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Preeclampsia

Proton Pump Inhibitors and Preeclampsia Risk
Among 157720 Women
A Swedish Population Register—Based Cohort Study
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Abstract—Preeclampsia is a hypertensive disorder of pregnancy with a high rate of maternal and neonatal morbidity and

mortality. The only definite treatment is delivery. Preclinical investigations have identified proton pump inhibitors (PPIs),
which are commonly used to treat reflux during pregnancy, as a potential treatment for preeclampsia. The aim of this
study was to determine the association between PPI use during pregnancy and preeclampsia risk in a population-based
register cohort. Using the Swedish Pregnancy Register, we conducted a cohort study of nulliparous pregnant women
delivering from January 2013 to July 2017. Associations between PPI use and preeclampsia were investigated using
logistic regression analyses with risk estimates presented as crude and adjusted odds ratios (aOR) with 95% CI. Of 157720
nulliparous pregnant women, 6051 (3.8%) reported PPI use during pregnancy. PPI use during any point of pregnancy
was associated with an increased risk of overall preeclampsia (aOR of 1.17; 95% CI, 1.04—1.32) and preeclampsia at
term (aOR of 1.20; 95% CI, 1.04-1.39). However, PPI use recorded after 28 gestational weeks was associated with a
reduced risk of preterm (delivery <37 weeks) preeclampsia (aOR of 0.63; 95% CI, 0.41-0.96) and early (delivery <34
weeks) preeclampsia (aOR of 0.41; 95% CI, 0.20-0.82). These findings highlight the heterogeneity of this disease, with
a potential role PPIs for preventing preterm preeclampsia when used in close proximity to disease onset. Targeting PPI
use to women at greatest risk of preterm preeclampsia may help prevent this severe form of disease. (Hypertension.
2019;73:1097-1103. DOI: 10.1161/HYPERTENSIONAHA.118.12547.) ® Online Data Supplement
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Preeclampsia is a common pregnancy complication and
a leading cause of global maternal morbidity and mor-
tality."? There is no treatment apart from delivery, which can
inflict significant neonatal morbidity and mortality at preterm
gestations.

The preeclamptic placenta releases high levels of antian-
giogenic factors sFlt-1 (soluble fms-like tyrosine kinase 1)
and sEng (soluble endoglin) into the maternal circulation. It is
strongly hypothesized that these antiangiogenic factors drive
the pathogenies of preeclampsia’® by inducing widespread vas-
cular endothelial dysfunction, hypertension, and multiorgan
injury.* Thus, given the effects of sFlt-1 and sEng, quench-
ing their excess release has been suggested as a therapeutic
strategy to prevent and treat preeclampsia.

Preclinical investigations have identified proton pump
inhibitors (PPIs), which are used to treat gastroesophageal re-
flux symptoms, as potential therapeutics for preeclampsia.>®
PPIs are used throughout pregnancy and are considered
safe’; however, they have been associated with a possible

increased risk of asthma in offspring.! The preclinical evi-
dence for PPIs as treatment for preeclampsia is strong; PPIs
reduce the secretion of sFlt-1 from primary placental cells,
placental tissue, and primary endothelial cells from both nor-
motensive and preeclamptic patient samples. PPIs have also
been shown to induce whole blood vessel dilation ex vivo
after treating with a vasoconstrictor, reduce vascular endo-
thelial dysfunction in vitro, and lastly, reduce elevated blood
pressure in a mouse’ and rat model of preeclampsia.'" To
date, few studies have investigated PPI use and preeclampsia
in humans. In a cross-sectional study, PPI use was associ-
ated with decreased circulating sFlt-1 levels and no change
in the proangiogenic molecule, PIGF (placental-like growth
factor), when compared with a cohort of gestation-matched
controls with no PPI use.'? This effect on sFlt-1 and not PIGF
is also seen in vitro.> A randomized double-blinded placebo
control trial investigating the PPI, esomeprazole, in women
with preterm preeclampsia found esomeprazole did not pro-
long gestation nor reduce circulating levels of antiangiogenic
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factors compared to placebo controls.!® Despite this negative
finding, PPIs may still hold therapeutic benefit for preventing
preeclampsia. No studies to date have assessed the potential of
PPIs for the prevention of preeclampsia. The aim of this study
was therefore to investigate the potential of PPIs for prevent-
ing preeclampsia in a population-based setting.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Population

