.41–7.54 for mHp-
cHp+, and OR 4.07; 95% CI 1.47–11.31 for mHp+cHp+)
(Table S6). Interactions of paired H. pylori status with
maternal asthma or atopy, and child’s sex, gestational
age or weight at birth, or antibiotic use were not associ-
ated with asthma or related conditions (P values for
interaction >0.05).

DISCUSSION
In this large population-based prospective cohort, we
observed that H. pylori colonisation in children was
associated with an increased risk of asthma at the age of
6 years. Differentiation of H. pylori-positivity into CagA-
negative or CagA-positive strains showed that the effects
were explained by CagA-negative-H. pylori strains only.
This association of CagA-negative H. pylori colonisation
with asthma was present in children of European ethnic
background, and not in those of non-European ethnic
background. In nonstratified analysis, maternal H. pylori
colonisation seems to have a protective effect on asthma
in their children, as an increased risk of asthma was only
found in H. pylori-positive children with an H. pylori-
negative mother. Although the relative risk was higher,
the attributable risk for this association only explained
3.4% of the asthma in this population.

Comparison with previous studies
The positive association between H. pylori and physician-
diagnosed asthma is in contrast with most prior studies in
adults and children.9–14, 27, 28 A meta-analysis of pooled
data (n = 34 018 subjects) from these studies showed an
inverse association between H. pylori and asthma in chil-
dren (OR 0.81; 95% CI 0.72–0.91).29 However, the pooled
OR of included (birth) cohort studies was non-
significant10, 11, 13 (OR 0.82; 95% CI 0.53–1.27).29 Two of
these studies had comparable study designs, but smaller
sample size; the Dutch study included 575 children between
7 years and 9 years old, and showed an OR of 0.87 (95% CI
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Table 1 | Characteristics of the study population

Population for analysis (n = 3797)

Observed Imputed

Sex (%)
Female 48.1 (1828) 48.1 (1828)
Male 51.9 (1969) 51.9 (1969)

Gestational age at birth (weeks) 40.1 (35.7–42.3) 40.1 (35.7–42.3)
Missing 0.8 (29) –

Birth weight (grams) 3446 (550) 3445 (551)
Missing 0.1 (4) –

Ethnicity* (%)
European 65.8 (2492) 65.6 (2492)
Non-European 34.2 (1294) 34.4 (1305)
Missing 0.3 (11) –

Breastfeeding (%)
Never 9.0 (230) 12.9 (491)
Ever 91.0 (2331) 87.1 (3306)
Missing 32.6 (1236) –

Pet keeping (%)
No 66.3 (1977) 64.8 (2460)
Yes 33.7 (1007) 35.2 (1337)
Missing 21.4 (813) –

Lower respiratory tract infections at 6 years (%)
No 95.5 (3458) 95.2 (3616)
Yes 4.5 (162) 4.8 (181)
Missing 4.7 (177) –

Antibiotic use (%)
Never 17.6 (508) 17.3 (657)
For 1–2 time periods 55.5 (1599) 36.3 (1378)
For 3 or more time periods 26.8 (772) 46.4 (1762)
Missing 24.2 (918)

Maternal education level (%)
Primary, or secondary 48.8 (1723) 50.6 (1922)
Higher 51.2 (1811) 49.4 (1875)
Missing 6.9 (263) –

Maternal age† (years) 31.1 (4.9) 31.1 (4.9)
Maternal body mass index† (kg/m2) 23.7 (18.9–35.5) 23.8 (18.7–35.2)
Missing 10.5 (398) –

Maternal history of asthma or atopy (%)
No 61.7 (1904) 61.8 (2346)
Yes 38.3 (1183) 38.2 (1451)

Missing 18.7 (710) –
Parity† (%)
0 56.2 (2057) 55.3 (2100)
≥1 43.8 (1601) 44.7 (1697)
Missing 3.7 (139) –

Smoking during pregnancy (%)
No 85.4 (2859) 85.1 (3235)
Yes 14.6 (490) 14.9 (562)
Missing 11.8 (448) –

Psychological distress during pregnancy (%)
No 92.4 (2646) 91.0 (3455)
Yes 7.6 (218) 9.0 (342)
Missing 24.6 (933) –

