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AJOG at a glance: Aspirin is widely offered to pregnant women to y@et preeclampsia,
one of the most severe obstetric complications.yVkrge studies of non-pregnant
populations taking aspirin to prevent cardiovascelents have decisively shown an increase
risk of major hemorrhage. However, there have mendarge, adequately powered studies to
see whether there is a bleeding risk in a pregpeptlation. In this population-based register
cohort study of 313,624 pregnancies, aspirin use aggociated with a clear increase risk of
bleeding during labor and the postpartum periodeséhfindings provide clear evidence

against more liberal, or universal administratibagpirin.
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Abstract

Background: Aspirin is offered to pregnant women to prevenégatampsia, a severe
obstetric complication. Large studies of non-pregnaopulations have consistently shown
aspirin prophylaxis increases the risk of hemontagmplications. However, there have not
been any population-based studies investigatirgitha pregnant population.

Objective: To investigate whether aspirin use during preggais associated with an
increased risk of bleeding complications.

Study design: We performed a register-based cohort study, usiegSwedish Pregnancy
Register where we examined 313,624 women givirity between January 2013 — July 2017.
Logistic regression was used to assess the risint@dpartum, intrapartum and postpartum
hemorrhage. A propensity score and inverse praobalireatment weighting was used to
generate an odds ratio that corrects for differsimecdaseline characteristics.

Results: Aspirin use was registered in 4,088 (1.3%) of wordaring pregnancy. Compared
to women who did not take aspirin, aspirin use wed associated with bleeding
complications during the antepartum period [adgistedds Ratio (aOR) 1.22 (95%
confidence interval (Cl) 0.97, 1.54)However, aspirin users had a higher incidence of
intrapartum bleeding (2.9% aspirin users vs 1.5%-users: aOR 1.63 [95% CI 1.30, 2.05]),
postpartum hemorrhage (10.2% vs 7.8%; aOR 1.23 [€3%.08, 1.39]) and postpartum
hematoma (0.4% vs 0.1%; aOR 2.21 [95% CI 1.13,]%.34e risk of a neonatal intracranial
hemorrhage was also increased (0.00.01%; aOR 9.66 [95% CI 1.88, 49.48]). After
stratifying by mode of birth, the higher incidenoé bleeding among aspirin users was
present for those who had a vaginal birth but hos¢ who had a caesarean section.
Conclusion: Using aspirin during pregnancy is associated witihraased postpartum

bleeding and postpartum hematoma. It may also becaged with neonatal intracranial



61 hemorrhage. When offering aspirin during pregnahege risks need to be weighed against
62 the potential benefits.
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Introduction

Preeclampsia is characterized by maternal hypeoerasd end organ injury and affects 3-
8% of pregnancies. It is a significant contributorglobal maternal and neonatal morbidity
and mortality. Aspirin is one of the world’s most commonly usdtugs. With anti-
inflammatory and anti-platelet properties, it wastfproposed as a treatment to prevent
preeclampsia in 1978 Since then, there have been many randomizedcalirtrials

evaluating the effectiveness of aspirin to preyeaeclampsi&®.

Aspirin is now widely offered to women thought te lat increased risk of developing
preeclampsia, a practice that is recommended byt mogleline$*® These generally
recommend that pregnant women at high-risk, or withte than one moderate risk factor for
preeclampsia, take 75 — 150 mg of aspirin dailgmirl2 weeks of gestation until 36 - 37
weeks gestatidn, or until birtH® ' 14 Sweden has had a conservative approach withdegar
to aspirin, and only women considered high riskebasn medical and obstetric history have
been offered 75 mg of aspirin from 12 to 36 weekgeastation. The new 2019 Swedish
guidelines are very similar to the NICE guidelinebere 10% of the pregnant population are

expected to be classed as high risk and offereidrasp

Given the perceived safety of aspirin during pregyathere have even been increasing calls
to simply administer aspirin universally to all grent womefr™’. A cost-effective analysis
published in 2019 theorized that universal admiaigin may prevent 346 cases of
preeclampsia and save $8,011,725 compared to tWwr8mpreventative services Task Force
Guidelines®. Notably, this calculation had an underlying asgtiom that aspirin is safe,

where the authors only considered gastrointestipi@eding and aspirin-exacerbated
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respiratory disease as possible side-effects ahahali consider the potential for pregnancy

related bleeding complicatiofis

However, studies of non-pregnant populations haued a consistent association between
chronic administration of aspirin and bleeding risRecent large randomized trials
investigating aspirin for the primary preventionragjor cardiovascular events in an older
population report an increased risk of bleeding piizations® % A recent meta-analysis of
164,225 participants reported an increased risknfajor bleeding complications (hazard
ratio [HR] 1.43 [95% CI 1.30-1.56]) and intracrdniemorrhage (HR 1.34 [95% CI 1.14,
1.57]) among primary prevention aspirin u$&rsvhich was confirmed in a second meta-

analysig”.

