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ABSTRACT

Low-dose aspirin is recommended for prevention of hypertensive disorders of pregnancy (HDP) and preterm birth (PTB) in high-
risk pregnancies. There is limited data on factors impacting aspirin response in pregnancy. We aimed to evaluate predictors of aspi-
rin response and association with pregnancy outcome with a prospective study of high-risk pregnancies taking 81 mg aspirin daily.
Aspirin response was evaluated with Platelet Function Assay-100 (PFA-100) epinephrine closure time at baseline (< 16 weeks' ges-
tation), follow-up 1 (2-4 weeks after aspirin initiation), and follow-up 2 (28-32 weeks gestation). Multivariable regression was used
to identify factors associated with PFA-100 at each visit, and results presented with beta coefficient (B) and confidence interval.
The median difference (MD) in PFA-100 in those with and without HDP or PTB was compared. Results included 108 who com-
pleted follow-up 1 and 96 who completed both visits with >75% adherence. PFA-100 was increased from baseline at follow-ups 1
and 2 (MD 37 (27-49); MD 26 (15.5-38.5) respectively). At follow-up 1, obesity (B=—-30 (—53 to —7) seconds), diabetes (B=—39
(=75 to —2) seconds), and age (B=2.2 (0.3-4.0) seconds per year increased) were associated with PFA-100 response. Those with
HDP in the current pregnancy versus not had similar aspirin response, but those with PTB versus term birth in the current preg-
nancy had reduced aspirin response at 28-32weeks (MD —27 (—54 to —3) seconds). A daily dose of 81 mg aspirin results in platelet
inhibition throughout gestation. Obesity, diabetes, and younger age are associated with reduced aspirin response in pregnancy.
JEL Classification: DEI

| Introduction dosing for patients with risk factors for preeclampsia [6], how-

Low-dose aspirin reduces the risk of preeclampsia and perinatal
morbidity in selected high risk pregnancies [1-3]. The efficacy
of low-dose aspirin in preeclampsia prevention may vary by in-
dividual factors [4], with 20%-30% experiencing preeclampsia
despite aspirin use [5]. Currently the United States Preventative
Services Task Force (USPSTF) recommends 81 mg aspirin daily

ever meta-analyses are conflicting regarding the role of higher
dose in aspirin efficacy [1, 7]. In non-pregnant adults, there is
well established individual variability in platelet response to
low-dose aspirin [8, 9], this may contribute to efficacy of higher
versus lower doses in specific individuals in pregnancy as well.
There exists a need to better quantify the pharmacologic re-
sponse to aspirin in the pregnant population.
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Summary

« What is the current knowledge on the topic?

o Non-pregnant adults demonstrate significant varia-
bility in response to aspirin which has implications
for clinical care and dosing; however, there is a lim-
ited understanding of aspirin response in pregnancy,
which has important implications for clinical efficacy.

« What question does this study address?

o We sought to evaluate predictors of aspirin phar-
macodynamics in pregnancy, measured by a com-
mercially available assay, platelet inhibition through
PFA-100 epinephrine closure time (Siemens), and
assess whether aspirin response was associated with
pregnancy outcome.

« What does this study add to our knowledge?

o A daily dose of 81mg aspirin results in measurable
and sustained platelet inhibition throughout preg-
nancy, as measured by PFA-100 epinephrine closure
time, although this declines as pregnancy progresses.
Pre-gestational diabetes, and baseline obesity
(BMI>30) were independently associated with re-
duced initial response to aspirin in pregnancy.

o There was no difference in aspirin response in
those who developed a hypertensive disorders of
pregnancy versus not, however those who had a
preterm birth had a reduced response to aspirin at
28-32weeks compared to those with a term birth.

o

« How might this change clinical pharmacology or
translational science?

o We identified important covariates (obesity, diabe-
tes, age) that influence aspirin response through
pregnancy and that a commercially available assay,
PFA-100 (Siemens) is useful for assessment of aspi-
rin pharmacodynamics in pregnancy.

Our findings have important implications for the

design of future dose-response studies in pregnancy

taking into consideration individual characteristics
and gestational age.

o Furthermore, our findings suggest further research
is warranted on the relationship between aspirin
pharmacodynamics and pregnancy outcomes such
as preterm birth.

o

The mechanism of action of aspirin in preeclampsia prevention
is not well established. Prior work has demonstrated how early
platelet activation and placental vascular hypo-perfusion plays in
the development of preeclampsia later in pregnancy [10, 11]. It
is postulated aspirin inhibits platelet activity, and subsequent pla-
cental vasculopathy [12]. Aspirin inhibits platelet activity through
inhibition of cyclooxygenase-1, which leads to suppression of
thromboxane A2, a necessary substrate from platelet activation,
which ultimately leads to reduced platelet reactivity [13, 14].

