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BACKGROUND: Low-dose aspirin is used for preeclampsia prevention
in high-risk women, but the precise mechanism and optimal dose are
unknown. Evidence suggests that an imbalance in prostacyclin and
thromboxane A, (TXA,) plays a key role in the pathogenesis of pre-
eclampsia. Aspirin has a dose-dependent effect blocking production of
TXA,, a potent stimulator of platelet aggregation and promoter of vaso-
constriction. Incomplete inhibition of platelet aggregation, designated
aspirin resistance, can be reduced by increasing the aspirin dose. Evi-
dence in the nonobstetric literature suggests that aspirin resistance may
be more common among patients with a high body mass index.
OBJECTIVE: To investigate the association of obesity on platelet-
derived thromboxane inhibition in high-risk women treated with low-
dose aspirin.

MATERIALS AND METHODS: This was a secondary analysis of a
prospective multi-centered study investigating the effect of low-dose
aspirin (60-mg) administration in women at high risk for preeclampsia.
Maternal serum TXB. (an indirect measure of TxA,) levels were drawn at 3
time points: randomization (13—26 weeks’ gestation), second trimester (at
least 2 weeks after randomization and 24—28 weeks’ gestation), and third
trimester (34—38 weeks’ gestation). Patients were included in the analysis
if a TXB, level was recorded at randomization and at least 1 time point
thereafter. Patients were stratified by body mass index category and
treatment arm. Median TXB levels were calculated at each time point, as
well as rates of complete TXB, inhibition (<0.01 ng/mL). A multivariate
logistic regression analysis was performed to generate odds ratios (OR) for

complete TXB, inhibition by body mass index category, adjusting for
maternal age, race, high-risk group at randomization, nulliparity, and rate
of randomization less than 16 weeks’ gestation.

RESULTS: A total of 1002 patients were included in the analysis, 496
(49.5%) and 506 (50.5%) in the low-dose aspirin and placebo groups
respectively. There were substantial decreases in TXB, levels among
low-dose aspirin-treated women in all body mass index categories. In
contrast, women assigned to placebo did not show a marked decrease
in TXB, levels after randomization, and obese women had higher me-
dian TXB, levels in both the second (16.5, interquartile range [IQR]
8.0—31.8 vs 14.0, IQR 6.9—26.7, ng/mL; P = .032) and third (15.7,
IOR 7.6-28.5 vs 11.9, IQR 4.6-25.9, ng/mL; P = .043) trimesters.
When comparing among stratified body mass index low-dose aspirin
groups, women with class Ill obesity had the lowest odds of undetect-
able TXB, levels in the second trimester (adjusted odds ratio [aOR],
0.33; 95% confidence interval [Cl], 0.15—0.72) and third trimester
(aOR, 0.30; 95% CI, 0.11—0.78) as well as at both time points (aOR,
0.09; 95% Cl, 0.02—0.41).

CONCLUSION: High-risk obese women receiving low-dose aspirin for
the prevention of preeclampsia have lower rates of complete inhibition of
TXB,. These data suggest that an increase in aspirin dosing or frequency
may be necessary in this population.

Key words: body mass index, obesity, platelet aggregation, pre-
eclampsia thromboxane B2

P reeclampsia is a multi-system dis-
order that is a major contributor to
adverse maternal and neonatal outcomes."
Although the etiology of preeclampsia is
multifactorial, an imbalance of throm-
boxane A, (TXA,) and prostacyclin
(PGL,) has been identified and is thought
to play a key role in the pathogenesis of
preeclampsia.” TXA, is a potent stimulator
of platelet aggregation and promotor of
vasoconstriction, whereas PGI, is a vaso-
dilator.” Elevated concentrations of TXA,
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may explain some of the clinical manifes-
tations of preeclampsia, such as hyper-
tension and reduced uteroplacental blood
flow.™”

Aspirin is a dose-dependent cyclo-
oxygenase (COX) inhibitor, which at
doses between 60 and 150 mg per day
irreversibly and selectively acetylates
COX-1, which in turn leads to a prefer-
ential decrease in TXA, with minimal
change in PGI, levels, leading to
decreased vascular tone and platelet
reactivity.”” As a result, the use of LDA
in the primary prevention of pre-
eclampsia has been studied over several
decades and is now recommended by
many professional organizations.'’"”
However, the optimal dose of LDA re-
mains unknown.

