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Abstract

Objectives: To evaluate the impact of aspirin resistance on the incidence of preeclampsia and 

maternal serum biomarker levels in pregnant individuals at high-risk of preeclampsia receiving 

low dose aspirin (LDA).

Study design: We performed a secondary analysis of a randomized, placebo-controlled trial of 

LDA (60 mg daily) for preeclampsia prevention in high-risk individuals (N = 524) on pregnancy 
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outcomes and concentrations of PLGF, IL-2, IL-6, thromboxane B2 (TXB2), sTNF-R1 and sTNF-

R2 from maternal serum.

Main outcome measures: LDA-resistant individuals were defined as those having a TXB2 

concentration >10 ng/ml or <75 % reduction in concentration at 24–28 weeks after LDA 

administration. Comparisons of outcomes were performed using a Fisher’s Exact Test. Mean 

concentrations of maternal serum biomarkers were compared using a Student’s t-test. Pearson 

correlation was calculated for all pairwise biomarkers. Longitudinal analysis across gestation was 

performed using linear mixed-effects models accounting for repeated measures and including BMI 

and maternal age as covariates.

Results: We classified 60/271 (22.1 %) individuals as LDA-resistant, 179/271 (66.1 %) as 

LDA-sensitive, and 32/271 (11.8 %) as non-adherent. The prevalence of preeclampsia was not 

significantly different between the LDA and placebo groups (OR = 1.43 (0.99–2.28), p-value = 

0.12) nor between LDA-sensitive and LDA-resistant individuals (OR = 1.27 (0.61–2.8), p-value 

= 0.60). Mean maternal serum IL-2 concentrations were significantly lower in LDA-resistant 

individuals relative to LDA-sensitive individuals (FDR < 0.05).

Conclusions: These results suggest a potential role for IL-2 in the development of preeclampsia 

modulated by an individuals’ response to aspirin, presenting an opportunity to optimize aspirin 

prophylaxis on an individual level to reduce the incidence of preeclampsia.
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1. Introduction

Aspirin (acetylsalicylic acid) is one of the oldest and most commonly used medications in 

the United States, due, in part, to its observed positive effects on cardiovascular health [1,2]. 

Low dose aspirin (LDA) has been demonstrated to decrease the incidence of preeclampsia in 

several large clinical trials [3–5], although some demonstrate only a modest decrease that is 

not statistically significant [6–9]. One of the first major trials to evaluate LDA for prevention 

of preeclampsia included normotensive individuals at 28 weeks gestation thought to be at 

risk for preeclampsia due to blood pressure response to angiotensin II infusions [10]. The 

individuals who were randomized to 60 mg of aspirin were 83 % less likely to develop 

preeclampsia. The CLASP trial later performed a randomized trial of 60 mg aspirin daily in 

9,364 pregnant individuals, which found a 12 % reduction in the incidence of preeclampsia, 

although it was not statistically different from placebo [7]. However, the CLASP trial did 

find a statistically significant reduction in the likelihood of preterm delivery [7]. A recent 

systematic review done on behalf of the US Preventative Services Task Force (USPSTF) 

reviewed 23 randomized clinical trials where LDA was used to prevent preeclampsia [11]. 

The authors found that aspirin use was associated with a lower risk of preeclampsia (pooled 

relative risk [RR], 0.85 [95 % CI, 0.75–0.95]), perinatal mortality (pooled RR, 0.79 [95 % 

CI, 0.66–0.96]), and preterm birth (pooled RR, 0.80 [95 % CI, 0.67–0.95]), with no increase 

in bleeding-related complications, such as postpartum haemorrhage [11].
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LDA (81 mg) is recommended after 12 weeks gestation in pregnant individuals at high 

risk of preeclampsia or with more than one moderate-risk factor by the USPSTF [11], 

with similar recommendations by the American College of Obstetricians and Gynecologists 

(ACOG) and the Society for Maternal-Fetal Medicine [12]. Yet, despite the demonstrated 

benefits of LDA prophylaxis at the population level, aspirin resistance has been described 

both within and outside of pregnancy [13,14]. Current national guidelines in the United 

States place a large number of at-risk pregnant people on LDA [12], although aspirin 

resistance decreases the potential benefit of this therapy [13,14].

