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Abstract
Background Helicobacter pylori is a prevalent infection that may complicate pregnancy, but evidence remains 
limited, controversial and may not apply to all pregnant women.

Objective This study aims to evaluate whether Helicobacter pylori is a risk factor for adverse pregnancy outcomes and 
to identify vulnerable subpopulations.

Study design Multiplex serology was utilized to measure blood levels of immunoglobulin G against eight 
Helicobacter pylori antigens in 1372 pregnant women from three European birth cohorts: BiB (United Kingdom), Rhea 
(Greece) and INMA (Spain). Outcomes of interest included gestational diabetes mellitus, gestational hypertension, 
preeclampsia, preterm birth and small for gestational age neonates, as well as prenatal anxiety and depression. 
Adjusted logistic regression models were used to evaluate the association between Helicobacter pylori seropositivity 
(overall and by antigen) and antigen specific antibody levels with the outcomes. We examined effect modification of 
the associations by ethnicity.

Results Helicobacter pylori seropositivity was detected in 18.8% (258/1372) of pregnant women. Preeclampsia was 
the least common outcome (26/830). Helicobacter pylori seropositivity was associated with the development of two or 
more adverse pregnancy outcomes (gestational hypertension, gestational diabetes, preterm birth, small gestational 
age and preeclampsia) [OR:1.32 (95% CI: 1.06–1.65), p-value: 0.01], especially in women with high antibody levels to 
OMP antigen [OR: 2.12 (95% CI: 1.62–2.76), p-value: 0.001]. Women with high antibody levels to Helicobacter pylori 
antigens GroEL and NapA were more likely to develop preeclampsia [OR: 2.34 (95% CI: 1.10–8.82), p-value: 0.03; 
OR: 4.09 (95% CI: 1.4-11.93), p-value 0.01)]. Helicobacter pylori seropositivity increased the odds of developing any 
hypertensive disorder during pregnancy among women of western ethnicity (948/1372) [OR:3.35 (95% CI: 1.29–8.74), 
p-value 0.03].

Conclusion Our study suggests that Helicobacter pylori seropositivity is a risk factor for multiple adverse pregnancy 
outcomes and particularly in women of western origin for hypertensive disorders during pregnancy. Moreover, 
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Background
Pregnancy-related complications continue to be a major 
public health problem and can have lifelong conse-
quences for both mother and offspring [1]. Smoking, 
alcohol, maternal weight and age among others, are 
well defined risk factors for pregnancy-related compli-
cations, but if we want to develop better treatment and 
prevention strategies we should rethink beyond these 
conventional risk factors [2, 3]. A systematic review and 
meta-analysis, showed that Helicobacter pylori (H.pylori) 
may have a role in the pathogenesis of pregnancy compli-
cations including preeclampsia, gestational diabetes mel-
litus, fetal growth restriction, spontaneous abortion and 
birth defects [4].

H.pylori is a bacterium that colonizes the gastric envi-
ronment of 44% of the world population [5]. The major-
ity of H.pylori infected people are asymptomatic. H.pylori 
is related to the development of gastroduodenal distur-
bances such as chronic gastritis, peptic ulcer disease 
and gastric cancer [6], however, growing evidence indi-
cates that H.pylori is implicated in several extragastric 
manifestations [7, 8]. Previous studies on the association 
between H.pylori and pregnancy disorders are hampered 
by small sample size, their focus on symptomatic H.pylori 
infections and limitations on H.pylori detection meth-
ods. For example, H.pylori induces complex antibody 
responses that cannot be captured by assays targeting 
only one antigen e.g. Cag pathogenicity island protein A 
(CagA). Different mechanisms are suggested about how 
the pathogen complicates pregnancies, including chronic 
inflammation (in gestational diabetes), suboptimal pla-
cental development (in preeclampsia) and micronutrient 
depletion (in fetal growth restriction) [9]. Moreover, dur-
ing pregnancy, physiological immunological adaptations 
could activate a latent H.pylori infection and accelerate 
disease processes related to pregnancy disorders [10]. 
The association of H.pylori with perinatal mental disor-
ders (depression and anxiety) has not been studied. Our 
interest in such associations is founded on previous stud-
ies linking H.pylori with neuro-psychiatric diseases [11, 
12] and symptoms of depression and anxiety in the gen-
eral population [13, 14].

The aim of this study is to evaluate the association 
between H.pylori and adverse pregnancy outcomes pool-
ing data from three European birth cohorts. We identi-
fied H.pylori seropositive women during pregnancy by 
performing multiplex serology in the same lab for all 
samples limiting inter-assay variability and used har-
monized data between cohorts on outcomes of interest. 

We examined antigen-specific associations based on 
seropositivity and magnitude of antibody response. We 
hypothesize that H.pylori seropositivity is associated 
with adverse pregnancy outcomes and adverse perinatal 
mental disorders, and that in both cases the association 
is antigen specific and stronger in women with higher 
antibody levels. Moreover, the effect of H.pylori seroposi-
tivity on pregnancy outcomes does not uniformly impact 
the pregnant women and that susceptible individuals 
exist.

Methods
This is a cross-sectional analysis using data from three 
population-based birth cohort studies in Europe: Born 
in Bradford (BiB) in the UK, Rhea Mother Child Cohort 
study in Greece and INfancia y Medio Ambiente (INMA) 
in Spain (Sabadell and Valencia). These studies were 
selected because they could provide existing blood sam-
ples and they represent different populations in Europe 
(north, south, west and east). Overall, inclusion criteria 
for BiB were: to give birth at the Bradford Royal Infirmary 
and to be resident in Bradford before delivery [15]. Inclu-
sion criteria for Rhea were: to be resident in the study 
area, to be at least 16 years old, to have the first antenatal 
visit in any hospitals or private clinic in Heraklion district 
and to not have any communication handicap [16]. Inclu-
sion criteria for INMA were: to be resident in one of the 
study areas, to be at least 16 years old, to have a single-
ton pregnancy, to not have followed any programme of 
assisted reproduction, to wish to deliver in the reference 
hospital and to have no communication problems [17]. 
In this analysis we only considered singleton pregnan-
cies. National and international guidelines (Declaration 
of Helsinki and Ethical code) were adhered to, and data 
was managed according to the Spanish Law on Data Con-
fidentiality (Ley Orgánica 15/1999 de 13 de Diciembre de 
Protección de Datos de carácter personal [LOPD]) elimi-
nating personal identifiers. The study objectives were 
explained to each participant, followed by the signing of 
an informed consent.