In non-pregnant adults, non-response to low-dose aspirin, as
measured by platelet activity, is associated with increased risk
of cardiovascular related morbidity in patients recommended
to take aspirin for preventative purposes [13, 14]. There are a
number of different ways to assess platelet activity in response
to aspirin. The gold standard is usually considered to be light

aggregometry, however this is time intensive and laboratory
specific, limiting its use as a generalizable assay for clinical use
[14]. There are commercially available assays that have been val-
idated against light aggregometry including Platelet Function
Assay-100 (PFA-100, Siemens). Inadequate response to low-dose
aspirin as measured by Platelet Function Assay-100 (Siemens,
PFA-100) closure time is associated with significantly increased
cardiovascular morbidity [13-15] in non-pregnant adults.

A similar relationship between individual aspirin response and
clinical efficacy has not been well studied in pregnancy. Given
the known inter-individual variability in aspirin response in
non-pregnant adults [14, 16], the impact aspirin response mea-
sured by Platelet Function Assay-100 (Siemens, PFA-100) closure
time has on risk of subsequent cardiovascular morbidity [13],
the overlapping pathophysiological pathways in non-pregnant
cardiovascular disease and preeclampsia [17] and preterm birth
[18, 19], and the benefit of aspirin in risk reduction in both clini-
cal scenarios, it stands to reason that similar markers of platelet
response to aspirin therapy may be relevant to pregnancy out-
come. Our objective was to conduct a prospective cohort study
of patients at high risk for preeclampsia recommended to take
aspirin daily to study individual predictors of aspirin response,
as measured by PFA-100 epinephrine closure time, and associa-
tion of aspirin response with pregnancy outcomes.

2 | Materials and Methods
2.1 | Cohort

This is a prospective cohort study of singletons recommended
low-dose aspirin (81 mg for the purposes of this study and as is
standard at our site) for prevention of preeclampsia as defined by
the USPSTF [6] (Table 1). During the course of the cohort study
USPSTF updated their guidelines leading to a protocol update: el-
igible participants prior to January 2022 had to have at least one
high risk factor and after 2022 had to have either a high-risk fac-
tor or 2 or more moderate risk factors (Table 1). Exclusion criteria
for this study included: contraindication to aspirin, pre-existing
platelet disorder, inherited thrombophilia, baseline thrombocyto-
penia<150,000, current or planned use of any anticoagulant aside
from aspirin. Participants were enrolled at 10-16 weeks' gestation
prior to initiation of aspirin therapy and followed until delivery. A
total of 81 mg enteric coated aspirin was provided by the Thomas
Jefferson University pharmacy and distributed to participants. A
subset of these participants (N=19) were enrolled in a pharmaco-
kinetic sub-study [20], and those were provided non-enteric coated
aspirin through gestation for the purpose of that study. We aimed
to first evaluate individual predictors of aspirin response in preg-
nancy, and then to evaluate whether there was a difference in as-
pirin response in those with and without hypertensive disorders of
pregnancy and other adverse pregnancy outcomes. This study was
approved by the Institutional Review Board prior to enrollment
and all participants provided written consent.

2.2 | Study Procedures and Data Collection

Participants had four study visits, baseline visit completed prior
to aspirin initiation at 10-16weeks gestation, follow-up visit-1
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TABLE 1 | Baseline characteristics and preeclampsia risk factors in
study cohort of N=117 singleton pregnancies.

Baseline characteristics

Age (years) 3309
Body mass index (kg/m?) 34.3(11.5)
Black, Non-Hispanic 69 (59.0%)
White, non-Hispanic 32 (27.4%)
Asian 4 (3.4%)
Hispanic, White 11 (9.4%)
Other 1(0.9%)
Preeclampsia risk factor

Chronic hypertension”® 36 (30.8%)
Pre-gestational diabetes” 12 (10.3%)
Chronic kidney disease” 1(0.9%)
Lupus or antiphospholipid Ab syndrome” 2(1.7%)
Prior preeclampsia” 36 (30.8%)
Prior preterm preeclampsia” 12 (10.3%)
Nulliparous 37 (31.6%)
Advanced maternal age 50 (42.7%)
Long inter-pregnancy interval 8 (6.8%)
IVF pregnancy 3(2.6%)
Family history of preeclampsia 6 (5.1%)
>1 High risk factor (%) 75 (64.1%)
>2 Moderate risk factor only 42 (35.9%)

Note: Data presented as N (%) or median [interquartile range].
Abbreviations: IVF: in vitro fertilization; ”: indicates a high risk factor.

was 2-4weeks after aspirin initiation, follow-up visit-2 was at
28-32weeks gestation, and a final follow-up for adherence check
at 34-36weeks. We chose to evaluate aspirin response through
gestation given the potential for increased volume of distribu-
tion or platelet turnover in pregnancy [21] to impact aspirin re-
sponse with advancing gestation [14]. Data collected included
demographic data, preeclampsia risk factors, obstetric history,
pregnancy outcomes including gestational age at delivery, and
pregnancy complications. Participant history, risk factor assess-
ment, and race were participant reported; objective factors such
as obesity or BMI were verified with measured weight at baseline
visit. Finally, at baseline, follow-up 1 and follow-up 2, bloodwork
was collected to assess platelet count, creatinine, and PFA-100.