To our knowledge, there are no population-basedietuaddressing whether there is a
bleeding risk with aspirin administration during egnancy (literature search terms
supplementary table 1). It is a challenging questi®o examine because aspirin is freely
available without prescription in most countriest b Sweden, aspirin is a prescribed
medication. Sweden also has high-quality Nationapypation and Quality registers,
including the Swedish Pregnancy Register. In theedtshh Pregnancy Register, clinical
information is recorded in a uniform manner and iTegtbn use is routinely recorded at all
trimesters of pregnancy, including aspirin. Therefowe undertook a population-based
register cohort study investigating whether there@an association between aspirin use and

bleeding during pregnancy and delivery.
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Methods

Design and setting

We performed a register-based cohort study usite @atained from the Swedish Pregnancy
Register. During 2013, only Stockholm and Gotlaadions were included in the register,
representing less than one third of deliveriesc&ig014, the Swedish Pregnancy Register
covers 16 of 20 regions in Sweden (covering 90%lladeliveries) and 98% of all deliveries
within the 16 participating regions. The SwediskdgPrancy Register combines prospectively
collected data from the Swedish Maternal HealtheCRegister, the Swedish National
Quality Register for Prenatal Diagnosis and datanfrelectronic standardized prenatal,
delivery and neonatal records, with data colleétendh the first prenatal visit to the scheduled

follow up two to three months after delivéty

Study population

We included women giving birth in Sweden from Jag013 to July 2017. If a woman had

several births during the study period, we onlyuded the last pregnancy and delivery. We
excluded 11,254 women with missing maternal preregalth records and a further 10,735
who had reported use of low molecular weight hepan selective serotonin reuptake

inhibitors due to the fact that this population htitpave an increased risk of bleeding. This

left a total of 313,624 women for the study.

We extracted maternal demographic variables inolydige at delivery (categorized into
<18, 18-34 and>35 years), body mass index (BMI) calculated fromasueed weight and
self-reported height registered at first prenatsit which was then divided into two groups:
<30 and>30 kg/nf. Country of birth was classified as Sweden, oftterdic countries, other

western countries (Europe, North America, Austraral New Zealand) and non-western
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countries.

We also obtained information on self-reported secomomic factors. Years of education
were categorized t&9 years, 10-12 years and >12 years. Occupation defised as
employed or government assistance (sick leavegestuok unemployed). Housing situation
was defined as living with father of the child asirhig in another situation (such as same sex
partner, living alone or with an extended famil@pgily smoking in early pregnancy (yes or
no) was recorded at the first prenatal visit, as tha use of alcohol within three months prior
to conception which was determined using the Altdbhse Disorders Identification Test

(AUDIT)?®, where scores6 indicate hazardous use of alcohol or alcohol degecy.

Pre-gestational and pregnancy variables were a@gttdtom predefined check boxes in the
electronic antenatal and birth records and/or fteenSwedish version of the International

Classification of Diseases, Tenth revision (ICD-(®)pplementary Table 2).

Exposure

Data on aspirin use was obtained from prenatal marerds, including the first prenatal visit
record (which is a comprehensive record of patigiormation, socio-demographic data and
past medical and obstetric history) and from eaelngital care visit record, which is typically
8-10 visits across pregnancy. Aspirin use durirggpancy was defined as self-reported use

of aspirin at any visit during pregnancy.

Outcomes
The primary outcome was bleeding complications neéied in prenatal or delivery records via

the Swedish version of ICD-10, which was categariaeo i) bleeding complications during
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pregnancy; hematemesis (coded as K92), hematu8a)(Rleeding from the airways (R04)
and antepartum hemorrhage (0O46) ii) labor and post;m complications; excessive
intrapartum bleeding (O67), postpartum hemorrhagefifed as blood loss >1000 mL
recorded in birth records or by ICD-10 code O72stpartum hematoma (0902, O717) and
neonatal intracranial hemorrhage (P10). Data orthleneyastritis occurred was also obtained

assessed through prenatal care records (K92, K29).

Additional analyses
Given mode of birth may impact the risk of bleedicgmplications during labor and the
postpartum period, we stratified our analyses bginal birth or caesarean section birth to

examine labor and postpartum outcomes.

To investigate the association between aspirin hle@ding complications without the
potential confounding caused by a diagnosis of glaeepsia, we performed sensitivity

analyses excluding women who developed preeclampsia

To investigate the potential of reporting bias veef@rmed additional analyses investigating
a maternal complication unrelated to bleeding (pedjirdle pain) and associations between
paracetamol use and bleeding complications. Wetseléhese two variables given they have

no known biological association with bleeding risk.

Statistical analysis
Characteristics of the population were describembi@ing to aspirin use during pregnancy.
Aspirin users and non-users were compared via iaieaanalysis using Pearson’s Efaist

for categorical data and Student’s t-test for cgardus variables.
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Associations between aspirin use and maternal aadatal complications were estimated by

logistic regression and presented as odds ratiB3 &dd 95% confidence intervals (CI).

To adjust for baseline differences in the poputatity aspirin use, a propensity score and
inverse probability treatment weighting (IPTW) wased. The propensity score is the
probability of being exposed (aspirin use) givesetiof measured covariates, which can be
estimated for each individual where the exposutegddhe place of the outcome variable and
covariates are included as explanatory varidhleBhis methodology attempts to create
exchangeability between the exposed and unexposmggy and mimic randomization in
observational studiés?® The propensity score was created for each paafitiusing logistic
regression setting aspirin as the outcome anddmgjumaternal and socioeconomic factors
present at first prenatal visit that included madkrage, BMI, parity, previous caesarean
section, IVF, country of birth, employment statss)oking status, alcohol risk score and the
presence of pre-gestational disorders (chronic tgpsion, diabetes, endocrine disorders and
inflammatory diseases).

We then used IPTW, whereby the estimated propessitye is used to weight individuals
and create a pseudo-population where the measwedriates are balanced between
exposure groups. Exposed individuals were assign@dobability weight of 1/propensity
score, whilst the unexposed individuals were asslgnprobability weight of 1/(1-propensity
score).

