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Objectives: To evaluate the association between aspirin use during first pregnancy and later 

maternal cardiovascular risk.

Study Design: In this secondary analysis of a prospective cohort, we included participants 

who carried their first pregnancy to 20+ weeks, had data regarding aspirin use, and attended a 

study visit 2-7 years following delivery. The exposure was aspirin use during the first pregnancy. 

We calculated aspirin use propensity scores from logistic regression models including baseline 

variables associated with aspirin use in pregnancy and cardiovascular risk. Outcomes of interest 

were incident cardiovascular-related diagnoses 2-7 years following delivery. Robust Poisson 

regression calculated the risk of outcomes by aspirin exposure, adjusting for the aspirin use 

propensity score.

Main Outcome Measures: The primary outcome was a composite of incident cardiovascular 

diagnoses at the time of the study visit: cardiovascular events, chronic hypertension, metabolic 

syndrome, prediabetes or type 2 diabetes, dyslipidemia, and chronic kidney disease.

Results: Of 4,480 women included, 84 (1.9%) reported taking aspirin during their first 

pregnancy. 52.6% of participants in the aspirin-exposed group and 43.0% in the unexposed group 

had the primary outcome. After adjusting for the aspirin use propensity scores, aspirin use during 

the first pregnancy was not associated with any of the outcomes.

Conclusion: We did not detect an association between aspirin use during the first pregnancy 

and cardiovascular-related diagnoses 2-7 years later. Our study was only powered to detect a 

large difference in relative risk, so we cannot rule out a smaller difference that may be clinically 

meaningful.

Keywords

cardiovascular prevention; maternal health; pregnancy as a window to future health; pregnancy 
complications; adverse pregnancy outcomes

Introduction

Women with adverse pregnancy outcomes, including hypertensive disorders of pregnancy, 

stillbirth, preterm birth, and delivery of a small-for-gestational age neonate, have higher 

risk for the subsequent development of cardiovascular disease compared to women with 

normal pregnancy outcomes [1-7]. While the pathophysiologic mechanisms underlying this 

association remain poorly understood, low-dose aspirin has been investigated as a preventive 

therapy for both placenta-mediated pregnancy complications (mostly hypertensive disorders 

of pregnancy) [8, 9] and cardiovascular disease outside of pregnancy [10]. Even at low 

doses, aspirin achieves irreversible inhibition of cyclooxygenase enzymes, reducing platelet 

activation, production of thromboxane A2, and subsequent platelet aggregation [11, 12]. 

These processes have been implicated in the pathogenesis of both abnormal placentation 

[13] and cardiovascular events such as myocardial infarction and stroke [14].

Large multinational randomized trials of low-dose aspirin during pregnancy have 

demonstrated meaningful reductions in the risk for preeclampsia among women assigned 

to aspirin therapy [8, 9]. In addition, low-dose aspirin has been associated with a decreased 
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risk for perinatal death, preterm birth, and delivery of a small-for-gestational age neonate 

[15-18]. The United States Preventive Services Task Force (USPSTF) now recommends 

daily low-dose (81 mg) aspirin for the prevention of preeclampsia among women with risk 

factors [19]. Numerous studies have assessed the effect of aspirin on pregnancy outcomes, 

and other studies have assessed the association between pregnancy outcomes and later 

cardiovascular health. However, the relationship between aspirin use in pregnancy and 

subsequent cardiovascular risk trajectory is unknown.

We hypothesize that aspirin use during the first pregnancy confers cardiovascular protection 

beyond the first pregnancy. We aimed to determine whether women who took aspirin during 

their first pregnancy have more favorable cardiovascular risk profiles several years after 

delivery compared to women who did not take aspirin, adjusting for propensity for aspirin 

use.

Methods

This is a secondary analysis of the Nulliparous Pregnancy Outcomes Study – Monitoring 

Mothers-to-be (nuMoM2b) Heart Health Study (HHS). The nuMoM2b-HHS is a prospective 

observational cohort that followed participants for 2-7 years following their first pregnancy 

to investigate relationships between adverse pregnancy outcomes and cardiovascular health 

[20]. Participants were enrolled in nuMoM2b during the first trimester of their first 

pregnancy and completed an in-person nuMoM2b-HHS study visit 2-7 years after delivery. 

The institutional review boards at each study site approved the study protocol, and all 

participants provided written informed consent before enrollment. We included all 4,484 

women who carried their first (index) pregnancy to at least 20 weeks of gestation and 

participated in a nuMoM2b-HHS in-person study visit. We excluded women who were 

missing data regarding aspirin exposure (n=4).