Aspirin resistance, defined using laboratory indices reflective of insufficient platelet 

inhibition activity [15], is observed in 17–39 % of pregnant individuals, and it has 

been associated with a higher incidence of preeclampsia despite aspirin administration 

[14,16–19]. In addition, pregnant individuals with inadequate adherence to an aspirin 

regimen (<90 %) have been demonstrated to have higher rates of preeclampsia, intrauterine 

growth restriction, preterm delivery and an increased need for antenatal antihypertensive 

medications [20]. We hypothesize that aspirin resistant individuals would have a higher 

incidence of preeclampsia and increased inflammatory cytokine levels in maternal serum. 

In this study, we investigated clinical outcomes in defined aspirin resistant and nonadherent 

individuals by maternal serum thromboxane B (TXB2) measurements to identify maternal 

serum biomarker signatures associated with aspirin resistance in preeclampsia.

2. Materials and methods

2.1. Study cohort

We performed a secondary analysis of a double-blinded, randomized, placebo-controlled 

trial of LDA (60 mg daily) for preeclampsia prevention in individuals at high risk for 

preeclampsia (N = 2,539) [6]. Individuals at high risk for preeclampsia were recruited 

and enrolled between 13 and 26 weeks of gestation and randomized to receive either 

low-dose aspirin (60 mg daily) or placebo to study the primary outcome of preeclampsia 

diagnosis. This study was performed as part of the Institute of Child Health and Human 

Development Maternal Fetal Medicine Unit Network across 13 centers and anonymized data 

were made publicly available at the Institute of Child Health and Human Development Data 

and Specimen Hub. Subjects provided written informed consent before study participation 

and all studies were approved and monitored by each participating institution’s institutional 

review board.

2.2. Maternal serum sample biomarker concentrations

Blood samples were drawn into EDTA-containing tubes at three time points during 

pregnancy (13–26 weeks at randomization, 24–28 weeks, 34–38 weeks), centrifuged to 

separate the plasma and serum fractions, and stored at −70 °C for future studies [21]. 

Stored plasma and serum samples were assayed for placental growth factor (PLGF), 

interleukin-2 (IL-2), interleukin-6 (IL-6), thromboxane B2 (TXB2), soluble tumor necrosis 

factor receptor 1 (sTNF-R1) and soluble tumor necrosis factor receptor 2 (sTNF-R2) in 

previous studies [21–24]. For this secondary analysis, we included individuals with complete 

TXB2 measurements at all three time points, complete body mass index (BMI) data and 

Hernandez et al. Page 3

Pregnancy Hypertens. Author manuscript; available in PMC 2024 December 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



complete biomarker concentration measurements at all three timepoints for PLGF, IL-2, 

sTNF-R1 and sTNF-R2 (N = 524).

2.3. Clinical outcome, gestational age and aspirin resistance group definitions

Clinical outcomes were separated into six groups by aspirin exposure: placebo with 

preeclampsia, placebo normal pregnancy outcome, LDA with preeclampsia, LDA normal 

pregnancy outcome, No LDA with preeclampsia, and No LDA normal pregnancy outcome 

(Fig. 1). Within the LDA exposed groups, we defined LDA sensitivity as a TXB2 

concentration <10 ng/ml or >75 % reduction in concentration at 24–28 weeks gestation 

after aspirin administration. Aspirin resistance groups included: LDA-resistant (TXB2 

concentration >10 ng/ml or <75 % reduction in concentration at 24–28 weeks gestation after 

aspirin administration); LDA-non-adherent (demonstrated LDA sensitivity at 24–28 weeks 

with TXB2 concentrations >10 ng/ml at 34–38 weeks); and LDA-sensitive (demonstrated 

LDA sensitivity at both 24–28 weeks and 34–38 weeks). Estimated gestational age (GA) at 

each time point was calculated by adding an offset at each timepoint to GA at randomization 

to create a continuous variable assuming eight weeks between biospecimen acquisition for 

all subjects (Time 1: GA in days at randomization; Time 2: GA + 56 days; Time 3: GA + 

112 days).