Children’s H. pylori colonisation rate (%)
Hp� 91.3 (3465) –
Hp+CagA� 6.2 (235)
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0.37–2.08) for the relation between H. pylori and physi-
cian-diagnosed asthma.13 The second study, from Ethiopia,
assessed the association with current H. pylori colonisation
at age 3 years and allergic disease in a birth cohort of 878
children.11 Due to low asthma prevalence, calculations
could not be performed associating H. pylori and asthma;
however, for H. pylori and wheezing, the outcome was a
trend towards an inverse association, which is consistent
with our study. A second evaluation within the cohort from
Ethiopia, revealed an inverse association between H. pylori
and eczema in children at the age of 5 years, but not for
wheezing and rhinitis.30 The contrast with other studies
implies that so far no universal conclusion can be made on
the relation betweenH. pylori and asthma.

In contrast to asthma outcome, the observed tendency
of inverse associations of H. pylori status with wheezing
and inhalant allergy were consistent with prior studies,
and also consistent with the hypothesis that the endemic
rise in asthma and allergy may be causally related to
compositional changes in our indigenous microbiota,31

probably as a result of a modern lifestyle.2 Since H.
pylori colonisation persists for life, it may be considered
as a model to examine the effects of once-common
microorganisms on the development of asthma and
related disease.

Interpretation of results
Considering this paradigm and the data from prior stud-
ies, our finding of CagA-negative H. pylori colonisation

in 6-year-old children of European origin as a risk factor
for asthma is notable, and requires further explanation.
First, the positive association between H. pylori and
asthma was explained by CagA-negative-strains in chil-
dren with a European ethnic background only. In this
group, none of the asthmatic children were colonised
with a CagA-positive strain. This suggests that the
asthma risk may be lower in CagA-positive children
compared with H. pylori-negatives. The low number of
cases in this group reflects the overall low H. pylori-pre-
valence in children of European ethnic background, and
therefore limits our conclusions based on these findings.
Due to lack of CagA-positives in asthmatic children in
this subgroup, the overall detected effect of H. pylori
positivity might be skewed to an increased risk for
asthma. It has been shown that CagA-positive strains
have a stronger interaction with their hosts, leading to
pronounced immune responses.5 Prior studies have
observed more pronounced effects of CagA positivity in
lowering the risk on asthma and wheezing.32 Accord-
ingly, we found larger effects towards an inverse trend
for CagA-positive strains than for CagA-negative strains
in relation to all outcomes examined. Second, although
an association between H. pylori and asthma was only
present in children of European ethnic background,
consistent trends were observed for wheezing, eczema,
and inhalant allergy, either for CagA-negative or CagA-
positive strains. Such differences may reflect variation in
the gut microbiome by ethnicity, in both richness and

Table 1 | (Continued)

Population for analysis (n = 3797)

Observed Imputed

Hp+CagA+ 2.6 (97)
Maternal H. pylori colonisation rate‡ (%)
Hp� 62.0 (1804) –
Hp+CagA� 25.5 (741)
Hp+CagA+ 12.5 (365)
Missing 23.4 (887)

Paired maternal and child’s H. pylori status (%)
mHp-cHp� 58.6 (1706) –
mHp+cHp� 32.6 (948)
mHp-cHp+ 3.4 (98)
mHp+cHp+ 5.4 (158)
Missing 23.4 (887)

Values are means (s.d.), medians (2.5–97.5th percentile) or percentages (absolute numbers).

* Ethnic background is based on data of mother.

† Data measured at moment of enrolment of pregnant mother.

‡ Data on H. pylori colonisation is not imputed.
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Figure 2 | Prevalence of wheezing, asthma, eczema and inhalant allergy in 6-year old children, according to
Helicobacter pylori and corresponding CagA status of children. The y-axis reflects the proportion of children with
asthma or related outcome at age 6 years. H. pylori status is shown on the x-axis, divided by CagA� and CagA+
strains. The reference group consists of H. pylori-negative children. Values are percentages. Mean proportions are
compared using chi-squared tests (N.S. = nonsignificant). *P < 0.05

Table 2 | Associations of children’s H. pylori and corresponding CagA status with asthma and asthma-related
outcomes at age 6 years

Odds ratio (95% CI)

