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A B S T R A C T

Background: It is still unclear how well aspirin performs in women with different risks and how the timing of
aspirin use influences its efficacy. This study was to evaluate the association between timing of aspirin exposure
and hypertensive disorders in pregnant women with various risks in a prospective cohort.
Methods: We used data from the Collaborative Perinatal Project, U.S., 1959–1976. Women were grouped into
high, moderate and low risks based on medical history. We classified the timing of aspirin exposure into 4 weeks
before the last menstrual period, the first, second and third trimesters.
Results: A total of 50,579 pregnant women were included in our analysis with 6453, 18,552 and 25,574 women
at high, moderate and low risks, respectively. In high-risk women, aspirin use for more than 7 days in the first
trimester reduced the risks of preterm and term preeclampsia/eclampsia by 42% (adjusted OR 0.58; 95% CI
0.36–0.94) and 24% (adjusted OR 0.76; 95% CI 0.59–0.97), respectively; in moderate-risk women, aspirin use
for more than 7 days during the third trimester reduced the risks of term preeclampsia/eclampsia and gestational
hypertension by 37% (adjusted OR 0.63; 95% CI 0.50–0.79) and 27% (adjusted OR 0.73; 95% CI 0.62–0.86),
respectively.
Conclusion: Aspirin use in pregnancy reduces the risks of maternal hypertensive disorders. Early initiation of
aspirin in high-risk women was associated with lower incidence of preeclampsia/eclampsia. Meanwhile, the
protective effect of aspirin on term preeclampsia/eclampsia and gestational hypertension may continue till late
pregnancy.

1. Introduction

Since the first case report of using aspirin to treat “recurrent tox-
emia” was published in 1978 [1], numerous clinical trials have been
conducted to test whether low-dose aspirin can prevent preeclampsia.
Meta-analyses from individual patient data [2] and aggregate data
[3,4] suggested that low-dose aspirin can reduce the risk of pre-
eclampsia. However, previous studies usually included women with
various risks and different levels of risks. It is still unclear how well
aspirin performs in pregnant women with different risks. Results from
meta-analyses [5,6] were also inconsistent as to whether aspirin would
be beneficial even commenced after 16 gestational weeks. There is no
trial directly comparing an early vs. late initiation. Therefore, we

evaluate the associations between timing of maternal aspirin exposure
and hypertensive disorders of pregnancy in women with various risks in
a prospective cohort study.

2. Methods

2.1. Study population

We used data from the Collaborative Perinatal Project (CPP), a co-
hort study conducted at 12 medical centers in the United States (U.S.).
Pregnant women were enrolled at their first prenatal visits from 1959 to
1965. Detailed information on women’s medical history, physical ex-
aminations, laboratory tests and delivery outcomes were collected. The
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offspring were followed until 7 or 8 years of age.
A total of 57,517 pregnant women were registered in the cohort. To

evaluate the association between aspirin exposure during pregnancy
and hypertensive disorders, we excluded 6774 women with no records
on pregnancy outcomes and 164 women with no information on aspirin
taken during pregnancy, leaving 50,579 women for our final analysis
(Fig. 1).

B ased on the clinical risk assessment for preeclampsia re-
commended by the U.S. Preventative Services Task Force
Recommendation Statement [7], we grouped women into high, mod-
erate and low risks based on women’s medical history. Chronic hy-
pertension, diabetes mellitus and chronic renal disease were high risk
factors for preeclampsia; nulliparity, obesity and older than 35 years of
age were moderate risk factors; women without above mentioned risk
factors were considered as low risks. Thus, 6453, 18,552 and 25,574
women were classified as high, moderate and low-risk pregnancies. Use
of publicly available de-identified data is exempt from our Ethics
Committee review.

2.2. Aspirin exposure

The name of medication and timing of exposure were recorded at
each prenatal visit. Detailed dosage of medication was not recorded in
the CPP. Products containing aspirin alone and active compound con-
taining aspirin were included. Other nonsteroidal anti-inflammatory
drugs were excluded. In the CPP, dates of medication taken during
pregnancy were recorded and converted to lunar month of pregnancy.
We classified the timing of aspirin exposure into 4 weeks before last
menstrual period (LMP), first, second and third trimesters.
Accumulation of aspirin taken during each exposure period was the sum
of days of aspirin used in each month and trimester. The minimal length
of aspirin taken during each exposure period was one day.