Aspirin adherence was assessed by both a survey of reported
missed doses as well as by a percentage of doses taken/doses
prescribed by pill counting at each study visit. Adequate aspirin
adherence was defined as > 75% by pill count. There is not a cur-
rent accepted standard for necessary aspirin adherence for effi-
cacy. Clinical trials on low-dose aspirin have used a wide range of
“acceptable” adherence, with studies in pregnancy or cardiology
using thresholds of 50%-100% [22]. The lower threshold of ac-
ceptable in cardiology studies was 75%, while for obstetrics was

50% [22], thus we selected 75%. Aspirin adherence at follow-ups 1
and 2 were used to evaluate for inclusion in analyses below.

All data were entered in a REDCap database [23], hosted by
Thomas Jefferson University.

2.3 | Aspirin Response

Response to aspirin was assessed with PFA-100 as a continu-
ous measure assessed at baseline, follow-up 1 (2-4weeks after
aspirin initiation) and follow-up 2 (28-32weeks' gestation).
After ~1weeks' of daily aspirin, steady state of platelet inhibi-
tion is expected [14]. PFA-100 is a commercially available point
of care test. This test measures the time it takes for blood to clot
an aperture after platelet stimulation. Aspirin results in an in-
creased PFA-100 closure time. PFA-100 epinephrine closure time
was selected because it is used commonly to assess response to
low-dose aspirin [14]. Inadequate aspirin response as measured
by PFA-100 is associated with adverse cardiovascular outcomes
in high-risk non-pregnant adults taking aspirin prophylaxis
[13, 14]. Given the overlapping pathophysiology of preeclampsia
and adult cardiovascular disease [17, 24, 25], we hypothesized
it would also be useful to assess for association with pregnancy
outcome. Furthermore, we chose to evaluate platelet reactivity,
rather than simply thromboxane suppression, because we felt
this was a better reflection of the desired physiologic effect of
aspirin as an anti-platelet therapy in pregnancy. There is not a
single defined value of optimal PFA-100 response, but it is gener-
ally recommended to be >150-180s to be considered appropriate
aspirin response [14, 26]; one prior study in pregnancy used a
threshold of 150s [26]. Because of the lack of a goal threshold
PFA-100 result validated in pregnancy, we chose to evaluate aspi-
rin response as a continuous outcome.

2.4 | Outcomes and Statistical Analysis

There were two primary objectives for this cohort study, first
to describe aspirin response (PFA-100) through gestation and
identify predictors of PFA-100 at each visit. Second, to evaluate
relationship between aspirin response and pregnancy outcome,
the median difference (MD) in PFA-100 at each visit in those
with and without that outcome was compared.

2.4.1 | Aspirin Response

Participants included in outcome analysis were those who took
81mg aspirin daily and had>75% aspirin adherence by pill
count at the respective follow-up visit. The primary measure of
outcome response was PFA-100 (continuous) at follow-up vis-
it-1. Secondary outcome was PFA-100 closure time at follow-up
2. Predictors of PFA-100 were assessed with multivariable logis-
tic regression with backward selection at each follow-up visit.
Predictors retained in the stepwise model had a p<0.10, while
p<0.05 were considered significant. Predictors of aspirin re-
sponse evaluated were: baseline obesity (BMI > 30), chronic hy-
pertension, pre-gestational diabetes, maternal age, and for each
respective visit- platelet count and creatinine. Additional poten-
tial confounder of enteric coating (yes or no) was also included.
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Predictors were evaluated with multivariable ordinary least
squares model. Difference in PFA-100 between each study visit
was assessed with paired sample ¢-test or paired non-parametric
test as appropriate. In addition, predictors of PFA-100 and change
in PFA-100 through gestation was also evaluated with multivar-
iate generalized estimated equation (GEE) to account for repeat
measures over time with predictors including maternal age, base-
line obesity (BMI > 30), chronic hypertension, pregestational dia-
betes, baseline creatinine, platelet count (at respective visit), and
enteric versus non-enteric coating.

Although there is not a set threshold for adequate aspirin re-
sponse in pregnancy, we evaluated it as a categorical variable
with a cut-off of goal PFA-100 epinephrine>150s as this was
previously used in another study in pregnancy [26]. It should be
noted that there is no established goal threshold for aspirin re-
sponse in pregnancy with any measure including PFA-100 [27].

2.4.2 | Pregnancy Outcome

Participants included in outcome analysis were those who took
81mg aspirin daily with>75% aspirin adherence by pill count
at follow-ups 1 and 2. The primary measure of clinical outcome
was hypertensive disorder of pregnancy (preeclampsia or ges-
tational hypertension), as defined by standard clinical criteria
(ACOG) [28] and determined by diagnoses documented from
chart review of admission note and discharge summary from de-
livery admission. Secondary clinical outcomes included preterm
birth (gestational age at delivery <37weeks', any cause), and
preterm delivery due to preeclampsia. These pregnancy out-
comes were selected because they have been consistently found
to be reduced with low-dose aspirin use [1, 26, 27, 29].

