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BACKGROUND: Aspirin is offered to pregnant women to prevent

preeclampsia, a severe obstetrical complication. Large studies of
nonpregnant populations have consistently shown that aspirin prophylaxis
increases the risk of hemorrhagic complications. However, there have not
been any population-based studies investigating this in a pregnant
population.
OBJECTIVE: This study aimed to investigate whether aspirin use during
pregnancy is associated with an increased risk of bleeding complications.
STUDY DESIGN: We performed a register-based cohort study using
the Swedish Pregnancy Register wherein we examined 313,624 women
giving birth between January 2013 and July 2017. Logistic regression was
used to assess the risk of antepartum, intrapartum, and postpartum
hemorrhage. A propensity score and inverse probability treatment
weighting was used to generate an odds ratio that corrects for differences
in baseline characteristics.
RESULTS: Aspirin use was registered in 4088 (1.3%) women during
pregnancy. Compared with women who did not take aspirin, aspirin use
was not associated with bleeding complications during the antepartum

Introduction
Preeclampsia is characterized by
maternal hypertension and end organ
injury and affects 3% to 8% of pregnancies. It is a signiﬁcant contributor to
global maternal and neonatal morbidity
and mortality.1 Aspirin is one of the
world’s most commonly used drugs.2
With antiinﬂammatory and antiplatelet
properties, it was ﬁrst proposed as a
treatment to prevent preeclampsia in
1978.3 Since then, there have been many
randomized clinical trials evaluating the
effectiveness of aspirin to prevent
preeclampsia.4e8
Aspirin is now widely offered to
women thought to be at an increased risk
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period (adjusted odds ratio, 1.22; 95% confidence interval, 0.97e1.54).
However, aspirin users had a higher incidence of intrapartum bleeding
(2.9% aspirin users vs 1.5% nonusers; adjusted odds ratio, 1.63; 95%
confidence interval, 1.30e2.05), postpartum hemorrhage (10.2% vs
7.8%; adjusted odds ratio, 1.23; 95% confidence interval, 1.08e1.39),
and postpartum hematoma (0.4% vs 0.1%; adjusted odds ratio, 2.21;
95% confidence interval, 1.13e4.34). The risk of a neonatal intracranial
hemorrhage was also increased (0.07% vs 0.01%; adjusted odds ratio,
9.66; 95% confidence interval, 1.88e49.48). After stratifying by mode of
birth, a higher incidence of bleeding among aspirin users was present for
those who had a vaginal birth but not those who had a cesarean delivery.
CONCLUSION: Using aspirin during pregnancy is associated with
increased postpartum bleeding and postpartum hematoma. It may also be
associated with neonatal intracranial hemorrhage. When offering aspirin
during pregnancy, these risks need to be weighed against the potential
benefits.
Key words: aspirin, bleeding risk, hemorrhage, pregnancy

of developing preeclampsia, a practice
that is recommended by most
guidelines.9e13 These generally recommend that pregnant women at high risk
or with more than 1 moderate risk factor
for preeclampsia take 75 to 150 mg of
aspirin daily, from 12 weeks of gestation
until 36 to 37 weeks of gestation,13 or
until birth.10,11,14 Sweden has had a
conservative approach with regard to
aspirin, and only women considered
high risk based on medical and obstetrical history have been offered 75 mg of
aspirin from 12 to 36 weeks of gestation.
The new 2019 Swedish guidelines are
very similar to the National Institute for
Health and Care Excellence (NICE)
guidelines, where 10% of the pregnant
population are expected to be classiﬁed
as high risk and offered aspirin.11
Given the perceived safety of aspirin
during pregnancy, there have even been
increasing calls to simply administer
aspirin universally to all pregnant
women.15e17 A cost-effective analysis
published in 2019 theorized that

universal administration may prevent
346 cases of preeclampsia and save
$8,011,725 compared with the current
US Preventative Services Task Force
guidelines.18 Notably, this calculation
had an underlying assumption that
aspirin is safe, where the authors only
considered gastrointestinal bleeding and
aspirin-exacerbated respiratory disease
as possible adverse effects and did not
consider the potential for pregnancyrelated bleeding complications.18
However, studies of nonpregnant
populations have found a consistent
association between chronic administration of aspirin and bleeding risk.
Recent large randomized trials investigating aspirin for the primary prevention of major cardiovascular events in an
older population report an increased risk
of bleeding complications.19e22 A recent
meta-analysis of 164,225 participants
reported an increased risk for major
bleeding complications (hazard ratio
[HR], 1.43; 95% conﬁdence interval
[CI], 1.30e1.56) and intracranial

MONTH 2020 American Journal of Obstetrics & Gynecology

1.e1

Original Research

ajog.org

OBSTETRICS

AJOG at a Glance
Why was this study conducted?
Aspirin is widely offered to pregnant women to prevent preeclampsia, one of the
most severe obstetrical complications. Large studies of nonpregnant populations
taking aspirin to prevent cardiovascular events have decisively shown an
increased risk of major hemorrhage. However, there have not been large,
adequately powered studies to determine whether there is a risk of bleeding in a
pregnant population.
Key ﬁndings
In this population-based register cohort study of 313,624 pregnancies, aspirin use
was associated with a clear increased risk of bleeding during labor and the
postpartum period.
What does this add to what is known?
These ﬁndings provide clear evidence against more liberal or universal administration of aspirin.

hemorrhage (HR, 1.34; 95% CI,
1.14e1.57) among primary prevention
aspirin users,23 which was conﬁrmed in a
second meta-analysis.24
To our knowledge, there are no
population-based studies addressing
whether there is a bleeding risk with
aspirin administration during pregnancy
(literature search terms presented in
Supplemental Table 1). It is a challenging
question to examine because aspirin is
freely available without a prescription in
most countries, but in Sweden, aspirin is
a prescribed medication. Sweden also
has high-quality national population
and quality registers, including the
Swedish Pregnancy Register. In the
Swedish Pregnancy Register, clinical information is recorded in a uniform
manner and medication use is routinely
recorded at all trimesters of pregnancy,
including aspirin. Therefore, we undertook a population-based register cohort
study investigating whether there is an
association between aspirin use and
bleeding during pregnancy and delivery.