The propensity score and IPTW were determined tsuceessful in balancing covariates and
potential confounders in aspirin exposed and unsgaroups by showing that covariates
were similarly distributed and not significantlysasiated with aspirin use after applying

IPTW (Supplementary Table 3).
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Adjusted analyses were performed using multiplastag regression including the inverse
probability weighting in all models. For the outcesnof gastritis, hematemesis, hematuria,
bleeding from the airways and antepartum hemorrhagéiple pregnancy was also included
as a confounder. Intrapartum, and postpartum hdrager and postpartum hematoma
included multiple pregnancy and preeclampsia agtiaddl confounders. As placenta previa
and abruption may mediate maternal prenatal, iattaph and postpartum hemorrhage and
postpartum hematoma, these were excluded from tesklyses. The adjusted analyses of
neonatal intracranial hemorrhage included gestatiage at delivery and mode of delivery as

confounders.

Ethical approval

This study was approved by the Uppsala Ethics Boarthe 18 of August 2018. Approval

number: 2018/287.

11



227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

Results

Of the 313,624 women included in our study, 4,088%) reported aspirin use during

pregnancy. Women using aspirin were older, mores@band more frequently parous

compared to women who did not take aspirin. Addaity, aspirin users were more likely to

have a multiple pregnancy, to have conceived thrd\g and were more likely to have had

a previous caesarean section (Table 1). Aspirirsusad a higher rate of pre-existing medical
conditions (including hypertension and diabetes)i amegnancy complications, such as
preeclampsia. At the time of birth, women who haddiaspirin during pregnancy had higher
rates of preterm delivery, induction of labor anere&vmore likely to have been delivered by a

caesarean section (Table 1).

Aspirin use and prenatal complications

The incidence of antepartum hemorrhage among warsieig aspirin was 2.4% compared to
1.8% among non-users, which resulted in a crude odtb (OR) of 1.33 (95% confidence
interval [CI] 1.09, 1.63). After adjusting via imge probability treatment weighting (IPTW)

the association was no longer significant (adjusd®l [aOR] 1.22, [95% CI 0.97, 1.54]).

Additionally, aspirin use was not associated witlstgtis (aOR 1.33 [95% CI 0.73, 2.40]) or
the compound outcome of hematemesis, hematuri¢eeding from the airways (aOR 1.30

[95% CI 0.36, 4.68]) (Table 2).

Labor and postpartum bleeding complications

Women using aspirin during pregnancy were mordylike experience bleeding during labor
and postpartum hemorrhage compared to those nag aspirin. The incidence of bleeding
during labor was 2.9% among aspirin users versb® in non-users, with an aOR of 1.63

[95% CI 1.30, 2.05]. The incidence of postpartunmbehage was 10.2% among aspirin

12
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users and 7.8% among non-users, an aOR of 1.23 (A3LA8, 1.39; Table 3). Additionally,
women using aspirin were more likely to develop astpartum hematoma; 0.4% among

aspirin users vs 0.1% among non-users (aOR of[252b Cl 1.13, 4.34]).

There was also an association between aspirinnéseeonatal intracranial hemorrhage, with
a 0.07% incidence among aspirin usex9.01% among non-users (aOR 9.66 [95% CI 1.88,

49.48]; Table 3).

Labor and postpartum complications by mode of birth

When the data was stratified for mode of birthréh&as no longer an association between
aspirin use and bleeding during labor after eitheraginal or caesarean section birth. An
increase in postpartum hemorrhage was found amsgpigrausers who gave birth vaginally
(@aOR 1.25 [95% CI 1.07, 1.45]), but not among thabe gave birth via caesarean section
(aOR 0.95 [95% C1 0.78, 1.16]). Similarly, amongmen giving birth vaginally, those using
aspirin were more likely to experience postpartiematoma (aOR 20.41 [2.62, 158.93]) and
have an infant with neonatal intracranial hemorehggOR 17.07 [95% CI 3.70, 78.86])
compared to those not using aspirin. Among womeao gdve birth via caesarean section, no
association was found between aspirin use and @dstp hematoma or neonatal intracranial

hemorrhage (Table 4).

Subgroup analyses

In the first sensitivity analysis, women who deysd preeclampsia were excluded. Women
using aspirin remained more likely to develop biegdluring labor, postpartum hemorrhage
and experience postpartum hematoma (aORs 1.69 (95%33, 2.14], 1.27 [95% CI 1.12,

1.45] and aOR 2.67 [95% CI 1.32, 5.41, respectjvdlgonatal intracranial hemorrhage was

13
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no longer associated with aspirin use in this ddpisanalysis (aOR 3.74 [95% CI 0.80,

17.42]) (Table 5).

To assess whether reporting bias may be an alteznakplanation for our findings, we
investigated whether aspirin use was associatel pétvic girdle pain and no association
was found (data not shown). We also investigatedagsociation between paracetamol and
bleeding where there was no increased associatitnbhleeding during pregnancy among

women who had taken paracetamol compared to nas-(Sepplementary Table 4).
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Discussion

Principal findings

In this population-based register study the usaspirin during pregnancy was associated
with increased bleeding complications in the pasyma period among women giving birth
vaginally. Of possible concern, there may also enareased risk of neonatal intracranial

hemorrhage and maternal postpartum hematoma althmugbers were low.