The exposure of interest is any aspirin use during the first pregnancy, ascertained 

prospectively by self-report with verification via chart abstraction. The data collection form 

was administered via in-person interview by trained research staff. Research staff were 

instructed to list medications participants were taking other than multivitamins, mineral 

supplements, prenatal vitamins, or folic acid that were prescribed or recommended by a 

health care provider. The form did not include information regarding dose or duration 

of use. Forms were completed at each study visit: visit 1 at 6 0/7 weeks-13 6/7 weeks’ 

gestation, visit 2 at 16 0/7 weeks-21 6/7 weeks’ gestation, and visit 3 at 22 0/7 weeks-29 

6/7 weeks’ gestation. Women were defined as exposed to aspirin if they completed a 

medication form and reported taking aspirin at any point during the pregnancy. Combination 

aspirin/acetaminophen/caffeine medications did not qualify as aspirin exposure, because we 

intended to capture women taking daily low-dose aspirin and these combination medications 

are taken only as needed for headaches. Women were defined as unexposed if they 

completed at least one medication form and did not report taking aspirin.

The primary outcome is a composite of incident cardiovascular events and diagnoses at 

the time of the nuMoM2b-HHS visit, 2-7 years following delivery of the index pregnancy. 

Components of the composite outcome include incident cardiovascular events (including 
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myocardial infarction, stroke, or transient ischemic attack), chronic hypertension, metabolic 

syndrome, prediabetes or type 2 diabetes, dyslipidemia, and chronic kidney disease 

diagnosed during the study period. Secondary outcomes include the individual components 

of this composite. For each outcome of interest, we excluded women who already had the 

condition at baseline. This ensured that we were capturing incident outcomes occurring 

after the first pregnancy. For example, women with chronic hypertension at baseline were 

excluded from the analysis of incident hypertension but included in the analysis of incident 

cardiovascular events.

A history of cardiovascular events was defined as self-reported history of myocardial 

infarction, stroke, or transient ischemic attack. Chronic hypertension was defined as 

systolic blood pressure ≥130 mm Hg, diastolic blood pressure ≥80 mm Hg, or taking 

antihypertensive medication [21]. Metabolic syndrome was defined as at least 3 of the 

following 5 criteria: elevated waist circumference (≥88 cm if non-Asian or ≥80 cm if 

Asian); elevated triglycerides (≥150 mg/dL or 1.7 mmol/L) or taking triglyceride-lowering 

medication; elevated fasting glucose (≥100 mg/dL or 5.55 mmol/L) or taking glucose-

lowering medication; elevated blood pressure (systolic blood pressure ≥130 mm Hg and/or 

diastolic blood pressure ≥85 mm Hg) or taking antihypertensive medications; and reduced 

HDL cholesterol (<50 mg/dL or 1.3 mmol/L) or taking lipid-modifying medication. 

Prediabetes or type 2 diabetes was defined as fasting blood sugar ≥100 mg/dL (5.55 

mmol/L) or taking glucose-lowering medication. Dyslipidemia was defined as any of the 

following: total cholesterol ≥240 mg/dL (6.2 mmol/L), LDL ≥160 mg/dL (4.1 mmol/L), 

HDL <35 mg/dL (0.9 mmol/L), triglycerides ≥200 mg/dL (2.3 mmol/L), or taking lipid-

modifying medication. Chronic kidney disease was defined as a self-reported diagnosis of 

kidney disease (including nephritis, glomerulonephritis, dialysis, renal transplant, or other 

condition denoting chronic kidney disease per review by LHT) or albumin-to-creatinine ratio 

>30 mg/g.

To compare outcomes by aspirin exposure among women with similar baseline risk profiles, 

we used inverse probability of treatment weighting using propensity scores. Propensity 

scores were calculated from logistic regression models of aspirin use with explanatory 

baseline variables related to aspirin exposure during pregnancy [19] and to cardiovascular 

risk. These variables included age, race, education, insurance, substance use, tobacco 

use, chronic hypertension, prediabetes or pre-gestational diabetes, chronic kidney disease, 

autoimmune disease, obesity, and family history of preeclampsia. Study subjects with 

chronic hypertension, prediabetes or gestational diabetes, and chronic kidney disease at 

baseline were excluded from the calculation of propensity scores for those outcomes, 

respectively. The propensity scores ranged from zero to one and estimate the probability 

of aspirin use based on characteristics included in the logistic regression model. In total, 

four propensity scores were calculated: 1) for outcomes including the primary composite, 

metabolic syndrome, and dyslipidemia; 2) for the outcome of chronic hypertension; 3) for 

the outcome of prediabetes or type 2 diabetes; and 4) for the outcome of chronic kidney 

disease (Supplement – Generation of Propensity Scores).