Exposure
Blood samples were collected at the end of the first tri-
mester in the INMA cohort, at the end of the second 
trimester in the BiB cohort) and at birth (cord blood) in 
the Rhea cohort processed following standard proce-
dures and stored at −80 °C until analysis. Serum aliquots 
of 100µL masked as regard individual identity and char-
acteristics were shipped on dry ice to the immunology 

pathogen specific characteristics reflected in the antibody responses against OMP, GroEL and NapA seem to 
determine disease associations.
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lab in ISGlobal for serological analysis. This small blood 
volume required, minimizes selection bias. Immuno-
globulin G (IgG) seroreactivity was measured against 
eight H.pylori antigens by fluorescent bead-based multi-
plex serology (1:1000 serum dilution). H.pylori antigens 
included were: Chaperonin GroEL (GroEL), Urease alpha 
subunit (UreaA), HP0231, Neutrophil-activating protein 
(NapA), H.pylori adhesion A (HpaA), Cag pathogenic-
ity island protein A (CagA), catalase, vacuolating cyto-
toxin A (VacA), Helicobacter cysteine-rich protein C 
(HcpC), and outer membrane protein (OMP). Antibody 
reactivities were simultaneously quantified as median 
fluorescence intensity (MFI) values. Seropositivity for a 
given protein was defined as seroreactivity greater than 
the protein specific cut-off. Cut-offs were based on the 
reactivity of negative controls and were calculated as 10 
mean+3 sd of log10-transformed MFIs of the negative con-
trols for each antigen. H.pylori overall seropositivity was 
defined as being seropositive to at least three out of the 
eight antigens.

We should note that IgG levels in cord blood reflect the 
mother’s IgG levels at delivery, which are strongly corre-
lated with maternal levels during pregnancy according to 
correlations between pregnancy and cord blood samples 
in a group of 21 participants from the Rhea study [18].

Pregnancy outcomes
We considered the following outcomes based on a recent 
systematic review and meta-analysis [4]: gestational 
hypertension, preeclampsia (missing from INMA), gesta-
tional diabetes mellitus (GDM), preterm birth, small for 
gestational age (SGA). These variables were harmonized 
between cohorts during the EC-H2020 LifeCycle Proj-
ect 19 and the Helix project [19, 20]. We also considered 
clustering of the aforementioned outcomes (gestational 
hypertension, GDM, preterm birth and SGA) and created 
a multimorbidity variable with and without considering 
preeclampsia (due to missing information from INMA). 
We also considered mental health outcomes particularly 
prenatal depression and anxiety. Outcomes definitions 
can be found in additional file1.

Statistical analysis
Descriptive statistics were used to examine differences 
between demographic characteristics and H.pylori sero-
logical results. Logistic regression models were used 
to study the association of: (i) H.pylori status (sero-
positive vs. seronegative), (ii) antigen-specific H.pylori 
status (seropositive vs. seronegative) and (iii) antigen-
specific antibody levels [high levels (≥ median of sero-
positive), low levels (< median of seropositives) or 
seronegative], with the outcomes of interest. Associations 
with VacA seropositivity were not examined because 
only two women were seropositive. Multinomial logistic 

regression was used to evaluate the association between 
H.pylori status and multimorbidity variables. Possible 
confounders were identified with directed acyclic graphs 
[21] based on background knowledge on determinants of 
the exposure and outcome variables (additional files2 to 
4) and include: any smoking during pregnancy (yes, no); 
ethnicity [western (EU, Andorra, Australia, Canada, Ice-
land, Liechtenstein, Monaco, New Zealand, Norway, San 
Marino, Switzerland, USA, UK and Vatican City), non-
western (all other countries) or mixed]; educational level 
(high: short cycle tertiary, Bachelor, Masters, Doctoral or 
equivalent; medium: upper secondary, post-secondary 
non-tertiary; low: no education, early childhood, pre-pri-
mary, primary, lower secondary or second stage of basic 
education); pre-pregnancy body mass index (BMI) (kg/
m2 before pregnancy); and maternal age. These variables 
were harmonized between cohorts during the EC-H2020 
LifeCycle Project 19 and the Helix project 19,20. Statisti-
cal power was assessed previous to the analysis. For an 
expected Odds Ratio (OR) of 2.51 for the association 
between H.pylori and preeclampsia (the rarest outcome) 
[4], a statistical power of 0.8 with a 95% confidence inter-
val could be achieved with our sample size (n = 830 for 
preeclampsia).

We tested for effect modification of the associations by 
ethnicity, and stratified the analyses accordingly. This was 
based on heterogeneity in results from previous studies 
in western and non-western populations, indicating that 
we should take into account ethnicity to be able to iden-
tify vulnerable populations [22]. All analyses were per-
formed with RStudio Software 1.4.1106.

Results
Population characteristics
A total of 1372 singleton pregnancies were included 
in this analysis, 571 from BiB, 322 from Rhea and 479 
from the INMA cohort. The mean age among all moth-
ers was 29.7 years old, 70.7% were of western ethnicity, 
49.5% had a normal pre-pregnancy BMI, 20.8% smoked 
during pregnancy and 39.2% had a low educational level 
(Table 1).

Out of all pregnant women, 18.8% were H.pylori sero-
positive, with the most prevalent strains among seroposi-
tives being GroEL (81.8%) and Cag A (74.8%) (additional 
file5). Seroprevalence rates in each cohort were 16.6% 
(BiB), 16.8% (Rhea) and 22.8% (INMA) (p-value: 0.021). 
H.pylori seropositive women from BiB were more likely 
to be CagA seropositive (82.1%), whereas seropositive 
women from Rhea and INMA, were more likely to be 
GroEL seropositive (83.3% and 82.6% respectively) (addi-
tional file6).
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Helicobacter pylori and adverse pregnancy outcomes
The prevalence of pregnancy outcomes overall and in 
H.pylori seropositive women, as well as the unadjusted 
and adjusted estimates of the association between 
H.pylori and each outcome are shown in Table 2. The rar-
est outcome was preeclampsia (3.1%) and preterm birth 

was the most common (13.2%). Also 15.7% and 20.0% 
of women had prenatal depression and anxiety respec-
tively (Table  2). Gestational hypertension, and GDM, 
were more prevalent in women from the BiB cohort. Pre-
term birth was more prevalent in the Rhea cohort (addi-
tional file7). No statistically significant associations were 