This was a Swedish population register—based study using
data retrieved from the Swedish Pregnancy Register. The
Swedish Pregnancy Register was launched in 2013 and pro-
spectively combines data from the Swedish Maternal Health
Care Register, the Swedish National Quality Register for
Prenatal Diagnosis,' and obstetric data from electronic
birth records."”” The Swedish Pregnancy Register now cov-
ers over 90% of all deliveries within Sweden, from first an-
tenatal visit to delivery.

We included deliveries (including multiple pregnancies)
from January 2013 to July 2017. We excluded pregnancies
with missing maternal health records (n=116) and restricted
our analysis to nulliparous women.

Maternal characteristics included: age at delivery (cat-
egorized into <18, 18-34 and =35 years), body mass index
calculated from measured weight, and self-reported height reg-
istered at first antenatal visit and further categorized into <30
and 230 g/m?. Country of birth was classified into Sweden,
other Nordic countries, other western countries (Europe,
North America, Australia, and New Zealand), and nonwestern
countries. Socioeconomic factors included: level of education
set to <9 years, 10-12 years and >12 years, occupation was
defined as employed or government assistance (sick leave,
student, unemployed). Housing situation was defined as living
with farther or living in another situation (such as same-sex
partner, living alone, or with extended family). Daily smok-
ing at first antenatal visit was recorded as yes regardless of
quantity, alcohol use before conception was screened using
the Alcohol Use Disorders Identification Test,'® where scores
>6 indicate hazardous use of alcohol or alcohol dependency.

Pregnancy characteristics included: multiple pregnancy
(twins, triplets, quadruples), in vitro fertilization, pregesta-
tional, and gestational disorders recorded using predefined
checkboxes in the electronic birth records by the midwife
or using diagnosis codes according to the International
Classification of Diseases, Tenth Revision'”: pregestational
hypertension (I10, O10), pregestational diabetes (024.0-1,
E10-14).

Exposure
PPI Use

Within the Swedish Pregnancy Register, maternal medica-
tion use is routinely collected from the time of registration for
antenatal care, which occurs before 15 weeks in 95% of the
pregnancies, up until delivery. Information on ongoing med-
ication is collected by midwives, with women reporting both
prescribed and over the counter medications. PPI use during

pregnancy was defined as women reporting the use of any PPI,
including omeprazole, esomeprazole, pantoprazole, rabepra-
zole, or lansoprazole at any point across gestation. PPI use
was categorized by use ever during pregnancy, first trimester
(0-12 weeks of gestation), second trimester (13-27 weeks),
and third trimester (from 28 weeks of gestation onward).

Main Outcome

Preeclampsia was identified by the diagnosis codes O14 or
015 according to International Classification of Diseases,
Tenth Revision coding. During the study period, pree-
clampsia was defined as the new onset of hypertension com-
bined with proteinuria occurring after 20 weeks of gestation.
Preeclampsia was further classified by disease severity, strati-
fying on gestational age at delivery, including women with
preeclampsia and term delivery (greater than or equal to 37
weeks), preeclampsia, and preterm delivery categorized as
less than 37 weeks or less than 34 weeks. Additionally, preg-
nancies complicated with preeclampsia and a concomitant di-
agnosis of small for gestational age (SGA) fetus, based on a
birth weight of >2 SDs below the mean weight for gestational
age according to a Swedish sex-specific fetal growth curve,'
were also identified.