Methods
Design and setting
We performed a register-based cohort
study using data obtained from the
Swedish Pregnancy Register. During
2013, only Stockholm and Gotland
regions were included in the register,
representing less than one-third of

deliveries. However, since 2014, the
Swedish Pregnancy Register covers 16 of
20 regions in Sweden (covering 90% of
all deliveries) and 98% of all deliveries
within the 16 participating regions. The
Swedish Pregnancy Register combines
prospectively collected data from the
Swedish Maternal Health Care Register;
the Swedish National Quality Register
for Prenatal Diagnosis; and data from
electronic standardized prenatal, delivery, and neonatal records, with data
collected from the ﬁrst prenatal visit to
the scheduled follow-up 2 to 3 months
after delivery.25

index (BMI) calculated from measured
weight and self-reported height registered at ﬁrst prenatal visit, which was
then divided into 2 groups, <30 and 30
kg/m2. Country of birth was classiﬁed as
Sweden, other Nordic countries, other
western countries (Europe, North
America, Australia, and New Zealand),
and nonwestern countries.
We also obtained information on selfreported socioeconomic factors. Years of
education were categorized to 9 years,
10e12 years, and >12 years. Occupation
was deﬁned as employed or government
assistance (sick leave, student, or unemployed). Housing situation was
deﬁned as living with the father of the
child or living in another situation (such
as same-sex partner, living alone, or with
an extended family). Daily smoking in
early pregnancy (yes or no) was recorded
at the ﬁrst prenatal visit, as was the use of
alcohol within 3 months before
conception, which was determined using
the Alcohol Use Disorders Identiﬁcation
Test,26 where scores 6 indicate hazardous use of alcohol or alcohol
dependency.
Pregestational and pregnancy variables were extracted from predeﬁned
check boxes in the electronic antenatal
and birth records and/or from the
Swedish version of the International
Classiﬁcation of Diseases, Tenth Revision (ICD-10) (Supplemental Table 2).

Exposure
Study population
We included women giving birth in
Sweden from January 2013 to July 2017.
If a woman had given several births
during the study period, we only
included the last pregnancy and delivery.
We excluded 11,254 women with
missing maternal prenatal health records
and a further 10,735 who had reported
use of low-molecular-weight heparin or
selective serotonin reuptake inhibitors,
owing to the fact that this population
might have an increased risk of bleeding.
This left a total of 313,624 women for the
study.
We extracted maternal demographic
variables including age at delivery
(categorized into <18 years, 18e34
years, and 35 years) and body mass
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Data on aspirin use were obtained from
prenatal care records, including the ﬁrst
prenatal visit record (which is a
comprehensive record of patient information, sociodemographic data, and
medical and obstetrical history) and
from each prenatal care visit record,
which is typically 8 to 10 visits across
pregnancy. Aspirin use during pregnancy was deﬁned as self-reported use of
aspirin at any visit during pregnancy.

Outcomes
The primary outcome was bleeding
complications recorded in prenatal or
delivery records via the Swedish version
of ICD-10, which was categorized into
(1) bleeding complications during
pregnancy, such as hematemesis (coded

ajog.org
as K92), hematuria (R31), bleeding from
the airways (R04), and antepartum
hemorrhage (O46) and (2) labor and
postpartum complications, such as
excessive intrapartum bleeding (O67),
postpartum hemorrhage (deﬁned as
blood loss >1000 mL recorded in birth
records or by ICD-10 code O72), postpartum hematoma (O902 or O717), and
neonatal intracranial hemorrhage (P10).
Data on whether gastritis occurred were
also obtained as assessed through prenatal care records (K92 or K29).

Additional analyses
Given that the mode of birth may affect
the risk of bleeding complications during labor and the postpartum period, we
stratiﬁed our analyses by vaginal birth or
cesarean delivery to examine labor and
postpartum outcomes.
To investigate the association between
aspirin and bleeding complications
without the potential confounding
caused by a diagnosis of preeclampsia,
we performed sensitivity analyses
excluding women who developed
preeclampsia.
To investigate the potential of reporting bias, we performed additional analyses
investigating
a
maternal
complication unrelated to bleeding
(pelvic girdle pain) and associations between paracetamol use and bleeding
complications. We selected these 2 variables given that they have no known
biological association with bleeding risk.

Statistical analysis
Characteristics of the population were
described according to aspirin use during pregnancy. Aspirin users and nonusers were compared via bivariate
analysis using Pearson chi-square test for
categorical data and Student t test for
continuous variables.
Associations between aspirin use and
maternal and neonatal complications
were estimated by logistic regression and
presented as odds ratios (ORs) and 95%
CIs.
To adjust for baseline differences in
the population by aspirin use, a propensity score and inverse probability
treatment weighting (IPTW) was used.
The propensity score is the probability of
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being exposed (aspirin use) given a set of
measured covariates, which can be estimated for each individual where the
exposure takes the place of the outcome
variable and covariates are included as
explanatory variables.27 This methodology attempts to create exchangeability
between the exposed and unexposed
groups and mimic randomization in
observational studies.27,28 The propensity score was created for each
participant using logistic regression,
setting aspirin as the outcome and
including maternal and socioeconomic
factors present at ﬁrst prenatal visit that
included maternal age, BMI, parity,
previous cesarean delivery, in vitro
fertilization (IVF), country of birth,
employment status, smoking status,
alcohol risk score, and the presence of
pregestational disorders (chronic hypertension, diabetes, endocrine disorders, and inﬂammatory diseases).
We then used IPTW, whereby the
estimated propensity score is used to
weight individuals and create a pseudopopulation where the measured covariates are balanced between exposure
groups. Exposed individuals were
assigned a probability weight of 1/propensity score, whereas the unexposed
individuals were assigned a probability
weight of 1/(1propensity score).
The propensity score and IPTW were
determined to be successful in balancing
covariates and potential confounders in
aspirin-exposed and aspirin-unexposed
groups by showing that covariates were
similarly distributed and not signiﬁcantly associated with aspirin use after
applying IPTW (Supplemental Table 3).
Adjusted analyses were performed
using multiple logistic regression
including the inverse probability
weighting in all models. For the outcomes of gastritis, hematemesis, hematuria, bleeding from the airways, and
antepartum hemorrhage, multiple
pregnancy was also included as a
confounder. Intrapartum and postpartum hemorrhage and postpartum
hematoma included multiple pregnancy
and preeclampsia as additional confounders. As placenta previa and
abruption may mediate maternal prenatal, intrapartum, and postpartum
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hemorrhage and postpartum hematoma, these were excluded from these
analyses. The adjusted analyses of
neonatal
intracranial
hemorrhage
included gestational age at delivery and
mode of delivery as confounders.