Table 1 Population characteristics among all participants (n = 1372) (%) and % H.pylori positive (HP+(%))
Total
population (n = 1372)

Missings By cohort
BiB (n = 571) Rhea (n = 322) INMA (n = 479)

(%) HP+(%) (%) (%) (%)
Smoking in pregnancy (any) 20.8 17.7 39 10.9 26.6 29.1
 p-value 0.65a < 0.001b

Ethnicity
 Western 70.7 17.4 31 32.6 100 98.2
 Non-western 28.3 22.4 65 0 1.9
 Mixed 1 15.4 2.3 0 0
 p-value 0.09 < 0.001
Education level
 High 27.7 19.3 64 24.4 28.8 30.6
 Medium 33.1 18.7 14.7 52.7 41.1
 Low 39.2 19.1 60.9 18.5 28.3
 p-value 0.96 < 0.001
Pre-pregnancy BMIc

 < 18.5 kg/m2 3 23.1 68 0.4 4.1 5.2
 18.5–24.9 kg/m2 49.5 20.5 31.5 59.3 63.3
 25–29,9 kg/m2 28.1 14.7 35.9 25.8 21.5
 ≥ 30 kg/m2 19.4 20.2 32.3 11.5 10.0
 p-value 0.11 < 0.001
 Maternal age
(mean, SD)

29.7, 5.8 38 28.4, 5.6 30.0, 5.6 31.0, 6.0

 p-value < 0.001
p-values indicate differences in characteristics by H.pylori status in the overall population a and differences in characteristics by cohort b. BMI c (body mass index)

Table 2 Pregnancy related complications and their association with H.pylori seropositivity
Outcomes (%) H.pylori seroposi-

tive (%)
Unadjusted OR(95% CI) 
p-value

Adjusted a OR (95% CI)
p- value

Missings
data on 
outcomes

Gestational hypertension 6.0 5.2 0.84 (0.43–1.05)
0.58

1.29 (0.64–2.44)
0.44

53

Preeclampsia 3.1 4.4 1.54 (0.55–3.69)
0.36

2.37 (0.81–6.23)
0.09

542

Gestational diabetes 8.8 8.5 0.96 (0.56–1.79)
0.89

1.13 (0.63–1.94)
0.68

219

Preterm birth 13.2 11.8 0.85 (0.55–1.27)
0.46

1.04 (0.65–1.49)
0.86

22

Birth weight for 
gestational age

SGA 9.1 10.6 1.22 (0.78–1.91)
0.29

1.16 (0.71–1.89)
0.55

16

AGA 86.5 86.3 1 1
LGA 4.4 3.1 0.67 (0.31–1.42)

0.39
0.74 (0.34–1.61)
0.46

Prenatal depression 15.7 17.9 1.02 (0.97-1,08)
0.29

1.04 (0.98–1.09)
0.18

211

Prenatal anxiety 20.0 19.7 0.99 (0.93–1.05)
0.81

0.99 (0.93–1.05)
0.81

207

aAdjusted by cohort, ethnicity, educational level, maternal age, pre-pregnancy BMI (body mass index) and smoking in pregnancy. SGA (small for gestational age), 
AGA (adequate for gestational age), LGA (large for gestational age)
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revealed between H.pylori seropositivity and each out-
come of interest (Table 2). However, there was weak evi-
dence (p-value 0.09) for an association between H.pylori 
seropositivity and preeclampsia (OR: 2.37 95% CI: 0.81–
6.23) (Table 2). Results by cohort are shown in additional 
file7.

H.pylori seropositive versus seronegative women were 
more likely to present ≥ 2 adverse outcomes (OR: 1.52 
95%CI: 1.44–1.57, p-value: <0.001 for the score without 
considering preeclampsia due to missing info in ΙΝΜΑ 
cohort, and OR: 1.32 95%CI: 1.06–1.65, p-value: 0.01 
when considering preeclampsia in the score) (Table 3).

Helicobacter pylori antigen-specific antibody responses and 
adverse pregnancy outcomes
No significant associations were revealed between 
antigen-specific seropositivity and single outcomes 
(additional file8). When we distinguished seroposi-
tives according to the magnitude of antibody response, 
we identified higher odds of developing preeclampsia 
in those with higher antibody levels (above the median) 
to GroEL (OR: 3.12 95%CI:1.10–8.82, p-value: 0.03, 
p-value for trend: 0.04) and NapA (OR:4.09 95%CI: 
1.40-11.93, p-value: 0.01, p-value for trend: 0.03) com-
pared to seronegative women to the corresponding 
antigens (additional file9). Regarding presentation of 
multiple complications, seropositivity to OMP was 
associated with higher odds of developing two or 
more complications including preeclampsia (OR: 2.12 
95%CI:1.62–2.76, p-value: <0.001), whereas inverse asso-
ciation was observed for seropositivity to HpaA (OR: 
0.84 95%CI: 1.38–2.43) (additional file10). Women with 
low levels of NapA were more likely to present multiple 

complications including preeclampsia (OR:1.14 95%IC: 
1.01–1.96, p-value:0.04), and both high and low levels 
of GroEL were associated with the development of ≥ 2 
complications (OR:2.34 95%CI: 1.71–3.19, p-value < 0.001 
and OR: 1.85 (1.38–2.49),<0.001 respectively) (additional 
file11).

Results by ethnicity
Ethnicity was found to modify the association between 
H.pylori and any hypertensive disorder of pregnancy 
(Table 4). When the analysis was stratified, H.pylori sero-
positivity women of western origin had higher odds of 
developing any hypertensive disorder (OR: 3.35 95%CI: 
1.29–8.74, p-value: 0.03). Of note, women of western 
versus of non-western origin were less likely to be CagA, 
HpaA, NapA and UreaA seropositive (additional file12).

Discussion
In this analysis across three birth-cohorts in Europe, we 
observed that H.pylori seropositivity was associated with 
development of more than 2 adverse pregnancy out-
comes. High responders to GroEL and NapA H.pylori 
specific antigens were more likely to develop preeclamp-
sia, highlighting the role of pathogen-specific character-
istics in these associations. Moreover, women of western 
origin H.pylori seropositive were more likely to develop 
any hypertensive disorder of pregnancy including pre-
eclampsia, indicating a population at risk.

