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Abstract

Objective: To estimate the association between physical activity and risk of subclinical and
clinical pregnhancy loss among women with a history of pregnancy loss.

Design: Prospective cohort study as a secondary analysis of the Effects of Aspirin in Gestation
and Reproduction randomized controlled trial of preconception-initiated low-dose aspirin among
women with one or two prior pregnancy losses.

Setting: Four U.S. clinical centers, 2007-2011.

Patient(s): Women with confirmed pregnancy (n = 785) as determined from hCG testing in
longitudinally collected biospecimens.

Main Outcome Measure(s): Subclinical loss of pregnancy detected only by hCG testing and
clinically recognized loss.

Result(s): Among 785 women (mean [SD] age, 28.7 [4.6] years) with an hCG-confirmed
pregnancy, 188 (23.9%) experienced pregnancy loss. In multivariable models adjusted for
confounders, compared with the first tertile of physical activity (median = 7.7 metabolic equivalent
of task hours/week), there was a roughly twofold higher risk of subclinical loss in the second (risk
ratio = 2.06; 95% confidence interval, 1.03-4.14) and third tertiles (risk ratio = 1.92; 95%
confidence interval, 0.94-3.90), with median metabolic equivalent of task hours/week of 27.8 and
95.7, respectively. No relations were observed between physical activity and clinically recognized
loss.
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Conclusion(s): Risk related to physical activity is different for pregnancy failure close to the
time of implantation compared with that for later, clinical pregnancy loss. Higher physical activity
levels were associated with an elevated risk of subclinical loss (i.e., pregnancies detected only by
hCG, n = 55); however, no relationship was observed with clinically recognized loss. Further work
is required to confirm these findings, assess generalizability to women without prior losses, and
evaluate mechanisms.

Ethical approval: Each participating center’s Institutional Review Board approved the study,
and participants provided written informed consent. The trial was registered on ClinicalTrials.gov
(NCT00467363), and a Data Safety and Monitoring Board provided oversight.

Abstract

Estimar la asociacion entre la actividad fisica y el riesgo de pérdida gestacional subclinica y
clinica entre mujeres con historia de pérdida gestacional.

Estudio prospectivo de cohortes como analisis secundario de un estudio aleatorizado de los efectos
de aspirina en la gestacién y la reproduccién, utilizando bajas dosis de aspirina desde la
preconcepcion entre mujeres con una o dos perdidas gestacionales previas.

Cuatro clinicas en Estados Unidos, entre 2007-2011.

Mujeres con embarazo confirmado (n= 785) determinado por pruebas de hCG en muestras
bioldgicas recogidas longitudinalmente.

Perdida gestacional subclinica detectada s6lo por la prueba de hCG y la reconocida clinicamente.

Entre 785 mujeres (media de edad [Deviacion standard], 28,7 [4,6] afios) con una gestacion
confirmada con hCG, 188 (23.9%) que tuvieron pérdida gestacional. En un modelo multivariante
ajustado para factores de confusion comparado con el primer tercil de actividad fisica (media= 7,7
equivalentes metabdlicos de trabajo horas/semana) hubo un riesgo bruto dos veces mayor de
pérdida subclinica en el segundo (relacion de riesgo= 2,06; Intervalo de confianza 95%, 1,03-
4,14) y el tercer tercil (Relacion de riesgo = 1,92 Intervalo de confianza 95%, 0,94-3,9) con una
media metabdlica equivalente de trabajo horas/semana de 27,8 y 95,7 respectivamente. No hubo
relacién entre actividad fisica y pérdidas gestacionales clinicas.

El riesgo asociado a actividad fisica es diferente para fallo gestacional proximo al momento de la
implantacién comparado con el mas tardio de pérdida gestacional clinica. Niveles mayores de
actividad fisica estuvieron asociados con un riesgo elevado de pérdida subclinica (por ejemplo,
embarazos detectados solo por hCG, n=55); sin embargo, no se observo relacién con pérdida
clinicamente reconocida. Se necesitan mas trabajos para confirmar estos hallazgos, evaluando de
forma general mujeres sin pérdidas gestacionales previas, y evaluar sus mecanismos.