Results
Of the 313,624 women included in our
study, 4088 (1.3%) reported aspirin use
during pregnancy. Women using aspirin
were older, more obese, and more
frequently parous than women who did
not take aspirin. In addition, aspirin
users were more likely to have a multiple
pregnancy, to have conceived through
IVF, and to have had a previous cesarean
delivery (Table 1). Aspirin users had a
higher rate of preexisting medical conditions (including hypertension and
diabetes) and pregnancy complications,
such as preeclampsia. At the time of
birth, women who had used aspirin
during pregnancy had higher rates of
preterm delivery and induction of labor
and were more likely to have a cesarean
delivery (Table 1).

Aspirin use and prenatal
complications
The incidence of antepartum hemorrhage
among women using aspirin was 2.4%
compared with 1.8% among nonusers,
which resulted in a crude OR of 1.33 (95%
CI, 1.09e1.63). After adjusting via IPTW,
the association was no longer signiﬁcant
(adjusted OR [aOR], 1.22; 95% CI,
0.97e1.54). In addition, aspirin use was
not associated with gastritis (aOR, 1.33;
95% CI, 0.73e2.40) or the compound
outcome of hematemesis, hematuria, or
bleeding from the airways (aOR, 1.30;
95% CI, 0.36e4.68) (Table 2).

Labor and postpartum bleeding
complications
Women using aspirin during pregnancy
were more likely to experience bleeding
during labor and postpartum hemorrhage than those not using aspirin. The
incidence of bleeding during labor was
2.9% among aspirin users vs 1.5% in
nonusers, with an aOR of 1.63 (95% CI,
1.30e2.05). The incidence of postpartum hemorrhage was 10.2% among
aspirin users and 7.8% among nonusers,
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TABLE 1

Maternal characteristics by aspirin use during pregnancy
Aspirin use
Characteristic

Total births (N¼313,624)

No (n¼309,536)

Yes (n¼4088)

Age (y), meanSD

31.15.2

31.15.2

33.95.4

<35, n (%)

239,012 (76.2)

236,625 (76.5)

1701 (41.6)

35, n (%)

74,503 (23.8)

72,802 (23.5)

2387 (58.4)

109 (0.03)

109 (0.03)

Missing, n (%)
2

BMI (kg/m ), meanSD
BMI <30, n (%)

—

24.84.7

24.84.7

26.05.4

259,151 (82.6)

256,032 (82.7)

3119 (76.3)

BMI 30, n (%)

39,724 (12.7)

38,909 (12.6)

815 (19.9)

Missing, n (%)

14,749 (4.7)

14,595 (4.7)

154 (3.8)

Nulliparous

120,770 (38.5)

119,969 (38.8)

801 (19.6)

1e3

189,269 (60.4)

186,034 (60.1)

3235 (79.1)

Parity, n (%)

4

3585 (1.1)

3533 (1.1)

52 (1.3)

4862 (1.6)

4739 (1.5)

123 (3.0)

Multiple pregnancies, n (%)
2e4 fetuses
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)

33,249 (10.6)

31,828 (10.3)

1421 (34.8)

204,668 (65.3)

201,890 (65.2)

2798 (68.5)

Other western

15,565 (5.0)

15,378 (5.0)

187 (4.6)

Nonwestern

58,453 (18.6)

57,775 (18.7)

678 (16.6)

Missing

34,918 (11.1)

34,493 (11.1)

425 (10.4)

196,864 (62.8)

194,208 (62.7)

2656 (65.0)

Government assistance (sick leave, student,
unemployed)

82,063 (26.2)

81,053 (26.2)

1010 (25.7)

Missing

34,697 (11.1)

34,275 (11.1)

422 (10.3)

Previous cesarean delivery, n (%)
Yes
Country of birth, n (%)
Nordic

Occupation, n (%)
Employed

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)

AUDIT >6

10,041 (3.2)

9987 (3.2)

54 (1.3)

Missing

68,424 (21.8)

67,569 (21.8)

855 (20.9)

1489 (0.5)

1302 (0.4)

187 (4.6)

5401 (1.7)

5271 (1.7)

130 (3.2)

2706 (0.9)

2593 (0.8)

113 (2.8)

Alcohol risk use 3 mo before pregnancy

Pregestational disorders, n (%)
Hypertension
Diabetes
Inflammatory diseases

a

Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.
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TABLE 1

Maternal characteristics by aspirin use during pregnancy (continued)
Aspirin use
Total births (N¼313,624)

Characteristic

No (n¼309,536)

Yes (n¼4088)

Gestational disorders, n (%)
Hyperemesis gravidarum

3317 (1.1)

3255 (1.1)

62 (1.5)

Preeclampsia—all forms

9038 (2.9)

8616 (2.8)

422 (10.3)

Gestational diabetes

5401 (1.7)

5271 (1.7)

130 (3.2)

Placenta previa

1748 (0.6)

1703 (0.6)

45 (1.1)

Placental abruption

1164 (0.4)

1139 (0.4)

25 (0.6)

Gestational age at delivery (wk), meanSD

39.31.9

39.31.9

38.52.3

b

Induction of labor , n (%)
Yes
Missing

53,727 (17.1)

52,591 (17.0)

1136 (27.8)

1045 (0.3)

1032 (0.3)