H.pylori has emerged as a risk factor for a number of 
adverse pregnancy outcomes [4]. However, the develop-
ment of more than one adverse outcome has been largely 
neglected in previous studies although it represents 
an important challenge of health systems and may help 

Table 3 Presence of multiple pregnancy-related outcomes and their association with H.pylori seropositivity (HP+) (n = 1372)
nº outcomes n(%) Adjusted a OR in HP+, (95% CI)

p- value
Missings 
data on 
outcomes

Gestational hypertension,
gestational diabetes, preterm birth and SGA

0 768 (68.1) 1 244
1 303 (26.9) 1.01 (0.71–1.44), 0.96
≥ 2 57 (5.1) 1.52 (1.44–1.57), < 0.001

Gestational hypertension, gestational diabetes, 
preterm birth, SGA and preeclampsia

0 372 (58.1) 1 732
1 205 (32.0) 0.95 (0.60–1.5), 0.83
≥ 2 63 (9.8) 1.32 (1.06–1.65), 0.01

aAdjusted by cohort, smoking during pregnancy, ethnicity, educational level, maternal age, pre-pregnancy body mass index and smoking in pregnancy educational 
level. SGA (small for gestational age)

Table 4 Adjusted odds ratio [OR, (95% CI)] between H.pylori seropositivity, gestational hypertension, preeclampsia and any 
hypetensive disorder of pregnancy stratified by ethnicity (western / non-western)
Outcomes Adjusted a OR, 95% CI; p-value p-value for interaction

Western Non-western
Gestational hypertension 1.73 (0.77–3.92) 0.15 0.77 (0.25–2.38) 0.64 0.07
Preeclampsia 2.96 (0.86–10.23) 0.11 1.77 (0.31–9.99) 0.34 0.07
Any hypertensive disorder of pregnancy 3.35 (1.29–8.74); 0.03 0.97 (0.34–2.76) 0.82 < 0.001
a Adjusted by cohort, smoking during pregnancy, maternal age, pre-pregnancy body mass index and educational level
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identify common risk factors. For example, one previous 
study showed that H.pylori seropositive women were at 
increased risk of complicated pregnancies by both pre-
eclampsia and SGA [23]. We showed that H.pylori sero-
positive women were more likely to present ≥ 2 adverse 
pregnancy outcomes including preeclampsia, gesta-
tional hypertension, GDM, preterm birth and SGA. We 
also observed that OMP seropositivity was particularly 
associated with co-occurence of multiple adverse out-
comes. Existing literature suggests OMP’s influence on 
the virulence of H.pylori infection, particularly through 
its involvement in adhesion to human epithelial cells, 
bacterial penetration through defense barriers leading to 
colonization, and its role in evading the immune system 
to establish persistent infection [24].

According to a meta-analysis, H.pylori infection 
doubles the risk of developing preeclampsia [25]. We 
observed a similar effect estimate although at a p-value 
of 0.09. Given the fact that most epidemiological stud-
ies, including ours, are assessing populations with mixing 
ethnic backgrounds, we investigated whether ethnicity 
could modify the association between H.pylori and pre-
eclampsia and/or hypertensive disorders of pregnancy. 
The effect estimates were stronger among women of 
western origin. This heterogeneity in associations by 
ethnicity could reflect differences in the age of infection, 
childbearing and sanitation practices, H.pylori variants 
dominant in western and non-western countries as well 
as genetic differences of the hosts [26]. Moreover, previ-
ous studies have concluded that H.pylori is likely more 
harmful in Asians (increasing the risk of 15 types of dis-
eases) and in Europeans [27]. The role of ethnicity war-
rants further investigation.

Our antigen-specific analysis included 8 strain-specific 
antigens making it more informative than previous anal-
yses that are largely focused on CagA responses. In our 
study, high antibody responses against GroEL and NapA 
were associated with the presentation of preeclampsia. 
Previous studies have demonstrated that NapA activates 
neutrophils, antagonizes oxidative stress and mediates 
the H.pylori binding to host cells and stomach mucus 
[28]. GroEL belongs to the family of molecular chap-
erones and is associated with the H.pylori adhesion to 
human gastric epithelial cells and induces inflamma-
tion responses [29]. Further, these antigen-specific asso-
ciations might reflect immune mediated mechanisms 
implicated in the pathogenesis of hypertensive disorders 
during pregnancy; for example, a possible cross-reaction 
between specific H.pylori antibodies and antigens local-
ized in placental tissue and endothelial cells (molecular 
mimicry) [30]. An in vivo study has demonstrated the 
presence of cross-reactivity between anti-CagA antibod-
ies and β-actin of trophoblast cells [31].

No significant link between H.pylori and prenatal 
depression and anxiety was observed in our study. We 
should acknowledge though that the three cohorts used 
different methods to diagnose depression and anxiety 
during pregnancy. Nevertheless, prevalence of the dis-
orders seems to be similar to previous estimates in each 
country [32]. It’s worth noting that we are the first to 
examine the association with pregnancy related mental 
health disorders, and additional research is warranted.

In 2017, the American College of Gastroenterology 
expanded indications for H.pylori testing and recom-
mended treating all H.pylori infections regardless of 
symptomatic or pathologic burden [33]. The most com-
mon regimens are the prescription of two antibiotics, 
mostly amoxicillin and clarithromycin combined for two 
weeks [34].

Further research is needed to provide robust evidence 
on the role of H.pylori on pregnancy related outcomes, 
particularly hypertensive disorders of pregnancy, taking 
into account pathogen specific factors and host char-
acteristics. Moreover, we expect further studies inves-
tigating the potential association of the infection with 
prenatal mental disorders, since no previous literature 
exists on this topic.

Our study is strengthened by its study design, size and 
the pooling of data from three European birth cohort 
studies. Particularly, we performed the same serological 
testing in all samples in the same lab under identical con-
ditions, to minimize heterogeneity on methods of assess-
ment of exposure and limiting inter-assay variability and 
batch effects. Compared to the less extensive serologi-
cal testing of previous studies, our multiplex approach 
allowed us to identify antigen-specific associations. 
Moreover we were able to assess associations related to 
the magnitude of antibody response. Another strength is 
the availability of harmonized data on outcomes (apart 
from depression and anxiety) and confounders [35]. 
These data are considered reliable and they have been 
used before in other studies [36, 37].

