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1

Preeclampsia and gestational hypertension are major contributors to perinatal morbidity and mortality. Several studies
aimed to test the effects of low-dose aspirin (ASA) in the prevention of preeclampsia concluded that the beneficial
effects of such treatment outweigh adverse ones. Such benefits have not been fully corroborated by larger
randomized trials usually carried out in low-risk women, testing a dose of 60 mg/d ASA presumably ingested in the
morning, and including women randomized as late as at 26–32 wks of gestation. The authors conducted a
prospective, randomized, double-blind, placebo-controlled, chronotherapy trial on 350 high-risk pregnant women
(183 nulliparous), 30.7 ± 5.3 (mean ± SD) yrs of age, and 13.5 ± 1.4 wks of gestation at the time of recruitment.
Women were randomly assigned to one of six groups, defined according to treatment (placebo or ASA, 100 mg/d)
and time of treatment: upon awakening, 8 h after awakening, or at bedtime. Intervention started at 12–16 wks of
gestation and continued until delivery. Blood pressure (BP) was measured by ambulatory monitoring (ABPM) for 48h at baseline, every 4 wks until the 7th month of gestation, every 2 wks thereafter until delivery, and at puerperium.
The effects of ASA on ambulatory BP were markedly dependent on administration time: there was no effect on BP,
compared with placebo, when ASA was ingested upon awakening, but the BP reduction was highly statistically
significant when low-dose ASA was ingested 8 h after awakening and, to a greater extent, at bedtime ( p < .001). At
puerperium, 6–8 wks after discontinuation of treatment, there was no statistically significant difference in 24-h BP
means between the groups of women who ingested ASA at different circadian times. Women ingesting low-dose
ASA, compared with placebo, evidenced a significantly lower hazard ratio (HR) of serious adverse outcomes, a
composite of preeclampsia, preterm delivery, intrauterine growth retardation (IUGR), and stillbirth (.35, 95%
confidence interval [CI]: .22–.56; p < .001). The HR of individual outcome variables, i.e., preeclampsia, preterm
delivery, IUGR, and gestational hypertension, were also significantly lower with ASA versus placebo ( p always < .041).
There were small and nonsignificant differences in outcomes between placebo and low-dose ASA ingested upon
awakening. These four groups combined showed highly significant greater event rate of serious adverse outcomes
than women ingesting ASA either in the evening or at bedtime (HR: .19, 95% CI: .10–.39; p < .001). There was no
increased risk of hemorrhage, either before or after delivery, with low-dose ASA relative to placebo (HR: .57, 95% CI:
.25–1.33; p = .194). Results indicate that (i) 100 mg/d ASA should be the recommended minimum dose for
prevention of complications in pregnancy; (ii) ingestion of low-dose ASA should start at ≤16 wks of gestation; and
(iii) low-dose ASA ingested at bedtime, but not upon awakening, significantly regulates ambulatory BP and reduces
the incidence of preeclampsia, gestational hypertension, preterm delivery, and IUGR. ABPM evaluation at the first
trimester of pregnancy provides sensitive endpoints for identification of women at high risk for preeclampsia
who might benefit most from the cost-effective preventive intervention with timed low-dose ASA. (Author
correspondence: rhermida@uvigo.es)
Keywords: Ambulatory blood pressure monitoring, Aspirin, Intrauterine growth retardation, Gestational hypertension,
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INTRODUCTION

platelet dysfunction, and endothelial damage (Higashi
et al., 2002; Portaluppi et al., 2004; Varani et al., 1999a,
1999b, 2000). Moreover, hypertension in pregnancy is
associated with increased risk of adverse fetal, neonatal,
and maternal outcomes, including preterm birth,

Preeclampsia and gestational hypertension are two
major contributors to perinatal morbidity and mortality
(Khan et al., 2006). Hypertension complicates ∼10% of
all pregnancies, increasing the risk of oxidative stress,
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intrauterine growth retardation (IUGR), perinatal death,
acute renal or hepatic failure, antepartum hemorrhage,
postpartum hemorrhage, and maternal death (Duley,
2009; Roberts et al., 2011; Steegers et al., 2010). Hypertensive complications in pregnancy range from hypertension alone (gestational nonproteinuric hypertension)
through proteinuria and multiorgan dysfunction (preeclampsia) to seizures (eclampsia) (Brown et al., 2001).
Reported population rates of gestational hypertension
vary substantially, ranging from 4% to 10%, including preeclampsia rates of 2% to 5% (Hernández-Díaz et al., 2009;
Klemmensen et al., 2007; Lawler et al., 2007; Roberts
et al., 2005; Ros et al., 1998; Walker et al., 2009; Wallis
et al., 2008), although these values might well underestimate the real prevalence of hypertension in pregnancy
(Ayala & Hermida, 2012; Hermida & Ayala, 2002, 2004;
Hermida et al., 1998, 2003b, 2004c). At least part of this
variation is likely due to under-ascertainment and/or
misclassification of gestational hypertension and preeclampsia (Ayala & Hermida, 2012; Hermida & Ayala,
2002; Hermida et al., 1998, 2003b, 2004c; Roberts et al.,
2008). Although preeclampsia is among the most severe
complications of pregnancy, any form of hypertension
during gestation is associated with increased risk of
adverse maternal and fetal outcomes (Buchbinder
et al., 2002; Roberts et al., 2005). It also appears that
history of either gestational hypertension or preeclampsia in a prior pregnancy places the pregnant woman
and her offspring at high risk for future, typically within
7 to 12 yrs, development of hypertension (Marín et al.,
2000; Svensson et al., 1983).
Many of the physiologic changes of preeclampsia are
essentially a reversal of those that accompany a healthy
pregnancy, i.e., absence of plasma volume increase,
blood pressure (BP) elevation, peripheral vascular resistance increase, and aldosterone insufficiency (Dekker &
Sibai, 1993). Although the exact cause of preeclampsia
remains unclear, several mechanisms have been
suggested, including enhanced sensitivity to vasopressors, abnormal maternal immunologic reaction, and
imbalance in the production of vasoactive prostaglandins
(thromboxane A2 and prostacyclin), resulting in vasoconstriction of small arteries, platelet activation, and uteroplacental insufficiency (Dekker & Sibai, 1993;
Friedman, 1988; Page, 2002; Redman & Sargent, 2003;
Sibai et al., 2003; Walsh, 1985). Disordered trophoblast
invasion of the maternal spiral arteries in early pregnancy
is known to lead to underperfusion of the placenta and,
ultimately, placental ischemia and infarction (Redman
& Sargent, 2005). The resultant placental damage apparently leads to activation of platelets and the clotting
system (Janes et al., 1995; Redman et al., 1978) and to
the mentioned imbalance between the vasodilator prostacyclin and thromboxane A2, a vasoconstrictor and
stimulant of platelet aggregation (Bussolino et al., 1980;
Friedman, 1988; Masotti et al., 1979; Walsh, 1985).
Acetylsalicylic acid (aspirin, ASA) is a nonsteroidal
anti-inflammatory drug (NSAID) with demonstrated