Laboratory aspirin resistance is defined
as the failure of aspirin to inhibit platelet

thromboxane A, production.'”"* The
incidence of aspirin resistance varies
widely in the literature, from 5% to 40%,
as it is largely dependent on the population
studied and the laboratory method used
for identification.'” Several tests have been
proposed to detect aspirin resistance,
including light transmission aggregom-
etry, platelet function analyzers, as well as
serum and urinary thromboxane metab-
olites.'® However, the production of serum
thromboxane B, (TXB,), the stable
metabolite of TXA,, is largely dependent
on platelet COX-1 (aspirin’s therapeutic
target) and has therefore been used as an
indirect measure of the inhibitory effects
of low-dose aspirin on platelets.'”
Obesity is recognized as an important
risk factor for preeclampsia, and evidence
suggests that LDA may be less effective in
this population.'® There are several
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Why was this study conducted?

Key findings

necessary in this population.

To investigate the association of obesity and platelet thromboxane production
using longitudinal serum thromboxane B, levels in high-risk pregnant women
receiving low dose-aspirin vs placebo for prevention of preeclampsia.

Obese women receiving placebo had higher median thromboxane B, concen-
trations in both the second and third trimesters compared with nonobese women.
In patients receiving low-dose aspirin, the rates of complete inhibition of
thromboxane B, production were substantially reduced in obese individuals. This
reduction was particularly evident in women with class III obesity in a stratified
logistic regression analysis controlling for confounders.

What does this add to what is known?

These data confirm prior reports in the nonobstetric literature regarding reduced
effectiveness of low-dose aspirin to inhibit platelet thromboxane production in
obese individuals, and suggest that increased aspirin dosing or frequency may be

potential mechanisms to explain this
phenomenon,  including  increased
platelet reactivity, increased platelet turn-
over, reduced bioavailability of LDA, as
well as higher levels of oxidative stress and
inflammation in obese individuals.'®

Given the increased rates of aspirin
resistance in obese individuals, the
traditional LDA doses of 60—81 mg
available in the United States may be
insufficient to fully suppress TXA, pro-
duction in this population. Using a large
prospectively collected data set from a
previously published, multi-centered,
randomized, controlled trial, we sought
to evaluate the effect of obesity on rates
of complete thromboxane inhibition in
women at high risk for preeclampsia
who were receiving LDA.”’

Materials and Methods

This was a secondary analysis of the
National Institute of Child Health
and Human Development (NICHD)
Maternal—Fetal Medicine Units
Network double-blind, randomized,
placebo-controlled trial investigating the
use of daily LDA (60 mg) for the pre-
vention of preeclampsia in women at
high risk for preeclampsia. Each partici-
pating center received institutional re-
view board approval at their respective
institutions. The current study uses a
publicly available de-identified data set
and is considered exempt by the

institutional review board at The Ohio
State University Wexner Medical Center.
Detailed methods used in this trial have
been previously published.”' Briefly, this
trial was performed at 13 centers and
identified pregnant women with 1 of the
following high risk factors for pre-
eclampsia:  pregestational  diabetes
requiring insulin, chronic hypertension,
multifetal gestation, or history of pre-
eclampsia in a previous pregnancy.
Chronic hypertension was diagnosed by
documentation of antihypertensive drug
therapy or a blood pressure of >140/>90
mm Hg taken on 2 occasions at least 4
hours apart, either before pregnancy or
before entry into the study. Multifetal
gestation was documented by ultrasound
examination before enrollment. Previous
preeclampsia was determined by medical
records or, in the absence of a record, an
oral history of preeclampsia that resulted
in delivery before the 37th gestational
week. Women with multifetal gestations
were ineligible for the study if they also
had preexisting diabetes mellitus,
chronic hypertension, or proteinuria.
Women with a history of preeclampsia
and current proteinuria were also ineli-
gible. Women with both diabetes and
hypertension were included in the dia-
betes group. The primary outcome of the
original study was preeclampsia defined
as hypertension (systolic blood pressure
>140 mm Hg and diastolic blood
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pressure >90 mm Hg) in the setting of
proteinuria. Proteinuria was defined as
either a 24-hour urine >300 mg of total
protein or 2+ protein by urine dipstick
>2 times over 4 hours apart.