Results

To our knowledge, this is the first population-lhsegister cohort study investigating aspirin
use during pregnancy and bleeding complications.fi@dings are in agreement with a 2019
Cochrane meta-analysis, which included 19 trials2@769) investigating postpartum
hemorrhage and found that antiplatelet agents thlighcreased the risk of postpartum
hemorrhage (relative risk 1.06 95% CI 1.00 to 2?31 2dditionally, the majority of included
trials were investigating low-dose aspirin and nueticipants received doses below 75mg,
whereas in the present study women were likely dordreiving 75mg daily. The same
investigators initially reported no increased blagdisk in an earlier individual patient data

(IPD) * but those data were included in this recent update

In support of the plausibility of our findings ik fact that it broadly agrees with large
population studies among a non-pregnant populdtianconsistently report an increased risk
of bleeding complications with daily aspiring admtration. These include an increased risk
of major and fatal bleedings albeit in an olderylafion with extended exposure pertbd?
Counter to our findings, those studies have alported an increased risk of gastrointestinal
bleeding”. This difference may be attributed to the factt ttree obstetric population are

younger and are likely to have less underlying rgastestinal pathology and a shorter

15
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exposure. Furthermore, our data is derived soleyfthe Swedish Pregnancy Register and

there is a risk of non-obstetrical diagnoses bamdger-reported.

We identified a possible association between taksigirin during pregnancy and neonatal
intracranial hemorrhage. There have been priorrtgploat have observed this. A prospective
study published in 1981 of 108 preterm infants reggb an increased risk of intracranial
hemorrhage among women using aspirin during pregndrowever the dose of aspirin was
not describe®. Similar findings have been reported in other $rmils and case reporfs
Conversely, a 2007 Cochrane meta-analysis of rarmahcontrolled trials found that among
10 trials and 26,184 babies, there was no associdietween aspirin use and neonatal
intraventricular hemorrhag® Given the low number of cases seen within thegestudy,

caution is required in interpreting these findings.

Defective placental implantation and poor placepiifusion are thought to be important
factors in the pathogenesis of preeclamislahas been postulated that aspirin may reduce
the risk of preeclampsia by decreasing local thrasek’ in the maternal vessels supplying
the placenta via its antiplatelet propertlesThis then may improve perfusion to the
placentd’. If this is the case, then it is plausible thairaproved maternal vascular supply to
the placenta may also predispose women to an setebleeding tendency during labor,
even if aspirin was ceased at around 36 weeks sfaten. In our data, we had no
information about when women stopped taking aspiie note Swedish recommendations

cessation of aspirin at 36 weeks of gestation.

Stratifying our analysis by mode of birth revealespirin to only be associated with an

increased bleeding risk among women who birthednally. The reason for this is not
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entirely clear and although it cannot be elucidatetthin the present study it does warrant
further investigation. Additionally, it is plausilthat the association between aspirin and
bleeding may be attributed to an interaction betwaspirin and uterotonics. In Sweden
prophylactic oxytocin, at 5 — 10 international gnis routinely offered to all women. Given
all women receive oxytocin it is difficult to deteine whether an interaction with aspirin is

an explanation for the differences in postpartueeting.

Strengths and limitations

This study has a number of strengths. It is a pipr-based study with data from recent
years. The exposure was self-reported and notetkifrom dispensed prescriptions (which
might be regarded as both a strength and limitatianreasing the likelihood of actual intake
of aspirin. In our study, 1.3% of women used aspiai number that was similar to reported
usage of anticoagulants in prior publications frive Swedish prescribed drug regidtefhe
population was sufficiently large to perform subgu@analyses which permitted us to explore
important mediating factors such as mode of deivaerd confounding by indication, in this
case women developing preeclampsia. Additionallg, performed two sub-analyses that
minimize the possibility of differential misclassiition of the exposure by reporting bias.
We showed there was no association between aspsgnand a pelvic girdle pain (a
pregnancy complication that is not related to biegd and no association between reported
paracetamol use and bleeding during pregnancy (g davith no obvious biological

association with a tendency to bleed).

There are some limitations within this study. Oatadwas not derived from randomized

clinical trials but from a population register andnsequently, women using aspirin had

different baseline covariates. To overcome potéhias arising from unbalanced maternal

17
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covariates we used a propensity score and inveod®bility weighting approach. This was
found to be effective in improving balance of matdrcovariates between aspirin users and
non-users and therefore reduced the potentialit. @hough despite this, there might still
be residual confounding. Given the most commorcetghn for aspirin use during pregnancy
is to prevent preeclampsia, a condition that mllfitassociated with increased bleeding, there
is the potential for confounding by indication. Bxplore this, we performed subgroup
analyses excluding women who developed preeclamasd showed that the positive
association between aspirin use and bleeding coatfans persisted. Another limitation is
that while the use of aspirin is recorded, the Ssle@regnancy Register does not record the
specific dose. Swedish guidelines recommend 75 fnagmirin daily from gestational weeks
12 — 36 for the primary prevention of preeclampsiajch is the main indication for use
during pregnancy. Thus, it is likely the majoritiyaspirin users will have taken this dose. In
addition, non-obstetric diagnoses may not have lagearately recorded in prenatal records,

which may have resulted in underreporting.