El comité de revision institucional de cada centro participante aprob6 el estudio y los participantes
dieron por escrito su consentimiento informado. El ensayo fue registrado en Clinical Trial.gov
(NCT00467363), y el comité de seguridad y monitorizacion de los datos dio su aprobacion
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Pregnancy loss is a common event, affecting up to 30% of conceptions (1). Established risk
factors for pregnancy loss include age and prior pregnancy loss (2). The effect of modifiable
factors, such as physical activity (PA), on pregnancy outcomes may vary across gestation
due to timing of physiologic changes and stage of development of the fetus. Because the
etiology of very early subclinical loss may differ from that of clinical pregnancy losses,
attention to timing is warranted in study design to evaluate risk factors for these outcomes.
Particularly for women with prior pregnancy losses, identification of modifiable behavior
and lifestyle factors related to risk of pregnancy loss is important to improve conception and
live birth probability.

The American College of Obstetricians and Gynecologists recommends an exercise program
leading to an eventual goal of moderate intensity exercise for at least 20-30 minutes per day
on most days of the week for all women in pregnancy, in the absence of obstetric or medical
complications or contraindications. These PA recommendations are based on established
benefits for general health and well-being and some evidence of positive effects on
pregnancy outcomes like gestational diabetes mellitus (3). However, evidence from
epidemiologic research regarding impacts on pregnancy loss is unclear. Small studies
assessing the relationship of leisure-time PA and exercise with risk of clinical pregnancy loss
have observed no association (4), or a slightly reduced risk (5), whereas a significantly
increased risk was observed among women in the Danish National Birth Cohort, particularly
related to high-impact exercise (6). Research of PA and risk of subclinical loss—which
requires prospective collection of detailed information and biospecimens—is particularly
limited. Increased risk of subclinical loss has been linked to physical strain in a small
prospective study (7), but data on PA with regard to subclinical and clinical pregnancy loss
are scarce.

In order to address this gap, we evaluated the relationship between PA and pregnancy losses
in a large preconception prospective cohort with extensive longitudinal biospecimen
collection. Through the use of the Effects of Aspirin in Gestation and Reproduction
(EAGeR) cohort, we leveraged detailed information on timing to assess pregnancy loss by
stage of gestation, separately evaluating risk of subclinical losses detected by biochemical
assay (for hCG) and clinically recognized pregnancy losses.

MATERIALS AND METHODS

Study Setting, Population, and Protocol

For this analysis, we used data from the EAGeR trial, described in detail elsewhere (8).
Briefly, EAGeR was a multisite, randomized controlled trial of daily low-dose aspirin among
women ages 18-40 years with a history of one to two pregnancy losses who were in a
committed relationship and trying to conceive without intervention. A total of 1,228 women
were randomized after recruitment at one of four U.S. university medical centers from 2007
to 2011 (Fig. 1). Each participating center’s Institutional Review Board approved the study,
and participants provided written informed consent.

Women were followed for up to 6 months while trying to conceive. During the first two
cycles of follow-up, participants provided daily first-morning urine collection. During
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subsequent cycles, women used home pregnancy tests and provided biospecimens at clinic
visits once per menstrual cycle.

Pregnancy was determined initially by a clinic and/or home urine pregnancy test.
Participants who became pregnant provided daily first-morning urine collected at home for
the first month of pregnancy and spot urine samples at monthly clinic visits until the
pregnancy ended. Ultrasound was performed for women with positive pregnancy tests at 6—7
weeks’ gestation to confirm ongoing pregnancy. If signs of pregnancy were absent from the
sonogram, the case was considered a periconceptional loss and the participant continued on
the nonpregnancy follow-up schedule. A woman’s study participation ended after
completing six menstrual cycles in the trial without becoming pregnant or after having two
periconception losses or other pregnancy outcome.

At the baseline visit, women completed several questionnaires assessing information on
demographics, health and reproduction, lifestyle, occupation, and the short form version of
the International Physical Activity Questionnaire (IPAQ-SF). Specifically, information was
collected from participants on age, marital status, high school education, race, income,
parity, number of prior documented miscarriages, smoking in the past year, alcohol
consumption in the past year, current partner’s age, and time from last loss to randomization.
Biospecimens, including spot urine samples from self-collection and those taken during
clinic visits, were frozen and stored at —80°C. Body mass index (BMI) and waist-hip (W-H)
ratio were calculated using measurements taken during the baseline anthropometric
assessment.