2.3. Measurement of outcomes

Gestational hypertension was defined as high blood pressure
without proteinuria from 24weeks gestation to 2 weeks postpartum.
Preeclampsia/eclampsia was defined as high blood pressure plus any of
the following symptoms: mild or severe proteinuria, oliguria, pul-
monary edema, or convulsion from 24weeks of gestation to 2 weeks
postpartum. Preterm preeclampsia/eclampsia was defined as pre-
eclampsia/eclampsia leading to delivery< 37 gestational weeks. Term
preeclampsia/eclampsia was defined as preeclampsia/eclampsia
leading to delivery ≥37 gestational weeks. Chronic hypertension was

diagnosed based on women’s medical history, or hypertension before
24 weeks of gestation, or persistent hypertension 2 weeks postpartum.
Gestational age was based on the LMP.

2.4. Statistical analysis

We calculated the frequency and proportion of maternal char-
acteristics in groups with or without aspirin exposure. Stratified ana-
lysis and multinomial logistic regression analysis was performed to
assess the effects of aspirin exposure on the incidence of preeclampsia/
eclampsia and gestational hypertension in high-, moderate- and low-
risk women, respectively. We adjusted for maternal age, race, parity,
education, social economic status, marriage status, smoking during
pregnancy and gestational age at delivery for potential confounders.
Results were presented as odds ratios (ORs) and 95% confidence in-
tervals (CIs). We used SAS version 9.4 (Cary, NC) for all the statistical
analyses.

3. Results

Among 50,579 women included in the analysis, 4631 women
(9.2%) had preeclampsia/eclampsia, including 710 (1.4%) women with
preterm preeclampsia/eclampsia and 3921 (7.8%) women with term
preeclampsia/eclampsia, and 4527 (9.0%) women had gestational hy-
pertension. Table 1 shows the maternal characteristics by aspirin ex-
posure status during pregnancy. A total of 20,949 (41.4%) women re-
ported using aspirin before or during pregnancy. We observed no
substantial difference between aspirin exposed and unexposed groups
on maternal age, parity, smoking during pregnancy and maternal pre-
pregnant BMI. Aspirin users had a higher proportion of White (50.7%
vs. 42.7%), marital status (79.0% vs. 73.0%) and college education
(14.2% vs. 10.2%). Meanwhile, the incidence of chronic hypertension
and chronic renal disease were higher in aspirin group than in aspirin
unexposed group (8.2% vs. 6.7% for chronic hypertension; 4.6% vs.
3.4% for chronic renal disease).

Table 2 shows the associations between maternal exposure to as-
pirin before and during pregnancy and hypertensive disorders of
pregnancy in high-risk women. Compared with high-risk women
without using aspirin, women who used aspirin for more than 7 days in
the first trimester had 42% (adjusted OR 0.58; 95% CI 0.36–0.94) lower
risks of preterm preeclampsia/eclampsia and 24% (adjusted OR 0.76;
95% CI 0.59–0.97) lower risks of term preeclampsia/eclampsia, re-
spectively. However, we observed no associations of maternal aspirin
exposure and gestational hypertension in those women.

We also evaluated the associations between aspirin exposure and
hypertensive disorders of pregnancy in moderate- and low-risk preg-
nant women (Tables 3 and 4). In moderate-risk women, use of aspirin
for more than 7 days during the third trimester, but not the first or
second trimesters, reduced the risk of term preeclampsia/eclampsia
(adjusted OR 0.63; 95% CI 0.50–0.79). Moreover, the protective effect
on the risk of gestational hypertension was observed in both groups of
women. Compared with women unexposed to aspirin, aspirin use for
more than 7 days during the third trimester reduced the risk of gesta-
tional hypertension by 27% (adjusted OR 0.73; 95% CI 0.62–0.86) and
18% (adjusted OR 0.82; 95% CI 0.68–0.99) for moderate-risk and low-
risk women, respectively.

We further examined the impact of maternal aspirin use for more
than 7 days on the risk of hypertensive disorders of pregnancy in
women with chronic hypertension, obesity, over 35 years of age and
nulliparity, respectively. The results (Table 5) were consistent with our
findings in Tables 2 and 3. Hypertensive women using aspirin in the
first trimester reduced the risk of preterm preeclampsia/eclampsia by
53%. A trend of lower incidence of term preeclampsia/eclampsia and
gestational hypertension was also observed in obese, elder and nulli-
parous women who had used aspirin for more than 7 days during the
third trimester.