Fetal outcomes included gestational age at delivery,
fetal weight, SGA, spontaneous preterm birth, nonreassur-
ing fetal heart rate on admission, which was assessed by the
attending midwife at labor ward. Stillbirth was defined as
both antenatal and intrapartal death occurring at or over 22
gestational weeks.

Statistical Analysis

Characteristics of the population were described according
to PPI use during pregnancy and preeclampsia status using
means with SD or counts with percentages. Groups were com-
pared via bivariate analysis using Pearson %2 test for catego-
rical data and Student ¢ test for continuous variables.

Associations between PPI use during pregnancy and di-
agnosis of preeclampsia were estimated by means of logistic
regression analysis, presented as odds ratios (OR) with 95%
CI. To adjust for baseline differences between PPI users and
nonusers, a propensity scoring was performed by logistic re-
gression setting PPI use as the outcome. Propensity scoring
aims to summarize the risk of exposure (PPI use) into a single
measure, which, however, does not imply that all included
factors are confounders. An important advantage is that vari-
ables describing and predicting an individual’s probability of
using PPIs can be included without concern of overfitting and
collinearity. This methodology is an effective technique for
reducing the effects of confounding in observational studies
where random assignment is not possible."

Maternal and socioeconomic factors present at first an-
tenatal visit were used to create a propensity score for each
participant including maternal age, body mass index, year of
delivery, country of birth, smoking status, educational level,
occupation, use of assisted reproduction, and the presence of
pregestational disorders (hypertension, diabetes mellitus, and
inflammatory diseases; inflammatory bowel disease and sys-
temic lupus erythematosus). The distribution of the final pro-
pensity score was checked and balanced across PPI users and
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nonusers and covariates balanced across PPI users and nonus-
ers within blocks of the propensity score.

The propensity score was included in a multiple logistic
regression along with multiple births as a covariate, to esti-
mate the association between PPI use during pregnancy and
diagnosis of preeclampsia. Analyses were repeated using
the outcomes of preeclampsia with delivery =37 weeks,
<37 weeks, <34 weeks and preeclampsia with SGA and
using the exposures of PPI use from O to 12 weeks, 13 to 27
weeks, and >28 weeks.

Propensity scores were initially calculated with missing
values included as an additional category, allowing all par-
ticipants to be included in the analysis. To assess the impact
of missing values on our analyses, we repeated propensity
score calculations and logistic regression analyses with miss-
ing values excluded from the analysis. Estimates are presented
as adjusted ORs (aOR) with 95% ClIs. All analyses were per-
formed using StatSE version 15.1.

Ethical approval for this study was obtained by the
Regional Ethical Review Board in Uppsala, Sweden (Dnr
2018/287).

Results

Study Characteristics

Of 157720 nulliparous women included in this study, 6051
(3.8%) reported using PPIs at any time during pregnancy
(Table 1). Women reporting PPI use during pregnancy were
more obese, more likely to be smokers, more often had mul-
tiple pregnancies, pregestational hypertension, and inflam-
matory diseases compared with nonusers. Education and
employment levels were lower among PPI users compared
with nonusers (Table 1). The incidence of preeclampsia within
this population was 4.6% (n=7258; (Table S1 in the online-
only Data Supplement).

PPIs and the Risk of Developing Preeclampsia

Table 2 presents rates and aORs, with the propensity scores
and multiple births included in as covariates, for preeclampsia
by any reported PPI use during pregnancy. Both crude ORs
and aORs with missing values excluded in the analysis are
presented in Tables S2 and S3. Compared with non-PPI users,
women reporting any PPI use during pregnancy was asso-
ciated with a higher risk of developing preeclampsia, with
an aOR of 1.17 and 95% CI of 1.04 to 1.32. On subgroup
analyses of forms of preeclampsia, PPI use ever during preg-
nancy was also associated with a higher risk of preeclampsia
with delivery after 37 weeks (aOR, 1.20; 95% CI, 1.04-1.39).
However, this effect was not found for preterm preeclampsia
with delivery before 37 weeks (aOR, 0.89; 95% CI, 0.68—
1.16), delivery before 34 weeks (aOR, 0.78; 95% CI, 0.48-
1.27) nor for women with preeclampsia and a SGA fetus (aOR
0.92; 95% (I, 0.66—-1.28).