Implications

Commonly regarded as a benign drug, we have disedvan association between aspirin
and bleeding during postpartum period among wometh waginal delivery, where
pregnancy and delivery are already times of comalie risk to women. We do not interpret
our findings to suggest that aspirin should no &rge used to prevent preeclampsia. In fact,
we would strongly advise that women consideredigh hisk for developing preeclampsia
according to guidelines such as NICE (ie the preseaf one high risk, or two moderate risk
factors}' should still be offered aspirin. However, the Hiseof taking aspirin may not
outweigh possible dangers for those where the atesoisk for developing preeclampsia is

relatively low. For instance, it is uncertain whatliberally offering aspirin to women with
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only one moderate risk factor for preeclampsiavisrall beneficial, something which may be
widely practiced. In our study, women taking aspiand giving birth vaginally had a 2%
absolute risk increase for postpartum hemorrhagem 7% to 9%. Aspirin is thought to
reduce the baseline risk of preeclampsia by ardi@¥¢®. Thus, if a pregnant person had a
baseline risk of preeclampsia of 4% (the reporteevgence of preeclampsia in many
population’) then taking aspirin might be expected to redue &bsolute risk of

preeclampsia by 0.4% but increase the absolutefiakpostpartum hemorrhage by 2%.

Furthermore, there is potential that the bleedisigmay be greater at higher doses of aspirin.
This may be quite topical since prescribing aspatna dose of 150 mg might become
increasingly common in light of a recent landmaxkdomized trial that administered aspirin
at this dos& Our data cautions against calls that aspirin lshbe universally administered to

all pregnant women 8

Conclusion

In this population register based cohort study, tise of aspirin during pregnancy was
associated with postpartum hemorrhage among thbsehad a vaginal birth. It may also be
associated with postpartum hematoma and neondtatianial hemorrhage. Although the
absolute risks of these complications may be lowdespread and liberal use of aspirin
during pregnancy might further increase the numbénsr data argues against universal

administration of aspirin to all pregnant women.

19



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

Funding:
National Health and Medical Research Council of thalm (NHMRC) provided salary
support to ST (#1136418) and RH (#1176922). CdoteClinical Research provided salary

support to SH (#CKFUU744551) and LB (#CKFUU740361).

Acknowledgements:

Jonas Sdderling, Swedish Pregnancy Register farrdahagement.

Disclosures: None

Contributionsto author ship

RH, SH, LB, AK and ST conceived the study. SH, RHKnaged the dataset and RH
conducted the analyses with intellectual input athnical support of AS. RH wrote the first
draft of the manuscript. All authors provided ifgetual input and contributed and approved

the final manuscript.

20



421

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468

References

1.

2.

10.

11.

12.

13.

14.

GHuLMIYYAH L, SiBAI B. Maternal Mortality From Preeclampsia/Eclampsia.
Seminars in Perinatology 2012;36:56-59.

SruNTz M, BERNSTEINB. Recent trends in the prevalence of low-doseriaspse for
primary and secondary prevention of cardiovascdiaease in the United States,
2012-2015. Preventive medicine reports 2017;5:183-8

GoobDLIN RC, HAESSLEIN HO, FLEMING J. Aspirin for the treatment of recurrent
toxaemia. Lancet (London, England) 1978;2:51.

RoLNIK DL, WRIGHT D, PooN LC, et al. Aspirin versus Placebo in Pregnancies at
High Risk for Preterm Preeclampsia. New England rialu of Medicine
2017;377:613-22.

Yu CK, PAPAGEORGHIOU AT, PARRA M, PALMA DIAS R, NICOLAIDES KH.
Randomized controlled trial using low-dose aspimithe prevention of pre-eclampsia
in women with abnormal uterine artery Doppler av&®ks' gestation. Ultrasound in
obstetrics & gynecology : the official journal ohe International Society of
Ultrasound in Obstetrics and Gynecology 2003;22-233

BuJoLD E, ROBERGES, LACASSEY, et al. Prevention of Preeclampsia and Intraneeri
Growth Restriction With Aspirin Started in Early eé@nancy: A Meta-Analysis.
Obstetrics & Gynecology 2010;116:402-14.

ROBERGES, NICOLAIDES K, DEMERS S, HYETT J, CHAILLET N, BuJoLD E. The role of
aspirin dose on the prevention of preeclampsiafetadl growth restriction: systematic
review and meta-analysis. American journal of dbs® and gynecology
2017;216:110-20.€6.

CLASP: a randomised trial of low-dose aspirin tfloee prevention and treatment of
pre-eclampsia among 9364 pregnant women. CLASP lgi@whtive Low-dose
Aspirin  Study in Pregnancy) Collaborative Group.ntet (London, England)
1994;343:619-29.

BROWN MA, MAGEE LA, KENNY LC, et al. Hypertensive Disorders of Pregnancy:
ISSHP Classification, Diagnosis, and Management oRwtendations for
International Practice. Hypertension (Dallas, T&979) 2018;72:24-43.

LEFEVRE ML, FORCE OoBOMUSPST. Low-Dose Aspirin Use for the Prevention of
Morbidity and Mortality From Preeclampsia: U.S. Wstive Services Task Force
Recommendation StatementLow-Dose Aspirin to Prewotbidity and Mortality
From Preeclampsia. Annals of Internal Medicine 2064:819-26.

MISINTIN C, MUGGLESTONE MA, ALMERIE MQ, NHERERA LM, JamMES D,
WALKINSHAW S. Management of hypertensive disorders duringraegy: summary
of NICE guidance. BMJ (Clinical research ed) 204Q;82207.

RooN LC, SHENNAN A, HYETT JA, et al. The International Federation of Gynegglo
and Obstetrics (FIGO) initiative on pre-eclampsfa:pragmatic guide for first-
trimester screening and prevention. Internationalrnpal of gynaecology and
obstetrics: the official organ of the Internatiorfedéderation of Gynaecology and
Obstetrics 2019;145 Suppl 1:1-33.