Women were enrolled between 13 and
26 weeks’ gestation and were assessed for
compliance with 1 week of placebo tablets.
Women who successfully took 5 or more
placebo tablets were then randomized to
receive either 60 mg of aspirin or placebo.
They were instructed to continue taking
the tablets daily unless delivery occurred
or unless they were diagnosed with pre-
eclampsia. Patient compliance with the
study drug was assessed by a combination
of pill counts and interviews.

Maternal serum thromboxane B,
TXB,, the stable metabolite of TXA,, was
measured longitudinally at three time
points during the original trial:
randomization (13—26 weeks’ gesta-
tion), second trimester (at least 2 weeks
after randomization and at 24-—28
weeks’ gestation), and third trimester
(34—38 weeks’ gestation). Patients were
included in the current analysis if they
had a TXB, level drawn at randomiza-
tion and a TXB, level in the second or
third trimester or both.

The study population was stratified by
obese (body mass index [BMI] >30 kg/
m®) and nonobese (BMI <30 kg/m?)
women. The primary outcome was the
rate of complete TXB, inhibition, defined
as undetectable TXB, levels <0.01 ng/
mL. Secondary outcomes were rates of
preeclampsia at any gestational age and
preeclampsia with preterm delivery <37
weeks in women with and without un-
detectable TXB, levels.

Stata Statistical Software, Release 15
(StataCorp LLC, College Station, TX) was
used for all statistical analyses. Baseline
demographics were compared between
the placebo and LDA groups. Categorical
data were compared using the x> or Fisher
exact test where appropriate. Continuous
data were assessed for normality with the
Shapiro—Wilk test and subsequently
found to be nonparametric. The Wil-
coxon rank-sum test was used to compare
continuous data between groups. The
median and interquartile range (IQR) for
thromboxane levels were calculated for
each time point: at randomization, in the
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TABLE 1
Population demographics
ASA group (n = 496) Placebo group (n = 506)
BMI<30n =297 BMI>30n=199 Pvalue BMI<30n=311 BMI >30n=195 Pvalue

Age, median year (IQR) 24 (20-30) 27 (22-33) <.01 25 (21-30) 27 (23-32) 01
Race .01 <.01

White 116 (39.1) 47 (23.6) 133 (42.8) 53 (27.2)

Black 156 (52.5) 139 (69.9) 150 (48.2) 125 (64.1)

Hispanic 24 (8.1) 13 (6.5) 26 (8.4) 16 (8.2)

Other 1(0.3) 0(0.0) 2 (.6) 1(0.5)
Enrollment group <.01 <.01

Diabetes 64 (21.6) 31 (15.6) 4 (23.9) 25 (12.8)

cHTN 58 (19.5) 97 (48.7) 6 (21.2) 91 (467)

Twins 88 (29.6) 29 (14.6) 7 (28.0) 34 (17.4)

Prior preE 87 (29.3) 42 (21.1) 84 (27.0) 45 (23.1)
Nulliparity 99 (33.3) 50 (25.1) .05 4 (30.2) 41 (21.0) .02
Smoking 50 (16.8) 33 (16.6) 94 4 (17.4) 30 (15.4) .56
Preeclampsia 56 (18.9) 42 (21.1) 54 6 (21.2) 47 (24.1) 45
Preeclampsia <37 34 (12.4) 14 (8.2) a7 5(12.5) 17 (10.3) 49
wk and PTD
Randomized <16 wk 57 (19.2) 57 (28.6) 01 65 (20.9) 36 (18.5) 50
% of Pills taken, median (IQR) 94.4 (85.7-98.9) 94 (86.7-98.7) 90 93.3 (84.3-98.0) 94.3 (85.7-99.4) 13
All other data is presented as N (%)
CcHTN, chronic hypertension; /QR, interquartile range; prek, preeclampsia; PTD, preterm delivery.
Finneran et al. Obesity and platelet inhibition in pregnancy. Am ] Obstet Gynecol 2019.

second trimester, and in the third
trimester. A multivariate logistic regres-
sion was performed to generate adjusted
odds ratios (aOR) for complete TXB, in-
hibition in the second trimester, third
trimester, or both time points comparing
BMI categories of normal weight (BMI
<25 kg/m?®), overweight (BMI 25—29.9
kg/m?), class I and class II obesity (BMI
30—39.9 kg/m?®), and class III obesity
(BMI >40 kg/m”) adjusting for maternal
age, black race, high-risk group at
randomization, nulliparity, and random-
ization <16 weeks’ gestation.
Thromboxane concentrations were
determined using a radioimmunoassay of
its stable metabolite, TXB,. Maternal
blood samples were analyzed and docu-
mented at the time of the original trial.
The specifics of the assay used has been
previously described.”” Briefly, both the
TXB, antibody/standard and tritiated
TXB, were obtained from PerSeptive Di-
agnostics, Inc (Cambridge, MA) and New