Fig. 1. Flowchart of study population, the Collaborative Perinatal Project,
1959–1976.
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4. Discussion

In this prospective cohort study, we found that aspirin use during
pregnancy was associated with lower risk of hypertensive disorders of
pregnancy. In high-risk pregnant women, aspirin exposure during the
first trimester reduced the risk of preeclampsia/eclampsia. In moderate-
risk women, the protective effect of aspirin on term preeclampsia/
eclampsia was notable in the third trimester. In addition, we observed
that aspirin exposure in late pregnancy was associated with a lower risk
of gestational hypertension.

Our results suggest that aspirin may work in the first trimester in
high-risk women; in the third trimester among moderate-risk women.
In the CPP, aspirin was used at a dose of more than 300mg daily. It
inhibits prostaglandins synthesis, resulting in analgesic, anti-

inflammatory, and antipyretic effects. Inhibition of cyclooxygenase
(COX) may inhibit chronically upregulated inflammatory pathways
which involves in reproductive process [8,9]. Indeed, preconception
low-dose aspirin increased live birth rates in women with elevated
high-sensitivity C-reactive protein (CRP) [10]. As defective trophoblast
invasion and placental pathology such as infarction are associated with
maternal hypertension and hyperglycemia [11–13], an early initiation
of aspirin might diminish maternal inflammatory status, improve im-
plantation and placentation and then, reduce the risk of preeclampsia.

Except for poor placentation, enhanced syncytiotrophoblast stress
and increased maternal systemic inflammatory responses might mainly
contribute to the pathogenesis of late-onset preeclampsia [14,15].
Compared with the early-onset one, late-onset preeclampsia is char-
acteristic with normal intrauterine fetal growth without placental pa-
thology. Obesity and nulliparity are strongly associated with late-onset
disease [16,17]. Although a mild but significant inflammatory activity
is presented throughout gestation in normal pregnancy, enhanced lipid
metabolism-associated inflammation is thought to contribute to ma-
ternal high blood pressure in obese women during late pregnancy
[18,19]. Meanwhile, oxidative stress biomarkers at 28–32weeks, e.g.,
8-epiprostaglandinF2-α and total antioxidant capacity, also correlated
with adverse pregnancy outcomes in women with advanced age and
obesity [20,21]. Such increased inflammatory and oxidative stress en-
vironment might impair endothelial function even without defective
placentation and subsequently result in manifestation of high blood
pressure and proteinuria.

Until now, the biological mechanism of aspirin in preventing pre-
eclampsia has not been truly understood. It is noted that COX-derived
vasoconstrictor substances might impair nitric oxide availability, re-
sulting in endothelia dysfunction and hypertension [22,23]. Particu-
larly, COX-2 participates in oxidative stress generation, extracellular
matrix overdeposition, impaired vascular function and inflammation in
hypertension [24,25]. In BPH/5 mouse model for preeclampsia, COX-2
specific inhibitor celecoxib was identified to reduce soluble fms-like
tyrosine kinase-1 (sFlt-1) levels and alleviate maternal hypertension
[26,27]. Moreover, a higher platelet activation status was also pre-
sented in preeclamptic women than in normotensive women [28]. As-
pirin is known for antiplatelet effect with a dose-related inhibition of
platelet aggregation and P-selectin expression [29]. Therefore, we
speculate that use of aspirin during late pregnancy might inhibit pla-
telet activity, reduce inflammatory and oxidative stress levels through
inhibiting COX and improve maternal endothelial function. Given that
gestational hypertension and preeclampsia have common risk factors
such as obesity, nulliparity and diabetes [30], these two diseases may
share some potential common pathways (e.g., oxidative stress). As a
result, we observed the protective effect of aspirin on gestational hy-
pertension in late pregnancy as well.

5. Strengths and limitations

The CPP is a large prospective cohort study recruited more than
50,000 women and 41.4% women reported using aspirin before or
during pregnancy. The CPP dataset preceded any clinical use of aspirin
for preventing preeclampsia and detailed information was recorded
before clinical onset of disease. Therefore, selection bias and recall bias
were unlikely. In addition, the large sample size provided sufficient
statistical power to detect a small association. However, several lim-
itations should also be noted. First, we did not have indications for
aspirin use in pregnancy. As aspirin was used for a therapeutic purpose
of analgesic and antipyretic during 1960s, maternal health conditions
such as fever and arthritis might not be associated with hypertensive
disorders of pregnancy. Thus, there was less impact of confounding by
indication on our results. Second, the dose of aspirin in the CPP is
higher than current usage at a dose of 75–150mg daily. Low-dose as-
pirin irreversibly acetylates serine 530 of COX-1, inhibits platelet gen-
eration of thromboxane-A2, maintains normal prostacyclin production,

Table 1
Maternal characteristics by aspirin using during pregnancy, the Collaborative
Perinatal Project, 1959–1976.