There are also limitations to consider. First, due to ethi-
cal and practical considerations, we had to rely on serol-
ogy as a proxy for H.pylori exposure instead of the gold 
standard of histology. We used the presence of IgG anti-
bodies to evaluate the exposure, which is widely used 
to estimate prior exposure to a particular pathogen It is 
likely that most cases of maternal H.pylori seropositiv-
ity correspond to a primary infection acquired before 
pregnancy because H.pylori is usually acquired during 
childhood. We also speculate that most cases of sero-
positivity in this study represent a primary untreated 
infection because largely H.pylori infection remains 
asymptomatic and undiagnosed, while re-infections are 
unusual. Secondly, the Rhea cohort provided cord blood 
samples instead of maternal samples. However, IgG levels 
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in cord blood reflect the mother’s IgG levels at delivery, 
which are strongly correlated with maternal levels dur-
ing pregnancy [18]. Lastly, missing data on preeclamp-
sia might have limited the power of the specific analyses, 
although our sample size (n = 830) was sufficient for a sta-
tistical power of 0.8, and the missing information was for 
all participants of a specific cohort (e.g. information for 
preeclampsia was not available in INMA cohort). Chance 
findings are always of concern when multiple compari-
sons are performed but the analyses have followed a pri-
ori hypothesis and the pattern of results does not point 
to chance findings. Nonetheless, after accounting for 
multiple testing of all statistical tests between exposures 
and outcomes by controlling the false discovery rate at 
0.25 based on the method by Benjamini and Hochberg, 
we still observed statistically significant associations for 
H.pylori seropositivity, seropositivity and levels of CagA, 
GroEL, HcpC, HpaA, NapA and OMP and seropositivity 
to UreaA with the development of multiple adverse out-
comes; and for high NapA level with preeclampsia.

Conclusion
Among women from three European birth cohorts, 
H.pylori seropositivity in pregnancy was associated with 
development of two or more adverse pregnancy out-
comes. We also provided support for heterogeneous 
associations between ethnic groups for H.pylori and 
hypertensive disorders of pregnancy, with women of 
western origin being at increased risk. Further research 
is needed to accumulate the necessary evidence required 
for the development of long-awaited opportunities to 
prevent pregnancy-related disorders by screening and 
treating H.pylori.

Abbreviations
H.pylori  Helicobacter pylori
IgG  Immunoglobulin G
BiB  Born in Bradford
Rhea  Rhea Mother Child Cohort
INMA  INfancia y Medio Ambiente
GroEL  Chaperonin GroEL
UreaA  Urease alpha subunit
NapA  Neutrophil-activating protein
HpaA  H.pylori adhesion A
CagA  Cag pathogenicity island protein A
VacA  Catalase, vacuolating cytotoxin A
HcpC  Helicobacter cysteine-rich protein C
OMP  Outer membrane protein
GDM  Gestational diabetes mellitus
SGA  Small for gestational age
OR  Odds Ratio

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 2 8 8 4 - 0 2 4 - 0 6 9 0 1 - 5     .  

Additional file 1: Outcomes definition. Harmonized through either EC-
H2020 LifeCycle or Helix project (.docx). This file provides the definition 
used for each of the outcomes evaluated in this study. Because we worked 

with three different cohorts, the definitions were harmonized through the 
LifeCycle or the Helix project.

Additional file 2: Pregnancy outcomes directed acyclic graph (pdf ). Green 
circles indicate exposures, blue circles with a black lines indicate outcome, 
solid blue circles indicate intermediate variables, solid red circles indicate 
confounding variables. Red arrows indicate a confounded variable path 
and green arrows indicate a causal path.

Additional file 3: Birth outcomes acyclic graph and legend (pdf ).

Additional file 4: Perinatal mental disorders outcomes directed acyclic 
graph (pdf ).

Additional file 5: Helicobacter pylori seroprevalence overall and to 8 specific 
antigens in pregnant women (.docx). This table provides the Helicobacter 
pylori seroprevalence overall (defined as being positive to at least three 
antigens) and the seroprevalence for each of the antigens analyzed.

Additional file 6: Overall Helicobaceter pylori seropositivity and seropositiv-
ity rates for each antigen among all participants and by cohort (.docx). This 
table provides the Helicobacter pylori seroprevalence overall (defined as 
being positive to at least three antigens) and the seroprevalence for each 
of the antigen analyzed for each cohort, and the p-value for de difference 
in seroprevalence between them.

Additional file 7: Pregnancy outcomes and their association with Helico-
bacter pylori seropositivity by cohort. This table provides the prevalence 
for each outcome in the overall population and by cohort, as well as 
the adjusted odds ratio for the relationship between Helicobacer pylori 
seropositivity and pregnancy outcomes. It also shows the p-values for the 
differences by cohort in outcomes prevalence.

Additional file 8: Adjusted Odds Ratio [(95% CI), p-value] between 
Helicobacter pylori antigen-specific seropositivity and pregnancy-related 
complications (n = 1372). This table provides the adjusted odds ratios for 
the relationship between the Helicobacter pylori antigens seropositivity 
analyzed and pregnancy outcomes in the overall population.

Additional file 9: Adjusted Odds Ratio [95% CI, p-value] between  Heli-
cobacter pylori antigen-specific antibody levels and pregnancy-related 
complications (n = 1372).This table provides the adjusted odds ratios for 
the relationship between the Helicobacter pylori antigens level (low if 
the antibody level is below the median seropositivity level, and high if 
the level is above the median) analyzed and pregnancy outcomes in the 
overall population.

Additional file 10: Adjusted Odds Ratio [(95%CI), p-value] between Helico-
bacter pylori antigen-specific seropositivity and multimorbidity outcomes 
(n = 1372). This table shows the adjusted odds ratio for the association 
between Helicobacter pylori antigens seropositivity and multimorbidity 
(gestational hypertension, gestational diabetes, preterm birth and small 
gestational age and preeclampsia). Likelihood of developing 0, 1 or 2 or 
more outcomes at the same time when participants were seropositive to 
the antigens.

Additional file 11: Adjusted Odds Ratio [(95%CI), p-value] between Heli-
cobacter pylori antigen-specific antibody levels and presence of multiple 
pregnancy-related outcomes.This table shows the adjusted odds ratio for 
the association between Helicobacer pylori antigens serological level (low 
if the antibody level is below the median seropositivity level, and high if 
the level is above the median) and multimorbidity (gestational hyperten-
sion, gestational diabetes, preterm birth and small gestational age and 
preeclampsia). Likelihood of developing 0, 1 or 2 or more outcomes at the 
same time depending on the serological level to the antigens.

Additional file 12: Protein specific seropositivity rates by ethnicity among 
all (n = 1372). This table shows the Helicobacter  pylori specific antigens 
seroprevalence according to ethnicity (seroprevalence among western 
and non-western women).