inhibitory effects on cyclooxygenases (COX), involved
in arachidonic acid metabolism and prostaglandin production (Patrono et al., 1985). Previous studies have
demonstrated that ASA is a potent antioxidative agent
that markedly reduces vascular production of superoxide
in normotensive and hypertensive rats (Wu et al., 2002).
In addition, ASA was found to prevent angiotensin
II–induced hypertension and cardiovascular hypertrophy in rats, mainly through its antioxidative properties
in preventing the generation of superoxide (Wu et al.,
2004). Moreover, recent results have demonstrated that
ASA induces nitric oxide release from vascular endothelium (Grosser & Schroder, 2003; Tauber et al., 2004).
This effect appears to be due to a direct acetylation of
the endothelial nitric oxide synthase protein. Many
studies have demonstrated low-dose ASA (75–150 mg/
d) provides marked benefits in the secondary prevention
of cardiovascular events (Antiplatelet Trialists’ Collaboration, 1994; Antithrombotic Trialists’ Collaboration,
2002; Fuster et al., 1993; Hayden et al., 2002; Manson
et al., 1991; Willard et al., 1992), although the potential
direct effects of ASA on cardiovascular function remain
uncertain. Since thromboxane A2 and prostacyclin are
derived from arachidonic acid through the action of
cyclooxygenase, low-dose ASA (81 mg/d; by acetylation
of this enzyme) selectively inhibits the synthesis of platelet thromboxane A2 without affecting the production
of endothelium-derived prostacyclin (Walsh, 1985).
A higher dose of ASA (325 mg/d), however, significantly
reduces prostacyclin levels (Walsh, 1985; Walsh et al.,
1992). This selective inhibition has been hypothesized
to be the pharmacological basis for the potential beneficial effects of ASA in preventing gestational hypertension and preeclampsia (Beaufils et al., 1985).
Several studies aimed to test the effects of low-dose
ASA in the prevention of preeclampsia concluded that
the beneficial effects of such treatment outweigh
adverse ones (Imperiale & Petrulis, 1991). These controlled trials were usually conducted in small groups of
pregnant women selected according to several criteria
for establishing high risk of preeclampsia. The benefits
shown by these small trials in the prevention of preeclampsia have not been corroborated by larger randomized controlled trials usually carried out in the general
obstetric population, testing a dose of 60 mg/d ASA presumably prescribed to be ingested in the morning, and
including women randomized in the study as late as at
26–32 wks of gestation (CLASP, 1994; ECPPA, 1996;
Golding, 1998; Italian Study of Aspirin in Pregnancy,
1993; Rotchell, 1998; Sibai et al., 1993). These studies
concluded that the use of low-dose ASA during pregnancy was safe for the fetus, the newborn, and the
mother, but the results did not support the routine prophylactic use of ASA for prevention of preeclampsia.
Although participants in these relatively large trials
were thought to be at increased risk for preeclampsia,
this condition developed in <10% of the women investigated, thus suggesting that the trials indeed included
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too many women at low risk. Another study involving
only high-risk women concluded that, despite the
absence of adverse effects, 60 mg/d ASA compared with
placebo did not significantly reduce the incidence of preeclampsia in women with pregestational insulin-treated
diabetes mellitus, chronic hypertension, multifetal gestations, or a history of preeclampsia (Caritis et al., 1998).
Some relevant issues, not yet properly and fully
addressed, still leave unresolved whether or not lowdose ASA is useful for prophylactic intervention in pregnancy (Askie et al., 2007; Barth, 1998; Bujold et al., 2009,
2010, 2011; Hermida et al., 1997a, 1999, 2003c; Roberge
et al., 2012a, 2012b; Ruano et al., 2005; Trivedi, 2011):
(i) Could a dose >60 mg/d ASA be beneficial? The
effects of ASA on the selective inhibition of thromboxane
and prostacyclin in women at risk for preeclampsia are
markedly dose dependent (Walsh et al., 1992). It has
been documented that doses of 50–60 mg/d ASA commonly tested in multicenter clinical trials with negative
results in the prevention of preeclampsia are effective
in inhibiting platelet thromboxane but insufficient to
inhibit placental thromboxane (Walsh & Wang, 1998).
Results from a meta-analysis on the potential benefits
of low-dose ASA for prevention of IUGR indicated that
the preventive effect was greater at higher doses (100–
150 mg/d ASA) as compared with inefficient lower
doses (50–80 mg/d ASA) (Leitich et al., 1997). Moreover,
a dose-dependent effect of ASA on BP has also been
documented in clinically healthy volunteers (Hermida
et al., 1997b). A low-dose of 100 mg/d, compared with
placebo, significantly reduced ambulatory systolic (SBP)
and diastolic BP (DBP) when ingested 8 h after awakening or at bedtime, but not when ingested upon awakening. A higher dose of 500 mg/d ASA, however,
increased BP, even when administered at bedtime
(Hermida et al., 1997b). Although the highest dose of
500 mg/d ASA tested in this study cannot be recommended in pregnancy, no prospective controlled
trial has yet studied if there is a dose-dependent effect
in the prevention of preeclampsia with ASA at doses
between, e.g., 60 to 150 mg/d. Results from a recent
meta-analysis of individual patient data from 32 217
women recruited in 31 randomized trials on prevention
of preeclampsia indicated that there is no evidence that
using >75 mg/d ASA had more or less effect than a
lower dose (Askie et al., 2007), although the author
failed to test a higher threshold dose, e.g., 100 mg/d, previously shown to be effective in another meta-analysis
(Leitich et al., 1997).
(ii) Could gestation age for commencing the use of ASA
be relevant? The large trials with negative findings mentioned above included women with gestational age at
entry up to 26 or even 32 wks of gestation, too late for
any prophylactic intervention in pregnancy (Ayala &
Hermida, 2012; Ayala et al., 1997a, 1997b; Hermida &
Ayala, 1997, 2001, 2005a; Hermida et al., 2000a, 2001a,
2003b, 2003d, 2004a, 2004c). A retrospective study on
women who ingested 100 mg/d ASA concluded that
© Informa Healthcare USA, Inc.

success (no preeclampsia) was associated with use of
ASA starting at <17 wks of gestation (Dumont et al.,
1999). A meta-analysis on data from >13 000 pregnant
women documented a statistically significant reduction
in the incidence of IUGR and perinatal mortality among
women randomized to ASA treatment before compared
with those randomized after the 17th wk of gestation
(Leitich et al., 1997). Similar conclusions were obtained
in other, although not all, more recent meta-analyses
(Askie et al., 2007; Bujold et al., 2009, 2010; Roberge
et al., 2012a, 2012b; Ruano et al., 2005). Moreover, with
the use of ambulatory BP monitoring (ABPM), differing
predictable BP patterns throughout gestation have been
identified for clinically healthy and hypertensive pregnant women. In normotensive pregnancies, BP steadily
decreases up to the middle of gestation and then
increases up to the day of delivery, with final BP values
similar to those found early in pregnancy in the same
women; the predictable BP variability during pregnancy
in normotensive women entails an average increase of
7% in SBP and 9% in DBP between the middle of gestation and delivery. In contrast, women who develop
gestational hypertension or preeclampsia show stable
BP during the first half of pregnancy and a continuous
linear BP increase thereafter until delivery (Ayala &
Hermida, 2012; Ayala et al., 1997b; Hermida et al.,
2001a). Furthermore, a highly predictable 24-h BP variability characterizes clinically healthy pregnant women as
well as women who develop gestational hypertension or
preeclampsia (Ayala & Hermida, 2001, 2012; Ayala et al.,
1997a; Benedetto et al., 1996; Hermida & Ayala, 2005b;
Hermida et al., 2000a, 2003b, 2003d, 2004a, 2004b; Miyamoto et al., 1998). As early as in the first trimester of pregnancy, statistically significant increased 24-h SBP/DBP
means by 12/7 mm Hg characterize women complicated
with gestational hypertension or preeclampsia compared
with women with uncomplicated pregnancies (Ayala &
Hermida, 2012; Ayala et al., 1997a; Hermida et al.,
2000a, 2003b, 2003d). These collective findings suggest
that any potential beneficial effect from the prophylactic
use of ASA in pregnancy should be studied by including
only women who start using ASA very early in pregnancy,
i.e., not later than 16 wks of gestation.
(iii) Could the time of day of ASA administration be relevant? Previous clinical trials documented effects of ASA
upon lipoperoxides, α- and β-adrenergic receptors, and
BP in clinically healthy subjects that are dependent on
ASA circadian administration time (Cornélissen et al.,
1991). Kanzik et al. (1992) showed that ASA produces a
>30% inhibition of angiotensin II only when ingested at
bedtime, in association with the documented administration-time-dependent effects of ASA on plasma renin
activity (Wang et al., 1999). Moreover, Snoep et al.
(2009) found that low-dose ASA (100 mg/d) when
ingested at bedtime, as compared with upon
awakening, significantly diminished not only the 24-h
level of plasma renin activity but also the excretion
in 24-h urine samples of cortisol, dopamine, and
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norepinephrine. These authors concluded that the
decreased activity of these pressor systems constitutes a
biologically plausible explanation for the findings that
ASA ingested at bedtime reduces BP, whereas ASA
ingested in the morning does not. In fact, an administration-time-dependent influence of low-dose ASA (100
mg/d) on ambulatory BP was demonstrated in randomized prospective trials on normotensive subjects
(Hermida et al., 1997b), individuals with prehypertension
(Hermida et al., 2009b), and patients with untreated mild
hypertension (Ayala & Hermida, 2010; Hermida et al.,
2003a, 2005a, 2005b). The findings of these studies are
consistent; BP-lowering effect is achieved by low-dose
ASA when ingested at bedtime, but not upon awakening.
Moreover, results from previous double-blind, randomized, controlled clinical trials on the influence of lowdose ASA on ambulatory BP in pregnant women indicated
a highly statistically significant ( p < .001) administrationtime-dependent effect on BP from ASA (Hermida et al.,
1997a, 1999). There was no effect of ASA compared with
placebo on BP when both were ingested upon awakening,
but the BP reduction was highly statistically significant
when ASA was ingested 8 h after awakening and, to a
greater extent, when ingested at bedtime (Hermida
et al., 1997a, 1999). No other clinical trial, among the
many summarized in the meta-analyses mentioned
above on the effects of ASA in pregnant women, ever
reported if time of ingestion of the medication was controlled and, if so, at what time of the day ASA was ingested
by the investigated pregnant women.
In keeping with the contradictory results on the effects
of ASA in pregnant women depending on the dose and
gestational age at recruitment, the ASEM (ASpirina en
EMbarazo, i.e., Aspirin in Pregnancy) study was specifically designed as a prospective, randomized, doubleblind, chronotherapy trial to investigate whether
bedtime treatment with low-dose ASA (100 mg/d, a
dose assumingly affecting both maternal and placental
thromboxane; Walsh & Wang, 1998) exerts significantly
better BP control during gestation and reduction of the
risk of preeclampsia, IUGR, and preterm delivery than
ASA upon awakening or placebo in high-risk pregnant
women who entered the study protocol at ≤16 wks of
gestation. We here extend previous findings (Hermida
et al., 2003c) to report the administration-time-dependent effects of low-dose ASA in ambulatory BP and pregnancy outcome on women enrolled in the ASEM trial
who were systematically studied by 48-h ABPM from
the first obstetric consultation at the hospital until delivery, which marked the termination of treatment with
either ASA or placebo, as well as at puerperium, i.e.,
6–8 wks after delivery.
METHODS
Inclusion and Exclusion Criteria
The sample represents a population of Spanish pregnant
women with higher risk for gestational hypertension or