13 (0.3)

Mode of delivery, n (%)
Spontaneous vaginal

241,459 (76.9)

239,019 (77.2)

2440 (56.7)

Instrumental vaginal

16,837 (5.4)

16,653 (5.4)

184 (4.5)

Cesarean delivery

55,328 (17.6)

53,864 (17.4)

1464 (35.8)

AUDIT, Alcohol Use Disorders Identification Test; BMI, body mass index; SD, standard deviation.
a
Inflammatory bowel disease and systemic lupus erythematosus; b Exclude elective cesarean delivery.
Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.

with an aOR of 1.23 (95% CI, 1.08e1.39;
Table 3). In addition, women using
aspirin were more likely to develop a
postpartum hematoma, with an incidence of 0.4% among aspirin users vs
0.1% among nonusers (aOR, 2.21; 95%
CI, 1.13e4.34).
There was also an association between
aspirin use and neonatal intracranial

hemorrhage, with an incidence of 0.07%
among aspirin users vs 0.01% among
nonusers (aOR, 9.66; 95% CI,
1.88e49.48; Table 3).

Labor and postpartum
complications by mode of birth
When the data were stratiﬁed for mode
of birth, there was no longer an

association between aspirin use and
bleeding during labor after either a
vaginal or cesarean delivery. An increase
in postpartum hemorrhage was found
among aspirin users who gave birth
vaginally (aOR, 1.25; 95% CI,
1.07e1.45) but not among those who
gave birth via cesarean delivery (aOR,
0.95; 95% CI, 0.78e1.16). Similarly,

TABLE 2

Prenatal complications by aspirin use during pregnancy
No aspirin use (N¼309,536)

Aspirin use (N¼4088)
OR (95% CI)

Outcome

N (%)

N (%)

5585 (1.82)
203 (0.07)
724 (0.23)

Crude

Adjusted

97 (2.41)

1.33 (1.09e1.63)

1.22 (0.97e1.54)

3 (0.07)

1.12 (0.36e3.5)

1.30 (0.36e4.68)

13 (0.32)

1.36 (0.76e2.36)

1.33 (0.73e2.40)

Bleeding complications during pregnancy
Antepartum hemorrhagea
Hematemesis, hematuria, bleeding from the airways
Side effects during pregnancy
Gastritis

Adjusted ORs and 95% CIs were retrieved via logistic regression with inverse probability weighting of treatment and multiple pregnancy included as a covariate for all analyses.
CI, confidence interval; OR, odds ratio.
a

Excludes cases with placenta previa or abruption; N¼310,759 included in analysis. N¼313,624 included in all other analyses.
Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.
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TABLE 3

Labor and postpartum complications by aspirin use during pregnancy
No aspirin use
(N¼309,536)

Aspirin use (N¼4088)
OR (95% CI)

Outcome

N (%)
a

4695 (1.53)

Postpartum hemorrhagea

24,036 (7.84)

Intrapartum hemorrhage
Postpartum hematoma

Neonatal intracranial hemorrhage

b

N (%)

Crude

Adjusted

117 (2.91)

1.93 (1.60e2.32)

1.63 (1.30e2.05)

411 (10.23)

1.34 (1.21e1.49)

1.23 (1.08e1.39)

321 (0.10)

17 (0.42)

4.02 (2.47e6.56)

2.21 (1.13e4.34)

17 (0.01)

3 (0.07)

13.37 (3.92e45.64)

9.66 (1.88e49.48)

Adjusted ORs and 95% CIs were retrieved via logistic regression with inverse probability weighting of treatment and multiple pregnancy and preeclampsia included as covariates for analysis of
intrapartum and postpartum hemorrhage and postpartum hematoma.
CI, confidence interval; OR, odds ratio.
a

Cases of placenta previa and abruption were excluded from analyses; N¼310,759 included in analysis; b Adjusted via inverse probability weighting of treatment and gestational age at delivery and
mode of delivery included as covariates; N¼313,581 included in analysis.
Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.

among women giving birth vaginally,
those using aspirin were more likely to
experience postpartum hematoma
(aOR, 20.41; 95% CI, 2.62e158.93) and
have an infant with neonatal intracranial
hemorrhage (aOR, 17.07; 95% CI,
3.70e78.86) than those not using
aspirin. Among women who gave birth
via cesarean delivery, no association was
found between aspirin use and postpartum hematoma or neonatal intracranial hemorrhage (Table 4).

Subgroup analyses
In the ﬁrst sensitivity analysis, women
who developed preeclampsia were
excluded. Women using aspirin
remained more likely to develop
bleeding during labor (aOR, 1.69; 95%
CI, 1.33e2.14) and postpartum hemorrhage (aOR, 1.27; 95% CI, 1.12e1.45)
and experience postpartum hematoma
(aOR, 2.67; 95% CI, 1.32e5.41).
Neonatal intracranial hemorrhage was
no longer associated with aspirin use in
this adjusted analysis (aOR, 3.74; 95%
CI, 0.80e17.42) (Table 5).
To assess whether reporting bias may
be an alternative explanation for our
ﬁndings, we investigated whether aspirin
use was associated with pelvic girdle
pain, and no association was found (data
not shown). We also investigated the
association between paracetamol and
bleeding where there was no increased
association with bleeding during

pregnancy among women who had
taken paracetamol compared with nonusers (Supplemental Table 4).

Discussion
Principal findings
In this population-based register study,
the use of aspirin during pregnancy
was associated with increased bleeding
complications in the postpartum
period among women giving birth
vaginally. Of possible concern, there
may also be an increased risk of
neonatal intracranial hemorrhage and
maternal postpartum hematoma,
although numbers were low.