Effect of Gestational Age at the Time of PPI Use
and the Risk of Preeclampsia

Next, using data on recorded gestation of PPI use, we investi-
gated whether the risk of preeclampsia was dependent on the
gestational age at which PPI use was reported (Table 3). PPI
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use recorded from either early (0—12 weeks) or middle (13-27
weeks) gestation was not associated with an altered risk of
preeclampsia (all forms) nor any subtype of preeclampsia
(Table 3). However, PPI recorded from 28 weeks of gestation
was associated with increased risk preeclampsia (all forms)
and preeclampsia with delivery after 37 weeks, with an aOR
of 1.15 (95% CI, 1.01-1.32) and 1.29 (95% CI, 1.09-1.51),
respectively. Conversely, women reporting PPI use from 28
weeks had a reduced risk of developing preeclampsia with
SGA compared with non-PPI users (aOR, 0.63; 95% CI,
0.41-0.96). Additionally, the risk of preterm preeclampsia
with delivery before 37 weeks was also reduced among these
women, with an aOR of 0.68 (95% CI, 0.49-0.96), which was
further reduced for preterm preeclampsia with delivery before
34 weeks: aOR of 0.41 (95% CI, 0.20-0.82). These results
were similar across unadjusted ORs and aORs when missing
values were excluded (Tables S2 and S3).

PPI Use and Fetal Outcomes

Given fetal safety is a significant concern for all therapeutics
used during pregnancy, we also compared unadjusted fetal
outcomes by PPI use (Table S4). Compared with non-PPI
users, women reporting PPI use during pregnancy had no dif-
ference in mean gestational length at delivery (39.7 weeks
versus 39.6 weeks), mean fetal weight, incidence of SGA,
spontaneous preterm birth, nonreassuring fetal heart rate on
admission, or stillbirth.

Discussion

To our knowledge, this is the first study to evaluate the as-
sociation between PPIs and the risk of preeclampsia. In this
large population-based cohort of nulliparous women, we
found that any PPI use during pregnancy was associated
with an increased risk of preeclampsia at term. However,
this association was not found for preeclampsia with SGA or
preterm delivery. In contrast, the risk of preeclampsia com-
plicated by SGA or and preterm delivery was in fact reduced
among women reporting PPI use after 28 weeks of gesta-
tion, with the greatest reduction seen for early preeclampsia
(delivery before 34 weeks). Thus, PPIs may have potential
to prevent preterm preeclampsia, a disease subtype that dis-
proportionately contributes to the morbidity and mortality
arising from this disease.

Concordant with previous findings,” we did not find PPI
use to be associated with adverse fetal outcomes. Together,
our data suggest a variable effect of PPI use for the prevention
of preeclampsia based on preeclampsia subtype and the ges-
tational age at use.

There is a growing body of evidence suggesting distinct
disease pathophysiology between preterm and term pree-
clampsia.’®*?? Preterm preeclampsia commonly represents a
more severe and complicated form of disease compared with
preeclampsia occurring at term, with lower mean birth weight
centiles and higher neonatal morbidity and mortality. Poor
placental implantation and placental pathology are thought
to be central to preterm preeclampsia, an effect that is less
pronounced in term cases, with minimal histopathologic pla-
cental features present in term preeclampsia compared to pre-
term, regardless of disease severity.??> Given these placental
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Table 1. Maternal Characteristics by PPIs Use During Pregnancy