Lowe SA, BOWYER L, LUSTK, et al. SOMANZ guidelines for the management of
hypertensive disorders of pregnancy 2014. The Aliatr & New Zealand journal of
obstetrics & gynaecology 2015;55:e1-29.

TRANQUILLI AL, DEKKER G, MAGEE L, et al. The classification, diagnosis and
management of the hypertensive disorders of pregn@nrevised statement from the
ISSHP. Pregnancy hypertension 2014;4:97-104.

21



469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

MoNE F, O'MaHONY JF, TYRRELL E, et al. Preeclampsia Prevention Using Routine
Versus Screening Test Indicated Aspirin in Low-Rkmen. Hypertension (Dallas,
Tex :1979) 2018;72:1391-96.

MONE F, MuLcAHY C, MCPARLAND P, et al. Trial of feasibility and acceptability of
routine low-dose aspirin versus Early Screeningt Tiedicated aspirin for pre-
eclampsia prevention (TEST study): a multicentredaanised controlled trial. BMJ
open 2018;8:e022056.

MoNE F, MuLcaHY C, MCPARLAND P, MCAULIFFE FM. Should we recommend
universal aspirin for all pregnant women? Americgurnal of obstetrics and
gynecology 2017;216:141.e1-41.e5.

MaLLAMPATI D, GROBMAN W, Rouste DJ, WERNER EF. Strategies for Prescribing
Aspirin to Prevent Preeclampsia: A Cost-Effectiv@néinalysis. Obstet Gynecol
2019;134:537-44.

IKEDA Y, SHIMADA K, TERAMOTOT, et al. Low-dose aspirin for primary preventidn o
cardiovascular events in Japanese patients 60 gearsler with atherosclerotic risk
factors: a randomized clinical trial. Jama 2014;35%20-20.

&rziIANO JM, BROTONS C, COPPOLECCHIAR, et al. Use of aspirin to reduce risk of
initial vascular events in patients at moderatek raf cardiovascular disease
(ARRIVE): a randomised, double-blind, placebo-cold trial. Lancet (London,
England) 2018;392:1036-46.

BowmAN L, MAFHAM M, WALLENDSzUS K, et al. Effects of Aspirin for Primary
Prevention in Persons with Diabetes Mellitus. ThenviNEngland journal of medicine
2018;379:1529-39.

McNEIL JJ,WoLFE R, WOODSRL, et al. Effect of Aspirin on Cardiovascular Eten
and Bleeding in the Healthy Elderly. The New Endlajournal of medicine
2018;379:1509-18.

ZHENG SL, RoDDICK AJ. Association of Aspirin Use for Primary PreventiWith
Cardiovascular Events and Bleeding Events: A SyatienrReview and Meta-analysis.
Jama 2019;321:277-87.

MaHMouD AN, GAD MM, ELGENDY AY, ELGENDY 1Y, BAVRY AA. Efficacy and
safety of aspirin for primary prevention of cardageular events: a meta-analysis and
trial sequential analysis of randomized controlieidls. European heart journal
2019;40:607-17.

S'TEPHANSSONO, PETERSSONK, BJORK C, CONNER P, WIKSTROM AK. The Swedish
Pregnancy Register - for quality of care improvemand research. Acta Obstet
Gynecol Scand 2018;97:466-76.

S\UNDERS JB, AASLAND OG, BABOR TF, DE LA FUENTE JR,GRANT M. Development
of the Alcohol Use Disorders Identification TestUBIT): WHO Collaborative
Project on Early Detection of Persons with HarmAltohol Consumption--IlI.
Addiction 1993;88:791-804.

WLLIAMSON EJ,FORBESA. Introduction to propensity scores. Respirolo@arlton,
Vic) 2014;19:625-35.

AUSTIN PC. An Introduction to Propensity Score MethodsReducing the Effects of
Confounding in Observational Studies. Multivaribehavioral research 2011;46:399-
424,

DULEY L, MEHER S, HUNTER KE, SEIDLER AL, AsSkIE LM. Antiplatelet agents for
preventing pre-eclampsia and its complications. Thehrane database of systematic
reviews 2019;2019.

22



517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

AsKIE LM, DULEY L, HENDERSONSMART DJ, STEWART LA. Antiplatelet agents for
prevention of pre-eclampsia: a meta-analysis ofividdal patient data. Lancet
(London, England) 2007;369:1791-98.

L L, GERAGHTY OC, MEHTA Z, ROTHWELL PM. Age-specific risks, severity, time
course, and outcome of bleeding on long-term aatipdt treatment after vascular
events: a population-based cohort study. The La2@¥7;390:490-99.

De BERARDIS G, LUCISANO G, D’ETTORREA, et al. Association of Aspirin Use With
Major Bleeding in Patients With and Without Dialetéama 2012;307:2286-94.
Rumack CM, GUGGENHEIM MA, RUMACK BH, PETERSON RG, JOHNSON ML,
BRAITHWAITE WR. Neonatal intracranial hemorrhage and matersal @f aspirin.
Obstetrics and gynecology 1981;58:52S-6S.

HERTZ-PiccioTTO |, HOPENHAYN-RICH C, GoLus M, HoopPer K. The risks and
benefits of taking aspirin during pregnancy. Epid#agic reviews 1990;12:108-48.
DULEY L, HENDERSONSMART DJ, MEHER S, KING JF. Antiplatelet agents for
preventing pre-eclampsia and its complications. Tbehrane database of systematic
reviews 2007:Cd004659.