Results
To our knowledge, this is the ﬁrst
population-based register cohort study
investigating aspirin use during pregnancy and bleeding complications. Our
ﬁndings are in agreement with a 2019
Cochrane meta-analysis, which included
19 trials (n¼23,769) investigating postpartum hemorrhage and found that antiplatelet agents slightly increased the
risk of postpartum hemorrhage (relative
risk, 1.06; 95% CI, 1.00e1.12).29 In
addition, most included trials were
investigating low-dose aspirin, and most
participants received doses below 75 mg,
whereas in this study, women were likely
to be receiving 75 mg daily. The same
investigators initially reported no
increased bleeding risk in earlier
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individual patient data,30 but those data
were included in this recent update.
In support of the plausibility of our
ﬁndings is the fact that it broadly agrees
with large population studies among a
nonpregnant population that consistently report an increased risk of
bleeding complications with daily
aspirin administration. These include an
increased risk of major and fatal bleedings, albeit in an older population with
extended exposure period.31,32 Counter
to our ﬁndings, those studies have also
reported an increased risk of gastrointestinal bleeding.31 This difference may
be attributed to the fact that the obstetrical population are younger and are
likely to have less underlying gastrointestinal pathology and a shorter exposure. Furthermore, our data are derived
solely from the Swedish Pregnancy
Register, and there is a risk of nonobstetrical
diagnoses
being
underreported.
We identiﬁed a possible association
between taking aspirin during pregnancy and neonatal intracranial hemorrhage. There have been previous reports
that have observed this association. A
prospective study published in 1981 of
108 preterm infants reported an
increased risk of intracranial hemorrhage among women using aspirin during pregnancy; however, the dose of
aspirin was not described.33 Similar
ﬁndings have been reported in other

ajog.org

Cases of placenta previa and abruption were excluded from analyses; N¼257,736 vaginal delivery and N¼53,023 cesarean delivery analyses; b Adjusted analysis via inverse probability weighting of treatment and gestational age at delivery included as a covariate;
N¼258,262 vaginal delivery and N¼55,319 cesarean delivery analyses.
Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.
a

CI, confidence interval; OR, odds ratio.

Adjusted ORs and 95% CIs were retrieved via logistic regression with inverse probability weighting of treatment and multiple pregnancy and preeclampsia included as covariates for all analyses.

0.99 (0.55e1.76)

4.93 (0.60e40.59)
5.26 (0.65e42.77)

1.91 (1.15e3.16)
16 (1.09)

1 (0.07)
7 (0.01)

310 (0.58)
20.41 (2.62e158.93)

17.07 (3.70e78.86)
10 (0.004)

8.86 (1.14e68.66)

19.50 (4.27e89.05)

1 (0.04)
11 (0.004)
Postpartum hematoma

Neonatal intracranial hemorrhageb

2 (0.08)

0.95 (0.78e1.16)
0.94 (0.80e1.11)
167 (11.90)
6464 (12.52)
1.25 (1.07e1.45)
1.39 (1.22e1.59)
244 (9.33)

0.96 (0.76e1.21)
0.95 (0.78e1.15)
116 (8.27)
4491 (8.70)
0.25 (0.03e1.86)
0.49 (0.07e3.41)
1 (0.04)
204 (0.08)

17,572 (6.89)
Postpartum hemorrhage

a

a

Intrapartum hemorrhage

OR (95% CI)

Crude
N (%)
N (%)

OR (95% CI)

Crude
N (%)
N (%)
Outcome

Aspirin use (N¼2624)

Adjusted

No aspirin
use
(N¼53,866)
No aspirin use
(N¼255,670)

Aspirin use (N¼1464)

Cesarean deliveries
Vaginal deliveries

Labor and postpartum complications by aspirin use during pregnancy and mode of delivery

TABLE 4

Adjusted
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small trials and case reports.34
Conversely, a 2007 Cochrane metaanalysis of randomized controlled trials
found that among 10 trials and 26,184
babies, there was no association between
aspirin use and neonatal intraventricular
hemorrhage.35 Given the low number of
cases seen within this study, caution is
required in interpreting these ﬁndings.
Defective placental implantation and
poor placental perfusion are thought to
be important factors in the pathogenesis
of preeclampsia.36 It has been postulated
that aspirin may reduce the risk of preeclampsia by decreasing local thromboses in the maternal vessels supplying the
placenta via its antiplatelet properties.37
This then may improve perfusion to
the placenta.37 If this is the case, then it is
plausible that an improved maternal
vascular supply to the placenta may also
predispose women to an increased
bleeding tendency during labor, even if
aspirin was ceased at around 36 weeks of
gestation. In our data, we had no information about when women stopped
taking aspirin. We note Swedish recommendations of cessation of aspirin at
36 weeks of gestation.
Stratifying our analysis by mode of
birth revealed aspirin to only be associated with an increased bleeding risk
among women who birthed vaginally.
The reason for this is not entirely clear,
and although it cannot be elucidated
within this study, it does warrant further
investigation. In addition, it is plausible
that the association between aspirin and
bleeding may be attributed to an interaction between aspirin and uterotonics.
In Sweden, prophylactic oxytocin, at 5 to
10 international units, is routinely
offered to all women. Given that all
women receive oxytocin, it is difﬁcult to
determine whether an interaction with
aspirin is an explanation for the differences in postpartum bleeding.

Strengths and limitations
This study has a number of strengths. It
is a population-based study with data
from recent years. The exposure was
self-reported and not derived from
dispensed prescriptions (which might be
regarded as both a strength and limitation), increasing the likelihood of actual
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TABLE 5

Labor and postpartum bleeding complications among women who did not develop preeclampsia
No aspirin use
(N¼300,920)

Aspirin use (N¼3666)
OR (95% CI)

Outcome

N (%)
a

4446 (1.49)

Postpartum hemorrhagea

22,804 (7.65)

Intrapartum hemorrhage
Postpartum hematoma

Neonatal intracranial hemorrhage

258 (0.09)
b

11 (0.003)

N (%)

Crude

Adjusted

102 (2.83)

1.92 (1.58e2.35)

1.69 (1.33e2.14)

364 (10.10)

1.36 (1.22e1.51)

1.27 (1.12e1.45)

14 (0.38)

4.47 (2.60e7.66)

2.67 (1.32e5.41)

2 (0.05)

14.93 (3.31e67.39)

3.74 (0.80e17.42)