Maternal Characteristic Total Births (n=157720) | Non-PPI User (n=151669) PPI User (n=6051) PValue
Age, y, mean+SD 29.2+5.0 29.2+5.0 29.1£5.0 0.230
<18 802 (0.5) 777 (0.5) 25 (0.4)
18-34 136525(86.6) 131256 (86.6) 5271(87.1)
>35 20353 (12.9) 19599 (12.9) 754 (12.5)
Missing 38 37 1
BMI, kg/m?, mean (SD) 24.3+4.4 24.2+4.4 25.2+5.0 <0.001
BMI =30, n (%) 15997 (10.1) 15078(9.9) 919 (15.2)
Missing 6959 (4.4) 6703 (4.4) 256 (4.2)
Country of birth, n (%) <0.001
Sweden 108262 (68.6) 104183 (68.7) 4079 (67.4)
Other Nordic 1351 (0.9) 1326 (0.9) 25(0.4)
Other western 7811 (5.0 7575 (5.0 239 (3.9
Nonwestern 23305 (14.8) 22169 (14.6) 1136 (18.8)
Missing 16991 (10.8) 16416 (10.8) 575 (9.5)
Education, y, n (%)
<9 8139 (5.2) 7734 (5.1) 405 (6.7) <0.001
10-12 49447 (31.4) 47384 (31.2) 2063 (34.1)
>12 70834 (44.9) 68308 (45.0) 2526 (41.8)
Missing 29300 (18.6) 28243 (18.6) 1057 (17.5)
Occupation, n (%)
Employed 108777 (69.0) 104819 (69.1) 3958 (65.4) <0.001
Government assistance (sick leave, 31468 (19.9) 29980 (19.8) 1488 (24.6)
student, unemployed)
Missing 17473 (11.1) 16868 (11.1) 605 (10.0)
Housing situation, n (%) <0.001
Living with partner 138576 (87.9) 133332 (87.9) 5244 (86.7)
Other situation 13617 (8.6) 13010 (8.6) 607 (10.0)
Missing 5527 (3.5) 5327 (3.5) 200 (3.3)
Smoking first antenatal visit, n (%)
Yes 6952 (4.40) 6601 (4.4) 351 (5.8) <0.001
Missing 17360 (11.0) 16513(10.9) 847 (14.0)
Alcohol use before pregnancy
AUDIT >6 10677 (6.8) 10270 (6.8) 407 (6.7) 0.498
Missing 35877 (22.8) 34619 (22.8) 1258 (20.8)
Multiple pregnancies, n (%)
2-4 fetus 2259 (1.4) 2153 (1.4) 106 (1.8) 0.033
IVF, n (%)
Yes 10896 (6.9) 10492 (6.9) 404 (6.7) 0.461
Missing 295 (0.2) 287 (0.2) 8(0.1)
Pregestational disorders, n (%)
Hypertension 1137 (0.7) 1079 (0.7) 58 (1.0) 0.026
Diabetes mellitus 1035 (0.7) 1994 (0.7) 41(0.7) 0.834
Inflammatory diseases (IBD, SLE) 1455 (0.9) 1343 (0.9) 112 (1.9) <0.001

Comparison between groups with Pearson 2 test and Student ¢test expressed in Pvalues. AUDIT indicates Alcohol Use Disorders Identification
Test; BMI, body mass index; IBD, inflammatory bowel disease; IVF, in vitro fertilization; PPI, proton pump inhibitor; and SLE, systemic lupus
erythematosus.
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Table 2. Rates and ORs of Preeclampsia by PPl Use
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Non-PPI User (N=151669)
Reference PPI Use Ever During Pregnancy (N=6051)

Outcome N (%) N (%) OR (95% Cl) Adjusted OR (95% Cl)
Preeclampsia, all N= 7258 6929 (4.57) 329 (5.44) 1.20 (1.07-1.35) 1.17 (1.04-1.32)
Preeclampsia >37 gestational weeks N=4658 4443 (2.93) 215 (3.55) 1.22 (1.06-1.40) 1.20 (1.04-1.39)
Preeclampsia with SGA* N=1037 999 (0.68) 38(0.65) 0.96 (0.69-1.33) 0.92 (0.66-1.28)
Preeclampsia with delivery <37 gestational 1547 (1.02) 58 (0.96) 0.94 (0.72-1.22) 0.89 (0.68-1.16)
weeks n=1605
Preeclampsia with delivery <34 gestational 579 (0.38) 18 (0.30) 0.78 (0.49-1.25) 0.78 (0.48-1.27)
weeks N=597