ReEDMAN CW, SARGENT IL. Latest advances in understanding preeclam@sance
2005;308:1592-4.

DEKKER GA, SiBAI BM. Low-dose aspirin in the prevention of preeclampand fetal
growth retardation: Rationale, mechanisms, andaalirtrials. American journal of
obstetrics and gynecology 1993;168:214-27.

VANE JR. Prostaglandins and the Aspirin-Like Drugs. Haspractice 1972;7:61-71.
STEPHANSSONO, GRANATH F, SVENSSONT, HAGLUND B, EkBOM A, KIELER H. Drug
use during pregnancy in Sweden - assessed by #serfred Drug Register and the
Medical Birth Register. Clinical epidemiology 20343-50.

ABALOS E, CUESTAC, GROSSOAL, CHou D, Say L. Global and regional estimates of
preeclampsia and eclampsia: a systematic reviewopean Journal of Obstetrics &
Gynecology and Reproductive Biology 2013;170:1-7.

23



546

Table 1. Maternal characteristics by aspirin use during pregnancy

Characteristic Total births Aspirin use
N=313,624
No (n=309,536) | Yes (n=4,088)
Age, (years), mean +SD 31.1+5.2 31.1+5.2 33.9+54
<35 239,012 (76.2) 236,625 (76.5) 1,701 (41.6)
>35 | 74,503 (23.8) | 72,802 (23.5) 2,387 (58.4)
Missing | 109 (0.03) 109 (0.03)
Body massindex (kg/m2), mean £ SD 24.8+4.7 248 +£4.7 26.0+5.4
BMI<30 | 259,151 (82.6)| 256,032 (82.7) = 3,119 (76.3)
BMI>30 39,724 (12.7) = 38,909 (12.6) 815 (19.9)
Missing | 14,749 (4.7) 14,595 (4.7) 154 (3.8)
Parity, n (%)
Nulliparous| 120,770 (38.5) 119,969 (38.8) = 801 (19.6)
1-3 189,269 (60.4) 186,034 (60.1) 3,235 (79.1)
>4 | 3,585 (1.1) 3,533 (1.1) 52 (1.3)
Multiple pregnancies, n (%)
2-4 fetuses 4,862 (1.6) 4,739 (1.5) 123 (3.0)
Assisted reproduction, n (%)
Yes | 16,385 (5.2) 15,840 (5.1) 545 (13.3)
Missing | 48,797 (15.6) = 48,389 (15.6) 408 (10.0)
Previous caesarean section, n (%)
33,249 (10.6) = 31,828 (10.3) 1,421 (34.8)
Country of birth, n (%)
Nordic | 204,668 (65.3) 201,890 (65.2) 2,798 (68.5)
Other western 15,565 (5.0) 15,378 (5.0) 187 (4.6)
Non-western 58,453 (18.6) | 57,775 (18.7) 678 (16.6)
Missing | 34,918 (11.1) = 34,493 (11.1) 425 (10.4)
Occupation, n (%)
Employed 196,864 (62.8) 194,208 (62.7) 2,656 (65.0)
Government assistance (sick leav82,063 (26.2) | 81,053 (26.2) 1,010 (25.7)
student, unemployed)
Missing | 34,697 (11.1) | 34,275 (11.1) 422 (10.3)
Smoking at first prenatal visit, n (%)
Yes | 14,662 (4.7) 14,523 (4.7) 139 (3.4)
Missing | 36,567 (11.7) | 36,139 (11.7) 428 (10.5)
Alcohol risk use three months prior to pregnancy
AUDIT >6 ' 10,041 (3.2) 9,987 (3.2) 54 (1.3)
Missing | 68,424 (21.8) = 67,569 (21.8) 855 (20.9)
Pre-gestational disorders, n (%)
Hypertension 1,489 (0.5) 1,302 (0.4) 187 (4.6)
Diabetes 5,401 (1.7) 5,271 (1.7) 130 (3.2)
Inflammatory diseas€s 2,706 (0.9) 2,593 (0.8) 113 (2.8)
Gestational disorders, n (%)
Hyperemesis gravidarum3,317 (1.1) 3,255 (1.1) 62 (1.5)
Preeclampsia — all forms9,038 (2.9) 8,616 (2.8) 422 (10.3)
Gestational diabetes5,401 (1.7) 5,271 (1.7) 130 (3.2)
Placenta previ¢ 1,748 (0.6) 1,703 (0.6) 45 (1.1)
Placental abruption 1,164 (0.4) 1,139 (0.4) 25 (0.6)
Gestational age at delivery, (weeks), | 39.3+1.9 39.3+1.9 385+2.3
mean +SD
Induction of labour®, n (%)
Yes | 53,727 (17.1) = 52,591 (17.0) 1,136 (27.8)
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553

Missing | 1,045 (0.3)
Mode of delivery, n (%)
Spontaneous vaginal241,459 (76.9)
Instrumental vaginal 16,837 (5.4)
Caesarean sectionb5,328 (17.6)

bowel disease and systemic lupus erythematosus
P Exclude elective caesarean section.