Acknowledgements
We are grateful to all the participants, health professionals and researchers 
from the different cohorts who have made this study happen. We 
acknowledge La Maratò de TV3 2017 for funding this project, the Instituto 

https://doi.org/10.1186/s12884-024-06901-5
https://doi.org/10.1186/s12884-024-06901-5


Page 8 of 9Galan et al. BMC Pregnancy and Childbirth          (2024) 24:745 

de Salud Carlos III for funding the INMA cohort and the European fundings 
that support the Rhea project. Born in Bradford is only possible because of 
the enthusiasm and commitment of the children and parents in BiB. We are 
grateful to all the participants, health professionals and researchers who 
have made Born in Bradford happen, as well as the Wellcome Trust, the UK 
Medical Research Council and Economic and Social Science Research Council 
for funding the project. ISGlobal acknowledges support from the Spanish 
Ministry of Science and Innovation through the “Centro de Excelencia Severo 
Ochoa 2019‐2023” Program, and support from the Generalitat de Catalunya 
through the CERCA Program.

Author contributions
M.Kar., G.M., C.D. and MKog; Methodology: M.Kar., G.M., C.D. and R.A.; Formal 
analysis: M.Kar., R.G, V.B.L.P. and R.A.; Investigation: V.B., L.P. and R.A.; Data 
curation: V.B., L.P. and R.A.; Writing-original draft preparation: M.Kar. and R.G.; 
Writing-review and editing: M.Kar., R.G., L.P., M.B., R.A., D.M., M.V., M.B., T.R., 
J.MDS., N.M., M.V., V.B., G.M., C.D and M.Kog.; Visualization: M.Kar. and R.G.; 
Funding acquisition: G.M., C.D. and M.Kog.;Supervision: G.M., C.D. and M.Kog.

Funding
This work has been founded by La Mataró de TV3 2017 (project num- ber 
201819, Reg. 78/437). The INMA Sabadell cohort has been funded by 
the Instituto de Salud Carlos III (Red INMA G03/176) and Generalidad de 
Catalunya-CIRIT 1999SGR 00241. The Rhea project has been financially 
supported by European projects (EU FP6-2003-Food-3-NewGeneris, EU 
FP6-STREP-Hiwate, EUFP7-ENV.2007.1.2.2.2.- no.211250-Escape, EUFP7-2008-
ENV-1.2.1.4-Envirogenomarkers, EUFP7-HEALTH-2009-single stage-CHICOS, 
EUFP7ENV.2008.1.2.1.6.-no. 226285-ENRIECO, EU FP7-HEALTH-2012-no. 
308333-HELIX, EU FP7-no. 264357 EU H2020 No. 733206, LIFE-CYCLE) and the 
Greek Ministry of Health (NSRF no. 34958 and no. 365462). Born in Bradford 
receives funding from the Wellcome Trust (WT101597MA) and from the UK 
Medical Research Council (MRC) and Economic and Social Science Research 
Council (ESRC) (MR/N024397/1). ISGlobal receives support from the Spanish 
Ministry of Science and Innovation (“Centro de Excelencia Severo Ochoa 2019-
2023” Program (CEX 2018‐000806‐S), the grant CEX2018-000806-S funded by 
https:/ /sites. google. com/ site/n onlinea rdynami csev olutionlab/funding and 
from the Generalitat de Catalunya through the CERCA Program.

Data availability
Data used for this study are not publicly available.

Declarations

Ethics approval and consent to participate
All studies received approval from the ethics committees of the centers 
involved and written informed consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Barcelona Institute for Global Health (ISGlobal), Carrer Rosello 132, 
Barcelona 08036, Spain
2Department of Medical Statistics, London School of Hygiene and 
Tropical Medicine, London, UK
3Bradford Institute for Health Research, Bradford Teaching Hospitals NHS 
Foundation Trust, Bradford, UK
4Clinic of Preventive Medicine and Nutrition, Department of Social 
Medicine, School of Medicine, University of Crete, Heraklion, Greece
5Department of Medicina, Universitat Jaume I, Castellon 12071, Spain
6Foundation for the Promotion of Health and Biomedical Research in the 
Valencian Region, FISABIO-Public Health, Valencia 46020, Spain
7Faculty of Nursing and Chiropody, Universitat de València,  
Valencia 46001, Spain
8Spanish Consortium for Research on Epidemiology and Public Health 
(CIBERESP), Madrid 28029, Spain
9Centro de Investigación Biomédica en Red de Enfermedades Infecciosas 
(CIBERINFEC), Barcelona, Spain

10Universitat Pompeu Fabra (UPF), Barcelona, Spain
11Hospital del Mar Medical Research Institute (IMIM), Barcelona  
08003, Spain

Received: 6 June 2024 / Accepted: 15 October 2024

References
1. Panaitescu AM, Popescu MR, Ciobanu AM, Gica N, Cimpoca-Raptis BA. Preg-

nancy complications can foreshadow future disease—long-term outcomes 
of a complicated pregnancy. Medicina. 2021;57(12):1320.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 
3 9 0 / m e d i c i n a 5 7 1 2 1 3 2 0     .   

2. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of 
preterm birth. Lancet. 2008;371(9606):75–84.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / s 0 1 4 0 - 6 
7 3 6 ( 0 8 ) 6 0 0 7 4 - 4     .   

3. Dines V, Kattah A. Hypertensive disorders of pregnancy. Adv Chronic Kidney 
Dis. 2020;27(6):531–9. https:/ /doi.or g/10.10 53/j .ackd.2020.05.006.

4. Zhan Y, Si M, Li M, Jiang Y. The risk of Helicobacter pylori infection for adverse 
pregnancy outcomes: a systematic review and meta-analysis. Helicobacter. 
2019;24(2):e12562. https:/ /doi.or g/10.11 11/h el.12562.

5. Zamani M, Ebrahimtabar F, Zamani V, et al. Systematic review with meta-anal-
ysis: The worldwide prevalence of helicobacter pylori infection. Alimentary 
Pharmacology &Therapeutics. 2018;47(7):868–876.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 1 1 / a 
p t . 1 4 5 6 1     .   

6. Golberg D, Szilagyi A, Graves L. Hyperemesis gravidarum and helicobacter 
pylori infection. Obstet Gynecol. 2007;110(3):695–703.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 9 
7 / 0 1 . a o g . 0 0 0 0 2 7 8 5 7 1 . 9 3 8 6 1 . 2 6     .   