England Nuclear (Dupont Research, Wil-
mington, DE), respectively. The standard
curve ranged from 0.78 to 400 pg, with a
lower detection concentration limit of
1.68 pg. The intra- and interassay varia-
tion were reported as 7.2% and 14.7%
respectively. The cross-reactivity for other
eicosanoids including prostaglandin E,,
prostaglandin F,,, and 6-keto-prosta-
glandin F,, was reported to be <0.01%.”’

Results

Of the original 2539 women who were
randomized, 1002 had a TXB, level drawn
at randomization and at least 1 time point
afterward available for analysis. Of these,
496 and 506 women were in the LDA and
placebo groups, respectively. In the LDA
group, women who were obese were more
likely to be older, of black race, random-
ized <16 weeks™ gestation, and to have
chronic hypertension as the reason for
randomization. Compliance with the
study drug was high among all groups,

with the median percentage of pills taken
between 93% and 94%. Population de-
mographics are presented in Table 1.
There were no differences between
TXB, levels at the time of randomization
in either the LDA or placebo group.
Women assigned to LDA had substantially
lower median TXB, levels after randomi-
zation regardless of BMI, but obese
women had statistically significant higher
levels at 24—28 weeks (1.0, IQR 0.0—11.9
vs 0.21, IQR 0.0—9.1, ng/mL; P =.03). In
contrast, women assigned to placebo did
not show a marked decrease in TXB, levels
after randomization, and obese women
had higher median TXB; levels in both the
second (16.5, IQR 8.0—31.8 vs 14.0, IQR
6.9—26.7, ng/mL; P=.03) and third (15.7,
IQR 7.6—28.5 vs 11.9, IQR 4.6—25.9, ng/
mL; P =.04) trimesters (Figure 1).
Obese women assigned to LDA had
statistically significant lower rates of un-
detectable TXB, levels in the second
trimester (39.4% vs 30.2%; P =.04), but
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FIGURE 1
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not during the third trimester (41.4% vs
32.9%; P =.12). However, obese patients
were substantially less likely to have un-
detectable levels of TXB, at both time
points (30.6% vs 17.7%; P = .010).

Regardless of BMI, women assigned to
placebo had very low rates of undetectable
TXB, levels at either time point individ-
ually (second trimester: 0.0% vs 1.6%; P =
0.148; third trimester: 4.4% vs 7.1%j;

P =.31) and at both time points (0.5% vs
3.0%; P =.06).

When comparing between the stratified
BMI LDA groups, women with class III
obesity had the lowest odds of undetect-
able TXB, levels in the second trimester
(aOR, 0.33; CI, 0.15—0.72) and third
trimester (aOR, 0.30; CI, 0.11—0.78) as
well as at both time points (aOR, 0.09; CI,
0.02—0.41). The highest rates of unde-
tectable TXB, levels were in the normal
weight group, but remained under 50%
for each time point (Table 2).

Finally, there were no differences in
rates of preeclampsia in women receiving
LDA with undetectable TXB, levels in the
second trimester (17.2% vs 20.8%; P =
.34), third trimester (16.4% vs 19.7%; P =
A46), or at both time points (16.5% vs
17.5%; P = .83). Similarly, there were
no differences in rates of preeclampsia
with delivery less than 37 weeks in
women with undetectable TXB, levels in
the second trimester (9.9% vs 9.2%; P =
.71), third trimester (4.5% vs 7.4%; P =
.27), or at both time points (5.1% vs 6.3%;
P =.83).