All cases of preeclampsia excluded from analyses. Adjusted ORs and 95% CIs were retrieved via logistic regression with inverse probability weighting of treatment and multiple pregnancy included as
covariates.
CI, confidence interval; OR, odds ratio.
a

Excludes cases with placenta previa or abruption; N¼301,852 included in analysis; b Adjusted analysis via logistic regression with inverse probability weighting of treatment and gestational age at
delivery and mode of delivery included as covariates; N¼304,546 included in analysis.
Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.

intake of aspirin. In our study, 1.3% of
women used aspirin, a number that was
similar to the reported usage of anticoagulants in previous publications from
the Swedish-prescribed drug register.38
The population was sufﬁciently large to
perform subgroup analyses, which
permitted us to explore important
mediating factors such as mode of delivery and confounding by indication, in
this case women developing preeclampsia. In addition, we performed 2 subanalyses that minimize the possibility of
differential misclassiﬁcation of the
exposure by reporting bias. We showed
that there was no association between
aspirin use and pelvic girdle pain (a
pregnancy complication that is not
related to bleeding) and no association
between reported paracetamol use and
bleeding during pregnancy (a drug with
no obvious biological association with a
tendency to bleed).
There are some limitations to this
study. Our data were not derived from
randomized clinical trials but from a
population register, and consequently,
women using aspirin had different
baseline covariates. To overcome potential bias arising from unbalanced
maternal covariates, we used a propensity score and inverse probability
weighting approach. This was found to
be effective in improving the balance of
maternal covariates between aspirin
users and nonusers and therefore

reduced the potential for bias. Despite
this, there might still be residual confounding. Given that the most common
indication for aspirin use during pregnancy is to prevent preeclampsia, a
condition that is itself associated with
increased bleeding, there is the potential
for confounding by indication. To
explore this, we performed subgroup
analyses excluding women who developed preeclampsia and showed that the
positive association between aspirin use
and bleeding complications persisted.
Another limitation is that although the
use of aspirin is recorded, the Swedish
Pregnancy Register does not record the
speciﬁc dose. Swedish guidelines
recommend 75 mg of aspirin daily from
gestational weeks 12 to 36 for the
primary prevention of preeclampsia,
which is the main indication for use
during pregnancy. Thus, it is likely that
most aspirin users will have taken this
dose. In addition, nonobstetrical diagnoses may not have been accurately
recorded in prenatal records, which may
have resulted in underreporting.

Implications
Commonly regarded as a benign drug,
we have discovered an association between aspirin and bleeding during the
postpartum period among women with
vaginal delivery, where pregnancy and
delivery are already times of considerable
risk to women. We do not interpret our
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ﬁndings to suggest that aspirin should no
longer be used to prevent preeclampsia.
In fact, we would strongly advise that
women considered at high risk for
developing preeclampsia according to
guidelines such as NICE (ie, the presence
of 1 high risk or 2 moderate risk factors)11 should still be offered aspirin.
However, the beneﬁts of taking aspirin
may not outweigh possible dangers for
those in whom the absolute risk for
developing preeclampsia is relatively
low. For instance, it is uncertain whether
liberally offering aspirin to women with
only 1 moderate risk factor for preeclampsia is overall beneﬁcial, something that may be widely practiced. In
our study, women taking aspirin and
giving birth vaginally had a 2% absolute
risk increase for postpartum hemorrhage, from 7% to 9%. Aspirin is
thought to reduce the baseline risk of
preeclampsia by approximately 10%.30
Thus, if a pregnant person had a baseline risk of preeclampsia of 4% (the reported prevalence of preeclampsia in
many populations39), then taking aspirin
might be expected to reduce the absolute
risk of preeclampsia by 0.4% but increase the absolute risk of a postpartum
hemorrhage by 2%.
Furthermore, there is potential that
the bleeding risk may be greater at higher
doses of aspirin. This may be quite
topical because prescribing aspirin at a
dose of 150 mg might become

ajog.org
increasingly common in light of a recent
landmark randomized trial that administered aspirin at this dose.4 Our data
caution against calls that aspirin should
be universally administered to all pregnant women.15e18

Conclusion
In this population registerebased cohort
study, the use of aspirin during pregnancy was associated with postpartum
hemorrhage among those who had a
vaginal birth. It may also be associated
with postpartum hematoma and
neonatal intracranial hemorrhage.
Although the absolute risks of these
complications may be low, widespread
and liberal use of aspirin during pregnancy might further increase the
numbers. Our data argue against universal administration of aspirin to all
pregnant women.
n
Acknowledgments
The authors thank Jonas Söderling and the
Swedish Pregnancy Register for data
management.

References
1. Ghulmiyyah L, Sibai B. Maternal mortality from
preeclampsia/eclampsia.
Semin
Perinatol
2012;36:56–9.
2. Stuntz M, Bernstein B. Recent trends in the
prevalence of low-dose aspirin use for primary
and secondary prevention of cardiovascular
disease in the United States, 2012-2015. Prev
Med Rep 2016;5:183–6.
3. Goodlin RC, Haesslein HO, Fleming J. Aspirin
for the treatment of recurrent toxaemia. Lancet
1978;2:51.
4. Rolnik DL, Wright D, Poon LC, et al. Aspirin
versus placebo in pregnancies at high risk for
preterm preeclampsia. N Engl J Med 2017;377:
613–22.
5. Yu CK, Papageorghiou AT, Parra M, Palma
Dias R, Nicolaides KH. Fetal Medicine Foundation Second Trimester Screening Group. Randomized controlled trial using low-dose aspirin in
the prevention of pre-eclampsia in women with
abnormal uterine artery Doppler at 23 weeks’
gestation. Ultrasound Obstet Gynecol 2003;22:
233–9.
6. Bujold E, Roberge S, Lacasse Y, et al. Prevention of preeclampsia and intrauterine growth
restriction with aspirin started in early pregnancy: a meta-analysis. Obstet Gynecol
2010;116:402–14.
7. Roberge S, Nicolaides K, Demers S, Hyett J,
Chaillet N, Bujold E. The role of aspirin dose on
the prevention of preeclampsia and fetal growth
restriction: systematic review and meta-analysis.
Am J Obstet Gynecol 2017;216:110–20.e6.