2.4. Statistical analysis

Comparisons of categorical outcomes by group were performed using a Fisher’s Exact 

Test or Kruskal-Wallis rank sum test for continuous variables. Mean concentrations of 

selected maternal biomarkers were analyzed using a pairwise Student’s t-test within clinical 

response groups and aspirin resistance groups at each timepoint. Adjustment for multiple 

testing was performed using Benjamini & Hochberg (FDR) correction [25]. Statistical 

significance for pairwise tests was set at FDR < 0.05. Pearson correlation was calculated for 

all pairwise biomarkers. Longitudinal analysis across gestation was performed using linear 

mixed-effects models accounting for repeated measures and including body mass index 

(BMI) and maternal age as covariates on center scaled [26] log2-biomarker concentrations 

and GA using lmerTest v3.1–3 [27]. Statistical significance for longitudinal analyses was 

set at p-value < 0.05. All analyses were performed using the R Statistical Programming 

Language (v4.1.3) using the R packages lmerTest v3.1–3, ggplot2 v3.4.0, and stats v.4.1.3.

3. Results

We classified 60/271 (22.1 %) individuals as LDA-resistant, 179/271 (66.1 %) as LDA-

sensitive and 32/271 (11.8 %) as non-adherent. Baseline demographic characteristics were 

not significantly different between LDA and placebo and LDA resistance groups (Table 

1). The prevalence of preeclampsia was lower in the LDA group compared to the placebo 

group, but was not significantly reduced, consistent with the original study [6] (OR = 

1.43, 95 % CI 0.99–2.28, p-value = 0.12). Within the LDA subjects, the prevalence of 

preeclampsia did not differ between LDA sensitive and LDA resistant individuals (OR = 

1.27, 0.61–2.8, p-value = 0.60).

Hernandez et al. Page 4

Pregnancy Hypertens. Author manuscript; available in PMC 2024 December 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Mean maternal serum IL-2 concentrations were significantly lower in LDA-resistant 

individuals relative to LDA-sensitive individuals after LDA administration among normal 

pregnancy outcomes (FDR < 0.05; Table 2; Supplementary Fig. 1) and overall (FDR < 0.05; 

Table 3). Mean concentrations of all biomarkers did not significantly differ between LDA 

resistance groups within individuals that developed preeclampsia, although LDA-sensitive 

individuals had higher levels of IL-2 compared to those that were LDA-resistant (Table 

3). IL-2 concentrations were nominally elevated in preeclampsia relative to subjects with 

normal pregnancy outcomes in the placebo group (FDR = 0.112; nominal p-value = 0.036; 

Table 4; Supplementary Fig. 1). Within the placebo group, IL-6, sTNF-R1 and sTNF-R2 

mean concentrations were higher in preeclampsia at 34–38 weeks (FDR < 0.05) and PLGF 

mean concentrations were lower in preeclampsia at 24–28 and 34–28 weeks (FDR < 0.05; 

Table 4; Supplementary Figs. 2–3).

Longitudinal analysis of additional maternal serum biomarker concentrations across 

gestation stratified by clinical outcome identified an increase in IL-6, sTNF-R1 and 

sTNF-R2 with gestational age (p-value < 0.05) and a decrease in IL-2 concentrations 

with gestational age (Fig. 2A; p-value < 0.05). A significantly different relationship with 

gestational age was observed within subjects with normal pregnancy outcomes between 

LDA and Placebo for IL-2 (coefficient = −0.08; p-value < 0.001; Fig. 2A–B; Supplementary 

Fig. 1), sTNF-R1(coefficient = −0.11; p-value < 0.001; Fig. 2A; Supplementary Fig. 

2) and sTNF-R2 (coefficient = −0.09; p-value < 0.001; Fig. 2A; Supplementary Fig. 

3). Longitudinal analysis of biomarker concentrations across gestation in LDA clinical 

outcomes stratified by LDA resistance group revealed a significant decrease in IL-2 

concentrations in LDA-resistant relative to LDA-sensitive individuals within the group of 

subjects with normal pregnancy outcomes (coefficient = −0.48; p-value < 0.05; Fig. 3A–B) 

and a significantly different relationship with gestational age (coefficient = −0.11; p-value 

< 0.05; Fig. 3A–B; Supplementary Fig. 1). Finally, TXB2 concentrations were significantly 

negatively correlated with IL-2 (Corr: −0.073; p-value < 0.05), sTNF-R1 (Corr: −0.26; 

p-value < 0.001) and sTNF-R2 (Corr: −0.17; p-value < 0.001) (Supplementary Fig. 4).