Comment

Main Findings

This secondary analysis of women at high
risk for preeclampsia indicates that obese
women have higher median TXB, levels
and lower rates of complete TXB, inhi-
bition when receiving LDA. This is espe-
cially true in women with class III obesity.
Furthermore, obese women who are not
receiving LDA have higher median TXB,

TABLE 2

Complete inhibition of thromboxane B,, by body mass index and treatment group

Normal weight Overweight Class /Il obesity Class Ill obesity
n=182 n=115 n=139 n =60
TxB, undetectable at 24—28 wk 83 (45.9) 33(29.2) 46 (33.8) 12 (21.4)
a0R (Cl) referent 0.42 (0.25-0.74) 0.55 (0.33-0.95) 0.33(0.15-0.72)
TxB, undetectable at 34—38 wk 50 (44.6) 27 (36.5) 37 (39.0) 8 (19.1)
aOR (Cl) referent 0.63 (0.33-1.2) 0.72 (0.38-1.4) 0.30 (0.11-0.78)
TxB, undetectable at both time points 41 (36.9) 15 (20.8) 21 (22.8) 2 (5.3
aoR (Cl) referent 0.39 (0.18-0.84) 0.48 (0.23-0.99) 0.09 (0.02-0.41)

Adjusted for age, high-risk group at randomization, race, nulliparity, and rate of randomization <16 weeks’ gestation. Normal weight: BMI <25 kg/m?; Overweight: BMI 25-29.9 kg/m?; Class /Il
Obesity: BMI 30-39.9 kg/m?; Class Il Obesity: BMI >40 kg/m?.

aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; LDA, low-dose aspirin; Ref, referent; TxBs, thromboxane Bo.
Finneran et al. Obesity and platelet inhibition in pregnancy. Am J Obstet Gynecol 2019.
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levels in both the second and third
trimesters.

Clinical Implications

Serum TXB, is a direct measure of the
capacity of platelets to synthesize TXA,
and is a highly specific test for monitoring
aspirin’s effect on COX-1—dependent
thromboxane production.”* The optimal
reduction in serum TxB, to achieve inhi-
bition of platelet COX-1 to obtain anti-
platelet efficacy varies within the literature
and is not well established.”*>"*° However,
several studies have examined the effects
of LDA on serum TXB, levels and have
described a nonlinear relationship be-
tween inhibition of serum TXB, and in-
hibition of platelet aggregation.”*” These
results suggest that nearly complete sup-
pression of the biosynthetic capacity of
platelets to produce TXA, is required in
order to have a measurable impact on
thromboxane-dependent platelet func-
tion. These data informed the choice of
complete serum TXB, inhibition (<0.01
ng/mL) as the primary endpoint in this
study, and this cutoff is consistent with
that in existing literature investigating the
clinical implications of TXB,.”"

Although this study demonstrates a
significant difference in rates of complete
inhibition of TXB, in women stratified by
BMI who were receiving LDA, there were
no differences seen in overall rates of
preeclampsia or preeclampsia with pre-
term delivery at less than 37 weeks in those
with and without undetectable TXB,
levels. This finding is consistent with a
previous publication investigating the as-
sociation of TXB; levels and incidence of
preeclampsia using the same data set.”
Although this may appear to invalidate
the use of complete TXB, inhibition as a
primary endpoint, there are several rea-
sons that might explain this negative
finding. Meta-analyses have indicated that
LDA is most effective when initiated at less
than 16 weeks’ gestation, when doses
greater than 100 mg are used, and when
preterm rather than term preeclampsia is
a studied outcome.'””” In the current
analysis, fewer than one-fourth of the
women assigned to LDA were randomized
at less than 16 weeks’ gestation; there were
very few women who experienced pre-
eclampsia with preterm delivery; and an

aspirin dose of 60 mg was used, which
may have led to the low rate of complete
TXB, inhibition seen in this cohort.
Opverall, these data are likely underpow-
ered for the outcome of preeclampsia.

Prior literature investigating
laboratory-defined  aspirin  resistance
found that doses as low as 20 mg daily
were sufficient to cause maximal throm-
boxane inhibition, but this analysis was
performed in healthy individuals without
cardiac disease.'® In obese individuals,
bio-inactivation of aspirin has been
shown to be increased after first-pass
metabolism.”” As a result, there is
decreased systemic aspirin exposure,
leading to an impaired ability to inhibit
COX-1 in megakaryocytes and ultimately
allowing newly formed platelets to
remain uninhibited.” In addition, both
pregnancy and obesity are associated with
increased platelet turnover, further exac-
erbating platelet hyperreactivity in obese
pregnant women.’