preeclampsia than the general obstetric population and
who were thus receiving medical care and follow-up at
the Obstetric Physiopathology Service (high-risk unit)
of the hospital. Reasons for receiving medical care at
this unit include familial or personal history of either
gestational hypertension or preeclampsia; chronic hypertension; cardiovascular, endocrine, bleeding, or metabolic disease; personal history of spontaneous abortion;
multiple pregnancy; obesity; and adolescent or middleaged nulliparous pregnancy (<18 or >35 yrs). The relative
risk of gestational hypertension and preeclampsia in this
unit is ∼3.5-fold higher than in the general obstetric
population in our setting (Hermida & Ayala, 2002;
Hermida et al., 1998, 2003b, 2003d, 2004c). Additional
inclusion criteria for this trial were gestational age ≤16
wks at randomization and maternal age ≥18 yrs. Exclusion criteria were multiple pregnancy, chronic hypertension or any other condition requiring the use of
BP-lowering medication, cardiovascular disorders
(unstable angina pectoris, heart failure, life-threatening
arrhythmia, atrial fibrillation, kidney failure, and grade
III–IV retinopathy), chronic liver disease, any disease
requiring the use of anti-inflammatory medication,
diabetes or any other endocrine disease such as
hyperthyroidism, history of drug/alcohol abuse, night/
shiftwork employment, acquired immunodeficiency syndrome (AIDS), intolerance to ABPM, and inability to
communicate and comply with all of the study requirements. This prospective single-center study was
approved by the Spanish Health Minister and the state
Ethics Committee of Clinical Research, and respected
the criteria set forth for ethical medical research as outlined in the Helsinki Declaration and instructions to
authors for the journal (Portaluppi et al., 2010). All
participants gave written informed consent.
Participants and Diagnostic Criteria
Respecting the inclusion/exclusion criteria for this clinical trial, we recruited 350 high-risk pregnant women
(183 nulliparous), 30.7 ± 5.3 (mean ± SD) yrs of age, and
13.5 ± 1.4 wks gestation at the time of inclusion. All participants were adhering to a routine of daytime activity
and nighttime sleep. Gestational hypertension was
defined as a hyperbaric index (HBI)—total area of BP
excess summed over the 24-h period above the upper
limit of the time-varying tolerance interval calculated as
a function of gestational age (Hermida et al., 2001b)—
consistently above the threshold for diagnosis of hypertension in pregnancy (Ayala & Hermida, 2012; Hermida
& Ayala, 2002; Hermida et al., 1998, 2003b, 2004c) after
the 20th wk of gestation. Preeclampsia was defined as
gestational hypertension (following the criteria given
above) and proteinuria, ≥300 mg/24-h urine, diagnosed
after the 20th wk of gestation in a previously normotensive woman. Preterm delivery was defined as delivery at
<37 wks of gestation. Gestational age and fetal growth
for diagnosis of IUGR and preterm delivery were determined by monthly echography assessments in all
Chronobiology International
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Values are shown as mean ± SD. Clinic BP corresponds to the average of 3 to 6 measurements obtained by a midwife nurse for each woman at the time of their visit to the hospital at the time of
randomization. Baseline 48-h BP means were determined by ABPM at randomization before treatment started. Time 1: Women randomized to ingest aspirin or placebo upon awakening. Time
2: Women randomized to ingest aspirin or placebo 8 h after awakening. Time 3: Women randomized to ingest aspirin or placebo at bedtime.

176
13.5 ± 1.4
30.3 ± 5.3
67.3 ± 13.6
162.6 ± 6.3
25.4 ± 4.3
49.4
31.3
12.7 ± 1.4
121.9 ± 9.5
68.0 ± 8.3
53.9 ± 7.4
111.8 ± 9.3
66.0 ± 6.5
45.8 ± 4.6
59
13.4 ± 1.4
29.7 ± 4.8
67.0 ± 12.8
162.1 ± 6.2
25.4 ± 4.3
47.5
32.2
12.6 ± 1.3
121.8 ± 9.8
67.7 ± 8.1
54.1 ± 7.4
113.4 ± 8.6
67. 4 ± 6.1
46.0 ± 4.3
59
13.4 ± 1.5
30.4 ± 5.3
66.9 ± 15.4
163.2 ± 6.5
24.9 ± 4.6
59.3
32.2
12.9 ± 1.5
122.5 ± 10.1
68.5 ± 8.5
54.0 ± 8.2
113.5 ± 9.9
66.8 ± 6.8
46.7 ± 4.6
58
13.6 ± 1.4
31.0 ±5.8
68.1 ± 12.6
162.4 ± 6.2
25.8 ± 3.9
41.4
29.3
12.7 ± 1.4
121.4 ± 8.8
67.7 ± 8.4
53.7 ± 6.7
108.1 ± 8.6
63.4 ± 6.0
44.7 ± 4.7
174
13.6 ± 1.5
31.1 ± 5.2
67.2 ± 12.4
162.1 ± 5.9
25.5 ± 4.2
55.1
30.5
12.7 ± 1.4
120.0 ± 9.6
66.8 ± 8.3
53.2 ± 7.4
110.7 ± 7.7
65.2 ± 5.6
45.5 ± 3.6
58
13.6 ± 1.4
30.0 ± 5.2
68.6 ± 13.9
161.3 ± 6.7
26.3 ± 4.4
53.4
25.9
12.5 ± 1.1
120.2 ± 9.8
67.1 ± 9.0
53.1 ± 7.7
109.9 ± 8.5
64.9 ± 6.5
45.0 ± 3.0
57
13.6 ± 1.4
32.0 ± 4.5
67.3 ± 12.0
162.6 ± 5.6
25.5 ± 4.3
52.6
28.1
12.9 ± 1.6
119.2 ± 9.2
66.6 ± 7.2
52.6 ± 6.4
111.8 ± 7.9
66.3 ± 5.4
45.5 ± 4.0
59
13.6 ± 1.6
31.5 ± 5.8
65.7 ± 11.1
162.5 ± 5.2
24.8 ± 3.9
59.3
32.2
12.9 ± 1.5
120.5 ± 9.7
66.6 ± 8.7
53.9 ± 8.0
110.5 ± 6.7
64.5 ± 4.9
46.0 ± 3.8
Women, n
Gestational age at randomization, wks
Age, y
Weight, kg
Height, cm
BMI, kg/m2
Nulliparous, %
Previous abortion, %
Age at menarche, y
Clinic SBP, mm Hg
Clinic DBP, mm Hg
Clinic PP, mm Hg
48-h SBP mean, mm Hg
48-h DBP mean, mm Hg
48-h PP mean, mm Hg

p between placebo and ASA
All
Time 3
Time 1

Time 2

Time 3

All

Time 1

Time 2

ASA
Variable

ABPM Assessment
At inclusion, as well as at each scheduled visit for ABPM
during follow-up, the SBP and DBP of each pregnant
woman were automatically measured every 20 min
between 07:00 and 23:00 h and every 30 min during the
night for 48 consecutive hours with a properly calibrated
and validated SpaceLabs 90207 device (SpaceLabs, Issaquah, WA, USA) (Shennan et al., 1993). ABPM was performed at the time of recruitment, always at ≤16 wks of
gestation, and then scheduled every 4 wks until the 7th
month of gestation and every 2 wks thereafter until delivery. ABPM was also performed at puerperium, i.e., 6–8
wks after delivery. A 48-h, instead of the most common
24-h, monitoring was chosen to improve the

Placebo

Study Design
This was a prospective, randomized, double-blind,
placebo-controlled clinical trial. Participants were randomly assigned at the time of their first visit to the hospital
to one of six groups, defined according to treatment
(placebo or ASA, 100 mg/d; Table 1) and to the timing
of daily administration of ASA or placebo: upon awakening (Time 1), 8 h after awakening (Time 2), or at bedtime
(Time 3). Placebo (microcrystalline cellulose, corn starch,
saccharin, and citric acid [included to simulate the flavor
of ASA]) and ASA (100 mg uncoated tablets) were prepared in identical presentation and provided monthly to
the participants in a box containing 3 blister packs, each
with 10 tablets. The boxes, grouped in packs of 7 (to
cover medication for the duration of pregnancy) and
labeled with the randomization number, were assigned
to each woman at the time of recruitment. Randomization of boxes containing either ASA or placebo followed
an allocation table constructed by a computerized
random-number generator. Treatment of each box
(placebo or ASA) was enclosed in serially numbered,
opaque, sealed envelopes. Concealed assignment of participants to the six treatment-time regimens was done
according to the order of recruitment. Envelopes were
open only after conclusion of the trial for every participant. Oral ingestion of ASA or placebo started at 12 to
16 wks of gestation and continued until the day of delivery. The dose of 100 mg/d used in this trial corresponds
with the lower ASA dose commercially available in
Spain. Adherence to the time-of-day (awakening, 8h
after awakening, or bedtime) treatment schedule and prescribed medication (ASA or placebo) was enforced at
each follow-up visit. Compliance was measured on the
basis of tablet count at the time of each visit to the hospital. Just before commencing each 48-h ABPM session (see
below), the same midwife nurse, to avoid examiner bias,
obtained 3 to 6 consecutive clinic BP measurements after
the woman had rested in a seated position for ≥10 min.
Proper cuff size was determined by measurement of
upper arm circumference at each study visit.