Evaluation of PFA-100 as predictive of pregnancy outcome was
assessed by comparing PFA-100 at each visit between those with
and without outcome of interest with Mann Whitney U test.
If PFA-100 closure time was different between those with and
without any outcome of interest, a receiver operator characteris-
tic curve was also planned.

2.5 | Sample Size and Power

We aimed to have 100 participants included in our outcome
analysis. This would be powered to detect a mean difference of
13sin PFA-100 closure time at follow-up visit 1 in those who did
and did not develop hypertensive disorder of pregnancy or other
outcome of interest, this is similar to a difference identified in
those with and without preeclampsia in pregnancies not taking
aspirin [30]. Given an expected 10% loss to follow-up, and 10%
without adequate adherence [5], we aimed to enroll N=130.

3 | Results
3.1 | Cohort Description
Participants were enrolled from August 2020—May 2022.

Cohort flow diagram is presented in Figure 1. One hundred
and eight participants were included in analysis relating to

aspirin response in pregnancy and 96 participants included in
analysis of aspirin response as a predictor of pregnancy out-
come. Baseline characteristics are described in Table 1; 59%
were Black, and 64% had at least one high risk factor for pre-
eclampsia. Table 2 describes the longitudinal change in indi-
vidual factors through pregnancy. Regression results include
beta coefficient (B) and confidence interval.

3.2 | Response to Aspirin Therapy in Pregnancy

For this analysis we included N=96 who completed follow-ups 1
and 2 with>75% adherence. We found that there was significant
inhibition of platelet activity as measured by PFA-100 epineph-
rine closure time following aspirin initiation at both 2-4weeks
after aspirin initiation and in the third trimester at 28-32weeks
(Figure 2). In paired comparison, there was significant increase in
PFA-100 from baseline at both follow-ups 1 and 2 (MD 37 [27-49],
p<0.001 and MD 26 [15.5-38.5], p <0.001 respectively). There was
a decrease in aspirin response with advancing gestation from fol-
low-up 1 to 2 (MD —14.5 [-27 to —2], p=0.025).

3.3 | Predictors of Aspirin Response in Pregnancy

At follow-up 1 (including N=108 with > 75% adherence), using
multivariable linear regression with backward selection we
found that obesity (B=-30 [-53 to —7], p=0.01), pre-gestational
diabetes (B=-39 [-75 to —2], p=0.04), and age (B=2.2
[0.3-4.0], p=0.02) were associated with response to aspirin, as
measured by PFA-100 epinephrine closure time 2-4 weeks after
aspirin initiation (Figure 3, Table S1). Enteric coating, platelet
count, creatinine were not significantly associated with PFA-100
response (Table S1).

N=130 Enrolled

Excluded:
n=3 recommended 162mg daily

N=127 completed
Baseline

Excluded:

n= 4 pregnancy loss prior to follow up-1
n= 2 loss to follow up

n= 4 withdrew

N=117 completed

Ediiow up #1 ——l N= 108 with adherence >75%

Excluded:
n=1 loss to follow-up
n=3 pregnancy loss <20 weeks

4{ N= 105 completed Follow-up#2

N=113 with
Delivery Outcome

N= 96 with adherence >75% at follow-up
land2

FIGURE1 | Cohort flow diagram.
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TABLE 2 | Longitudinal change in baseline characteristics.

Baseline Follow-up 1, 2-4weeks Follow-up 2, 28-32weeks'
pre-aspirin (N=117) after aspirin (N=117) gestation (N=105)
Gestational age (weeks) 12.8+1.4 16.2+2.4 29.6+1.8
MD 3.5 (3.1-3.8)* MD 16.8 (16.3-17.2)*
Weight (Ibs) 204.3+51.1 207.1+£50.3 215.0+49.3
MD 2.8 (1.5-4.2)* MD 12.8 (10.4-15.1)*
Body Mass Index (kg/m?) 34.4+8.3 35.1+8.6 36.1+7.8
MD 0.7 (0.3-1.2)* MD 2.1 (1.7-2.5)*
Platelet count (100,000/uL) 270+ 73 268 +75 248 +79
MD —1.2 (—4.2-6.8) MD —21.8 (=30.6 to —13.0)*
Creatinine (mg/dL) 0.58 Not collected 0.57

MD —0.02 (—0.03 to 0.0)

Note: Longitudinal changes in individual characteristics in singleton pregnancies taking 81 mg aspirin daily. Statistical analysis completed with two-sample t-test
pair-wise comparison from baseline. Data presented as mean + standard deviation and mean difference (MD) and (95% confidence interval) among paired samples
(Follow-ups 1 and 2 vs. baseline). Two-sided significance set at 0.05.

*Two-sided p value was <0.001.

= p<0.001
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Baseline 2-4 weeks after initiation 28-32 weeks

Study Visit

FIGURE2 | Aspirinresponse as measured by platelet inhibition (PFA-100 epinephrine closure time) in high risk singletons (N=96) taking 81 mg
aspirin daily with >75% adherence documented each visit. Higher closure time indicates increased platelet inhibition, expected with aspirin use.
N=96 with>75% adherence at follow-ups 1 and 2. Paired sample comparison with related samples Wilcoxon signed rank test. p <0.05 considered
significant. Box plot indicates interquartile range (box) and range (whiskers).