It is possible that increased frequency
of aspirin dosing would be more effective
than just increased dose.”” A study
investigating the recovery of COX-1 ac-
tivity by measuring serial serum TXB,
levels demonstrated a linear increase in
TXB, production between 12 and 24
hours after aspirin administration.
Increased BMI was the only factor asso-
ciated with accelerated TXB, recovery in
patients with and without diabetes.
Twice-daily dosing of aspirin reversed
the abnormal TXB, recovery in both
groups.”’ In patients with essential
thrombocytopenia, a condition also with
accelerated platelet turnover, there is a
high rate of incomplete TXB, inhibition
with once-daily aspirin dosing. In this
population, increasing the frequency of
dosing from once to twice daily (100 mg)
was substantially more effective at sup-
pressing TXB, production than doubling
the daily dose from 100 mg to 200 mg.”
Furthermore, vascular safety of dosing at
these concentrations has been demon-
strated, with no effect on in vivo
biosynthesis of PGI,.””

Strengths and Weaknesses

Strengths and limitations of this study
are inherent to a secondary analysis of
previously collected data. Specifically,

the original cohort analyzed in this study
was recruited between 1989 and 1992.
This may decrease generalizability, but
there has been a substantial increase in
the prevalence of obesity over time,
which makes exploration of the effec-
tiveness of LDA in this population a
salient topic.36 Also, many women did
not have TXB, levels drawn throughout
the study or did not have a complete set
of longitudinal TXB, levels available for
analysis. It is possible that there are
inherent differences in patients who did
and did not receive TXB, surveillance.
Finally, the dose of aspirin used in this
trial is lower than what is used in current
clinical practice, and it is not known
whether differences in TXB, inhibition
would persist among BMI groups with
increased dosing. However, this analysis
is performed on prospectively collected
data from a large cohort of high-risk
women, with rigid data and safety
monitoring in addition to well-defined
study outcomes and high study drug
compliance.

Conclusion and Future Research
Implications

Opverall, the literature supports a physi-
ologic basis for increased rates of aspirin
resistance in an obese pregnant popula-
tion. However, further study is needed to
investigate the pharmacokinetics and
safety of both increased dosing and fre-
quency of aspirin use in obese pregnant
women. In addition, further investiga-
tion into specific patient characteristics
as well as alternative etiologic pathways
associated with the development of
preeclampsia (ie, clinical treatment fail-
ure) despite complete suppression of
TXB, could potentially individualize
patient care in high-risk populations.

In conclusion, in this study, high-risk
obese pregnant women receiving LDA
for the prevention of preeclampsia had
lower rates of complete inhibition of
TXB,. These data suggest that increased
aspirin dosing or frequency may be
necessary in this population.

References

1. Steegers EAP, Von Dadelszen P, Duvekot JJ,
Pijnenborg R. Pre-eclampsia. Lancet 2010;376:
631-44.

APRIL 2019 American Journal of Obstetrics & Gynecology 385.e5


http://refhub.elsevier.com/S0002-9378(19)30252-2/sref1
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref1
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref1
http://www.AJOG.org

Original Research oBSTETRICS

ajog.org

2. Walsh SW. Preeclampsia: an imbalance in
placental prostacyclin and thromboxane pro-
duction. Am J Obstet Gynecol 1985;152:
335-40.

3. Walsh SW. Eicosanoids in preeclampsia.
Prostaglandins Leukot Essent Fatty Acids
2004;70:223-32.

4. Sellers MM, Stallone JN. Sympathy for the
devil: the role of thromboxane in the regulation of
vascular tone and blood pressure. Am J Physiol
Heart Circ Physiol 2008;4466:H1978-86.

5. Gilbert JS, Ryan MJ, LaMarca BB, Sedeek M,
Murphy SR, Granger JP. Pathophysiology of
hypertension  during preeclampsia: linking
placental ischemia with endothelial dysfunction.
Am J Physiol Heart Circ Physiol 2008;294:
H541-50.

6. Warner TD, Nylander S, Whatling C. Anti-
platelet therapy: cyclo-oxygenase inhibition and
the use of aspirin with particular regard to dual
anti-platelet therapy. Br J Clin Pharmacol
2011;72:619-33.

7. Vainio M, Riutta A, Koivisto A-M, M&enpaa J.
Prostacyclin, thromboxane A and the effect of
low-dose ASA in pregnancies at high risk for
hypertensive disorders. Acta Obstet Gynecol
Scand 2004;83:1119-23.

8. Patrono C, Ciabattoni G, Pinca E, et al. Low
dose aspirin and inhibition of thromboxane B2
production in healthy subjects. Thromb Res
1980;17:317-27.