Robust Poisson regression was used to calculate the risk of the cardiovascular-related 

outcomes of interest at 2-7 years after delivery of the first pregnancy, with model covariates 
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including aspirin exposure during the first pregnancy and the aspirin use propensity score. 

Adverse pregnancy outcomes, including hypertensive disorders of pregnancy, stillbirth, 

preterm birth, and small-for-gestational age neonate, may be on the causal pathway between 

aspirin exposure and cardiovascular risk. As such, we stratified our results by 2 categories: 

history of any of these adverse pregnancy outcomes vs none of these adverse pregnancy 

outcomes.

Statistical analyses were performed using SAS version 9.4 (Cary, NC). Two-sided p-

values <0.05 were considered statistically significant. Based on published results from the 

nuMoM2b-HHS demonstrating a 20% incidence of stage 2 chronic hypertension among the 

overall cohort [22] we anticipate that 25% of women in the unexposed/no aspirin group will 

have the primary outcome composite compared to 15% of women in the exposed/aspirin 

group. With an overall sample size of 4,484 women, 2.5% of whom are in the exposed/

aspirin group (n=112), a two-sided test achieves 80% power at α = 0.050 to detect a relative 

risk of 0.56.

Results

After excluding 4 participants with missing data regarding aspirin exposure, we included 

4,480 women who had completed medication forms during their first pregnancy and 

subsequently attended an in-person nuMoM2b-HHS study visit (Figure). Eighty-four 

women (1.9% of the study population) reported taking aspirin during their first pregnancy. 

Compared with women who did not take aspirin during their first pregnancy, women who 

reported taking aspirin were older, had higher education levels, private insurance, and were 

more likely to be white, married, and to have autoimmune disease (Table 1). After excluding 

women with the outcomes of interest at baseline, we included 3,776 women in the analysis 

of the primary composite outcome (71 with aspirin and 3,705 with no aspirin), 3,811 women 

in the analysis of the chronic hypertension outcome (71 with aspirin and 3,740 with no 

aspirin), 3,879 women in the analysis of the prediabetes or type 2 diabetes outcome (76 

with aspirin and 3,803 with no aspirin), and 3,809 women in the analysis of the chronic 

kidney disease outcome (71 with aspirin and 3,738 with no aspirin). The propensity scores 

for aspirin exposure in each group are listed in Table 1.

At the time of the nuMoM2b-HHS study visit, 1,766 women experienced the composite 

cardiovascular-related outcome, with 20 cases of incident cardiovascular events, 679 

of incident chronic hypertension, 499 of incident metabolic syndrome, 709 of incident 

prediabetes or type 2 diabetes, 446 of incident dyslipidemia, and 243 of incident chronic 

kidney disease.

Among the entire study population, aspirin use during the first pregnancy was not associated 

with the primary composite outcome at the time of the nuMoM2b-HHS study visit (Table 2). 

Aspirin use was also not associated with any of the other secondary outcomes at the time of 

the nuMoM2b-HHS visit.

Similarly, stratified analyses by any adverse pregnancy outcome showed no significant 

associations between aspirin exposure during the first pregnancy and the cardiovascular-
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related outcomes of interest (Table 3). Only 23 of 1,023 women with an adverse pregnancy 

outcome took aspirin, so small sample sizes precluded stratifying analyses by individual 

adverse pregnancy outcomes: 19 of the 612 women with hypertensive disorders of 

pregnancy took aspirin; 8 of the 387 women with a preterm birth took aspirin; 4 of the 

187 women who delivered a small-for-gestational age neonate took aspirin; and none of the 

16 women who had a stillbirth took aspirin.

Discussion

In this secondary analysis of the nuMoM2b-HHS prospective cohort, exposure to aspirin 

during the first pregnancy was not associated with cardiovascular events or diagnoses 2-7 

years after delivery. Although not statistically significant, it is worth noting that the point 

estimate for the association between aspirin exposure and incident chronic kidney disease 

2-7 years later was in the positive direction (toward aspirin exposure being associated with 

chronic kidney disease). This may reflect residual confounding that was not resolved with 

our propensity score methodology.

Only 1.9% of the women in our study population reported taking aspirin during their 

first pregnancy. This is likely because the USPSTF guideline recommending low-dose 

aspirin during pregnancy for women at risk for preeclampsia was published in 2014, while 

nuMoM2b enrolled pregnant women between 2010-2013. Many of the trials on which 

the USPSTF based its 2014 guideline, however, were published well before 2010 when 

nuMoM2b started enrollment [23-29]. Thus, it is noteworthy that white, highly educated, 

privately insured women were more likely to report aspirin use during their first pregnancy. 