B
Impact of Obesity on Aspirin Response in High Risk Singleton Pregnancies taking 81mg Aspirin Daily Impact of Diabetes on Aspirin in High Risk F taking 81mg Aspirin Daily

225 : - -
S Adjusted Mean Difference -30 (-53 - -7), p=0.01 9 200 Adjusted Mean Difference -39 (-76 - -2), p=0.04
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g 200 E
E l; 175
3 g 175
o 175 o
° ®
£ c
En. :E. 150
2 150 H
8 ] : 2
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§' 125 § 125
& <
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100 100

BMI < 30 BMI >= 30 Non-Diabetic Pre-gestational Diabetes
Error Bars: 5% CI Enmor Bars: 95% C1

FIGURE 3 | Individual factors associated with reduced response to aspirin in pregnancy, assessed 2—-4weeks' after initiation. In multivariable
regression analysis with backward selection, (A) obesity (B=-30 (=53 to —7), p=0.01), (B) pre-gestational diabetes (B=-39 (=76 to —2), p=0.04)
were associated with reduced response to aspirin (lower PFA-100 epinephrine closure time). Mean and 95% confidence interval demonstrated by

point and whiskers.
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At follow-up 2 (28-32weeks gestation), there were N=96 who
had adherence > 75%. In multivariable linear regression evalu-
ating predictors of aspirin response at follow-up 2, only current
weight was retained, although the significance was borderline
(B=-0.25[-0.49 to 0], p=0.05) (Table S2A). Including PFA-100
epinephrine closure time at follow-up 1 in the model, as expected
PFA-100 epinephrine closure time at follow-up 1 was strongly
associated with PFA-100 at follow-up 2 (B=0.43 [0.24-0.61],
p<0.001) (Table S2B).

Similar results were noted using GEE to account for repeat mea-
sures over time. For this analysis there were 332 values from 127
participants available. Results from follow-ups 1 and 2 were re-
stricted to those with >75% adherence by pill counting and PFA-
100 geometric mean was used. We found that age (mean ratio
1.008 [1.001-1.02], p=0.04), maternal obesity (mean ratio 0.90
[0.82-0.99], p=0.04), and maternal diabetes (mean ratio 0.83
[0.73-0.94], p=0.004) were significantly associated with PFA-
100 response. There was a significant increase in PFA-100 at
both follow-ups 1 and 2 compared to baseline (mean ratio: 1.31
[1.23-1.40], p<0.001 and 1.23 [1.14-1.33], p <0.001, respectively).

In examining aspirin response as a categorical variable as de-
fined as PFA-100> 150s at follow-up 1 was 56.3% (n=54) and at
follow-up 2 was 45.8% (n=44), although this difference was not
statistically significant in paired sample comparison of propor-
tion (p=0.12). In multivariable regression analysis with binary
outcome of aspirin response, only a history of diabetes was as-
sociated with an increased risk of inadequate aspirin response
(adjusted odds ratio 5.1 [1.02-25.72]).

3.4 | Association With Pregnancy Outcome

Among the 113 participants with delivery outcomes available,
the overall rate of hypertensive disorders of pregnancy was
26.5% (n=130), of overall preterm birth <37weeks was 15%
(n=17), and of preterm birth due to preeclampsia 6.2% (n=7).
There were 17 preterm births, 7 due to preterm preeclampsia,
6 spontaneous preterm births, and the remaining 4 were due
to fetal growth restriction (n = 1), oligohydramnios (n = 1), pla-
centa accreta (n=1), and one demise in setting of congenital
anomaly (n=1). N=96 who maintained adherence>75% at
follow-up 2 were included in analysis of pregnancy outcome.
Rate of pregnancy outcomes was similar as in the overall co-
hort (Table 3).

TABLE 3 | PFA-100 epinephrine closure time by pregnancy outcome.

There was no difference in PFA-100 closure time at follow-up 1 or
2 in those who did or did not develop a hypertensive disorder of
pregnancy (Table 3). There was a trend toward lower PFA-100 at
2-4weeks after initiation in those with versus without a preterm
birth, although this difference did not reach statistical signifi-
cance (median difference —27 [-60 to —4], p=0.08). There was
a significantly reduced aspirin response (lower PFA-100 closure
time) at 28-32weeks gestation in those who had a preterm birth
versus not (median difference —27 [—54 to —4] p=0.02) (Table 3,
Figure 4A). Otherwise there was no difference in PFA-100 clo-
sure time at follow-up 1 or 2 between those with preterm birth
due to preeclampsia (Table 3). In a sensitivity analysis including
all participants without taking adherence into consideration, the
overall results were similar with a reduced PFA-100 epinephrine
closure time in those with a preterm versus term birth (Table S3).

A receiver operator characteristic curve was generated to evalu-
ate PFA-100 closure time at follow-up 2 and outcome of preterm
birth (Figure 4B). Reduced PFA-100 epinephrine time was mod-
erately predictive of preterm birth with an area under the curve
of 0.71 (0.55-0.87), p=0.009.