9. Tohgi H, Tamura K, Kimura B, Kimura M,
Suzuki H. Individual variation in platelet aggreg-
ability and serum thromboxane B2 concentra-
tions after low-dose aspirin. Stroke 1988;19:
700-3.

10. Roberge S, Bujold E, Nicolaides KH. Aspirin
for the prevention of preterm and term pre-
eclampsia: systematic review and metaanalysis.
Am J Obstet Gynecol 2018;218:287-93.

11. ACOG Committee. ACOG Committee
opinion no. 743: low-dose aspirin use during
pregnancy. Obstet Gynecol 2018;132:e44-52.
12, Visintin C, Mugglestone MA, Almerie MQ,
et al. Management of hypertensive disorders
during pregnancy: summary of NICE guidance.
BMJ 2010;341:¢c2207.

13. Patel D, Moonis M. Clinical implications of
aspirin resistance. Expert Rev Cardiovasc Ther
2007;5:969-75.

14. Hart RG, Leonard AD, Talbert RL, et al.
Aspirin dosage and thromboxane synthesis in
patients with vascular disease. Pharmaco-
therapy 2003;23(5):579-84.

15. Gonzalez-Conejero R, Rivera J, Corral J,
Acufia C, Guerrero JA, Vicente V. Biological
assessment of aspirin efficacy on healthy

individuals: heterogeneous response or aspirin
failure? Stroke 2005;36:276-80.

16. Lordkipanidzé M, Pharand C,
Schampaert E, Turgeon J, Palisaitis DA,
Diodati JG. A comparison of six major platelet
function tests to determine the prevalence of
aspirin resistance in patients with stable coro-
nary artery disease. Eur Heart J 2007;28:
1702-8.

17. Kidson-Gerber G, Weaver J, Gemmell R,
Prasan AM, Chong BH. Serum thromboxane B2
compared to five other platelet function tests for
the evaluation of aspirin effect in stable cardio-
vascular disease. Hear Lung Circ 2010;19:
234-42.

18. Norgard NB. Obesity and altered aspirin
pharmacology. Clin Pharmacokinet 2018;57:
663-72.

19. Nieuwdorp M, Stroes ESG, Meijers JCM,
Blller H. Hypercoagulability in the metabolic
syndrome. Curr Opin  Pharmacol 2005;5:
155-9.

20. Vincent HK, Innes KE, Vincent KR. Oxidative
stress and potential interventions to reduce
oxidative stress in overweight and obesity. Dia-
betes Obes Metab 2007;9:813-39.

21. Caritis S, Sibai B, Hauth J, Lindheimer MD,
Klebanoff M, Thom E, et al. Low-dose aspirin to
prevent preeclampsia in women at high risk.
National Institute of Child Health and Human
Development Network of Maternal-Fetal Medi-
cine Units. N Engl J Med 1998;338:701-5.

22. Hauth J, Sibai B, Caritis S, et al. Maternal
serum thromboxane B, concentrations do not
predict improved outcomes in high-risk preg-
nancies in a low-dose aspirin trial. Am J Obstet
Gynecol 1998;179:1193-9.

23. Erez E, Erman A, Snir E, et al. Thromboxane
production in human lung during cardiopulmo-
nary bypass: beneficial effect of aspirin? Ann
Thorac Surg 1998;65:101-6.

24, Cattaneo M. Laboratory detection of “aspirin
resistance”: what test should we use (if any)? Eur
Heart J 2007;28:1673-5.

25. Patrono C, Coller B, FitzGerald GA, Hirsh J,
Roth G. Platelet-active drugs: the relationships
among dose, effectiveness, and side effects: the
Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy. Chest 2004;126(3
Suppl):234S-648S.

26. Li X, Fries S, Li R, et al. Differential impair-
ment of aspirin-dependent platelet cyclo-
oxygenase acetylation by  nonsteroidal
antiinflammatory drugs. Proc Natl Acad Sci
2014;111:16830-5.

27. Reilly 1A, FitzGerald GA. Inhibition of throm-
boxane formation in vivo and ex vivo:

385.6 American Journal of Obstetrics & Gynecology APRIL 2019

implications for therapy with platelet inhibitory
drugs. Blood 1987;69:180-6.

28. John F, Kavitha S, Panicker S, Nair T,
Indira M. Elevated levels of leukotriene B4 and
thromboxane B, distinguish chest pain of car-
diac and non cardiac origin. Indian Heart J
2013;65:295-9.

