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ORIGINAL ARTICLE

Fetal and maternal Doppler adaptation to maternal exercise during
pregnancy: a randomized controlled trial

Irene Fern�andez-Buhigasa,b , Aranzazu Martin Ariasa,b, Marina Vargas-Terronesc, Maia Brika,b� ,
Valeria Rolled, Rub�en Barakatc , Mar�ıa D. Mu~noz-Gonzaleza,b, Ignacio Refoyoc, Maria M. Gila,b and
Bel�en Santacruza,b

aObstetrics and Gynecology Department, Hospital Universitario de Torrej�on, Madrid, Spain; bSchool of Medicine, Universidad
Francisco de Vitoria, Madrid, Spain; cAFIPE Research Group, Faculty of Sciences for Physical Activity and Sport, INEF, Universidad
Polit�ecnica de Madrid (UPM), Madrid, Spain; dBiostatistics and Epidemiology Platform at Fundaci�on para la Investigaci�on e
Innovaci�on Biosanitaria del Principado de Asturias, Oviedo, Spain

ABSTRACT
Background: Regular and supervised exercise during pregnancy is worldwide recommended
due to its proven benefits, but, during exercise, maternal blood flow is redirected from the vis-
cera to the muscles and how fetal wellbeing may be affected by this redistribution is still not
well known.
Objective: To analyze the longitudinal effect of a supervised moderate physical exercise pro-
gram during pregnancy on uteroplacental and fetal Doppler parameters.
Methods: This is a planned secondary analysis of an randomized controlled trial (RCT), per-
formed at Hospital Universitario de Torrej�on, Madrid, Spain, including 124 women randomized
from 12þ0 to 15þ6 weeks of gestation to exercise vs. control group. Fetal umbilical artery (UA),
middle cerebral artery, and uterine artery pulsatility index (PI), were longitudinally collected by
Doppler ultrasound assessment throughout gestation, and derived cerebroplacental ratio (nor-
malized by z-score), and maternal mean PI in the uterine arteries (normalized by multiplies of
the median). Obstetric appointments were scheduled at 12 (baseline, 12þ0 to 13þ5), 20 (19þ0 to
24þ2), 28 (26þ3 to 31þ3) and 35 weeks (32þ6 to 38þ6) of gestation. Generalized estimating equa-
tions were adjusted to assess longitudinal changes in the Doppler measurements according to
the randomization group.
Results: No significant differences in the fetal or maternal Doppler measurements were found
at any of the different checkup time points studied. The only variable that consistently affected
the Doppler standardized values was gestational age at the time of assessment. The evolution
of the UA PI z-score during the pregnancy was different in the two study groups, with a higher
z-score in the exercise group at 20 weeks and a subsequent decrease until delivery while in the
control group it remained stable at around zero.
Conclusions: A regular supervised moderate exercise program during pregnancy does not deteri-
orate fetal or maternal ultrasound Doppler parameters along the pregnancy, suggesting that the
fetal well-being is not compromised by the exercise intervention. Fetal UA PI z-score decreases
during pregnancy to lower levels in the exercise group compared with the control group.
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Introduction

Regular and supervised exercise during pregnancy is
worldwide recommended due to its proven benefits
[1]. Certain pregnancy complications such as pree-
clampsia, gestational diabetes, or increased maternal
weight gain could be potentially prevented or
improved by the practice of exercise [2–8]. However,
during exercise, blood flow is redirected from the

viscera to the muscles [9,10] and how fetal wellbeing

may be affected by this redistribution is still not well

known.
Two findings have been shown when practicing of

physical exercise during pregnancy: a transitory fetal

bradycardia, followed by a mild compensatory tachy-

cardia, especially at higher exercise intensities [11–14],

and an increase in the baseline fetal heart rate [15,16].
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Both fetal cardiac findings return to normal when the
exercise is over, suggesting a fetal adaptation to a
lower utero-placental perfusion [11]. Additionally, few
studies have reported a higher variability in the fetal
heart rate trace, that could also reflect a fetal cardiac
adaptation to chronic physical activity during preg-
nancy [17–19].

On the other hand, fetuses exposed to a chronic
placental under-perfusion, usually associate some
changes in uteroplacental and fetal Doppler parame-
ters that can worsen perinatal outcome and children
neurologic development later in life [20–23]. Fetal
blood obtained by cordocentesis from small for gesta-
tional age fetuses demonstrated that a high pulsatility
index (PI) in the umbilical artery (UA) and decreased PI
in the fetal middle cerebral artery (MCI) are associated
with fetal hypoxemia and acidemia [24–27]. It was also
shown that the cerebro-placental ratio (CPR), com-
bined or not with the PI in the uterine arteries, was
associated with adverse perinatal outcome not only in
small for gestational age but also in normally grown
fetuses [28–31]. Therefore, assessing fetal and maternal
Doppler measurements in pregnancies where exercise
is routinely performed may help to evaluate fetal well-
being in such cases.