Because all participants were enrolled early in pregnancy after presenting for prenatal care, 

this may reflect racial and socioeconomic disparities apart from access to care. It is also 

possible that this finding reflects differences in practice patterns between study sites with 

different patient populations, or that participants taking aspirin had other indications such as 

a history of infertility or recurrent pregnancy loss.

Strengths of our approach include use of prospectively collected data with well-adjudicated 

cardiovascular and metabolic outcomes. The prospective nature of data collection minimizes 

the potential for recall bias with self-reported aspirin exposure. Because such a small 

number of women reported taking aspirin per their provider’s recommendation during 

their nuMoM2b pregnancy, our study was only powered to detect a relative risk of 0.56 

or larger in magnitude (i.e., approximately halving of risk) when comparing exposed and 

unexposed groups. As such, our findings do not rule out a smaller yet clinically meaningful 

difference in outcomes between groups. Another limitation of our study is the lack of data 

regarding aspirin dose, but we presume that healthcare providers would have prescribed or 

recommended only low-dose aspirin during pregnancy due to fetal renal and cardiovascular 

effects of high-dose aspirin. We also lack data regarding timing of initiation and duration of 

aspirin use.

Additional follow-up of the participants in nuMoM2b-HHS is planned, and we anticipate 

that the incidence of these cardiovascular outcomes of interest will increase as the 

participants age. Thus, this cohort may yet offer information regarding cardiovascular health 
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following aspirin use during pregnancy. In order to definitively overcome the limitations 

of this secondary analysis and answer the question of long-term maternal health effects of 

prophylactic low-dose aspirin during pregnancy, cardiovascular outcomes could be assessed 

among participants in large multicenter trials of aspirin use to prevent preeclampsia (such as 

ASPRE and ASPIRIN) in the years following their participation [8, 9].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• First pregnancy aspirin use was not associated with later cardiovascular 

outcomes

• Propensity scores for aspirin use during first pregnancy were included as 

covariates

• Few women in this cohort were exposed to aspirin, so power is limited
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Figure. 
Flow diagram of study population.
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Table 2.

Association of aspirin exposure during nuMoM2b index pregnancy with cardiovascular-related conditions 2-7 

years later, unadjusted and adjusted for propensity of aspirin exposure
2,3

, among nuMoM2b-HHS participants.

Cardiovascular-related
condition

All participants
n / N (%)

N with condition
among exposed

n / N (%)

N with condition
among unexposed

n / N (%)
RR (95% CI)

Composite outcome
1

  Unadjusted 1766/4089 (43.2) 41/78 (52.6) 1725/4011 (43.0) 1.22 (0.99, 1.51)

  Adjusted 1512/3652 (41.4) 34/70 (48.6) 1478/3582 (41.3) 1.18 (0.92, 1.52)

Chronic hypertension

  Unadjusted 679/3774 (18.0) 12/71 (16.9) 667/3703 (18.0) 0.94 (0.56, 1.58)

  Adjusted 567/3253 (17.4) 9/60 (15.0) 558/3193 (17.5) 0.82 (0.44, 1.50)

Metabolic syndrome

  Unadjusted 499/3703 (13.5) 4/64 (6.3) 495/3639 (13.6) 0.46 (0.18, 1.19)

  Adjusted 447/3294 (13.6) 4/58 (6.9) 443/3236 (13.7) 0.56 (0.22, 1.43)

Prediabetes or type 2 diabetes

  Unadjusted 709/3491 (20.3) 12/58 (20.7) 697/3433 (20.3) 1.02 (0.61, 1.69)

  Adjusted 611/3043 (20.1) 12/52 (23.1) 599/2991 (20.0) 1.17 (0.71, 1.92)

Dyslipidemia

  Unadjusted 446/3701 (12.1) 8/61 (13.1) 438/3640 (12.0) 1.09 (0.57, 2.09)

  Adjusted 383/3199 (12.0) 7/55 (12.7) 376/3144 (12.0) 0.96 (0.49, 1.89)

Chronic kidney disease

  Unadjusted 243/4134 (5.9) 10/81 (12.3)# 233/4053 (5.7) 2.15 (1.19, 3.89)

  Adjusted 213/3647 (5.8) 7/69 (10.1) 206/3578 (5.8) 1.71 (0.80, 3.63)

Abbreviations: n = number in category; N = sample size; RR = relative risk; CI = confidence interval.