Wheezing Asthma Eczema Inhalant allergy
n = 3135 n = 3062 n = 3082 n = 3584

Hp� Reference
n = 251/2886

Reference
n = 175/2820

Reference
n = 551/2834

Reference
n = 206/3282

Hp+ 0.73 (0.43–1.27)
n = 18/249

1.75 (1.07–2.87)*
n = 23/242

1.04 (0.75–1.43)
n = 59/248

0.69 (0.39–1.20)
n = 15/302

Hp+CagA� 0.98 (0.55–1.75)
n = 16/181

2.11 (1.23–3.60)**
n = 19/173

1.12 (0.77–1.61)
n = 42/180

0.91 (0.50–1.66)
n = 13/216

Hp+CagA+ 0.24 (0.05–1.05)
n = 2/68

0.94 (0.32–2.79)
n = 4/69

0.87 (0.48–1.55)
n = 17/68

0.26 (0.06–1.07)
n = 2/86

Values are odds ratios for wheezing, asthma, eczema, and inhalant allergy (95% CI) from logistic regression models. Models
were adjusted for maternal age, ethnicity, pre-pregnancy body mass index, educational level, history of asthma or atopy, parity,
pet keeping, smoking during pregnancy, psychological stress during pregnancy and child’s birth weight, gestational age at birth,
sex, breastfeeding, lower respiratory tract infections and antibiotic use.

n = number of cases (i.e. children with asthma or related conditions) per total group (i.e. according to H. pylori/CagA status).

*P < 0.05, **P < 0.01.
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composition. Children33 and adults living in developing
countries have significantly greater faecal diversity than
those in developed countries.34 Among subjects differing
in ethnic background, but migrating to the same coun-
try, gut microbiome composition also varies.35 In animal
models, there is growing evidence that H. pylori coloni-
sation not only affects the gastric microbiome36 but also
the composition of the lower gastro-intestinal tract.37 In
addition, the composition of the gut microbiome itself
also may modulate the development of H. pylori-asso-
ciated disease.38 Within this context, we speculate that
the effects of H. pylori on asthma or related disease may
depend on both the richness and composition of the gut
microbiome. Depending on its composition, it might
sometimes promote and other times mitigate H. pylori
disease.39 Taken together, these observations from the lit-

erature might explain the differences between ethnic
groups in the present study. Third, any potential protec-
tive effect of H. pylori on asthma may differ for allergic
asthma and non-allergic asthma. However, our question-
naires did not distinguish between allergic and non-aller-
gic asthma, and hence we cannot explore this issue
further. Fourth, the effect estimates for asthma were in
the opposite direction compared with wheezing and
inhalant allergy, which are usually closely related with
allergic asthma. This can be explained by the difference
in definition between asthma, and wheezing and inhalant
allergy used in this study. Asthma was diagnosed as hav-
ing ever occurred during the age period of 1–6 years,
while data on wheezing and inhalant allergy referred to
complaints and diagnosis during the last 12 months at
the age of 6 years. Ever asthma could reflect various
phenotypes including early wheezing, mostly induced by
respiratory tract infections and transient, and multitrig-
ger wheezing. Current wheezing at age 6 years most
likely reflects multitrigger wheezing only. The difference
in definition means that H. pylori acquisition could have
occurred before or after the first asthma period, while
for wheezing and inhalant allergy it is more likely that
H. pylori acquisition may have preceded these outcomes.

In the unstratified paired group, we observed no
increased risk of asthma in H. pylori-positive children
with an H. pylori-positive mother (Table 4). This finding
suggests that maternal H. pylori carriage affects the risk
of asthma, possibly by facilitating early H. pylori coloni-
sation in their children. Maternal IgG antibodies against
H. pylori can be transferred to the child via the placenta,
but seem not to protect the child against colonisation.40

Direct contact between mother and child is most intense
during the first years of life, which may result in early
acquisition of H. pylori by a child. Children with an
H. pylori-positive mother were more likely to become
colonised with H. pylori themselves, confirming a recent
analysis of an overlapping subset of mothers and chil-
dren.41 Whether H. pylori-positive children with an
H. pylori-negative mother received the infection from
other family members or children at day care is not
known. Moreover, in stratified analysis according to eth-
nicity, the increased risk of asthma was the same both
for European children with an H. pylori-negative and
positive mother.