A recent systematic review evaluating the impact of
regular maternal physical activity on fetal and neo-
natal wellbeing in uncomplicated pregnancies,
included studies assessing fetal Doppler in pregnan-
cies where exercise was routinely carried out con-
cluded that, although apparently safe, scientific
evidence was heterogeneous and insufficient [32].

In a previous randomized controlled trial (RCT),
pregnant women were randomly assigned to a super-
vised exercise program during pregnancy or control,
in order to assess maternal weight gain [33]. In this
planned secondary analysis, the hypothesis was that
fetuses exposed to continuous maternal exercise adapt
their cardiovascular system [20,21,34,35]. This adapta-
tion could be translated in a different evolution of
fetal and maternal Doppler parameters during preg-
nancy. Therefore, the main objective was to evaluate
the fetal and maternal Doppler adaptation to maternal
exercise by comparing longitudinal changes in utero-
placental and fetal Doppler measurements performed
throughout the pregnancy in both study groups.

Materials and methods

Trial design and participants

This is a planned secondary analysis of an RCT per-
formed at Hospital Universitario de Torrej�on, Madrid,

Spain, including 124 women randomly assigned into a
supervised moderate exercise program during preg-
nancy or into a control group, who continued with
their routine daily activity (NCT 02756143) [33]. It was
carried out from November 2014 to June 2015. Briefly,
eligibility criteria were uncomplicated pregnancies,
less than 16 weeks’ gestation who were able to com-
plete the exercise program (to attend >70% of the
exercise sessions) if allocated in this group, and who
did not meet any exclusion criteria (non-availability to
attend to the exercise program during pregnancy or
not full filling any of the inclusion criteria) [33,36,37].
For the present analysis, only cases where fetal and
maternal Doppler ultrasound assessments were avail-
able at any hospital visit were included.

Intervention program

The intervention program was designed following the
latest American College of Obstetricians and
Gynecologists (ACOG) guidelines and followed the
structure of previous studies [5,37–39]. Briefly, the pro-
gram consisted of a supervised physical conditioning
program [40] of three-60-min-sessions per week at the
hospital gymnasium from 12þ3 to 15þ6 weeks and
during the entire duration of the pregnancy or until
39þ6 weeks of gestation if delivery had not occurred
before. Each session included 10min of warming up,
25min of cardiovascular exercise, 10min of strength-
ening exercises, 5min of coordination and balance,
5min of pelvic floor exercises, and 5min of stretching
and relaxation. Aerobic activity was prescribed at
moderate intensity, aiming for 55–60% of the age-
predicted maximum heart rate reserve (HR), estimated
by the Karvonen formula. All women wore an HR
monitor (Polar FT7) during the training session to
ensure that exercise intensity was moderate and the
rating on Borg’s Rate of Perceived Exertion Scale at
the end of the session should range from 12 to 14
(somewhat hard) [41]. Sessions were conducted twice
daily, four days per week and, per protocol, women
should join at least three sessions per week.

Weekly volume of physical activity and percentage
of assistance to the program were monitored all
throughout the pregnancy, by a qualified exercise spe-
cialist trained in pre and postnatal exercise.

Control group

Pregnant women allocated to the control group were
advised to continue with their routine activity without
joining any educational exercise program which
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included more than 30min per session at least three
times per week. The weekly volume of physical activity
was monitored by the exercise specialist at a final
interview at 38þ0 to 39þ6 weeks of gestation.

Randomization

Randomization was carried out from 12þ0 to
15þ6 weeks of gestation. Epidat V.3.1 program was
used to perform a simple randomization into two
groups (exercise group and control group) using a
computer-generated list of random numbers (n¼ 200)
in order to create two balanced but not necessarily
equal size groups, as previously described [36].

Follow-up

After randomization, both groups followed the same
antenatal care at the Hospital. Obstetric appointments
were scheduled at 12 (baseline, range 12þ0 to 13þ5),
20 (range 19þ0 to 24þ2), 28 (range 26þ3 to 31þ3), and
35 weeks (range 32þ6 to 38þ6) of gestation.
Demographic data were recorded at the 12þ0 to 13þ5

weeks’ appointment.
The following maternal characteristics were

recorded: maternal age, maternal weight at 12þ0 to
13þ5 weeks, height, body mass index, ethnicity
(Caucasian vs. non-Caucasian), method of conception
(natural or assisted conception), cigarette smoking
during pregnancy (yes or no), parity (parous or multip-
arous, according to previous delivery at �24 weeks’
gestation), gestational age in weeks and days from the
last menstrual period calculated according to the first
trimester ultrasound, and level of physical activity or
exercise performed before pregnancy with the Global
Physical Activity Questionnaire (GPAQ) (no activity,
occasional exercise but not regular, active (twice per
week), very active (3–4 times per week), athlete (daily
exercise)). Birthweight at delivery was recorded and
transformed into centiles [42].