#
Statistically significant association at p<0.05 between characteristic and aspirin exposure as calculated by chi-square when possible or Fisher’s 

Exact when cell counts are low.

1
Composite outcome: cardiovascular events (myocardial infarction or stroke), chronic hypertension, metabolic syndrome, prediabetes or type 2 

diabetes, dyslipidemia, and/or chronic kidney disease diagnoses

2
Robust Poisson regression model with sandwich variance estimator was used to calculate RR and 95% CI for association between aspirin 

exposure and the cardiovascular-related conditions. All models included aspirin exposure during the index pregnancy and the aspirin use propensity 
score as covariates.

3
Propensity scores calculated from logistic regression models of aspirin exposure with explanatory variables related to aspirin exposure and 

cardiovascular risk: age, race, education, insurance, substance use, tobacco use, chronic hypertension (excluded from propensity score for chronic 
hypertension at 2-7 year visit), prediabetes or type 2 diabetes (excluded from propensity score for prediabetes or type 2 diabetes at 2-7 year visit), 
chronic kidney disease (excluded from propensity score for chronic kidney disease at 2-7 year visit), autoimmune disease, obesity, and family 
history of preeclampsia. Scores range from zero to one.

Pregnancy Hypertens. Author manuscript; available in PMC 2023 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Theilen et al. Page 16

Table 3.

Association of aspirin exposure during nuMoM2b index pregnancy with cardiovascular-related conditions 2-7 

years later, unadjusted and adjusted for propensity of aspirin exposure
3, 4

 and stratified by adverse pregnancy 

outcome.

Cardiovascular-related condition
Any Adverse Pregnancy Outcome

2

Yes
RR (95% CI)

No
RR (95% CI)

Composite outcome
1

  Unadjusted 1.27 (0.95, 1.69) 1.15 (0.86, 1.54)

  Adjusted for propensity score 1.19 (0.82, 1.74) 1.15 (0.84, 1.59)

Chronic hypertension

  Unadjusted 1.24 (0.68, 2.29) 0.65 (0.28, 1.50)

  Adjusted for propensity score 0.90 (0.38, 2.12) 0.74 (0.32, 1.70)

Metabolic syndrome

  Unadjusted 0.28 (0.04, 1.88) 0.55 (0.18, 1.65)

  Adjusted for propensity score 0.41 (0.06, 2.82) 0.63 (0.21, 1.90)

Prediabetes or type 2 diabetes

  Unadjusted 0.78 (0.28, 2.16) 1.12 (0.62, 2.00)

  Adjusted for propensity score 1.02 (0.38, 2.75) 1.22 (0.69, 2.19)

Dyslipidemia

  Unadjusted 1.57 (0.67, 3.70) 0.81 (0.32, 2.09)

  Adjusted for propensity score 1.57 (0.69, 3.58) 0.62 (0.21, 1.84)

Chronic kidney disease

  Unadjusted 2.35 (0.93, 5.96) 2.00 (0.93, 4.31)

  Adjusted for propensity score 1.43 (0.35, 5.92) 1.84 (0.78, 4.34)

Abbreviations: RR = relative risk; CI = confidence interval.

#
Statistically significant association at p<0.05 between characteristic and aspirin exposure as calculated by chi-square when possible or Fisher’s 

Exact when cell counts are low.

1
Composite outcome: cardiovascular events (myocardial infarction or stroke), chronic hypertension, metabolic syndrome, prediabetes or type 2 

diabetes, dyslipidemia, and/or chronic kidney disease diagnoses.

2
Any adverse pregnancy outcome defined as: hypertensive disorder of pregnancy, preterm birth, small-for-gestational age neonate, or stillbirth

3
Robust Poisson regression model with sandwich variance estimator was used to calculate RR and 95% CI for association between aspirin 

exposure and the cardiovascular-related conditions. All models included aspirin exposure during the index pregnancy and the aspirin use propensity 
score as covariates.

4
Propensity scores calculated from logistic regression models of aspirin exposure with explanatory variables related to aspirin exposure and 

cardiovascular risk: age, race, education, insurance, substance use, tobacco use, chronic hypertension (excluded from propensity score for chronic 
hypertension at 2-7 year visit), prediabetes or type 2 diabetes (excluded from propensity score for prediabetes or type 2 diabetes at 2-7 year visit), 
chronic kidney disease (excluded from propensity score for chronic kidney disease at 2-7 year visit), autoimmune disease, obesity, and family 
history of preeclampsia. Scores range from zero to one.
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