Strengths and limitations
The strengths of this study in comparison to prior stud-
ies include the large number of subjects within a birth
cohort of children within the same age period, all living

Table 3 | Associations of child’s Helicobacter pylori
status with asthma stratified by ethnicity

Asthma
Odds ratio (95% CI)

European n = 2,140
Hp� Reference

n = 111/2026
Hp+ 3.11 (1.70–5.72)*

n = 16/114
Hp+CagA� 3.64 (1.97–6.73)*

n = 16/100
Hp+CagA+ NA

n = 0/14
Non-European n = 922
Hp� Reference

n = 65/794
Hp+ 0.72 (0.29–1.74)

n = 7/128
Hp+CagA� 0.52 (0.14–1.89)

n = 3/73
Hp+CagA+ 0.98 (0.31–3.11)

n = 4/55

NA, not applicable.

Values are odds ratios for asthma (95% CI) from logistic
regression models.

Models were adjusted for maternal age, pre-pregnancy body
mass index, educational level, history of asthma or atopy, par-
ity, psychological stress during pregnancy and child’s sex, ges-
tational age at birth, birth weight, breastfeeding, pet keeping,
lower respiratory tract infections, and antibiotic use.

Overall PInteraction ethnicity * H. pylori: <0.05.

n = number of cases (i.e. children with asthma) per total
group (i.e. according to H. pylori/CagA status

* P < 0.01.
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in one urban region with detailed prospectively collected
information on socioeconomic characteristics, and
numerous potential confounding factors. Limitations of
the study include that missing data on outcomes, deter-
minants, and several covariates might have resulted in
biased effect estimates. The population of analysis might
reflect a selection towards a more healthy and affluent
population.18 Included subjects more often were of
higher socioeconomic status, from European ethnic back-
ground, and less often exposed to adverse lifestyle fac-
tors. Of all children participating in the follow-up at age
6 years, 54.4% did not have data on both H. pylori
colonisation and asthma or related conditions. Based on
the differences in characteristics between those included
and not included in the study and previous literature,41

we speculate that the prevalence of H. pylori and asthma
could have been higher in the excluded subjects, com-
pared to the population of analysis. We have aimed to
reduce the potential selection bias by the use of multiple
imputation of covariates. Second, although both ELISAs
have been validated in adults and children, and have
been previously used in Dutch children,22 they have not
been separately validated in Dutch children of different
origins. Third, all outcomes largely relied on data
obtained from questionnaires completed by the parents.
Although the questions were previously validated and
commonly used for epidemiological studies,42 we cannot
rule out the possibility of misclassification or misinter-
pretation. Forth, data on antibiotic use were not available
about specific types, nor validated by pharmacy records.

Fifth, lacking of detailed data of allergic features in
mothers made direct comparison with their children in
relation to H. pylori status impossible. Finally, despite
the large sample size of this study, the number of chil-
dren with H. pylori colonisation, especially CagA-positive
strains, and asthma or related conditions was limited. In
total, only a small proportion of the asthma risk could
be attributed to H. pylori. Therefore, conclusions based
on these numbers should be interpreted with caution.

CONCLUSIONS
In conclusion, we observed no significant protective asso-
ciation of H. pylori status at age 6 with asthma and
related conditions. Instead, colonisation with a CagA-
negative H. pylori strain at age 6 was a risk factor for
asthma in children, but only in those of European ethnic
background. Explanations of underlying mechanisms for
the differences between ethnic groups are still speculative,
and therefore need further research. Such studies also
should include the role of the gut microbiome in relation
to H. pylori colonisation and ethnic background, which
may indicate new directions for asthma prevention.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Data S1. Supplementary text.
Table S1. Comparison of the maternal and child

characteristics between those included and those not
included in the study among the 8,305 eligible subjects.

Table 4 | Associations of combined maternal and children’s H. pylori status with asthma and related outcomes at the
child’s age of 6 years.

Odds ratio (95% CI)

Wheezing Asthma Eczema Inhalant allergy
n = 2410 n = 2353 n = 2373 n = 2749

mHp-cHp� Reference
n = 122/1476

Reference
n = 85/1441

Reference
n = 268/1451

Reference
n = 97/1626

mHp+cHp� 0.99 (0.68–1.43)
n = 68/740

1.11 (0.73–1.68)
n = 50/726

0.85 (0.66–1.09)
n = 163/731

0.86 (0.59–1.24)
n = 65/888

mHp-cHp+ 0.55 (0.18–1.63)
n = 4/82

2.42 (1.11–5.27)*
n = 9/79

1.04 (0.59–1.84)
n = 17/82

0.55 (0.17–1.79)
n = 3/94

mHp+cHp+ 0.91 (0.43–1.93)
n = 11/112

1.76 (0.81–3.79)
n = 10/107

0.89 (0.55–1.45)
n = 28/109

0.62 (0.28–1.38)
n = 8/141

Values are odds ratios for wheezing, asthma, eczema, and inhalant allergy (95% confidence interval) from logistic regression
models. Models were adjusted for maternal age, ethnicity, pre-pregnancy body mass index, educational level, history of asthma
or atopy, parity, pet keeping, smoking during pregnancy, psychological stress during pregnancy and child’s birth weight, gesta-
tional age at birth, sex, breastfeeding, lower respiratory tract infections and antibiotic use.