4 | Discussion
4.1 | Main Findings

We identified that baseline obesity, pre-gestational diabetes, and
younger age were independently associated with significantly
reduced platelet response to aspirin therapy in pregnancy.
Notably, there is not an established goal threshold for aspirin
response in pregnancy. Current opinion suggests aspirin dose
modification based on risk for preeclampsia [31], our data sug-
gests additionally dose modification should be considered based
on individual factors predisposing to reduced aspirin response.
Our results are strengthened by the focusing on those with ad-
equate adherence and high rate of measured adherence, consis-
tent with prior study in this population [5].

Although aspirin response was not predictive of hypertensive
disorders of pregnancy, we did identify reduced platelet sup-
pression (increased platelet activity) in the third trimester in
those with preterm birth versus term birth. Aspirin response in
pregnancy may be associated with risk for preterm birth despite
therapy, further highlighting the need to understand response to
aspirin in pregnancy for optimal dosing and management.

Outcome

PFA-100 at Follow-up 1

PFA-100 at Follow-up 2

Hypertensive disorder of pregnancy (HDP, n =28)
(vs. none, n=68)

Preterm birth, n=12 (vs. term, n=_84)

Preterm birth due to HDP, n=6 (vs. term birth or
PTB other cause, n=90)

158 [88] vs. 156 [73]

140 [55] vs. 163 [78]

150 [137] vs. 156 [76]
MD —12 (-62 to 54)

152 [66] vs. 144 [74]

MD 1 (-24 to 24) MD —1 (=24 to 21)

121 [37] vs. 152 [79]
MD —27 (-54 to —4)

136 [88] vs. 145 [69]
MD -9 (=57 to 32)

MD —27 (—60 to 4)

Note: PFA-100 closure time at follow-up 1 (2-4 weeks after aspirin initiation) and follow-up 2 (28-32weeks) by pregnancy outcome in N=96 high risk singleton
pregnancies taking 81 mg aspirin daily with >75% adherence at follow-ups 1 and 2. Data presented as median [interquartile range] and median difference (MD) (95%
confidence interval) in those with and without outcome of interest. Mann-Whitney U test used for comparison against reference group. HDP: Hypertensive disorder of

pregnancy, two-sided p <0.05 considered significant.
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A Aspirin Response at 28-32 weeks in those with and without a preterm birth
1
. 300 % =
B MD -27 (-54 - -4) p=0.02
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B Aspirin Response at 28-32 weeks' and Prediction of Preterm Birth
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ime at 28-32
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0.8
0.6
04
0.2
AUC: 0.71 (0.55-0.87), p=0.009
- 0.0 0.2 04 0.6 08 1.0
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FIGURE 4 | Aspirin response and preterm birth: (A) Aspirin response measured by PFA-100 epinephrine closure time at 28-32weeks was re-

duced in those with a preterm versus term birth, data presented as median difference (MD) measured by Mann-Whitney U test with two sided

p<0.05 considered significant. Mean and 95% confidence interval demonstrated by point and whiskers. (B) Reduced aspirin response (PFA-100
Epinephrine closure time) is predictive of preterm birth. Thresholds indicated are: *PFA-100 < 128: Sensitivity 75%, Specificity 73%. "PFA-100 < 150:

Sensitivity 75%, Specificity 52%.

4.2 | Results in the Context of What Is Known

Prior studies on aspirin response in pregnancy are limited.
Similar to a prior study on 60 mg aspirin daily [32], we found that
obesity associated with reduced aspirin response. That study
evaluated thromboxane suppression, and our pharmacokinetic
sub-study found a strong correlation between thromboxane sup-
pression and platelet inhibition [20]. Our results add to this older
data because we studied this prospectively in a contemporary
cohort, in patients taking 81 mg daily, rather than 60 mg, evalu-
ated multiple potential individual factors, and assessed aspirin
response soon after initiation, reflective of when patients are ini-
tiating aspirin in pregnancy for preeclampsia prevention, and in
the third trimester. Furthermore, we assessed aspirin response
with platelet inhibition as measured by a commercially available
assay PFA-100, which unlike immunologic assays for thrombox-
ane, can be comparable across sites and laboratories. In con-
trast to another contemporary study assessing platelet response
with the commercial assay VerifyNow [33], we did have a sig-
nificant percentage of patients with what would be considered
non-response to aspirin therapy. A prior study evaluated aspirin
response in pregnancy with PFA-100 and found a lower rate of
non-response (28.7%) compared to our study [26]. The higher
rate of aspirin non-response in our study may be related to dif-
ference in baseline characteristics such as diabetes and obesity.