4. Discussion

We conducted a secondary analysis of a randomized placebo-controlled trial to evaluate 

the impact of aspirin resistance on the incidence of preeclampsia and selected maternal 

serum biomarker levels in a pregnant population at high-risk of developing preeclampsia 

receiving low dose aspirin. This study revealed that 22.1 % of pregnant individuals on 

LDA demonstrated aspirin resistance. This rate of aspirin resistance is comparable to that 

observed in previously published reports in several populations, ranging from 17-39 % 

of pregnant individuals [14,16–19]. Baseline demographics were not different between 

groups. The prevalence of preeclampsia was lower in the LDA group compared to the 

placebo group but was not significantly reduced, consistent with the findings of the original 

clinical trial [6]. Gestational age was significantly positively associated with maternal serum 

concentrations of IL-6, sTNF-R1 and sTNF-R1 and negatively associated with IL-2. This 

study reveals increased IL-2 concentration in preeclampsia, decreased IL-2 concentrations 

in LDA-resistance and differential changes of IL-2 throughout gestation based on aspirin 

resistance.
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While full dose aspirin (325 mg daily) inhibits both cyclooxygenase-1 (COX-1) and 

cyclooxygenase-2 (COX-2), LDA selectively inhibits COX-1 [28]. Selective inhibition of 

COX-1 which targets thromboxane A2, is known to occur at doses < 300 mg, but a debate 

exists in the literature about the appropriate aspirin dose to mitigate preeclampsia risk 

[17,29,30] and the role of aspirin resistance [13,14].

Aspirin resistance has several proposed mechanisms including pharmacokinetic type 

resistance from patient non-compliance, suboptimal dosing or increased platelet turnover 

[13,31]. Physiological changes during pregnancy can affect aspirin pharmacokinetics. For 

example, one pharmacokinetic study of LDA during pregnancy demonstrated reduced 

exposure to the active metabolite – salicylic acid – as a result of increased clearance 

during pregnancy [32]. Another study observed lower rates of complete inhibition of 

TXB2, a stable metabolite of TXA2, in obese individuals in the second and third trimesters 

[33]. Other proposed mechanisms include pharmacodynamic type resistance due to genetic 

polymorphisms in COX-1 and other genes involved in thromboxane biosynthesis [13,34–

35], or TXA2- independent platelet aggregation as a result of exposure of platelets to 

collagen, increased epinephrine, increased oxidative stress or genetic polymorphisms in 

the common pathway of platelet aggregation [13,31,36–38]. Aspirin resistance may be 

overcome by altered dosing, minimizing thromboxane influence or by blocking other 

pathways of platelet activation or inflammation [13], underscoring the importance of 

identifying aspirin resistance early in pregnancy.

Both the innate and adaptive immune systems in preeclampsia are activated with increased 

levels of circulating pro-inflammatory cytokines, which have been shown to induce 

prostaglandin E2 (PGE2) biosynthesis in the decidua through the up-regulation of COX-2 

[39]. Aspirin may increase trophoblast cytokine release causing reduced cell apoptosis, 

changes in cell aggregation and fusion to improve trophoblast function [40,41]. It has 

also been shown that aspirin can bind cellular kinase IKK-B, preventing NF-kB-mediated 

regulation of gene expression independent of the COX-prostanoid pathway that will impede 

downstream activation of COX-2 and TNF-α mediated endothelial dysfunction, further 

dampening the dysregulated inflammatory state of preeclampsia [39]. In addition, LDA has 

been show to trigger the biosynthesis of endogenous anti-inflammatory 15-epi-lipoxin A4 

(ATL) and may play a role in the mechanism of action of LDA in preeclampsia prophylaxis 

[42].