All patients had a final appointment with the exer-
cise specialist at 38þ0 to 39þ6 weeks’ gestation in
other to check their final weight and assess the
weekly volume of physical activity (walking minutes
per week, domestic labor per week, on foot minutes
per week).

Fetal ultrasound assessments were performed using
a Voluson S8 (GE Healthcare, Zipf, Austria) ultrasound
machine with a convex transducer (RAB6-RS) at every
antenatal appointment scheduled. Fetal and maternal
Doppler was performed at 20-, 28-, and 35-weeks
scans.

Umbilical artery pulsatility index (UAPI), middle
cerebral artery pulsatility index (MCAPI), and mean
uterine arteries pulsatility index (UtPI), were recorded.
The CPR was calculated as MCAPI/UAPI. Fetal Doppler
measurements were normalized by z-score, and mater-
nal Doppler uterine artery pulsatility index (UtPI) was
normalized by multiples of the median (MoMs), calcu-
lated at the Fetal Medicine Foundation website
[43,44].

Statistical analysis

For this study, a per-protocol analysis was performed,
and only women attending to more than 70% of the
sessions were included (being 100% assistance when
attending all the sessions and 0% when not attending
any session).

Descriptive analysis was performed by median
(interquartile range, IQR) for continuous variables, and
frequency and percentage for categorical variables.

Generalized estimating equations (GEEs) were
adjusted to assess the influence of exercise in longitu-
dinal changes of each Doppler measurement for both,
the exercise and the control groups while taking into
account correlation between different observations of
the same patient [45]. Models were also adjusted by
walking minutes, on foot time and domestic work per
week, removing these variables when they were not
significant. To test how the exercise affected the evo-
lution of each Doppler parameter, an interaction
between the gestational age and the intervention was
evaluated in the models. Coefficients of the regres-
sions and their 95% CI were reported to quantify the
association between variables. Normality of residuals
hypothesis was verified for all models. A Box-Cox
transformation was necessary to ensure normality of
the residuals for analysis of UtPI. The number of preg-
nancies included in each analysis was reported wher-
ever necessary. Level of significance was set at .05.

R software (version 4.0.2) (R Foundation for
Statistical Computing, Vienna, Austria) [46] was used
for statistical analysis. Geepack package was used to
adjust the GEE models [47] and forecast and car pack-
ages were used for the Cox-Box transformation [48].

Ethical approval

The study was approved by the Local Research Ethics
Committee of the Hospital (CEIC Hospital Universitario
Severo Ochoa) (06/07/2013; Madrid, Spain) and was in
accordance with the ethical guidelines of the
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Declaration of Helsinki (modified in 2008). All women
gave written informed consent.

Results

The trial finished prematurely when 124 women had
been recruited and randomized into two groups; 70
women were randomized to the exercise group and
54 to the control group. After exclusions, 41 women
were included in the exercise group and 51 in the
control group for this study (Figure 1). Baseline char-
acteristics were similar in both groups (Table 1).
Although there was a similar number of women who
smoked before pregnancy in both groups, the pro-
portion of smokers during pregnancy was lower in
the exercise group. However, the reduction rate was
not significantly different (90.0% in the exercise
group compared to 63.6% in the control group, p
value¼ .21).

No significant differences in the fetal or maternal
Doppler measurements were found at any of the dif-
ferent checkup time points (Table 2 and eFigures
S1–S4).

In the GEE models performed to evaluate repeated
measurements, the only variable that consistently
affected the Doppler standardized values was gesta-
tional age at the time of assessment (eTables S1–S4).
The evolution of the UAPI z-score during the preg-
nancy was different in the two study groups (p value
of the interaction¼ .01), with a higher z-score in the
exercise group at 20 weeks and a subsequent

decrease until delivery while in the control group it
remained stable at around zero (Figure 2, e Table S1).

Discussion

Principal findings

Maternal regular supervised moderate exercise during
pregnancy does not deteriorate fetal or maternal
Doppler parameters suggesting that fetal wellbeing is
not compromised. Fetal UAPI z-score decreases during
pregnancy, probably reflecting an improved placental
perfusion and fetal oxygenation.