Consistent with studies in non-pregnant adults, we found that
young age, obesity, and pre-gestational diabetes were associated
with reduced platelet inhibition in response to 81mg aspirin
daily. We previously demonstrated in a pharmacokinetic sub-
study of this population that increasing BMI was associated
with reduced plasma salicylic acid levels as well as reduced
platelet response in the setting of 81mg aspirin daily [20], so
there is the initial altered systemic exposure of aspirin with
increasing BMI, likely related to increased volume of distribu-
tion. Obesity is also associated with increased platelet turn-over
which alters aspirin pharmacodynamics, and furthermore,
oxidative stress associated with obesity leads to platelet hyper-
reactivity, further countering the effect of aspirin at a given dose

[34]. Regarding pre-gestational diabetes, unlike obesity, it was
not associated with altered aspirin pharmacokinetics in preg-
nancy [20]. However, similar to obesity, it is also associated with
oxidative stress pathways that blunt the platelet inhibitory effect
of aspirin [35]. There are limited studies on young age and plate-
let response, as most studies relating to aspirin are in the setting
of adult cardiovascular disease. Although this was a statistically
significant finding, it is may not be clinically significant given
the small increase in PFA-100 with each year noted. In non-
pregnant adults, one study found lower bleeding time (increased
platelet activity) in response to aspirin in younger (18-22years)
versus older (48-52years) women [36], which was postulated to
be related to altered prostacylic: thromboxane ratio with aging.
This is especially notable given that young age (< 18 year) is itself
arisk factor for preeclampsia [37] and preterm birth [38, 39].

Similar to two prior studies [32, 33], we did not find an asso-
ciation between aspirin response and risk of hypertensive dis-
orders of pregnancy, however we did find an association with
preterm birth. The study by Finneran et al. [32] was limited
in its ability to evaluate relationship to pregnancy outcome
due to low dose of aspirin used (60mg), and late initiation
(>16weeks). The study by Navatram et al. [33] was limited
in its ability to evaluate pregnancy outcome because of vari-
able definition of aspirin response, and they sampled earlier
in pregnancy (<20weeks) and again >34 weeks, so they may
have missed the best time point to assess platelet response for
relation to pregnancy outcome (28-32weeks as we did here).
Furthermore, they assessed aspirin response as a categorical
variable, whereas we studied PFA-100 closure time as a contin-
uous variable due to lack of data on what the goal PFA-100 clo-
sure time in pregnancy should be. Our finding of an inflection
point at PFA-100 closure time > 150 associated with preterm
birth outcome does align with one prior study that used PFA-
100 closure time > 150 as a goal for aspirin response, although
that study did not evaluate pregnancy outcome in detail [26].

It is notable that the pregnancy outcome we identified associ-
ated with platelet response to aspirin therapy was not overall
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hypertensive disorders of pregnancy, but preterm birth. The
majority of preterm births in our study were due to conditions
related to placental insufficiency (preterm preeclampsia, fetal
growth restriction, oligohydramnios). This finding is sup-
ported by previous literature identifying that (1) placental vas-
cular pathology is related to outcomes of preterm preeclampsia,
fetal growth restriction, and even spontaneous preterm birth
[40], (2) Increased platelet activity has been associated with
spontaneous preterm birth and preterm preelampsia [17, 41],
and an activating platelet receptor genotype was associated
with increased rate of preterm birth, both spontaneous and
indicated [42]; (3) aspirin efficacy is predominantly in preven-
tion of preterm preeclampsia [1, 7], and (4) aspirin is effec-
tive in prevention of preterm birth overall [3, 29], and preterm
birth due to preterm preeclampsia [1, 7], and spontaneous
preterm birth [2, 43]. Our findings highlight the importance
of preterm birth overall as a clinical outcome when studying
the impact of anti-platelet therapies, rather than focusing ex-
clusively on hypertensive disorders of pregnancy.

In summary, we identified that young age, obesity, and diabetes
are associated with reduced response to 81 mg aspirin daily in
pregnancy, and may be individual factors warranting consid-
eration for increased aspirin dose for preeclampsia prevention.
Furthermore, we found there may be reduced response to as-
pirin identified for those who ultimately have a preterm versus
term birth. These findings highlight the significance of measur-
ing aspirin response through pregnancy, and the potential clin-
ical utility of PFA-100 as a tool for assessing aspiring response
in pregnancy. Our results are strengthened by the focusing on
those with adequate adherence and high rate of measured ad-
herence, consistent with prior study in this population [5].

4.3 | Implications for Clinical Care

The current lack of a goal metric for aspirin response in preg-
nancy for prevention of adverse perinatal outcomes is a critical
gap in knowledge impacting clinical care, especially in the set-
ting of the common individual characteristics we identified (age,
obesity, pre-gestational diabetes) to be associated with reduced
response to aspirin. This identifies a subset of patients who may
specifically benefit from higher aspirin dosing. This especially
notable given recent expert commentary suggesting risk-based
selection of patients who may benefit from higher dose of aspi-
rin, but without specific guidance regarding what risk factors
should be used [31]. Our findings suggest further study is war-
ranted on potential benefit (or not) of aspirin dose modification
in pregnancy taking into consideration individual factors pre-
disposing to reduced aspirin response.