ORs and 95% Cls were retrieved by means of logistic regression using nonexposed as the reference category. Adjusted OR with 95% Cls were
retrieved from logistic regression with calculated PS on baseline characteristics and multiple births as covariates. OR indicates odds ratio; PPI, proton

pump inhibitor; PS, propensity scores; and SGA, small for gestational age.

*N=153418 included in analysis. For all other outcomes, N=157 720 included in analysis.

abnormalities, it is not surprising that preterm preeclampsia is
more commonly associated with higher circulating concentra-
tions of the antiangiogenic factor sF1t-1%. sFlt-1 is placentally
secreted and central to disease pathophysiology, with concen-
trations increasing across gestations as well as with disease
severity.>* It is perhaps this heterogeneity in disease patho-
physiology between preterm and term preeclampsia that has
resulted in the differing effects of PPI use and the risk of pre-
eclampsia within the present study.

Members of our team and others have previously re-
ported PPIs can quench excess sFlt-1 secretion in vitro, in
vivo, and ex vivo,’ as well as reducing maternal sFlt-1 levels
among women with suspected preeclampsia.'? Therefore, it is
mechanistically plausible that that PPI use (from 28 weeks)
quenches excessive secretion of sFlt-1 levels, preventing the
development of preterm preeclampsia. This effect may be
less pronounced among term cases, where the relative differ-
ence in sFlt-1 levels between those affected and those who are
not, are lower compared to cases of preterm preeclampsia.”®
Additionally, PPI use (from 28 weeks) may play roles in re-
ducing the risk of preterm preeclampsia, however, possibly
shifting the gestational age of onset since a higher incidence
of preeclampsia was found with delivery after 37 weeks
among PPI users.

We also found a differing effect of PPI use on pre-
eclampsia risk based on gestational age at use, with

significant differences only found for use reported after
28 weeks, with no change in preeclampsia risk among
women reporting use during the first or second trimester.
This gestational age-dependent effect may again be be-
cause of increasing circulating sFIt-1 concentrations
across gestation, where PPI use might be able to reduce
these increased concentrations when used in close prox-
imity to the rise is sFlt-1 levels and the onset of disease.
This effect may also be because of compliance of PPI use
given gastroesophageal reflux is more common in the third
trimester, and the efficient relief of symptoms with PPI’s
is coupled to greater compliance.** Additionally, PPI use
during early pregnancy was reported less compared to late
gestation, and thus, these strata may be underpowered to
detect a significant effect.

Our interpretations are limited by the reliance on ma-
ternal self-reported PPI use during pregnancy, which may be
affected by recall bias and underreporting. Additionally, self-
reporting is heavily reliant on the individual healthcare pro-
vider’s focus on capturing such data, which again may have
resulted in underreporting of PPI use.

We also lack compliance data, with women simply re-
porting therapeutics currently in use, with no data on nei-
ther dosage nor frequency. Given PPIs are often used
symptomatically because of episodic gastroesophageal re-
flux symptoms (the primary indication for PPI use during

Table 3. Rates and ORs by Gestational Range of Proton Pump Inhibitor Use During Pregnancy

PPI User Recorded 0-12 wk; PPl User Recorded 13-27 wk; = PPl User Recorded From 28 wk;
Non-PPI User N=1371 N=2678 N=4927
Adjusted OR Adjusted OR Adjusted OR