TABLE 1. Baseline characteristics of women investigated according to randomization group
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participants. Body mass index (BMI) was calculated as
weight (in kg)/height2 (in m2).

.411
.175
.944
.499
.714
.282
.873
.917
.130
.182
.372
.251
.268
.402
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reproducibility of results, as accuracy in the calculation of
ABPM characteristics (including mean BP values and the
HBI) depends markedly on duration of ABPM (Hermida
& Ayala, 2003; Hermida et al., 2002b, 2007b, 2012c). No
woman was hospitalized during monitoring. Women
were instructed to adhere to their usual activities with
minimal restrictions but to keep a similar activity-rest
schedule and avoid daytime napping during the two consecutive days of ABPM. They were advised to avoid use of
medications other than the assigned aspirin or placebo
for the duration of the trial. Participants kept a diary
listing the time of retiring to bed at night, awakening in
the morning, consumption of meals, participation in
exercise, and episodes of atypical physical activity,
mood/emotional states, and other events that might
affect BP. This individualized information was utilized
to edit the ABPM data and to determine the commencement and termination of daytime activity and nighttime
sleep spans of each woman. BP series were considered
invalid for analysis if ≥30% of the scheduled BP measurements were missing, if data were lacking for >2 consecutive hourly means, if data were obtained while women
had an irregular rest-activity schedule during the 2 days
of monitoring, or if the nighttime sleep period was <6
or >12 h during ABPM. If invalid according to these criteria, participants were requested to repeat ABPM
within the same week. The total number of valid 48-h
ABPM profiles provided by the 350 women under investigation fulfilling all mentioned requirements set a priori
was 2538.
The BP cuff was worn on the nondominant arm with
proper cuff size determined by upper arm circumference
measurement at each study visit. ABPM devices were
always set to the so-called “blind function,” never displaying the actual BP readings after measurement. To
ensure proper BP measurement throughout the entire
48 h, we used nickel metal hydride rechargeable batteries. Since these batteries have little memory effect,
they can be recharged many times to their maximum
capacity, thereby enabling the ABPM device to operate
for many consecutive days (Ayala et al., 2012b;
Hermida et al., 2004e).
All ABPM profiles obtained during the course of the
study were analyzed by comparison with circadian
(with reference to the rest-activity cycle) time–specified
tolerance intervals of SBP and DBP previously constructed for each trimester of gestation on databases
derived from previous assessments of Spanish normotensive pregnant women who also had been evaluated
by 48-h ABPM (Hermida et al., 2001b). This procedure,
as previously described (Hermida, 1999; Hermida & Fernández, 1996; Hermida et al., 1996, 1997c, 1998, 2000b,
2002d, 2003b, 2004c), enabled calculation of the HBI,
as defined above, and also the hypobaric index, i.e.,
area of BP deficit below the lower limit of the timeof-day-specified tolerance intervals, of each 48-h ABPM
profile. The HBI has been shown to be more reproducible
than BP mean values in the diagnosis of both essential

hypertension (Hermida et al., 2000b, 2002d) and hypertension in pregnancy (Ayala & Hermida, 2012; Hermida
& Ayala, 2002; Hermida et al., 1998, 2003b, 2004c). Moreover, use of a lower reference threshold averts hypotension (Hermida et al., 2002d).
Statistical Methods
The minimum sample size for this trial, 55 women for
each of the 6 treatment-time groups, was calculated to
show as statistically significant at the two-sided α level
of 5% and with a power of 95% a BP difference between
ASA and placebo ≥4 mm Hg in the 24-h BP mean at the
time of delivery, according to the estimation of interindividual variability provided by previous studies (Hermida
et al., 1997a, 1999).
Each individual’s clock-hour BP values were first referenced to hours after awakening from nighttime sleep,
based on information obtained from each woman’s
diary. This transformation avoided introduction of bias
due to differences among participants in their sleepactivity routine (Hermida et al., 2002c). ABPM profiles
were edited according to conventional criteria to
correct for measurement errors and outliers; SBP readings >250 or <70 mm Hg, DBP >150 or <40 mm Hg, and
pulse pressure (difference between SBP and DBP) >150
or <20 mm Hg were automatically eliminated.
The circadian rhythm of SBP and DBP for every single
ABPM profile was objectively assessed by individual multiple-component analysis (Bingham et al., 1982; Fernández & Hermida, 1998; Fernández et al., 2003), a method
applicable to nonsinusoidal shaped longitudinal timeseries data, i.e., time series of data collected from a
single subject, consisting of values distributed at equal
or unequal intervals. The method produces estimates of
the 24-h rhythm–adjusted time-series mean or MESOR
(midline estimating statistic of rhythm, i.e., average
value of the rhythmic function fitted to the data), as
well as the amplitude (one-half the extent of the temporal
variability explainable by rhythmicity) and acrophase
(crest time expressed as a lag in time from a designated
reference, here the time of awakening from nocturnal
sleep) for every fitted component of given period (here
24 and 12 h for SBP and DBP, as currently recommended;
Hermida et al., 2002a, 2003d). Since the BP data were
obtained at an unequidistant sampling rate, the MESOR
provides a better estimation of the true 24-h BP mean
than the arithmetic average of all BP values, usually overestimating the true mean due to the denser sampling
during the daytime activity compared with nighttime
sleep span.
The estimates of 24-h MESOR obtained for all individual ABPM profiles of each pregnant woman were
expressed as percentage of the MESOR obtained for
that woman at baseline, i.e., the ABPM profile at randomization just before treatment started. This procedure
normalizes data and avoids interindividual differences at
baseline that might influence the evaluation of changes
in BP throughout gestation. The time of sampling for
Chronobiology International
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each ABPM profile was expressed in months from the
baseline monitoring, as indication of duration of
therapy. The values of 24-h MESOR thus normalized
were used to establish their pattern of variation throughout treatment for each of the six groups of pregnant
women by polynomial regression analysis. Effects of
medication (placebo or ASA) and circadian time of treatment on ambulatory BP during gestation as well as at
puerperium were evaluated by analysis of variance
(ANOVA). Demographic and clinical characteristics
were compared on an intention-to-treat basis among
the participants randomized to the six treatment-time
regimens—placebo versus ASA ingested at three different
times of day according to individual rest-activity cycle—
by ANOVA (continuous variables) or nonparametric
chi-square test (proportions).
The primary outcome study endpoint was total serious
adverse events, which included preeclampsia, preterm
delivery, IUGR, and stillbirth. We also used as an
additional endpoint the composite of these serious
adverse events plus gestational hypertension, as defined
above. The Cox proportional-hazard model was used to
estimate hazard ratios (HRs), with 95% confidence intervals (CIs), for events associated with treatment-time
regimen, with adjustment for significant confounding
variables. Maternal age, BMI, parity (nulliparous vs. multiparous), previous abortion (yes vs. no), age at menarche,
baseline SBP and DBP, and gestational age at randomization were used as potential confounding variables for adjustment in Cox analyses. For survival analysis, follow-up
was established as either the time to the documented
event or time to delivery in event-free women. Event
rates, with 95% CIs, were calculated as the percent ratio
of observed number of events to total number of women
per group. A two-sided p value of < .05 was considered
statistically significant for all comparisons. Statistical analyses were performed using SPSS, version 13.0 (SPSS,
Chicago, IL, USA) and KaleidaGraph version 3.6.4
(Synergy Software, Reading, PA, USA).

the number of missing tablets among groups of women
assigned to ingest either ASA or placebo at different
times of the day.
Administration-Time-Dependent Effects of ASA Versus
Placebo on Ambulatory BP
Figure 1 shows the variation of the circadian MESOR
(expressed as % of the value obtained for each woman
at baseline) of SBP (top) and DBP (bottom) during
gestation represented in months from randomization in
pregnant women ingesting either placebo or 100 mg/d
ASA at Time 1 (awakening), starting at 12–16 wks of
gestation. The lines in Figure 1 represent the best-fitted
waveform model obtained by linear polynomial
regression analysis for each treatment group. Results
indicate that, first, BP follows a predictable pattern of
variation that can be approximated by a second-order
model in gestational age (here expressed in months of
treatment). There was a steady decrease in SBP and
DBP up to the 20th wk of gestation— ∼ 1.5 months
after randomization—followed by an increase in BP
thereafter up to delivery. This pattern of BP variation
was fully equivalent for women ingesting placebo or
low-dose ASA upon awakening (Figure 1). At the time
of delivery, the average 24-h MESOR was equivalent in

RESULTS
Demographic Characteristics
At baseline, all treatment-time groups were equivalent
for gestational age at randomization, maternal age,
weight, height, BMI, menarche, and clinic and ambulatory BP. The proportion of nulliparous women and participants with previous abortions was also equivalent in
all groups (Table 1). Comparison of BP data obtained at
baseline shows the relatively large difference between
clinic and ambulatory SBP and DBP.
The median numbers of tablets ingested by the
women investigated, to be compared with the
maximum average expected number of 175 tablets
(medication for 25 wks of gestation), were 171 in the
ASA groups and 167 in the placebo groups. Since compliance was very high, we could not detect any difference in
© Informa Healthcare USA, Inc.