4.4 | Implications for Research

We have significant individual variability in response to aspi-
rin in pregnancy, which may contribute to differential efficacy
of aspirin in prevention of adverse pregnancy outcomes. Thus,
it is critical we identify markers of aspirin response that are
associated with pregnancy outcome so aspirin dosing can be
optimized for prevention of preeclampsia and preterm birth.
PFA-100 closure time, a commercially available assay, may be

an important clinical tool for identifying appropriate aspirin re-
sponse and/or identifying those at risk for preterm birth despite
aspirin use. The use of PFA-100 as a tool for evaluating aspirin
response and prediction of preterm birth should be validated in
an external cohort. Further study needs to be done to determine
whether increased dosing mitigates aspirin non-response in
through pregnancy and improves pregnancy outcomes.

Additional research is also needed on the relevance of the
change in aspirin response through pregnancy. We found there
was a reduction in aspirin response as pregnancy progresses
from early second to mid third trimester; however the clinical
significance of this finding is not clear.

We did not find an association with overall diagnosis of hyper-
tensive disorders of pregnancy. Given the hypothesized differ-
ential mechanism of action of early versus late presentation of
preeclampsia, future studies on aspirin response should focus
on preterm birth or preterm placentally mediated outcomes, as
these are more strongly impacted by aspirin use compared to
term hypertensive disorders of pregnancy [12].

Of note, this study focuses on the cyclooxygenase-1 mediated
pathway of aspirin response. We cannot comment on the cyclo-
oxygenase-2 pathway of aspirin action, which involves inflam-
matory pathways, and how that may play a role in preeclampsia
development and, subsequently, in preeclampsia/preterm birth
prevention. Further study is needed on other intermediate
markers of aspirin response including COX-2 pathway markers.

4.5 | Strengths and Limitations

This study has several strengths. It is prospective, studying pa-
tients at high risk for preeclampsia, taking 81 mg aspirin daily,
from the first trimester through the end of pregnancy with doc-
umented adequate adherence. We assessed platelet response to
aspirin therapy using a commercially available assay, allowing
for reproducibility and external validity, and evaluated multiple
individual factors that could impact aspirin response in preg-
nancy. We assessed and controlled for aspirin adherence. We
studied aspirin response both in the first/early second trimester
and again in the early third trimester to see if either time point
was helpful in either assessing aspirin response for prediction of
pregnancy outcome/residual risk for adverse perinatal outcome
despite aspirin use. Finally, our study population was diverse
and reflective of patients at high risk for preeclampsia in the
United States.

There are some important limitations to note. First, it is possible
we were underpowered to detect an association between mark-
ers of aspirin response and some pregnancy outcomes, includ-
ing preterm preeclampsia. This study was powered to evaluate
whether there was a difference in PFA-100 between those who did
and did not have a certain pregnancy outcome, and was not de-
signed or powered with sufficient cases to conduct multivariable
regression to create a model that incorporates PFA-100 along with
other individual characteristics. Ultimately, PFA-100 epinephrine
closure time in the third trimester is “down-stream” of baseline
characteristics, and our interest in this initial evaluation was to see
if there was even any difference in PFA-100 epinephrine time in
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those with and without specific pregnancy outcomes in a cohort
of pregnant patients taking aspirin, as had been previously identi-
fied in patients not taking aspirin [30]. Second, we only included
patients taking 81 mg aspirin daily, so we were not able to report
on a dose-response relationship in pregnancy. However, our phar-
macokinetic sub-study [20] did find greater plasma levels of drug
were associated with improved aspirin response, supporting the
hypothesis that increased dose should improve aspirin response.
Third, we report on platelet inhibition assessed by PFA-100 epi-
nephrine closure time. This is a downstream marker of aspirin
effect, and can be impacted by other non-aspirin related factors
[14]. We attempted to limit that effect by excluding those with
thrombocytopenia or known platelet disorder or thrombophilia
and controlling for other factors such as adherence, platelet count,
renal function. Based on our results, it is unlikely that these other
individual factors impacting PFA-100 closure time significantly
impacted our findings. Additionally, we did not collect concomi-
tant medication use and thus could not assess for drug-drug inter-
actions. While we identified that PFA-100 response at 28-32weeks
was predictive of preterm birth, our findings should be validated
in an external cohort, and are not sufficient to establish a defin-
itive goal threshold for aspirin response in pregnancy. Finally,
while adherence was measured by pill counting, we did not assess
consecutive missed doses which may have a differential impact on
aspirin response.

5 | Conclusion

Aspirin use in pregnancy results in platelet inhibition through
gestation. There is significant individual variability in aspi-
rin response in pregnancy, with young age, obesity, and pre-
gestational diabetes being independent risk factors for reduced
response to aspirin in pregnancy. Aspirin response through
pregnancy was not associated with overall risk of hypertensive
disorders of pregnancy; however, reduced response to aspirin
in the early third trimester, as measured by PFA-100 epineph-
rine closure time, may be associated with preterm birth. Our
study suggests further study is warranted on potential benefit
(or not) of aspirin dose modification in pregnancy taking into
consideration individual factors predisposing to reduced aspirin
response and further research is needed on the relationship be-
tween aspirin response and pregnancy outcomes.
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