n = number of cases (i.e. children with asthma or related conditions) per total group (i.e. according to H. pylori status).

*P < 0.05
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Table S2. Prevalence of asthma and related outcomes
of children according to child’s H. pylori and corre-
sponding CagA status.
Table S3. Prevalence of asthma according to child’s H.

pylori status stratified for ethnicity.
Table S4. Associations of children’s H. pylori and cor-

responding CagA status with asthma-related outcomes,
stratified by ethnicity.
Table S5. Prevalence of asthma and related outcomes

of children according to paired maternal and children’s
H. pylori status.
Table S6. Associations of paired mother–child’s H.

pylori status with asthma stratified by ethnicity.
Table S7. Univariate comparisons of child’s and

maternal characteristics with H. pylori and with asthma.
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Supplementary Text

Covariates. Information on maternal age, anthropometrics, ethnicity, socio-economic status, history of

asthma or atopy, parity, and pet keeping were obtained by questionnaire, completed by the mother at

enrolment. Socio-economic status was assessed using the educational level of mother on the basis of

her highest level of completed education. Smoking during pregnancy was reported at enrolment, and

reported smoking habits in the second and third trimesters of pregnancy were used to reclassify

maternal smoking habits, when appropriate. Maternal psychological distress in the second trimester of

pregnancy was defined using a global severity index (GSI), a measure of current level or depth of the

symptoms, and denotes overall psychological distress. High scores represent an increased

occurrence of overall distress, based on Dutch cut-offs (1). We used parity as a proxy for older siblings

(2). Birth weight, gestational age, and sex of the children were obtained from midwife and hospital

registries at birth. Postnatal questionnaires at ages of 6 and 12 months supplied information on

breastfeeding, and at age of 6 years about lower respiratory tract infections during the prior 12

months. Use of antibiotics in the prior 12 months (never; yes, for 1-2 time periods; yes, for 3-4 time

periods; yes, for 5 or more time periods) was assessed by questionnaires at the ages of 1 to 6 years,

and was categorized into never, for 1-2 time periods, and for 3 or more time periods.

Statistical analyses. The prevalence of asthma and related conditions in relation to child’s H. pylori

and CagA status were examined using Chi-square tests. We used multivariate logistic regression

analysis to examine the association of child’s H. pylori and CagA status with asthma and related

conditions, taking potential confounders into account, including maternal age at enrolment, pre-

pregnancy body mass index, ethnicity, socio-economic status, history of asthma or atopy, parity, pet

keeping, smoking during pregnancy, psychological stress during pregnancy, and child’s birth weight,

gestational age at birth, sex, breastfeeding habits, lower respiratory tract infections, and antibiotic use.

Confounders were included based on the prior literature, if they were associated with both the

determinant and the outcome or if they changed the effect estimates with ≥10%.

If available, child’s H. pylori status was paired with maternal H. pylori status, resulting into four

different groups: mother and child both H. pylori negative, mother H. pylori negative and child positive,

mother H. pylori positive and child negative, both mother and child H. pylori positive. We used

multivariate logistic regression analysis to examine the association of combined H, pylori status of



mother and child, with asthma and related conditions. Potential confounders were taken into account,

including maternal age at enrolment, pre-pregnancy body mass index, ethnicity, socio-economic

status, history of asthma or atopy, parity, pet keeping, smoking during pregnancy, psychological stress

during pregnancy, and child’s birth weight, gestational age at birth, sex, breastfeeding habits, lower

respiratory tract infections, and antibiotic use. Due to small numbers of cases we were not able to

differentiate between CagA-status.