Assessment of PA

PA was assessed at baseline using the self-administered, last 7-day IPAQ-SF (9). The IPAQ-
SF contains seven questions that measure the frequency and duration of walking, moderate
intensity activity, and vigorous intensity activity that occurred for at least 10 minutes at a
time over the previous week, in addition to time spent in sedentary behavior. Vigorous
intensity PA was defined as “activities that take hard physical effort and make you breathe
much harder than normal.” Moderate intensity PA was defined as “activities that take
moderate physical effort and make you breathe somewhat harder than normal.” Walking
included “[walking] at work and at home, walking to travel from place to place, and any
other walking that you might do solely for recreation, sport, exercise, or leisure.” Responses
to activity questions from the IPAQ-SF were first used to calculate total metabolic equivalent
of task (MET) minutes/week using standard approaches (9).

Responses from the IPAQ-SF were used to determine baseline hours/week of activity
(vigorous, moderate, and walking), and intensity scores were used to determine MET hours/
week. To address implausibly high values (>3 hours/day), such observations were truncated
and all were set to 3 hours/day, permitting a maximum of 21 hours/week in any activity
category, as per IPAQ guidelines (9). The IPAQ-SF was administered only at baseline, and
thus PA at baseline was used for this study as a proxy for PA throughout the preconception
period.
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Outcome Measures

The primary outcome in this analysis was pregnancy loss, subcategorized by timing of loss
as clinical pregnancy loss or subclinical pregnancy loss. Pregnancies were confirmed by
gestational sac on ultrasound, clinical recording of fetal heart tones, or a later-stage
confirmatory sign. Clinically recognized pregnancy loss was defined as a pregnancy loss of a
confirmed pregnancy occurring by 20 weeks’ gestation and included a small number of
ectopic pregnancies that were observed (8, 10).

Subclinical pregnancy losses were identified in two ways: first, a positive urine pregnancy
test at the clinical site (Quidel Quickvue, Quidel Corporation, sensitive to 25 mIU/mL hCG)
followed by the absence of signs of clinical pregnancy, with or without missed menses;
second, using batched augmented urine hCG testing that was performed later in the
laboratory on the last 10 days of each woman’s first and second cycle of study participation
(using daily first-morning urine collected at home) and on spot urine samples collected at all
postcycle visits. Overall pregnancy loss was defined as either clinically recognized loss or
hCG detected loss (10).

Statistical Analysis

Characteristics of participants were compared by tertiles of PA at baseline using analysis of
variance, XZ tests, and Fisher’s test, as applicable. Log-binomial models were used to
estimate risk ratios (RRs) and 95% confidence intervals (Cls) of the association between PA
and incidence of pregnancy loss considering additional factors as covariates. Time to
pregnancy loss or conception in relation to PA was not considered for this analysis but has
been assessed with these data previously (11). The IPAQ-SF assessed baseline hours/week of
activity (vigorous, moderate, and walking); intensity scores and reported duration were used
to determine MET hours/week. PA was operationalized as tertiles of METS to evaluate the
potential for threshold effects. Log-binomial models of PA and pregnancy loss were first
restricted to women who had achieved an hCG-detected pregnancy (10). To address
confounding, potential confounders were identified based on a review of published data and
consideration of proposed relations with both PA (exposure) and pregnancy loss (outcome)
as an initial step. Next, these potential confounders were evaluated for relations with PA and
the pregnancy loss outcomes to inform multivariable model specification. Confounders were
considered variables associated with both PA and pregnancy loss, whereas those associated
only with pregnancy loss were considered nonconfounding risk factors. As a sensitivity
analysis for unmeasured confounding, we estimated e-values to determine how strongly a
variable would need to be related to PA and to loss to explain observed results (12).