Outcome N (%) N (%) (95% Cl) N (%) (95% Cl) N (%) (95% Cl)
Preeclampsia, all N=7258 6929 (4.6) | 75(5.5 | 1.11(0.87-1.42) | 140(5.2) | 1.04(0.86-1.25) | 270(5.5) | 1.15(1.01-1.32)
Preeclampsia >37 wk N=4658 4443(2.9) | 51(3.00 | 1.19(0.88-1.60) | 86(3.2) | 0.99(0.79-1.26) | 185(3.8) | 1.29(1.09-1.51)
Preeclampsia with SGA* N=1037 999 (0.7) 7(0.5 | 0.65(0.30-1.39) 8(0.7) | 0.95(0.58-1.57) | 25(0.5) | 0.63(0.41-0.96)
Preeclampsia with delivery <37 wk n=1605 | 1547 (1.0) 13(0.9 0.89 (0.50-1.61) 32(1.2) | 1.13(0.77-1.66) 40(0.8) | 0.68 (0.49-0.96)
Preeclampsia with delivery <34 wk N=597 579 (0.4) 5(0.4) 1.09 (0.42-2.77) 10(0.4) | 1.06 (0.54-2.06) 9(0.2) | 0.41(0.20-0.82)

Adjusted OR with 95% Cl were retrieved from logistic regression using PS on baseline characteristics and multiple birth as a covariate. OR indicates odds ratio; PPI,

proton pump inhibitor; PS, propensity scores; and SGA, small for gestational age.

*N=153413 included in analysis. For all other outcomes, N=157 720 included in analysis.
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pregnancy), it is likely that although reported, PPIs were not
used daily and as outlined previously, the frequency of in-
dividual use may have increased across gestation as gastro-
esophageal reflux symptoms increased.? Although maternal
self-reporting does limit our study, because of the availa-
bility of PPIs without prescription, it is not possible to per-
form a linkage study with the national prescribing database.
Performing such a study would result in gross underreport-
ing and unreliable estimates of the association between PPI
use and the risk of preeclampsia.

Here, we have identified a potential association between
PPI use and a reduced risk of preeclampsia subtypes, spe-
cifically early preeclampsia with delivery before 34 weeks.
However, PPIs may be associated with an increased risk of
term preeclampsia (without SGA), which may be attrib-
uted to residual confounders. Although subgroup analyses
were determined a priori because of the inherent risks as-
sociated with multiple and subgroup analyses and the po-
tential of unmeasured confounding factors, caution is still
required in interpreting these findings. Thus, further obser-
vational- and register-based cohort studies in other popula-
tions are required to verify our findings. In a second step,
a well-designed randomized placebo-controlled prevention
trial is warranted, which would be strengthened by including
interim analysis and long-term follow up of childhood out-
comes. Such a trial would overcome the limitations of an ep-
idemiological approach and further elucidate the role of PPIs
in the prevention of preeclampsia and any adverse maternal
and long-term childhood outcomes associated with PPI use
during pregnancy.

Conclusions

Our findings highlight the heterogeneity of preeclampsia, with
a potential role for PPIs in preventing preterm preeclampsia
when used in close proximity to disease onset. To fully eluci-
date the role of PPIs in the prevention of preeclampsia, further
trials are required. Targeting PPI use to women at greatest risk
of preterm preeclampsia may help prevent this severe form of
disease and reduce neonatal morbidity and mortality related to
being born too early.

Perspectives

PPIs have a potential role in preventing preterm preeclampsia,
but further clinical trials are required.
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Novelty and Significance

What Is New?
e Proton pump inhibitors have a variable effect on preeclampsia subtypes.
e When used in close proximity to disease onset, proton pump inhibitors
may have a potential role in preventing preterm preeclampsia.

What Is Relevant?

e Preeclampsia is a serious complication of pregnancy, with delivery as the
only definite treatment.

e Through preclinical investigation, proton pump inhibitors have been
identified as candidate drugs to prevent or treat preeclampsia.

e This is the first study to examine the therapeutic potential of proton
pump inhibitors for the prevention of preeclampsia in a register-based
cohort study.