7. Mladenova I. Clinical relevance of helicobacter pylori infection. J Clin Med. 
2021;10(16):3473. https:/ /doi.or g/10.33 90/j cm10163473.

8. Santos ML, Brito BB, Silva FA, et al. Helicobacter pylori infection: beyond 
gastric manifestations. World J Gastroenterol. 2020;26(28):4076–93.  h t t  p s : /  / d o  
i .  o r g / 1 0 . 3 7 4 8 / w j g . v 2 6 . i 2 8 . 4 0 7 6     .   

9. Cardaropoli S. helicobacter pylori and pregnancy-related disorders. World J 
Gastroenterol. 2014;20(3):654. https:/ /doi.or g/10.37 48/w jg.v20.i3.654.

10. Hagras AM, Abdelazim IA, Abdou AM, Hussein NA, Samaha II, Elhamamy N. 
(2023). Preconception Helicobacter Pylori Infection Might Adversely Affect 
Pregnancy Outcome. https:/ /doi.or g/10.21 203/ rs.3.rs-2578935/v1

11. Simanek AM, Parry A, Dowd JB. Differences in the association between persis-
tent pathogens and mood disorders among young- to middle-aged women 
and men in the U.S. Brain, Behavior, and Immunity. 2018;68:56–65.  h t t  p s : /  / d o  i .  
o r g / 1 0 . 1 0 1 6 / j . b b i . 2 0 1 7 . 0 9 . 0 1 7       

12. Gu Y, Zheng L, Kumari S, Zhang Q, Liu L, Meng G, et al. The relationship 
between helicobacter pylori infection and depressive symptoms in the gen-
eral population in China: the TCLSIH Cohort Study. Helicobacter. 2019;24(5). 
https:/ /doi.or g/10.11 11/h el.12632.

13. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From inflamma-
tion to sickness and depression: when the immune system subjugates the 
brain. Nat Rev Neurosci. 2008;9(1):46–56.

14. Cader J, et al. Is there any relation of Helicobacter pylori infection to anxiety 
and depressive symptoms? Gastroenterol Polska. 2007;16:397–401. ISSN 
1232 – 886.

15. Raynor P. Born in Bradford, a cohort study of babies born in Bradford, and 
their parents: protocol for the recruitment phase. BMC Public Health. 
2008;8(1). https:/ /doi.or g/10.11 86/1 471-2458-8-327.

16. Chatzi L, Leventakou V, Vafeiadi M, et al. Cohort profile: the mother-child 
cohort in Crete, Greece (Rhea Study). Int J Epidemiol. 2017;46(5).  h t t  p s : /  / d o  i .  o 
r g / 1 0 . 1 0 9 3 / i j e / d y x 0 8 4     .   

17. Guxens M, Ballester F, Espada M, et al. Cohort profile: the inma—infancia y 
medio ambiente—(environment and childhood) project. Int J Epidemiol. 
2011;41(4):930–40. https:/ /doi.or g/10.10 93/i je/dyr054.

18. The Natural History of Human Polyomaviruses and Herpesviruses in Early 
Life—The Rhea Birth Cohort in Greece, Roopenian DC, Akilesh S. FcRn: the 
neonatal fc receptor comes of age. Nat Rev Immunol. 2007;7(9):715–25.

19. LifeCycle project. https://lifecycle-project.eu/. Accessed April 4, 2023.
20. Helix. building the early-life exposome. Data inventory.  h t t  p : / /  w w w  . p  r o j e c t h e 

l i x . e u / i n d e x . p h p / e s / d a t a - i n v e n t o r y     . Accessed April 4, 2023.
21. Acyclic graph online resource. http://www.dagitty.net/. Accessed April 4, 

2023.
22. den Hollander WJ, Holster IL, den Hoed CM, van Deurzen F, van Vuuren 

AJ, Jaddoe VW, et al. Ethnicity is a strong predictor for helicobacter pylori 

https://sites.google.com/site/nonlineardynamicsevolutionlab/funding
https://doi.org/10.3390/medicina57121320
https://doi.org/10.3390/medicina57121320
https://doi.org/10.1016/s0140-6736(08)60074-4
https://doi.org/10.1016/s0140-6736(08)60074-4
https://doi.org/10.1053/j.ackd.2020.05.006
https://doi.org/10.1111/hel.12562
https://doi.org/10.1111/apt.14561
https://doi.org/10.1111/apt.14561
https://doi.org/10.1097/01.aog.0000278571.93861.26
https://doi.org/10.1097/01.aog.0000278571.93861.26
https://doi.org/10.3390/jcm10163473
https://doi.org/10.3748/wjg.v26.i28.4076
https://doi.org/10.3748/wjg.v26.i28.4076
https://doi.org/10.3748/wjg.v20.i3.654
https://doi.org/10.21203/rs.3.rs-2578935/v1
https://doi.org/10.1016/j.bbi.2017.09.017
https://doi.org/10.1016/j.bbi.2017.09.017
https://doi.org/10.1111/hel.12632
https://doi.org/10.1186/1471-2458-8-327
https://doi.org/10.1093/ije/dyx084
https://doi.org/10.1093/ije/dyx084
https://doi.org/10.1093/ije/dyr054
https://lifecycle-project.eu/
http://www.projecthelix.eu/index.php/es/data-inventory
http://www.projecthelix.eu/index.php/es/data-inventory
http://www.dagitty.net/


Page 9 of 9Galan et al. BMC Pregnancy and Childbirth          (2024) 24:745 

infection in young women in a multi-ethnic European city. J Gastroenterol 
Hepatol. 2013;28(11):1705–11. https:/ /doi.or g/10.11 11/j gh.12315.

23. den Hollander WJ, Schalekamp-Timmermans S, Holster IL, Jaddoe VW, 
Hofman A, Moll HA, Perez-Perez GI, Blaser MJ, Steegers EA, Kuipers EJ. Heli-
cobacter pylori colonization and pregnancies complicated by preeclampsia, 
spontaneous prematurity, and small for gestational age birth. Helicobacter. 
2017;22(2). https:/ /doi.or g/10.11 11/h el.12364.

24. Xu C, Soyfoo DM, Wu Y, Xu S. Virulence of helicobacter pylori outer 
membrane proteins: an updated review. Eur J Clin Microbiol Infect Dis. 
2020;39(10):1821–30. https:/ /doi.or g/10.10 07/s 10096-020-03948-y.