29. Seidler AL, Askie L, Ray JG. Optimal aspirin
dosing for preeclampsia prevention. Am J
Obstet Gynecol 2018;219:117-8.

30. Rocca B, Dragani A, Pagliaccia F. Identifying
determinants of variability to tailor aspirin ther-
apy. Expert Rev Cardiovasc Ther 2013;11:
365-79.

31. Rocca B, Santilli F, Pitocco D, et al. The re-
covery of platelet cyclooxygenase activity explains
interindividual variability in responsiveness to low-
dose aspirin in patients with and without diabetes.
J Thromb Haemost 2012;10:1220-30.

32. Ratsch U, Kaiser T, Stepan H, Jank A.
Evaluation of bone marrow function with imma-
ture platelet fraction in normal pregnancy.
Pregnancy Hypertens 2017;10:70-3.

33. Addad F, Chakroun T, Elalamy |, et al. Anti-
platelet effect of once- or twice-daily aspirin
dosage in stable coronary artery disease pa-
tients with diabetes. Int J Hematol 2010;92:
296-301.

34. Pascale S, Petrucci G, Dragani A, et al.
Aspirin-insensitive thromboxane biosynthesis in
essential thrombocythemia is explained by
accelerated renewal of the drug target. Blood
2012;119:3595-603.

35. Cavalca V, Rocca B, Squellerio |, et al. In vivo
prostacyclin biosynthesis and effects of different
aspirin regimens in patients with essential
thrombocythaemia. Thromb Haemost
2014;112:118-27.

36. Flegal KM, Carroll D, Kit BK, Ogden CL.
Prevalence of obesity and trends in the distri-
bution of body mass index among US adults,
1999-2010. JAMA 2012;307:491-7.

Author and article information

From the Division of Maternal-Fetal Medicine (Drs Fin-
neran, Gonzalez-Brown, Smith, Landon, and Rood),
Department of Obstetrics and Gynecology, The Ohio State
University College of Medicine, Columbus, OH.

Received Nov. 12, 2018; revised Jan. 14, 2019;
accepted Jan. 21, 2019,

The authors report no conflicts of interest.

Presented in part at the Society for Maternal-Fetal
Medicine Annual Meeting, Las Vegas, NV, February
11-16, 2019.

Corresponding author; Matthew M. Finneran, MD.
matthew.finneran@osumc.edu


http://refhub.elsevier.com/S0002-9378(19)30252-2/sref2
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref2
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref2
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref2
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref3
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref3
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref3
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref4
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref4
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref4
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref4
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref5
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref6
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref6
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref6
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref6
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref6
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref7
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref7
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref7
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref7
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref7
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref8
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref8
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref8
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref8
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref9
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref9
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref9
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref9
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref9
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref10
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref10
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref10
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref10
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref11
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref11
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref11
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref12
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref12
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref12
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref12
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref13
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref13
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref13
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref14
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref14
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref14
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref14
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref15
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref15
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref15
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref15
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref15
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref16
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref17
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref18
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref18
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref18
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref19
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref19
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref19
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref19
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref20
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref20
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref20
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref20
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref21
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref22
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref23
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref23
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref23
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref23
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref24
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref24
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref24
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref25
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref26
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref26
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref26
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref26
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref26
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref27
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref27
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref27
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref27
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref28
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref29
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref29
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref29
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref30
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref30
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref30
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref30
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref31
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref31
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref31
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref31
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref31
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref32
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref32
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref32
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref32
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref33
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref33
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref33
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref33
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref33
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref34
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref34
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref34
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref34
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref34
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref35
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref35
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref35
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref35
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref35
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref36
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref36
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref36
http://refhub.elsevier.com/S0002-9378(19)30252-2/sref36
mailto:matthew.finneran@osumc.edu
http://www.AJOG.org

	Obesity and laboratory aspirin resistance in high-risk pregnant women treated with low-dose aspirin
	Materials and Methods
	Results
	Comment
	Main Findings
	Clinical Implications
	Strengths and Weaknesses
	Conclusion and Future Research Implications

	References