FIGURE 1. Variation of 24-h MESOR of SBP (top) and DBP
(bottom) throughout gestation in pregnant women ingesting
placebo or low-dose ASA (100 mg/d) upon awakening, starting
at 12–16 wks of gestation and until delivery. Data are expressed
in % of the baseline 48-h ABPM evaluation per participant. The
bars represent means ± SE. The lines represent in each case the
best-fitted waveform model obtained by linear polynomial
regression analysis.
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FIGURE 2. Variation of 24-h MESOR of SBP (top) and DBP
(bottom) throughout gestation in pregnant women ingesting
placebo or low-dose ASA (100 mg/d) 8 h after awakening, starting
at 12–16 wks of gestation and until delivery. Data are expressed in
% of the baseline 48-h ABPM evaluation per participant. The bars
represent means ± SE. The lines represent in each case the bestfitted waveform model obtained by linear polynomial regression
analysis. *p < .001 between ASA and placebo.

FIGURE 3. Variation of 24-h MESOR of SBP (top) and DBP
(bottom) throughout gestation in pregnant women ingesting
placebo or low-dose ASA (100 mg/d) at bedtime, starting at 12–
16 wks of gestation and until delivery. Data are expressed in % of
the baseline 48-h ABPM evaluation per participant. The bars represent means ± SE. The lines represent in each case the best-fitted
waveform model obtained by linear polynomial regression analysis. *p < .001 between ASA and placebo.

women ingesting either placebo or ASA upon awakening
( p = .719/.726 for SBP/DBP).
Figure 2 compares the predictable BP variation during
gestation in women ingesting either placebo or 100 mg/d
ASA at Time 2 (8 h after awakening). The predictable
pattern of SBP and DBP variation follows again a
second-order model. Contrary to the results illustrated
in Figure 1 for women ingesting placebo or ASA at
Time 1, there was a significant reduction in SBP
(Figure 2, top) and DBP (Figure 2, bottom) when ASA,
relative to placebo, was ingested at Time 2 ( p < .001
between groups at all monthly evaluations after randomization). Differences between treatment groups
were even larger and highly statistically significant ( p
< .001) when low-dose ASA and placebo were systematically ingested on a daily basis at bedtime (Time 3;
Figure 3).
Comparison of Figures 1–3 indicates, first, lack of
differences between the models representing the predictable SBP and DBP variation during gestation for the three
groups of women ingesting placebo at different circadian
times. Results from ANOVA further indicate lack of differences between these groups in average 24-h SBP and
DBP MESOR at all monthly evaluations during gestation
( p always > .201). Second, results document a highly

statistically significant administration-time-dependent
effect of low-dose ASA on ambulatory SBP and DBP.
There was no effect on BP when ASA, as compared
with placebo, was ingested upon awakening; the BP
reduction was, however, statistically significant when
ASA was ingested 8 h after awakening, and, to a greater
extent, when ingested at bedtime. Results from ANOVA
indicated differences between treatment groups in the
average 24-h SBP and DBP MESOR were statistically significant as soon as at the first month after treatment
started ( p < .001). At the time of delivery, ingesting 100
mg/d ASA at bedtime starting at ≤16 wks of gestation
decreased SBP on average 12.4/8.1 mm Hg in 24-h
SBP/DBP MESOR compared with ASA upon awakening.
The comparison of histograms shown in Figure 4 (left)
for women ingesting placebo at different circadian times
indicates no difference between the three groups early
before delivery (6 months after initiation of treatment)
in either SBP (top; p = .363) or DBP (bottom; p = .410).
The histograms on the right of Figure 4 also indicate
lack of differences between these three treatment-time
placebo groups in 24-h MESOR of SBP ( p = .358) and
DBP ( p = .573) at puerperium. Complementing the findings documented in Figures 1–3, the histograms on the
left of Figure 5 indicate the highly statistically significant
Chronobiology International
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( p < .001) administration-time-dependent effect of lowdose ASA on SBP (top) and DBP (bottom) after 6
months of timed treatment. Figure 5 (right) also illustrates that at puerperium, i.e., 6–8 wks after delivery
and, therefore, discontinuation of ASA, there was no statistically significant difference in the 24-h MESOR of SBP
( p = .116) or DBP ( p = .104) between the three groups
of women who ingested ASA throughout gestation at
different circadian times with respect to their rest-activity
cycle. Although comparison of BP at puerperium
between the three groups of women who received ASA
somehow shows a similar pattern than BP before delivery
(Figure 5, left panel), with lower BP in women who
ingested ASA in the evening or at bedtime as compared
with those treated upon awakening, differences
between groups were no longer statistically significant.

FIGURE 4. 24-h MESOR, expressed in % of the baseline 48-h
ABPM evaluation per participant, of SBP (top) and DBP
(bottom) at the last evaluation after 6 mo of treatment (left) and
at puerperium (right) in pregnant women ingesting placebo at
different times of the day, starting at 12–16 wks of gestation. The
bars represent means ± SE.

FIGURE 5. 24-h MESOR, expressed in % of the baseline 48-h
ABPM evaluation per participant, of SBP (top) and DBP
(bottom) at the last evaluation after 6 mo of treatment (left) and
at puerperium (right) in pregnant women ingesting low-dose
ASA (100 mg/d) at different times of the day, starting at 12–16
wks of gestation. The bars represent means ± SE.
© Informa Healthcare USA, Inc.

Administration-Time-Dependent Effects of ASA Versus
Placebo on Pregnancy Outcome
During the course of this trial, according to the diagnostic
criteria stated above, 33 women developed preeclampsia
and 75 gestational hypertension; 27 women had preterm
deliveries and 48 IUGR; there were 7 stillbirths, 15 cases
of antepartum hemorrhage, and 9 cases of postpartum
hemorrhage. Event rate of preeclampsia was slightly
but significantly lower in women randomized to ingest
low-dose ASA than in those ingesting placebo ( p = .041;
Table 2). The incidence of preterm delivery was significantly lower with ASA ( p = .008), mainly because no
women ingesting ASA at Time 2 and Time 3 delivered
at <37 wks of gestation. Event rates of IUGR and gestational hypertension were also significantly lower in
women on ASA than placebo ( p = .011 and .002, respectively; Table 2). Accordingly, there was a highly significant
reduction in the incidence of total serious adverse outcomes, a composite of preeclampsia, preterm delivery,
IUGR, and stillbirth, in women ingesting ASA throughout
their pregnancies ( p < .001; Table 2). There were no significant differences between low-dose ASA and placebo
in the event rates of stillbirth, antepartum hemorrhage,
postpartum hemorrhage, and delivery by cesarean
section. Gestational age at delivery was slightly, but not
significantly ( p = .067), higher in women ingesting ASA.
Finally, newborn weight was higher with ASA than with
placebo ( p = .040).
Figure 6 shows the adjusted HRs of evaluated pregnancy outcomes estimated by the Cox proportionalhazard model for the participants of the respective treatment groups (ASA vs. placebo), irrespectively of treatment time. Women in the low-dose ASA treatment
group compared with placebo evidenced significantly
lower HR of total serious adverse outcomes, either
excluding (.35, 95% CI: .22–.56; p < .001) or including
(.39, 95% CI: .27–.57; p < .001) gestational hypertension.
Significantly reduced risk with low-dose ASA was also
individually documented for preeclampsia, preterm
delivery, IUGR, and gestational hypertension (Figure 6).
There was no increased risk of hemorrhage, either
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Women, n
Gestational age at delivery, wks
Newborn weight, g
Newborn Apgar score at
1 min
5 min
10 min
Event rates
Preeclampsia
Preterm delivery
IUGR
Stillbirth
Serious adverse outcomes
Gestational hypertension
Serious adverse outcomes + gestational
hypertension
Cesarean delivery
Antepartum hemorrhage
Postpartum hemorrhage

ASA

Time 1

Time 2

Time 3

All

Time 1

Time 2

Time 3

All

p between placebo
and ASA

59
39.2 ± 1.5
3140 ± 517

57
39.1 ± 2.0
3183 ± 599

58
39.1 ± 2.2
3162 ± 624

174
39.2 ±1.9
3162 ± 580

58
39.1 ± 2.1
3156 ± 568

59
39.8 ± 1.1
3375 ± 453

59
39.6 ± 1.1
3330 ± 511

176
39.5 ± 1.6
3286 ± 519

.067
.040

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [9, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

.893
.518
.419

11.9 (3.6,
20.1)
6.8 (.4, 13.2)

10.5 (2.6,
18.5)
10.5 (2.6,
18.5)
17.5 (7.7,
27.4)
3.5 (−1.3,
8.3)
35.1 (22.7,
47.5)
29.8 (17.9,
41.7)
47.4 (34.4,
60.3)
31.6 (19.5,
43.6)
3.5 (−1.3,
8.3)
3.5 (−1.3,
8.3)