For all covariates, the percentage of missing values within the population for analysis were lower than

10%, except for history of asthma or atopy (18.7%), smoking during pregnancy (11.8%), psychological

distress during pregnancy (24.6%), breastfeeding (32.6%), pet keeping (21.4%), and antibiotic use

(24.2%). Missing values were mainly due to non-response. Missing data in the covariates were

imputed with multiple imputations using chained equations (3). Ten new datasets were created by

imputation based on all determinants, covariates and outcomes in the model plus paternal age and

educational level, paternal history of asthma and atopy, and child’s antibiotic use during first 6 months

of life. Data from each separate imputation were analysed, after which results were combined. Only

the results based on the adjusted pooled imputed datasets are presented in this manuscript. To

identify the potential modifying effect of covariates such as maternal ethnicity, asthma or atopy,

psychological distress, and child’s sex, gestational age and weight at birth, and antibiotic use, we

evaluated statistical interaction by adding the product term of H pylori status and the covariate as a

variable to the multivariate model. We calculated the population attributable fraction of H. pylori

colonization for asthma, using adjusted ORs estimated from logistic regression models (4).

All measures of associations are presented as Odds Ratios (OR) with their 95% Confidence Intervals

(CI). Statistical analyses were performed using SPSS version 23.0 for Windows (Statistical Package of

Socioeconomic Sciences; SPSS Inc., Chicago, IL, USA).



Supplementary Table 1. Comparison of the maternal and child characteristics between those

included and those not included in the study among the 8,305 eligible subjects

Values are percentages for categorical variables. Age and birth weight are reported in means

(standard deviation). Body mass index and gestational age at birth are reported in medians (2.5-97.5th

percentile).

aP-value reflects difference between included and not-included subjects.

Total
population
(N=8,305)

Included

(N=3,797)

Not included

(N=4,508)

P-value
differencesa

Maternal characteristics
Age (years) 30.2 (5.2) 31.1 (4.9) 29.6 (5.4) <0.001
Pre-pregnancy body mass index (kg/m2) 23.8 (18.7-36.2) 23.7 (18.9-35.5) 24.0 (18.6-36.6) <0.001
Ethnicity (European vs. non-European) 58.4 65.6 52.3 <0.001
Maternal education (low/medium vs. high) 54.8 48.8 60.2 <0.001
History of asthma and atopy (yes vs. no) 38.9 38.3 39.4 0.39
Smoking during pregnancy (yes vs. no) 17.4 14.6 19.8 <0.001
Psychological distress pregnancy (yes vs.no) 9.5 7.6 11.3 <0.001
Parity (nulliparous vs. multiparous) 55.4 56.2 54.8 0.18

Child characteristics
Age (years) 6.2 (0.5) 6.1 (0.5) 6.2 (0.6) <0.001
Female sex 49.5 48.1 50.7 0.02
Gestational age at birth (weeks) 40.0 (35.3-42.3) 40.1 (35.7-42.3) 40.0 (34.9-42.3) <0.001
Birth weight (grams) 3,399 (577) 3,446 (550) 3,359 (596) <0.001
Breastfeeding (yes vs. no) 91.8 92.5 91.1 0.04



Supplementary Table 2 (Figure 2). Prevalence of asthma and related outcomes of children

according to child’s H. pylori and corresponding CagA status.

Wheezing (n= 3,135)

No
(n=2,866)

Yes
(n=269)

Chi-square
(p=0.24)

Hp negative (%)
(n=2,886) 91.3 (2,635) 8.7 (251)

Hp positive
CagA negative
(n=181)

91.2 (165) 8.8 (16)

CagA positive
(n=68) 88.4 (66) 11.6 (2)

Physician diagnosed asthma (n= 3,062)

No
(n=2,864)

Yes
(n=198)

Chi-square
(p=0.045)

Hp negative (%)
(n=2,820) 93.8 (2,645) 6.2 (175)

Hp positive
CagA negative
(n=173)

89.0 (154) 11.0 (19)

CagA positive
(n=69) 94.2 (65) 5.8 (4)

Eczema (n= 3,082)

No
(n=2,472)

Yes
(n=610)

Chi-square
(p=0.25)

Hp negative (%)
(n=2,834) 80.6 (2,283) 19.4 (551)

Hp positive
CagA negative
(n=180)

76.7 (138) 23.3 (42)

CagA positive
(n=68) 75.0 (51) 25.0 (17)



Values are percentages (absolute numbers). H. pylori and CagA status of children related to childhood

wheezing, asthma, eczema, and inhalant allergy.