25. Nourollahpour Shiadeh M, Riahi SM, Adam I, et al. helicobacter pylori 
infection and risk of preeclampsia: a systematic review and meta-analysis. J 
Maternal-Fetal Neonatal Med. 2017;32(2):324–31.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 8 0 / 1 4 7 
6 7 0 5 8 . 2 0 1 7 . 1 3 7 8 3 3 1     .   

26. Steinthorsdottir V, McGinnis R, Williams NO, et al. Genetic predisposition to 
hypertension is associated with preeclampsia in European and central Asian 
women. Nat Commun. 2020;11(1).  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 3 8 / s 4 1 4 6 7 - 0 2 0 - 1 9 7 3 
3 - 6     .   

27. Li L, Tan J, Liu L, Li J, Chen G, Chen M, et al. Association between H.pylori 
infection and Health outcomes: an umbrella review of systematic reviews 
and meta-analyses. BMJ Open. 2020;10(1).  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / b m j o p e 
n - 2 0 1 9 - 0 3 1 9 5 1     .   

28. Wang G, Hong Y, Olczak A, Maier SE, Maier RJ. Dual roles of Helicobacter 
pylori NapA in inducing and combating oxidative stress. Infect Immun. 
2006;74(12):6839–46. https:/ /doi.or g/10.11 28/I AI.00991-06.

29. Michel A, Waterboer T, Kist M, Pawlita M. helicobacter pylori multiplex serol-
ogy. Helicobacter. 2009;14(6):525–35.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 1 1 / j . 1 5 2 3 - 5 3 7 8 . 2 0 0 
9 . 0 0 7 2 3 . x     .   

30. Murthi P, Pinar AA, Dimitriadis E, Samuel CS. Inflammasomes—a molecular 
link for altered immunoregulation and inflammation mediated vascular 
dysfunction in preeclampsia. Int J Mol Sci. 2020;21(4):1406.  h t t  p s : /  / d o  i .  o r g / 1 0 . 
3 3 9 0 / i j m s 2 1 0 4 1 4 0 6     .   

31. Franceschi F, Di Simone N, D’Ippolito S, Castellani R, Di Nicuolo F, Gasbarrini 
G, Yamaoka Y, Todros T, Scambia G, Gasbarrini A. Antibodies anti-caga cross‐
react with trophoblast cells: a risk factor for pre‐eclampsia? Helicobacter. 
2012;17(6):426–34. https:/ /doi.or g/10.11 11/j .1523-5378.2012.00966.x.

32. Leonardou AA, Zervas YM, Papageorgiou CC, et al. Validation of the Edin-
burgh postnatal depression scale and prevalence of postnatal depression at 
two months postpartum in a sample of Greek mothers. J Reproductive Infant 
Psychol. 2009;27(1):28–39. https:/ /doi.or g/10.10 80/0 2646830802004909.

33. Chey WD, Leontiadis GI, Howden CW, Moss SF. ACG clinical guideline: treat-
ment of helicobacter pylori infection. Am J Gastroenterol. 2017;112(2):212–
39. https:/ /doi.or g/10.10 38/a jg.2016.563.

34. Kim SY, Chung J-W. Best helicobacter pylori eradication strategy in the era of 
antibiotic resistance. Antibiotics. 2020;9(8):436.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 3 9 0 / a n t i b i 
o t i c s 9 0 8 0 4 3 6     .   

35. Molgenis network catalogue. EUChildNetwork harmonized variables.  h t t  p s : /  / 
d a  t a  - c a  t a l o  g u e  . m  o l g  e n i s  c l o  u d  . o r g / c a t a l o g u e / c a t a l o g u e / # / n e t w o r k s - c a t a l o g 
u e / E U C h i l d N e t w o r k / v a r i a b l e s     . Accessed September 18,2023.

36. Karachaliou M, Chatzi L, Michel A, et al. helicobacter pylori seropositivity and 
childhood neurodevelopment, the Rhea birth cohort in Crete, Greece. Paedi-
atr Perinat Epidemiol. 2017;31(4):374–84. https:/ /doi.or g/10.11 11/p pe.12374.

37. Koutra K, Vassilaki M, Georgiou V, et al. Antenatal maternal mental health as 
determinant of postpartum depression in a population based mother–child 
cohort (Rhea Study) in Crete, Greece. Soc Psychiatry Psychiatr Epidemiol. 
2014;49:711–21. https:/ /doi.or g/10.10 07/s 00127-013-0758-z.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1111/jgh.12315
https://doi.org/10.1111/hel.12364
https://doi.org/10.1007/s10096-020-03948-y
https://doi.org/10.1080/14767058.2017.1378331
https://doi.org/10.1080/14767058.2017.1378331
https://doi.org/10.1038/s41467-020-19733-6
https://doi.org/10.1038/s41467-020-19733-6
https://doi.org/10.1136/bmjopen-2019-031951
https://doi.org/10.1136/bmjopen-2019-031951
https://doi.org/10.1128/IAI.00991-06
https://doi.org/10.1111/j.1523-5378.2009.00723.x
https://doi.org/10.1111/j.1523-5378.2009.00723.x
https://doi.org/10.3390/ijms21041406
https://doi.org/10.3390/ijms21041406
https://doi.org/10.1111/j.1523-5378.2012.00966.x
https://doi.org/10.1080/02646830802004909
https://doi.org/10.1038/ajg.2016.563
https://doi.org/10.3390/antibiotics9080436
https://doi.org/10.3390/antibiotics9080436
https://data-catalogue.molgeniscloud.org/catalogue/catalogue/#/networks-catalogue/EUChildNetwork/variables
https://data-catalogue.molgeniscloud.org/catalogue/catalogue/#/networks-catalogue/EUChildNetwork/variables
https://data-catalogue.molgeniscloud.org/catalogue/catalogue/#/networks-catalogue/EUChildNetwork/variables
https://doi.org/10.1111/ppe.12374
https://doi.org/10.1007/s00127-013-0758-z

	The association of Helicobacter pylori with adverse pregnancy outcomes in three European birth cohorts
	Abstract
	Background
	Methods
	Exposure
	Pregnancy outcomes
	Statistical analysis


	Results
	Population characteristics
	Helicobacter pylori and adverse pregnancy outcomes
	Helicobacter pylori antigen-specific antibody responses and adverse pregnancy outcomes


	Results by ethnicity
	Discussion
	Conclusion
	References