OBSTETRICS

8. CLASP: a randomised trial of low-dose aspirin
for the prevention and treatment of preeclampsia among 9364 pregnant women.
CLASP (Collaborative Low-dose Aspirin Study
in Pregnancy) Collaborative Group. Lancet
1994;343:619–29.
9. Brown MA, Magee LA, Kenny LC, et al. Hypertensive disorders of pregnancy: ISSHP
classiﬁcation, diagnosis, and management recommendations for international practice. Hypertension 2018;72:24–43.
10. LeFevre ML; U.S. Preventive Services Task
Force. Low-dose aspirin use for the prevention
of morbidity and mortality from preeclampsia: U.
S. Preventive Services Task Force recommendation statement. Ann Intern Med 2014;161:
819–26.
11. Visintin C, Mugglestone MA, Almerie MQ,
et al. Management of hypertensive disorders
during pregnancy: summary of NICE guidance.
BMJ 2010;341:c2207.
12. Poon LC, Shennan A, Hyett JA, et al. The
International Federation of Gynecology and
Obstetrics (FIGO) initiative on pre-eclampsia: a
pragmatic guide for ﬁrst-trimester screening and
prevention.
Int
J
Gynaecol
Obstet
2019;145(Suppl 1):1–33.
13. Lowe SA, Bowyer L, Lust K, et al. SOMANZ
guidelines for the management of hypertensive
disorders of pregnancy 2014. Aust N Z J Obstet
Gynaecol 2015;55:e1–29.
14. Tranquilli AL, Dekker G, Magee L, et al. The
classiﬁcation, diagnosis and management of the
hypertensive disorders of pregnancy: a revised
statement from the ISSHP. Pregnancy Hypertens 2014;4:97–104.
15. Mone F, O’Mahony JF, Tyrrell E, et al. Preeclampsia prevention using routine versus
screening test-indicated aspirin in low-risk
women. Hypertension 2018;72:1391–6.
16. Mone F, Mulcahy C, McParland P, et al.
Trial of feasibility and acceptability of
routine low-dose aspirin versus Early
Screening Test indicated aspirin for preeclampsia prevention (TEST study): a multicentre randomised controlled trial. BMJ
Open 2018;8:e022056.
17. Mone F, Mulcahy C, McParland P,
McAuliffe FM. Should we recommend universal
aspirin for all pregnant women? Am J Obstet
Gynecol 2017;216:141.e1–5.
18. Mallampati D, Grobman W, Rouse DJ,
Werner EF. Strategies for prescribing aspirin to
prevent preeclampsia: a cost-effectiveness
analysis. Obstet Gynecol 2019;134:537–44.
19. Ikeda Y, Shimada K, Teramoto T, et al.
Low-dose aspirin for primary prevention of
cardiovascular events in Japanese patients 60
years or older with atherosclerotic risk factors: a
randomized clinical trial. JAMA 2014;312:
2510–20.
20. Gaziano JM, Brotons C, Coppolecchia R,
et al. Use of aspirin to reduce risk of initial
vascular events in patients at moderate risk of
cardiovascular disease (ARRIVE): a randomised,
double-blind, placebo-controlled trial. Lancet
2018;392:1036–46.

Original Research

21. ASCEND Study Collaborative Group,
Bowman L, Mafham M, et al. Effects of
aspirin for primary prevention in persons with
diabetes mellitus. N Engl J Med 2018;379:
1529–39.
22. McNeil JJ, Wolfe R, Woods RL, et al. Effect
of aspirin on cardiovascular events and bleeding
in the healthy elderly. N Engl J Med 2018;379:
1509–18.
23. Zheng SL, Roddick AJ. Association of
aspirin use for primary prevention with cardiovascular events and bleeding events: a systematic review and meta-analysis. JAMA
2019;321:277–87.
24. Mahmoud AN, Gad MM, Elgendy AY,
Elgendy IY, Bavry AA. Efﬁcacy and safety of
aspirin for primary prevention of cardiovascular
events: a meta-analysis and trial sequential
analysis of randomized controlled trials. Eur
Heart J 2019;40:607–17.
25. Stephansson O, Petersson K, Björk C,
Conner P, Wikström AK. The Swedish Pregnancy Register—for quality of care improvement
and research. Acta Obstet Gynecol Scand
2018;97:466–76.
26. Saunders JB, Aasland OG, Babor TF, de la
Fuente JR, Grant M. Development of the Alcohol
Use Disorders Identiﬁcation Test (AUDIT): WHO
collaborative project on early detection of persons with harmful alcohol consumptioneII.
Addiction 1993;88:791–804.
27. Williamson EJ, Forbes A. Introduction to propensity scores. Respirology 2014;19:625–35.
28. Austin PC. An introduction to propensity
score methods for reducing the effects of confounding in observational studies. Multivariate
Behav Res 2011;46:399–424.
29. Duley L, Meher S, Hunter KE, Seidler AL,
Askie LM. Antiplatelet agents for preventing preeclampsia and its complications. Cochrane
Database Syst Rev 2019;2019:CD004659.
30. Askie LM, Duley L, Henderson-Smart DJ,
Stewart LA; PARIS Collaborative Group. Antiplatelet agents for prevention of pre-eclampsia:
a meta-analysis of individual patient data. Lancet 2007;369:1791–98.
31. Li L, Geraghty OC, Mehta Z, Rothwell PM;
Oxford Vascular Study. Age-speciﬁc risks,
severity, time course, and outcome of bleeding
on long-term antiplatelet treatment after vascular
events: a population-based cohort study. Lancet 2017;390:490–9.
32. De Berardis G, Lucisano G, D’Ettorre A, et al.
Association of aspirin use with major bleeding in
patients with and without diabetes. JAMA
2012;307:2286–94.
33. Rumack
CM,
Guggenheim
MA,
Rumack BH, Peterson RG, Johnson ML,
Braithwaite WR. Neonatal intracranial hemorrhage and maternal use of aspirin. Obstet
Gynecol 1981;58(5 Suppl):52S–6S.
34. Hertz-Picciotto I, Hopenhayn-Rich C,
Golub M, Hooper K. The risks and beneﬁts of
taking aspirin during pregnancy. Epidemiol Rev
1990;12:108–48.
35. Duley L, Henderson-Smart DJ, Meher S,
King JF. Antiplatelet agents for preventing