Inhalant allergy (n= 3,584)

No
(n=3,363)

Yes
(n=221)

Chi-square
(p=0.32)

Hp negative (%)
(n=3,282) 93.7 (2,639) 6.3 (206)

Hp positive
CagA negative
(n=216)

94.0 (1,072) 6.0 (13)

CagA positive
(n=86)

97.7 (493) 2.3  (2)



Supplementary Table 3. Prevalence of asthma according to child’s H. pylori status stratified for

ethnicity.

Values are percentages (absolute numbers).

European
(n = 2,140)

No
(n=2,013)

Yes
(n=127)

Chi-square
(p<0.001)

Hp negative (%)
(n=2,026) 94.5 (1,915) 5.5 (111)

Hp positive
(n=114) 86.0 (98) 14.0 (16)

Non-European
(n = 922)

No
(n=851)

Yes
(n=711)

Chi-square
(p=0.32)

Hp negative (%)
(n=794) 91.9 (730) 8.1 (64)

Hp positive
(n=128) 94.5 (121) 5.5 (7)
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Supplementary Table 4. Associations of children’s H. pylori and corresponding CagA status with

asthma-related outcomes, stratified by ethnicity.

Wheezing
OR (95% CI)

Eczema
OR (95% CI)

Inhalant allergy
OR (95% CI)

European n = 2,199 n = 2,155 N = 2,388
Hp- Reference

n = 164 / 2,079
Reference
n= 313 / 2,035

Reference
n = 110 / 2,260

Hp+ 1.00
(0.48, 2.08)
n = 10 / 120

1.23
(0.76, 2.00)
n = 22 / 120

1.10
(0.49, 2.48)
n = 7 / 128

Hp+CagA- 0.91
(0.41, 2.05)
n = 8 / 105

1.21
(0.72, 2.02)
n = 19 / 105

1.32
(0.58, 2.98)
n = 7 / 111

Hp+CagA+ 1.65
(0.31, 8.72)
n = 2 / 15

1.42
(0.39, 5.13)
n = 3 / 15

NA

n = 0 / 17
Non-European n = 936 n = 927 n = 1,196
Hp- Reference

n = 87 / 807
Reference
n = 238 / 799

Reference
n = 96 / 1,022

Hp+ 0.49
(0.21, 1.11)
n = 8 / 129

0.87
(0.56, 1.35)
n = 37 / 128

0.52
(0.24, 1.12)
n = 8 / 174

Hp+CagA- 0.95
(0.40, 2.25)
n = 8 / 76

0.97
(0.57, 1.66)
n = 23 / 75

0.67
(0.28, 1.64)
n = 6 / 105

Hp+CagA+ NA

n = 0 / 53

0.74
(0.38, 1.43)
n = 14 /  53

0.30
(0.07, 1.28)
n = 2 / 69

Values are odds ratios for wheezing, eczema, and inhalant allergy (95% confidence interval) from

logistic regression models. n = number of cases (i.e. children with wheezing/eczema/inhalant allergy)

per total group (i.e. according to H. pylori/CagA status). Models were adjusted for maternal age,

ethnicity, pre-pregnancy body mass index, educational level, history of asthma or atopy, parity, pet

keeping, smoking during pregnancy, psychological stress during pregnancy, and child’s birth weight,

gestational age at birth, sex, breastfeeding, lower respiratory tract infections, and antibiotic use.
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Supplementary Table 5. Prevalence of asthma and related outcomes of children according to paired

maternal and children’s H. pylori status.

Wheezing (n= 2,410)

No
% (n=2,205)

Yes
% (n=205)

Chi-square
(p=0.53)

mHp- cHp-
(n=1,476)

91.7 (1,354) 8.3 (122)

mHp+ cHp-
(n= 740)

90.8 (672) 9.2 (68)

mHp- cHp+
(n= 82)

95.1 (78) 4.9 (4)

mHp+ cHp+
(n= 112)

91.5 (101) 9.8 (11)

Physician diagnosed asthma
(n= 2,353)

No
% (n=2,199)

Yes
% (n=154)

Chi-square
(p=0.14)

mHp- cHp-
(n=1,441)

94.1 (1,356) 5.9 (85)

mHp+ cHp-
(n= 726)

93.1 (676) 6.9 (50)

mHp- cHp+
(n= 79)

88.6 (70) 11.4 (9)

mHp+ cHp+
(n= 107)