Cell types expressing high levels of COX-2 produce large amounts PGE2, which strongly 

inhibits the production of Th1 cytokines, such as IFN-y and IL-2, and favors type-2 

responses [43]. Aspirin has been shown to increase IL-2 production by human peripheral 

blood lymphocytes [44], which we observe in LDA-sensitive healthy pregnancies but 

not those that develop preeclampsia as those have already elevated levels of IL-2. IL-2, 

a pleiotropic cytokine that induces the differentiation of regulatory T cells, drives T 

cell growth, augments NK cytolytic activity and mediates activation-induced cell death 

[45–48]. IL-2 is characteristic of Th1-type immunity and has been associated with cell-

mediated cytotoxic and inflammatory responses, participating in cellular immunity and 

the rejection process [49]. The Th1/Th2 balance establishes immune tolerance at the 

maternal-fetal interface, and a shift in the Th1/Th2 equilibrium towards Th1 dominance 
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has been associated with recurrent miscarriage and other disorders of pregnancy, such as 

preeclampsia [50–52]. IL-2 and IL-2 receptor maternal serum levels have been demonstrated 

to be increased in preeclampsia [45,53–56] and decreased throughout gestation in healthy 

pregnancies [57,58]. In this study, we observe increased IL-2 concentrations in preeclampsia 

in placebo and decreased IL-2 concentrations in LDA-resistant individuals exposed to LDA. 

This finding warrants further study, as increased maternal serum IL-2 resulting from LDA 

administration may exacerbate the pro-inflammatory state in some individuals at high-risk of 

developing preeclampsia.

4.1. Strengths and limitations

The incidence of preeclampsia did not differ between LDA sensitive and LDA resistant 

individuals in this study, nor between LDA and placebo arms, consistent with the original 

clinical trial [6]. Thus, our hypothesis that aspirin resistant individuals would have a higher 

incidence of preeclampsia was not observed in this population. In addition, our hypothesis 

that aspirin resistant individuals would have increased inflammatory cytokine levels in 

maternal serum was also not observed, with only IL-2 observed to be significantly decreased 

in aspirin resistant individuals. However, the sample size based on our inclusion criteria 

and requirement for complete thromboxane and biomarker measurements is underpowered 

to detect a significant difference (Post-hoc Power 15.2 %). Further prospective studies 

powered to study aspirin resistance with a more complete maternal serum biomarker panel 

are warranted. This would enable assessment of additional possible mechanisms of action 

of aspirin in pregnancy [42], such as the ability of aspirin to transform COX-2 to the 

anti-inflammatory compound aspirin triggered 15-epi-lipoxin [59]. Another limitation of this 

study is the dose of LDA (60 mg daily) is less than that currently recommended (81 mg 

daily), so what we are defining as aspirin resistance may be a result of a physiologically 

insufficient dose in some individuals, despite including BMI as a covariate in our statistical 

models. In addition, this trial did not quantify active salicylic acid metabolites, so we cannot 

directly discriminate between aspirin resistance and non-adherence.

5. Conclusions

This study identifies maternal serum biomarker signatures associated with aspirin resistance 

in preeclampsia. With 50–85 % of US gravidas eligible to take daily aspirin based on 

current recommendations [11], appropriate LDA dosage and identifying aspirin resistance 

are important considerations in clinical care with broad applicability to a large number of 

individuals in the pregnant population. The results of this study suggest a potential role 

for IL-2 in the development of preeclampsia modulated by an individual’s response to 

aspirin. This presents an opportunity to optimize aspirin prophylaxis on an individual level 

utilizing circulating maternal biomarkers, such as IL-2 and TBX2, to quantify an individual’s 

response to LDA prophylaxis in pregnancy to improve clinical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Overview of the study design outlining clinical outcomes and aspirin resistance groups.
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Fig. 2. 
Longitudinal analysis of biomarker concentrations across gestation in LDA and Placebo 

groups stratified by clinical outcome. A. Linear mixed-effects model coefficients for 

significant terms (p-value < 0.05). B. Scatterplot of scaled log2(IL-2) concentration across 

scaled gestation.
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Fig. 3. 
Longitudinal analysis of biomarker concentrations across gestation in LDA clinical 

outcomes stratified by aspirin resistance. A. Linear mixed-effects model coefficients for 

significant terms (p-value < 0.05). B. Scatterplot of scaled log2(IL-2) concentration across 

scaled gestation.
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