15.5 (6.1,
24.8)
17.2 (7.5,
27.0)
17.2 (7.5,
27.0)
0

12.6 (7.7,
17.6)
11.5 (6.8,
16.2)
18.4 (12.6,
24.2)
2.9 (.4, 5.4)

1.7 (−1.6,
5.0)
0

1.7 (−1.6,
5.0)
0

6.3 (2.7, 9.8)

.041

4.0 (1.1, 6.8)

.008

6.8 (.4, 13.2)

3.4 (−1.2,
8.0)
0

9.1 (4.8,
13.3)
1.1 (−.4, 2.7)

.011

31.0 (19.1,
42.9)
27.6 (16.1,
39.1)
50.0 (37.1,
62.9)
27.6 (16.1,
39.1)
5.2 (−.5,
10.9)
3.5 (−1.2,
8.1)

32.2 (25.2,
39.1)
28.2 (21.5,
34.8)
48.3 (40.9,
55.7)
28.7 (22.0,
35.5)
5.2 (1.9, 8.4)

15.5 (6.1,
24.8)
12.1 (3.7,
20.5)
17.2 (7.5,
27.0)
1.7 (−1.6,
5.1)
29.3 (17.6,
41.0)
25.9 (14.6,
37.1)
50.0 (37.1,
62.9)
29.3 (17.6,
41.0)
3.5 (−1.2,
8.1)
1.7 (−1.6,
5.1)

5.1 (−.5,
10.7)
6.8 (.4, 13.2)

14.8 (9.5,
20.0)
14.8 (9.5,
20.0)
26.7 (20.2,
33.2)
23.3 (17.1,
29.5)
3.4 (.7, 6.1)

<.001

<.001

1.7 (−.2, 3.6)

.303

20.3 (10.1,
30.6)
5.1 (−.5,
10.7)
30.5 (18.8,
42.3)
27.1 (15.8,
38.5)
47.5 (34.7,
60.2)
27.1 (15.8,
38.5)
6.8 (.4, 13.2)
3.4 (−1.2,
8.0)

3.5 (.7, 6.2)

1.7 (−1.6,
5.0)
10.2 (2.5,
17.9)
11.9 (3.6,
20.1)
20.3 (10.1,
30.6)
15.3 (6.1,
24.2)
3.4 (−1.2,
8.0)
1.7 (−1.6,
5.0)

10.2 (2.5,
17.9)
25.4 (14.3,
36.5)
3.4 (−1.2,
8.0)
1.7 (−1.6,
5.0)

.246

.002

.246
.415

Values are shown as mean ± SD. Time 1: Women randomized to ingest low-dose ASA or placebo upon awakening. Time 2: Women randomized to ingest low-dose ASA or placebo 8 h after
awakening. Time 3: Women randomized to ingest low-dose ASA or placebo at bedtime. The Apgar score (expressed as median [interquartile range]) is determined by evaluating the newborn
with five criteria on a scale from 1 to 2, i.e., appearance, pulse, grimace, activity, and respiration. Event rates (95% confidence intervals) are expressed as the percent ratio of observed number of
events to total number of women per group. Preterm delivery: Delivery at <37 wks of gestation. IUGR: Intrauterine growth retardation. Gestational age and fetal growth were determined by
monthly ecography evaluations. Serious adverse outcomes: Composite endpoint including preeclampsia, preterm delivery, IUGR, and stillbirth.
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TABLE 2. Pregnancy outcomes of women investigated according to randomization group

Chronobiology International

Chronobiol Int Downloaded from informahealthcare.com by Ryerson University on 02/19/13
For personal use only.

Chronotherapy With Low-Dose Aspirin in Pregnancy 

FIGURE 6. Adjusted HRs (with 95% CIs) of adverse pregnancy outcomes as a function of treatment regimen in high-risk pregnant women,
i.e., those ingesting either placebo or low-dose ASA (100 mg/d) at different times of the day, starting at 12–16 wks of gestation and until
delivery. Serious adverse outcomes include preeclampsia, preterm delivery, intrauterine growth retardation (IUGR), and stillbirth. Hemorrhage includes both antepartum and postpartum hemorrhage.

before or after delivery, with low-dose ASA relative to
placebo (HR: .57, 95% CI: .25–1.33; p = .194). Advantages
of low-dose ASA versus placebo are further reflected in
the relatively small numbers needed-to-treat, ranging
from 11 for prevention of IUGR to 16 for prevention of
preeclampsia (Table 4, left column).
Taking into account the administration-time-dependent effects of ASA, but not placebo, on ambulatory BP
regulation throughout gestation documented in Figures
1–3, and the marked differences in event rates between
low-dose ASA at Time 2 or Time 3 and ASA at Time 1
(Table 2), we further categorized participants in terms
of positive/negative BP response to treatment, i.e.,
those ingesting ASA 8 h after awakening or at bedtime
versus those ingesting ASA upon awakening or placebo
at any circadian time (Table 3). Results indicate that
women ingesting ASA at Time 2 or Time 3, compared
with the other four treatment-time groups evidenced (i)
significantly higher gestational age at delivery ( p
= .006); (ii), significantly greater newborn weight by
∼200 g ( p = .002); (iii) significantly improved newborn
Apgar score at 5 and 10 min after delivery; and (iv)
most important, highly statistically significant reduced
event rates of preeclampsia, gestational hypertension,
preterm delivery, and IUGR ( p always < .001).
The adjusted HRs with corresponding 95% CIs of pregnancy outcomes for these two comparative groups of
pregnant women are depicted in Figure 7. Results indicate significantly reduced HR of total serious adverse outcomes in women ingesting ASA at Time 2 or Time 3 (.19,
95% CI: .10–.39; p < .001) and total outcomes plus gestational hypertension (.24, 95% CI: .15–.40; p < .001).
Women ingesting low-dose ASA in the evening or at
bedtime also had significantly lower HRs of preeclampsia, preterm delivery (not shown, as there were no documented cases in these two groups), IUGR, and gestational
© Informa Healthcare USA, Inc.

hypertension (Figure 7). There was no increased risk of
hemorrhage, either before or after delivery, with lowdose ASA at these two circadian times compared with
ASA upon awakening or placebo (HR: .62, 95% CI:
.25–1.59; p = .321). The number needed-to-treat by lowdose ASA ingested in the evening or at bedtime to
prevent a serious adverse pregnancy outcome is a very
low (4 women) and even lower (3 women) when including prevention of gestational hypertension (Table 4; right
column). Low-dose ASA administered at this proper
circadian time would require numbers needed-to-treat
as low as 8 or 9 women for prevention of either preeclampsia, preterm delivery, or IURG (Table 4).
DISCUSSION
The first major finding from this prospective, randomized, placebo-controlled, double-blind trial on women
at high risk for preeclampsia is that low-dose ASA (100
mg/d) starting early in pregnancy (≥16 wks of gestation)
has an effect on ambulatory SBP and DBP as a function of
the timing of its ingestion in relation to the 24 h restactivity cycle of each individual woman, i.e., in the
evening and, mainly, at bedtime, but not upon awakening. Results indicate that (i) there was no statistically significant difference in BP between women ingesting
placebo at different circadian times; (ii) there was a
highly statistically significant BP reduction, consistently
increasing throughout gestation, in women ingesting
100 mg/d ASA ( p < .001 for the comparison of BP
changes during pregnancy between ASA and placebo
independent on treatment time); and (iii) the effects of
ASA on BP were markedly dependent on administration
time: there was no effect on ambulatory BP, compared
with placebo, when ASA was ingested on awakening,
but the BP reduction was highly statistically significant
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Variable

ASA at Time 1 and placebo
at any time

ASA at Time 2 and
Time 3

p between groups

232
39.2 ± 2.0
3160 ± 575

118
39.7 ± 1.1
3351 ± 482

.006
.002

9 [9, 9]
10 [10, 10]
10 [10, 10]

9 [9, 9]
10 [10, 10]
10 [10, 10]

.080
.003
.006

13.4 (9.0, 17.7)
11.6 (7.5, 15.8)
18.1 (13.1, 23.1)
2.6 (.5, 4.6)
31.5 (25.5, 37.4)
27.6 (21.8, 33.3)
48.7 (42.3, 55.1)
28.9 (23.1, 34.7)
4.7 (2.0, 7.5)
3.0 (.8, 5.2)

1.7 (−.6, 4.0)
0
5.1 (1.1, 9.0)
.8 (−.8, 2.5)
7.6 (2.8, 12.4)
9.3 (4.1, 14.6)
15.3 (8.8, 21.7)
20.3 (13.1, 27.6)
3.4 (.1, 6.7)
1.7 (−.6, 4.0)

<.001
<.001
<.001
.272
<.001
<.001
<.001
.085
.555
.460

Women, n
Gestational age at delivery, wks
Newborn weight, g
Newborn Apgar score at
1 min
5 min
10 min
Event rates
Preeclampsia
Preterm delivery
IUGR
Stillbirth
Serious adverse outcomes
Gestational hypertension
Serious adverse outcomes + gestational hypertension
Cesarean delivery
Antepartum hemorrhage
Postpartum hemorrhage

Values are shown as mean ± SD. Time 1: Women randomized to ingest low-dose ASA or placebo upon awakening. Time 2: Women
randomized to ingest low-dose ASA or placebo 8 h after awakening. Time 3: Women randomized to ingest low-dose ASA or placebo at
bedtime. The Apgar score (expressed as median [interquartile range]) is determined by evaluating the newborn with five criteria on a scale
from 1 to 2, i.e., appearance, pulse, grimace, activity, and respiration. Event rates (95% confidence intervals) are expressed as the percent
ratio of observed number of events to total number of women per group. Preterm delivery: Delivery at <37 wks of gestation. IUGR:
Intrauterine growth retardation. Gestational age and fetal growth were determined by monthly ecography evaluations. Serious adverse
outcomes: Composite endpoint including preeclampsia, preterm delivery, IUGR, and stillbirth.