90.7 (97) 9.3 (10)

Eczema (n= 2,373)

No
% (n=1,897)

Yes
% (n=476)

Chi-square
(p=0.08)

mHp- cHp-
(n= 1,451)

81.5 (1,183) 18.5 (268)

mHp+ cHp-
(n= 731)

77.7 (568) 22.3 (163)

mHp- cHp+
(n= 82)

79.3 (65) 20.7 (17)

mHp+ cHp+
(n= 109)

74.3 (81) 25.7 (28)
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Values are percentages (absolute numbers). H. pylori status of mother (mHp) and children (cHp)

related to childhood wheezing, asthma, eczema, and inhalant allergy.

Inhalant allergy (n= 2,749)

No
% (n=2,576)

Yes
% (n=173)

Chi-square
(p=0.32)

mHp- cHp- (n)
(n= 1,626)

94.0 (1,529) 6.0 (97)

mHp+ cHp-
(n= 888)

92.7 (823) 7.3 (65)

mHp- cHp+
(n= 94)

96.8 (91) 3.2  (3)

mHp+ cHp+
(n= 141)

94.3 (133) 5.7 (8)
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Supplementary Table 6. Associations of paired mother-child’s H. pylori status with asthma stratified

by ethnicity.

Asthma
Odds Ratio (95% CI)

Asthma
Odds Ratio (95% CI)

European n = 1,642 Non-European n = 711
mHp- cHp- Reference

n = 67 / 1,1971
mHp- cHp- Reference

n = 18 / 244

mHp+ cHp-
1.08
(0.62, 1.87)
n = 19 / 353

mHp+ cHp-
0.93
(0.46, 1.89)
n = 31 / 373

mHp- cHp+
3.25
(1.41, 7.54)*
n = 8 / 59

mHp- cHp+
0.57
(0.06, 5.92)
n = 1 / 20

mHp+ cHp+
4.07
(1.47, 11.31)*
n = 6 / 33

mHp+ cHp+ 0.73
(0.26, 2.59)
n = 4 / 74

Values are odds ratios for asthma (95% confidence interval) from logistic regression models.

Models were adjusted for maternal age, pre-pregnancy body mass index, educational level, history of

asthma or atopy, parity, psychological stress during pregnancy, and child’s sex, gestational age at

birth, birth weight, breastfeeding, pet keeping, lower respiratory tract infections, and antibiotic use.

Overall PInteraction ethnicity * H. pylori: <0.05.

1n = number of cases (i.e. children with asthma) per total group (i.e. according to H. pylori status

*p < 0.01
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Supplementary Table 7. Univariate comparisons of child’s and maternal characteristics with H. pylori

and with asthma.

H. pylori

N = 3,797

Asthma

N = 3,062

No Yes p-value No Yes p-value

Male sex 1819 150 0.01 1461 120 0.01

Gestational age at birth, weeks 39.9 39.9 0.49 39.9 39.3 <0.001

Birth weight, grams 3445 332 0.89 3461 3353 0.01

Ethnicity <0.001 0.07

European 2354 138 2013 127

Non-European 1111 194 851 71

Breastfeeding 0.55 0.05

Never 461 46 348 33

Ever 3004 286 2516 165

Pet keeping 0.01 0.75

No 2222 238 1857 131

Yes 1243 94 1007 67

LRTI’s at age 6 years 0.96 <0.001

No 3300 316 2771 154

Yes 165 16 93 44

Antibiotic use cumulative 0.05 <0.001

Never 479 29 461 4

1-2 periods 1463 136 1226 82

3 or more periods 722 50 577 78
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Maternal education level <0.001 0.05

Primary, or secondary 1702 220 1324 104

Higher 1763 112 1540 94

Maternal age, years 31.3 29.5 <0.001 31.5 31.4 0.73

Maternal body mass index 24.6 25.2 0.03 24.5 25.3 0.01

History of asthma or atopy 0.29 <0.001

No 2132 213 1804 95

Yes 1333 119 1060 103

Parity 0.01 0.47

0 1936 164 1624 107

≥1 1529 168 1240 91

Smoking during pregnancy 0.19 0.01

No 2961 274 2483 161

Yes 504 58 381 37

Psychological distress during

preganancy
<0.001 0.02

No 3179 276 2661 176

Yes 285 56 203 22

Numbers are means or absolute values
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