Characteristics Total
(n= 50,579)

Aspirin
(n= 20,949)

Aspirin
unexposed
(n= 29,630)

P value

N (%) N (%) N (%)

Maternal age
(year)

<0.001

<20 11,897 (23.5) 4463 (21.3) 7434 (25.1)
20–24 18,478 (36.5) 7604 (36.3) 10,874 (36.7)
25–29 10,755 (21.3) 4855 (23.2) 5900 (19.9)
30–34 5709 (11.3) 2482 (11.8) 3227 (10.9)
≥35 3740 (7.4) 1545 (7.4) 2195 (7.4)

Race <0.001
White 23,270 (46.0) 10,630 (50.7) 12,640 (42.7)
Black 23,582 (46.6) 9670 (46.2) 13,912 (47.0)
Other 3727 (7.4) 649 (3.1) 3078 (10.4)

Parity <0.001
0 15,233 (30.1) 6061 (29.0) 9172 (31.0)
1 11,592 (22.9) 4760 (22.8) 6832 (23.1)
≥2 23,661 (46.8) 10,094 (48.3) 13,567 (45.9)

Social economic
status

<0.001

1 (Lowest) 3826 (7.6) 1397 (6.8) 2429 (8.5)
2 15,449 (30.5) 5782 (28.1) 9667 (33.8)
3 15,312 (30.3) 6274 (30.5) 9038 (31.6)
4 9689 (19.2) 4439 (21.6) 5250 (18.3)
5 (Highest) 4917 (9.7) 2684 (13.0) 2233 (7.8)

Maternal
education
levels (year)

<0.001

Less than high
school (≤9)

14,473 (28.6) 5315 (25.6) 9158 (31.7)

High school (10–12) 29,244 (57.8) 12,471 (60.1) 16,773 (58.1)
College and above

(> 12)
5910 (11.7) 2952 (14.2) 2958 (10.2)

Married 38,180 (75.5) 16,541 (79.0) 21,639 (73.0) < 0.001

Smoking during
pregnancy

23,398 (46.3) 9916 (47.5) 13,482 (46.0) 0.001

Maternal pre-
pregnant BMI
(kg/m2)

<0.001

<18.5 7155 (14.1) 2898 (13.9) 4257 (14.4)
18.5–24.9 31,924 (63.1) 13,406 (64.1) 18,518 (62.8)
25.0–29.9 7044 (13.9) 2955 (14.1) 4089 (13.9)
≥30.0 4257 (8.4) 1641 (7.9) 2616 (8.9)

Chronic
hypertension

3696 (7.3) 1720 (8.2) 1976 (6.7) < 0.001

Diabetes mellitus 1145 (2.3) 438 (2.1) 707 (2.4) 0.028

Chronic renal
disease

1990 (3.9) 969 (4.6) 1021 (3.4) < 0.001

BMI: body mass index.
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and results in an antithrombotic effect. Whereas a higher dose of aspirin
inhibits both COX-1 and COX-2, decreases the production of pros-
taglandins and thromboxane-A2 [31]. Thus, the reduced risks of pre-
eclampsia and gestational hypertension in late pregnancy might be due
to a dose-dependent effect of anti-inflammation and inhibition of pla-
telet activation [29,32]. Nonetheless, we should interpret our findings
with caution as the effect of high-dose aspirin (more than 300mg
daily), not the effect of a low-dose one.

6. Conclusions

Maternal aspirin use in pregnancy reduces the risks of preeclampsia
and gestational hypertension. Early initiation of aspirin in high-risk
women was associated with lower incidence of preeclampsia/
eclampsia. Meanwhile, the protective effect of aspirin on the reduction
of term preeclampsia/eclampsia and gestational hypertension might
continue till late pregnancy. Taken together with findings from other
studies [5,33], we support an early prophylactic use of aspirin in
women who are considered at high risks for hypertensive disorders in
pregnancy [7,34].
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