FIGURE 7. Adjusted HRs (with 95% CIs) of adverse pregnancy outcomes as a function of treatment-time regimen in high-risk pregnant
women, i.e., those ingesting either placebo or low-dose ASA (100 mg/d) at different times of the day, starting at 12–16 wks of gestation
and until delivery. Serious adverse outcomes include preeclampsia, preterm delivery, intrauterine growth retardation (IUGR), and stillbirth.
Hemorrhage includes both antepartum and postpartum hemorrhage. For comparison purposes, participants were divided in two groups:
those ingesting ASA 8 h after awakening or at bedtime versus those ingesting ASA upon awakening or placebo at any circadian time.

when low-dose ASA was ingested 8 h after awakening
(Figure 2) and, to a greater extent, when ingested at
bedtime (Figure 3). Moreover, at puerperium, 6–8 wks
after discontinuation of treatment, there was no statistically significant difference in 24-h SBP/DBP MESOR
between the groups of women who ingested ASA at
different circadian times for most of their pregnancies
(Figure 5).

These administration-time-dependent effects of lowdose ASA on ambulatory BP are in agreement with conclusions found earlier in clinically healthy subjects with
prehypertension (Hermida et al., 2009b) as well as in
hypertensive subjects ingesting the same low-dose of
100 mg/d ASA for 3 months (Hermida et al., 2003a,
2005a, 2005b). A higher dose of ASA (500 mg/d),
however, showed a pressor effect, even when ingested
Chronobiology International
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TABLE 4. Numbers needed-to-treat (95% CIs) according to circadian time of ASA administration in high-risk
pregnant women

Outcome
Preeclampsia
Preterm delivery
IUGR
Serious adverse outcomes
Gestational hypertension
Serious adverse outcomes + gestational hypertension

ASA at any time vs.
placebo

ASA at Time 2 and Time 3 vs. ASA at Time
1 or placebo

15.6 (8.0–337.2)
13.3 (7.6–50.8)
10.7 (6.1–46.6)
5.7 (3.8–11.5)
7.5 (4.6–20.4)
4.6 (3.2–8.6)

8.6 (6.0–14.9)
8.6 (6.3–13.3)
7.7 (5.1–15.0)
4.2 (3.2–6.2)
5.5 (3.8–9.5)
3.0 (2.4–4.1)
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Time 1: Women randomized to ingest low-dose ASA or placebo upon awakening. Time 2: Women randomized to ingest lowdose ASA or placebo 8 h after awakening. Time 3: Women randomized to ingest low-dose ASA or placebo at bedtime.
Preterm delivery: Delivery at <37 wks of gestation. IUGR: Intrauterine growth retardation. Gestational age and fetal growth
were determined by monthly ecography evaluations. Serious adverse outcomes: Composite endpoint including
preeclampsia, preterm delivery, IUGR, and stillbirth.

at bedtime for just 1 week (Hermida et al., 1997b). It has
been reported that NSAIDs may increase BP both in
normotensive and hypertensive individuals (Johnson
et al., 1994; Pope et al., 1993). Whether the administration-time-dependent effects of ASA on BP documented in these studies, performed in Spanish subjects,
may be extended to other racial or ethnic populations
awaits prospective investigation.
Most important, this prospective trial documents
highly significant effects of low-dose ASA on relevant
pregnancy outcome variables. Women ingesting lowdose ASA, compared with placebo, evidenced a significantly lower HR of serious adverse outcomes, a composite of preeclampsia, preterm delivery, IUGR, and
stillbirth (.35, 95% CI: .22–.56; p < .001). The HR of individual outcome variables, i.e., preeclampsia, preterm
delivery, IUGR, and gestational hypertension, were also
significantly lower with ASA versus placebo. Moreover,
these beneficial effects of low-dose ASA on pregnancy
outcome were highly dependent on the time of its administration. There were small and nonsignificant differences
in outcomes between placebo and low-dose ASA
ingested upon awakening. These four groups combined,
however, showed a highly significant greater HR of
serious adverse outcomes than women ingesting ASA
either in the evening or at bedtime (.19, 95% CI:
.10–.39; p < .001), as well as those of preeclampsia, gestational hypertension, and IUGR analyzed separately.
Interestingly, ingestion of ASA in the evening or at
bedtime was also characterized by higher gestational
age at birth, due to marked prevention of preterm delivery, and significantly greater newborn weight (Table 3).
Also clinically relevant, there was no increased risk of
hemorrhage, either before or after delivery, with lowdose ASA relative to placebo (HR: .57, 95% CI: .25–1.33;
p = .194).
Recent meta-analyses have consistently concluded
low-dose ASA to be protective against preeclampsia,
mainly in high-risk women, although the number-totreat derived from such analyses seems to be high
(Askie et al., 2007; Bujold et al., 2009, 2010, 2011;
© Informa Healthcare USA, Inc.

Roberge et al., 2012a, 2012b; Ruano et al., 2005; Trivedi,
2011). With respect to the potentially most favorable
dose of ASA, results in the literature show some controversy. Askey et al. (2007) concluded that there is no evidence that using >75 mg/d ASA had more or less effect
than a lower dose. On the contrary, results from a
meta-analysis on the potential benefits of low-dose ASA
for prevention of IUGR, as reported by Leitich et al.
(2007), indicated that the preventive effect was greater
at higher doses (100–150 mg/d ASA) as compared with
inefficient lower doses (50–80 mg/d ASA). The 100 mg/
d ASA dose used in our ASEM trial has been shown to
affect both maternal as well as placental thromboxane
(Walsh & Wang, 1998) and, until proof might be offered
on the contrary, should be the recommended
minimum dose of ASA to be used for prevention of
hypertensive complications in pregnancy.
Duration of intervention with low-dose ASA during
gestation has also been extensively discussed in the literature (Askie et al., 2007; Barth, 1998; Bujold et al.,
2009, 2010, 2011; Hermida et al., 1997a, 1999, 2003c;
Roberge et al., 2012a, 2012b; Ruano et al., 2005; Trivedi,
2011). As mentioned above, most large trials showing
little or no benefit of ASA for prevention of preeclampsia
included women with gestational age at entry up to 26–32
wks of gestation, too late for any reasonable or practical
prophylactic intervention in pregnancy (Ayala &
Hermida, 2012; Ayala et al., 1997a, 1997b; Hermida &
Ayala, 1997, 2001, 2005a; Hermida et al., 2000a, 2001a,
2003b, 2003d, 2004a, 2004c). Roberge et al. (2012) recently reported their findings from a meta-analysis
aimed to determine whether early ASA administration
prevents severe and mild preeclampsia. When compared
with controls, ASA starting at ≤16 wks of gestation was
associated with a significant reduction in severe (relative
risk: .22, 95% CI: .08–.57) but not mild (relative risk: .81,
95% CI: .33–1.96) preeclampsia (Roberge et al., 2012).
Bujold et al. (2010) reviewed randomized controlled
trials on ASA for prevention of preeclampsia and IUGR.
Their meta-analysis concluded that low-dose ASA
starting at ≤16 wks of gestation was associated with a
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significant reduction in preeclampsia, gestational hypertension, preterm delivery, and IUGR, whereas ASA starting after 16 wks of gestation was not (Bujold et al., 2010).
In keeping with the documented findings of the ASEM
trial summarized here, ingestion of low-dose ASA for prevention of hypertensive complications in pregnancy
should start at ≤16 wks of gestation.
No other previous trial on the potential effects of ASA
in pregnancy has ever taken into consideration the most
relevant variable of treatment time with respect to the
rest-activity cycle of the individual subjects. In fact, the
biology of human beings is not constant, as postulated
by the concept of homeostasis, but predictably rhythmic
over the 24 h and other time scales (Duguay & Cermakian, 2009). In particular, BP exhibits 24-h variation,
also in pregnant women (Ayala & Hermida, 2001, 2012;
Ayala et al., 1997a; Benedetto et al., 1996; Hermida &
Ayala, 2005b; Hermida et al., 2000a, 2003b, 2003d,
2004a, 2004b; Miyamoto et al., 1998), as a result of both
cyclic day-night alterations in behavior (e.g., physical
activity, mental stress, and posture) and environmental
phenomena (e.g., ambient temperature, noise, etc.)
plus endogenous circadian (∼24-h) rhythms in neural,
endocrine, endothelial, and hemodynamic variables
(e.g., plasma noradrenaline and adrenaline [autonomic
nervous system] and renin, angiotensin, and aldosterone
[renin-angiotensin-aldosterone system, RAAS]) (Fabbian
et al., 2012; Hermida et al., 2007c; Pinotti et al., 2005;
Portaluppi & Smolensky, 2007; Portaluppi et al., 1996,
2012; Smolensky et al., 2012). The high-amplitude circadian rhythm in the RAAS (Angeli et al., 1992; Bartter et al.,
1979; Cugini et al., 1980, 1988; Gordon et al., 1966; Katz
et al., 1975), showing peak plasma concentrations of
renin activity, angiotensin-converting enzyme, angiotensin I and II, and aldosterone just prior to or immediately
following the usual time of morning awakening, plays a
prominent role in 24-h BP regulation and patterning.
The comparatively lower BP during nighttime sleep
found in most normotensive individuals, including
healthy pregnant women, and some primary hypertensive patients results from withdrawal of sympathetic
dominance, predominance of vagal tone, lowered concentration of RAAS constituents, and peak levels of calcitonin gene–related peptide, atrial natriuretic peptide, and
nitric oxide as vasodilators (Kanabrocki et al., 2001;
Portaluppi et al., 1992; Smolensky et al., 2007; Sothern
et al., 1995; Trasforini et al., 1991; Winters et al., 1988).
As a consequence, a clear circadian rhythmicity is
observed also in the triggering factors of cardiovascular
events that may also be altered by disease (Gallerani
et al., 1997; Manfredini et al., 1996; Portaluppi et al.,
1990, 1994).
Because the main steps in the mechanisms regulating
BP are circadian stage dependent, it is not surprising that
BP-lowering medications may display a circadian time
dependency in their pharmacokinetics and pharmacodynamics (Hermida et al., 2007d, 2012b; Smolensky &
Haus, 2001; Smolensky & Portaluppi, 1999; Smolensky