MONTH 2020 American Journal of Obstetrics & Gynecology

1.e9

Original Research

OBSTETRICS

pre-eclampsia
and
its
complications.
Cochrane Database Syst Rev 2007;(2):
CD004659.
36. Redman CW, Sargent IL. Latest advances in
understanding
preeclampsia.
Science
2005;308:1592–4.
37. Dekker GA, Sibai BM. Low-dose aspirin in
the prevention of preeclampsia and fetal
growth retardation: rationale, mechanisms,
and clinical trials. Am J Obstet Gynecol
1993;168:214–27.
38. Stephansson O, Granath F, Svensson T,
Haglund B, Ekbom A, Kieler H. Drug use
during pregnancy in Sweden - assessed by
the Prescribed Drug Register and the Medical Birth Register. Clin Epidemiol 2011;3:
43–50.
39. Abalos E, Cuesta C, Grosso AL, Chou D,
Say L. Global and regional estimates of pre-

eclampsia and eclampsia: a systematic review.
Eur J Obstet Gynecol Reprod Biol 2013;170:
1–7.

Author and article information
From Mercy Perinatal, Mercy Hospital for Women, Melbourne, Australia (Drs Hastie and Tong); Translational
Obstetrics Group, Department of Obstetrics and Gynecology, University of Melbourne, Heidelberg, Australia
(Drs Hastie and Tong); Department of Women’s and
Children’s Health, Uppsala University, Uppsala, Sweden
(Drs Hastie, Wikström, Sandström, Hesselman, and
Bergman); Clinical Epidemiology Division, Department of
Medicine, Solna, Karolinska Institutet, Stockholm, Sweden (Dr Sandström); Center for Clinical Research, Falun,
Sweden (Drs Hesselman, and Bergman); Department of
Obstetrics and Gynecology, Stellenbosch University,
Stellenbosch, South Africa (Dr Bergman); and the

1.e10 American Journal of Obstetrics & Gynecology MONTH 2020

ajog.org
Department of Obstetrics and Gynecology, Institute of
Clinical Science, Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden (Dr Bergman).
Received Feb. 2, 2020; revised June 21, 2020;
accepted July 14, 2020.
Drs Hastie and Tong contributed equally to this work
and are considered co-first authors.
Drs Hesselman and Bergman contributed equally to
this work and are considered co-senior authors.
The authors report no conflict of interest.
This study was approved by the Uppsala Ethics Board
on August 15, 2018 (approval number: 2018/287).
The National Health and Medical Research Council of
Australia provided salary support to R.H. (#1176922) and
S.T. (#1136418). The Center for Clinical Research provided salary support to S.H. (#CKFUU744551) and L.B.
(#CKFUU740361).
Corresponding author: Roxanne Hastie, PhD, MEpi.
Hastie.r@unimelb.edu.au

ajog.org

OBSTETRICS

Original Research

SUPPLEMENTAL TABLE 1

Search strategy
1

exp pregnancy/

2

aspirin {Including Related Terms}

3

bleeding {Including Related Terms}

4

haemorrhage.mp.

5

bleed {Including Related Terms}

6

3 or 4 or 5

7

1 and 2 and 6

Hastie et al. Aspirin use during pregnancy and the risk of bleeding complications. Am J Obstet Gynecol 2020.

SUPPLEMENTAL TABLE 2

Mode of data collection for variables with the Swedish Pregnancy Register
Variable

Checkbox/text ICD-10 code

Age
Height

Comment
Personal identity number

x

Manually entered

Weight

x

Manually entered

Parity

x

Multiple pregnancy

x

Assisted reproduction

x

Previous cesarean delivery x
Country of birth

Manually entered

Occupation

Manually entered

Smoking

x

AUDIT
Hypertension

Manually entered
x

I10, O10

Diabetes

x

O240. O241, E10e14

Inflammatory disease

x

Hyperemesis

O21

Preeclampsia

O14e15

Gestational diabetes

O244, O249

Placenta previa

O44

Placental abruption

O45

Gestational age

x

Induction of labor

x

Mode of delivery

x

O61

AUDIT, Alcohol Use Disorders Identification Test; ICD-10, International Classification of Diseases, Tenth Revision.
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SUPPLEMENTAL TABLE 3

Inverse probability weighted and unweighted P values of maternal
demographics
Aspirin users vs nonusers
Characteristic

Unweighted
P value

Weighted
P value

Maternal age 35 y

<.001

.007

BMI 30 kg/m2

<.001

.249

Parity

<.001

.006

Assisted reproduction

<.001

.352

Previous cesarean delivery

<.001

<.001

Country of birth

.096

.575

Occupation

.138

.614

Smoking at first antenatal visit

.016

.682

Alcohol risk use 3 mo before pregnancy

.151

.549

<.001

.096

Pregestational disorders
Hypertension
Diabetes
Inflammatory bowel disease
Systemic lupus erythematosus

BMI, body mass index.
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SUPPLEMENTAL TABLE 4

Bleeding complications by paracetamol use

Outcome

No paracetamol (N¼306,874)

Paracetamol (N¼6750)

N (%)

N (%)

OR (95% CI)

Antepartum hemorrhage

5543 (1.8)

139 (2.1)

1.14 (0.96e1.35)

Intrapartum hemorrhage

4695 (1.5)

117 (1.8)

1.13 (0.94e1.36)

Postpartum hemorrhage

23,896 (7.9)

551 (8.2)

1.05 (0.96e1.15)

Postpartum hematoma
Neonatal intracranial hemorrhage

332 (0.11)
20 (0.01)

CI, confidence interval; OR, odds ratio.
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6 (0.0)

0.82 (0.37e1.84)

0 (0)

—