In statistical analysis of factors that may influence pregnancy outcomes, biases can arise
when the exposure of interest influences both the likelihood of becoming pregnant and
outcomes of those pregnancies. We used sensitivity analyses to address this potential
selection bias to estimates based on a sample restricted to those who became pregnant. For
these sensitivity analyses, the sample was expanded to include all EAGeR participants, and
inverse probability weighting for pregnancy was also used (10).
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RESULTS

Among the 1,088 women who completed the EAGeR trial, our primary analysis included the
785 women who achieved an hCG+ pregnancy (63.9%; Table 1). The mean + SD age of
participants was 28.7 + 4.6, and BMI was 25.5 + 6.2. EAGeR participants reported past-
week PA levels ranging between 0 and 275.1 MET hours/week. Women were divided into
PA categories based on tertiles of MET hours/week. The ranges of METS in the tertiles were
0-16.6, tertile 1 (T1); 16.6-50.8, tertile 2 (T2); and 51.3-275.1, tertile 3 (T3). There were
statistically significant, but small, differences in alcohol consumption, race, education, and
parity by PA tertile. Characteristics were similar between PA groups with regard to age,
BMI, W-H ratio, and other covariates. Older age was related to increased risk of pregnancy
loss, and a small, borderline significant association was observed with BMI and W-H ratio
(data not shown). However, no variables were observed to represent confounders as factors
related to both PA and pregnancy outcomes. Age and measures of adiposity were included in
multivariable models as nonconfounding risk factors.

A total of 188 pregnancy losses were observed: there were 55 subclinical losses as detected
only from hCG testing and 133 losses of clinically detected pregnancies of which six were
determined to be ectopic. Log-binomial models of PA and pregnancy loss were run
unadjusted as well as adjusted for age and W-H ratio. Compared with the first tertile of PA,
the RR for subclinical loss was 2.06 (95% ClI, 1.03-4.14) for the second and 1.92 (95% ClI,
0.94- 3.90) for the third tertile of PA in models adjusted for age and W-H ratio (Table 2).
These correspond to absolute risks of roughly 4%, 9%, and 8% for T1-T 3, respectively. No
relations were observed between PA and clinically recognized loss or pregnancy loss overall.
Models adjusted for BMI in lieu of W-H ratio did not change the above findings. PA may
influence conception probability and thus present a potential for bias. To address this
possibility of selection bias, log-binomial models of hCG-detected loss, clinically
recognized loss, and pregnancy loss overall were run in the full population. In line with
models run among women with hCG+ pregnancies only, estimates of MET groups and hCG-
detected loss showed an approximately twofold increased risk (T2 RR = 2.05: 95% Cl, 1.01
to 4.14; T3 RR = 1.89: 95% Cl, 0.92 to 3.87) relative to T1 with adjustment for age and W-
H ratio (Supplemental Table 1). Our findings from analyses of risk of clinically recognized
loss, and of pregnancy loss risk overall, were null. Models were run additionally adjusting
for other covariates including parity, but results were essentially unchanged. Additionally,
models using inverse probability of pregnancy weighting were run to address potential
selection bias; however, results of this sensitivity analysis were not meaningfully different
from the primary analysis (data not shown).

DISCUSSION

We observed a roughly twofold greater risk of subclinical pregnancy loss comparing women
who were active to the lowest category of PA. In contrast, we observed no relationship
between PA and loss of clinically recognized pregnancies. Taken together, these results
support the notion that the periconceptional period represents a time of vulnerability for loss
associated with PA. Because of the frequent, longitudinal biospecimen collection in the
EAGeR study, we were able to evaluate relations of PA with subclinical loss as well as loss
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of clinically recognized pregnancies. Subclinical losses identified only through biochemical
assays after the end of follow-up were unrecognized at the time and may have been
perceived instead as conception delays.