et al., 2010, 2012; Witte & Lemmer, 2003). Many published prospective trials reviewed elsewhere (Hermida
& Smolensky, 2004; Hermida et al., 2007d, 2011a,
2012b; Smolensky et al., 2010, 2012) have reported clinically meaningful morning-evening, treatment-time
differences in BP-lowering efficacy, duration of action,
safety profile, and/or effects on the circadian BP pattern
of six classes of hypertension medications and their combinations (Hermida et al., 2010b, 2011e). For instance,
the once-daily bedtime, in comparison with upon-awakening, ingestion schedule of angiotensin II receptor
blockers and angiotensin-converting enzyme inhibitors
results in significantly greater therapeutic effect both on
the asleep BP mean and sleep-time relative BP decline
towards more of a dipping pattern, independent of the
terminal half-life of the medications (Hermida & Ayala,
2009; Hermida et al., 2003e, 2007a, 2009a, 2010a,
2011a). Furthermore, it has been recently documented
that the progressive reduction in asleep BP mean, a
novel therapeutic target best achieved with bedtime
hypertension therapy (Hermida et al., 2011a, 2012b;
Portaluppi & Smolensky, 2010; Smolensky et al., 2010),
is the most significant predictor of cardiovascular
event-free survival (Ayala et al., 2012a; Hermida et al.,
2010c, 2011b, 2011c, 2011d, 2012a, 2012d, 2012e, 2012f,
2012g, 2012h).
Despite all these collective information, the potential
mechanism(s) of the time-of-day-dependent differences
(with reference to the rest-activity cycle) in the BP
responsiveness to ASA are as yet unknown. Recent
studies have shown statistically significant circadian
rhythms in thromboxane and prostacyclin production,
circulating platelets, platelet aggregation, clotting and
fibrinolytic inhibitors, angiotensin sensitivity in pregnancy, as well as in the inhibition of platelet aggregation
produced by ASA (Delemarre et al., 1996; Haus et al.,
1990). Another potentially relevant factor to be taken
into consideration is the pharmacokinetic observation
that ASA exhibits a faster rate of clearance when administered in the morning as compared with the evening
(Markiewicz & Semenowicz, 1979). These results complement administration-time-dependent changes that
have been described when the pharmacokinetics of
NSAIDs were investigated in humans (Labrecque & Reinberg, 1989). It has been also reported that effects of ASA
upon α- and β-adrenergic receptors depend on the circadian timing of ASA ingestion (Cornélissen et al., 1991). αAdrenoceptor blockade reduces peripheral resistance
more effectively in the early morning hours than at
other times of the day (Panza et al., 1991). A recent
study exploring the administration-time-dependent
effects of the gastrointestinal therapeutic system formulation of the α-blocker doxazosin (Hermida et al.,
2004d) concluded that the daily ingestion of the medication at bedtime resulted in a statistically significant
doubling of the daily BP mean reduction as compared
with morning dosing. Most important, ASA has been
shown to significantly inhibit angiotensin II, an effect
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that is dependent on the dose and circadian time of ASA
ingestion (Kanzik et al., 1992). Moreover, ASA is known to
acetylate a variety of proteins, including COX-2. COX-2
inhibition has also been shown to decrease renin
content and to lower BP in a model of renovascular
hypertension (Wang et al., 1999). These results may be
relevant inasmuch as ASA ingested at the end of the
activity cycle, but not upon awakening, could thus
target the nocturnal peak of the known circadian
rhythm in plasma renin activity (Bartter et al., 1979),
while enhancing the nocturnal trough in the production
of nitric oxide (Kanabrocki et al., 2001). These hypotheses gain relevancy given the significantly enhanced
effect of ASA in reducing the asleep SBP/DBP means in
hypertensive patients with a non-dipper BP profile, as
previously documented (Hermida et al., 2005b). Patients
with an altered non-dipper BP pattern are characterized
by attenuated nitric oxide release as compared with
dipper patients (Higashi et al., 2002). Finally, Snoep
et al. (2009) found that 100 mg/d ASA when ingested at
bedtime, as compared with upon awakening, significantly diminished not only the 24-h level of plasma
renin activity but also the excretion in 24-h urine
samples of cortisol, dopamine, and norepinephrine.
Thus, the enhanced reduction in plasma renin activity,
beneficial impact on endothelial function, and blocking
of α- and β-adrenergic receptors associated with
bedtime administration of low-dose ASA could explain
its administration-time-dependent effects on BP and
pregnancy outcome here documented.
While considering the potential benefits of the
cost-effective use of low-dose ASA for prevention of complications in pregnancy (Table 4), one must also discuss
potential risks of ASA ingested at different times of the
day. In this trial, compliance did not differ between awakening and bedtime dosing. With respect to tolerability, a
previous endoscopic trial on volunteers who ingested
high-dose ASA (1300 mg) at different times on separate
study days showed that evening, in comparison with
morning, dosing produced 37% fewer gastric hemorrhagic lesions (Moore et al., 1987). Hence, nighttime administration of ASA appears to be better tolerated than
morning administration, and low-dose ASA is more
likely associated with lower risks of bleeding than
higher doses (Moore et al., 1987). As indicated previously, in our trial there was no increased risk of hemorrhage, either before or after delivery, with low-dose ASA
relative to placebo (Table 2).
In conclusion, results from our prospective ASEM trial
document highly significant benefits of low-dose ASA on
BP regulation and pregnancy outcome in high-risk pregnant women. These beneficial effects are markedly
dependent on the circadian time of ASA administration
with respect to the rest-activity cycle of each woman,
being negligible when ASA is ingested upon awakening.
The use of doses of ASA <80 mg/d that do not affect placental thromboxane, commencing therapy with ASA after
16 wks gestation, and, most importantly, lack of proper
© Informa Healthcare USA, Inc.

circadian timing for ASA administration could all
explain the lack of positive results in some previous clinical trials (CLASP, 1994; ECPPA, 1996; Golding, 1998;
Italian Study of Aspirin in Pregnancy, 1993; Rotchell,
1998; Sibai et al., 1993). Our results indicate that (i)
100 mg/d ASA should be the recommended minimum
dose to be used for prevention of complications in pregnancy; (ii) ingestion of low-dose ASA for prevention of
complications in pregnancy should start at ≤16 wks of
gestation; and (iii) low-dose ASA ingested at bedtime,
but not upon awakening, significantly lowers ambulatory
BP and reduces the incidence of preeclampsia,
gestational hypertension, preterm delivery, and IUGR.
For such clinical recommendations to be practical,
however, one must be able to properly identify, among
the general obstetric population, the women at higher
risk for hypertension in pregnancy who might thus
benefit most from daily ASA ingestion. Along these
lines, we have previously documented the so-called tolerance-hyperbaric test, where diagnosis of hypertension
in pregnancy is based on the HBI calculated from 48-h
ABPM with reference to a time-specified tolerance limit
specified as a function of gestational age, has been
shown to provide high sensitivity and specificity for the
early identification, at <14 wks of gestation, of subsequent
hypertension in pregnancy (Ayala & Hermida, 2012;
Hermida et al., 1998, 2004c), and to be a valuable and
reproducible approach for the prediction of pregnancy
outcome (Ayala & Hermida, 2012; Hermida & Ayala,
2002; Hermida et al., 2003b).
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