1,032 (0.3)

239,019 (77.2)
16,653 (5.4)
53,864 (17.4)

13 (0.3547
548
2,440 G6)
184 (4.550
1,464 (858)

a

Infl
am
mat
ory

25



554  Table 2: Prenatal complications by aspirin use during pregnancy.

No aspirin use Aspirin use
N=309,536 N=4,088
Oddsratios (95% confidence interval)
Outcome N (%) N (%) Crude Adjusted
Bleeding complications during pregnancy
Antepartum hemorrhafe 5,585 (1.82) 97 (2.41) 1.33 (1.09, 1.63) 1.2270p154)
Hematemesis, Hematuria. 203 (0.07) 3 (0.07) 1.12 (0.36, 3.5) 1.30 (0.36, 4.68)

Bleeding from the airways
Side effects during pregnancy

Gastritis 724 (0.23) 13 (0.32) 1.36 (0.76, 2.36)  1.33(0.73, 2.40)
555

556 Adjusted ORs and 95% Cls were retrieved via logistigression with inverse probability
557 weighting of treatment and multiple pregnancy ideld as a covariate for all analysés.
558 Excludes cases with placenta previa or abruptior; 310,759 included in analysis.
559 N=313,624 included in all other analyses.

560

561

562

563

564

565
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Table 3: Labor and postpartum complications by aspirin use during pregnancy.

No aspirin use Aspirin use
N=309,536 N=4,088
Outcome N (%) N (%) Oddsratio (95% confidence interval)
Crude Adjusted

Intrapartum 4,695 (1.53) 117 (2.91) | 1.93(1.60, 2.32) 1.63 (1.30, 2.05)
hemorrhagé

Postpartum hemorrhag 24,036 (7.84) 411 (10.23) 1.34(1.21,1.49) 11288, 1.39)
Postpartum hematoma 321 (0.10) 17 (0.42) 4.02 (2.47, 6.56) 2.21(1.13,4.34)
Neonatal intracranial 17 (0.01) 3 (0.07) 13.37 (3.92, 45.64) 9.66 (14848)
hemorrhag8

Adjusted ORs and 95% Cls were retrieved via logistigression with inverse probability

weighting of treatment and multiple pregnancy aneeplampsia included as covariates for
analysis of intrapartum and postpartum hemorrhagepastpartum hematoma.

@Cases of placenta previa and abruption were exdléden analyses; N= 310,759 included

in analysis.

P Adjusted via inverse probability weighting of treent and gestational age at delivery and
mode of delivery included as covariates; N=313,B8luded in analysis.
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Table 4: Labor and postpartum complications by aspirin use during pregnancy and mode of delivery.
Vaginal deliveries

No aspirin Aspirin use No aspirin use
use N=2,624 N=53,866
N=255,670
Outcome N (%) N (%) Oddsratio (95% confidence interval) N (%) N (%)
Crude Adjusted

Intrapartum 204 (0.08) 1(0.04) 0.49(0.07,3.41)  0.25 (0.086) 4,491 (8.70)
hemorrhagé

Postpartum 17,572 (6.89) 244 (9.33) 1.39(1.22, 1.59) 1.25(1.07,1.45) 6,464 (12.52) 167 (11.90) 0.94 (0.80, 1.11)

hemorrhagé

Postpartum 11 (0.004) 1(0.04) 8.86 (1.14, 68.66) 20.41 (2188.93) 310 (0.58)
hematoma

Neonatal 10 (0.004)  2(0.08)  19.50 (4.27, 89.05) 17.07 (3.70, 78.86) 7 (0.01) 1 (0.07)

intracranial
hemorrhag®

Caesar ean Section deliveries
Aspirin use

116 (8.27)  0.95 (0.78, 1.15)

Oddsratio (95% confidence interval)
Adjusted
6q@76, 1.21)
0.95 (0.78, 1.16)
1.91 (1.15, 3.16) 99(0.55, 1.76)

5.26 (0.65, 42.77) 4.93 (0.60, 40.59)

Adjusted ORs and 95% Cls were retrieved via logigggression with inverse probability weightingtadatment and multiple pregnancy and

preeclampsia included as covariates for all analyse

@Cases of placenta previa and abruption were exdlfrden analyses; N= 257,736 vaginal delivery and38;023 caesarean section analyses.
P Adjusted analysis via inverse probability weightioigtreatment and gestational age at delivery mhetlias a covariate; N= 258,262 vaginal

delivery and N= 55,319 caesarean section analyses.
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Table5: Labor and postpartum bleeding complications among women who did not
develop preeclampsia.

No aspirin use Aspirin use
N= 300,920 N= 3,666
Outcome Oddsratio (95% confidenceinterval)
N (%) N (%) Crude Adjusted

Intrapartum 4,446 (1.49) 102 (2.83) 1.92(1.58,2.35) 1.69 (1.33,2.14)
hemorrhagé

Postpartum 22,804 (7.65) 364 (10.10) 1.36 (1.22, 1.51) 1P717, 1.45)
hemorrhagé

Postpartum hematom 258 (0.09) 14 (0.38) 4.47 (2.60, 7.66) 2.67 (1.32, 5.41)
Neonatal intracranial 11(0.003) 2 (0.05) 14.93 (3.31, 67.39) 3.74 (018042)
hemorrhag8

All cases of preeclampsia excluded from analyse§ugied ORs and 95% Cls were retrieved

via logistic regression with inverse probability iglging of treatment and multiple
pregnancy included as covariates.

#Excludes cases with placenta previa or abruptien30il,852 included in analysis.
PAdjusted analysis via logistic regression with irseeprobability weighting of treatment and

gestational age at delivery and mode of delivecjuisled as covariates; N= 304,546 included

in analysis
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