Prior studies of PA and pregnancy loss have yielded inconsistent findings, which may be
related to small sample size and study design. In a small prospective study (n = 119), no
significant differences among PA groups were observed for clinical or subclinical pregnancy
loss (4). A case-control study comparing exercise among women with chromosomally
normal losses (n = 173) to that in women with chromosomally abnormal losses (n = 173)
observed reduced risk of clinical pregnancy loss with higher PA based on retrospective
report of exercise (5). In contrast, in a study of 92,671 Danish women, an increased risk of
miscarriage for women who exercised >7 hours per week compared to hon-exercisers
(hazard ratio = 3.7; 95% ClI, 2.9-4.7) was observed, but subclinical losses were not
considered in this study (6). In a prospective preconception study of 430 couples with
longitudinal specimen collection used to determine subclinical and clinical pregnancy losses,
a twofold higher risk was observed for those with high strain scores compared with low
based on self-reported daily physical strain (7). This result is similar to what we observed in
our analysis, but for PA in general rather than strain in particular. In addition to general
strain, PA has been proposed to have potential impacts on pregnancy in the peri-implanation
period through mechanisms including blood flow, elevated body temperature, intra-
abdominal pressure, and endocrine effects (13, 14). In animal studies, embryo resorption has
been observed among both mice (15) and rats (16) that were exercised during gestation;
mechanisms proposed for these effects of PA in pregnancy included increased core
temperature and catecholamine release (17) and negative impacts on uteroplacental
exchange (18). Results of inverse-probability weighted sensitivity analysis suggest that the
observed effects are not due to PA increasing total implantation and thus opportunity for
implantation failure.

The EAGeR study protocol entailed pregnancy tests performed at home and at clinic visits,
assays for free S-hCG performed using first-morning urine samples collected daily over the
last 10 days of each participant’s first and second observed menstrual cycles, and spot urine
samples collected at all clinic visits thereafter. The frequent, longitudinal biospecimen
collection provided a unique opportunity to assess factors associated with subclinical loss.
However, the number of pregnancy losses (n = 188) limited statistical power; the small
number of ectopic pregnancies observed in EAGeR precluded analysis of this outcome and
consideration of a possible role of PA on embryo transport. In addition, although the IPAQ-
SF is widely used and considered to have good reliability and agreement with accelerometer
(19) and other instruments (20), in our study, the IPAQ-SF was measured only at baseline,
which was used to represent activity levels in later pregnancy, whereas a simpler one-
question measure of activity was used for longitudinal assessment of activity. Analysis of
these data suggested that PA was stable over the preconception period (data not shown).
Nevertheless, some misclassification of PA levels based on baseline self-report as in our data
is inevitable (21).

Notably, pregnancy loss is a complex, multifactorial outcome, and it is important to consider
the potential role of confounding for nonrandomized factors, as considered here. Available
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data included many potential confounding factors, and we adjusted for age and adiposity, but
we observed no indication of confounding by variables considered. However, confounding
related to factors not assessed in EAGeR, such as diet, cannot be ruled out. To address this
important consideration, we used sensitivity analyses to evaluate the possible impact of
uncontrolled confounding (12, 22); this approach estimates an e-value—the minimum RR
linking a confounder to PA and risk of loss for results to be completely explained by
confounding. This analysis yielded a value of 3.5, indicating that uncontrolled confounders
would have to have very strong relations with both PA and implantation failure to
completely explain the observed estimate. This e-value exceeds observed relations of dietary
patterns with risk of loss (23) and with PA (24). Nevertheless, future studies should consider
assessment of additional risk factors for implantation failure to address potential
confounding. The unique nature of the study participants—women with a history of one or
two pregnancy losses—may limit the generalizability of results. Because pregnancy loss is a
strong risk factor for loss in subsequent pregnancies, the participants represent a high-risk,
clinically relevant population for whom identification of modifiable behavior risk factors for
loss is of particular importance.

Conclusions

In summary, in this study of women with a history of one or two pregnancy losses, higher
PA was associated with an increased risk of hCG-detected loss but was unrelated to risk of
clinical pregnancy loss. These results suggest that higher levels PA may have adverse effects
on implantation and the earliest stages of pregnancy. Women with a history of pregnancy
loss and/or facing conception difficulties or delays may be advised to consider changes in
PA during this time but follow normal PA guidelines in the case of clinically recognized
pregnancies. Additional research is warranted to evaluate this relation in general populations
and to address unanswered questions regarding possible mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

543 were included in analysis
+ Original stratum (n=250)
+ Expanded stratum (n=293)

CONSORT flow diagram for the Effects of Aspirin in Gestation and Reproduction (EAGeR)

trial.
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