Strengths of the study

The main strength of our study resides in being an
RCT with several checkups at different timepoints and
with prospectively collected data. Additionally, we fol-
lowed the international recommendations for exercise
during pregnancy when designing the training pro-
gram, which allows comparisons with other studies
and future combination of data.

Limitations of the data

The main limitation of this study relates to the small
sample size which might be the reason for the lack of
differences found between groups when evaluating
the ultrasound assessment performed at each gesta-
tional age independently. Although almost 50% of the
women were excluded in the intervention group, this

Figure 1. Patients’ flow diagram.
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is a per protocol analysis and therefore it is unlikely
that the results are biased for this reason. Moreover,
this small sample size has prevented us to perform
any subgroup analyses which could have been of
interest. We also acknowledge that there is an
increased proportion of nulliparous women as com-
pared to a routine population, which may represent a
selection bias. The most likely explanation for the
lower uptake in parous women is that they find more
difficult to schedule time for exercising. However, we
have not found evidence that exercise affects the
pregnancy differently according to parity [43]. Another
limitation relates to the fact that physical activity in
the control group was evaluated at the end of the
study, so we cannot ensure that these women did not
join any exercise program during pregnancy. However,
Doppler patterns encountered in this group are similar
to those reported in routine populations [43,49,50].
Although the exclusion of patients without Doppler
measurements may represent a selection bias, we do
not believe those cases corresponded to patients of

any specific characteristics, but they were just random
women for whom the researcher forgot to measure
any of the Doppler parameters. Finally, only low-risk
pregnancy women were included, and therefore the
results might not be valid for a higher risk population.

Interpretation

Several studies have evaluated adverse pregnancy out-
come on the basis of cord pH or Apgar scores at birth
[51,52]. However, such outcome measures are highly
influenced by the events occurring during labor and
therefore, unlikely to accurately reflect subtle interven-
tions performed during pregnancy. The only outcome
of interest would be the long-term follow up of these
babies. Until these long-term studies are available,
evaluation of fetal Doppler seems to be the best
approach to assess fetal wellbeing.

In this study, we have shown that first, basal Doppler
parameters were not significantly different between
groups at any gestational age, suggesting that fetal

Table 1. Maternal and pregnancy characteristics of the study population.
Control group (N¼ 51) Exercise group (N¼ 41)

Age (years) 33.0 (30.0, 35.5) 33.0 (31.0, 35.0)
Body mass index (kg/m2) 23.0 (20.2, 25.4) 21.9 (20.7, 24.0)
Ethnicity
Caucasian 48 (94.1%) 40 (97.6%)
Latin-American 3 (5.9%) 1 (2.4%)

Conception method
Natural 48 (94.1%) 40 (97.6%)
Assisted 3 (5.9%) 1 (2.4%)

Previous smoking
No 29 (56.9%) 31 (75.6%)
Yes 22 (43.1%) 10 (24.4%)

Smoking during pregnancy
No 43 (84.3%) 40 (97.6%)�
Yes 8 (15.7%) 1 (2.4%)�

Parity
Nulliparous 38 (74.5%) 31 (75.6%)
Multiparous 13 (25.5%) 10 (24.4%)

Exercise before pregnancy
No activity 10 (19.6%) 4 (9.8%)
Occasional exercise 18 (35.3%) 11 (26.8%)
Active 16 (31.4%) 13 (31.7%)
Athlete 7 (13.7%) 13 (31.7%)

Other physical activity during pregnancy
Walking (minutes/week) 240 (130, 420) 240 (120, 450)
Domestic work (minutes/week) 420 (225, 840) 420 (240, 840)
On foot (minutes/day) 180 (120, 300) 180 (150, 278)

Preeclampsia
No 48 (94.1%) 41 (100%)
Yes 3 (5.88%) 0 (0%)

Hypertension
No 50 (98.0%) 41 (100%)
Yes 1 (1.96%) 0 (0%)

Fetal birth weight (centile) 28.2 (11.2, 55.3) 32.4 (6.45, 47.7)
Intrauterine growth restriction (<3rd centile) 6 (11.8%) 5 (12.2%)
Small for gestational age (3rd to 10th centile) 7 (13.7%) 8 (19.5%)
Large for gestational age (>95th centile) 2 (3.92%) 0 (0%)
Gestational diabetes
No 50 (98.0%) 39 (95.1%)
Yes 1 (1.96%) 2 (4.88%)

Results are presented as median (interquartile range) or as frequency (percentage) as appropriate.�p< .05.
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wellbeing is not compromised by the exercise; and
second, the evolution of the UAPI z-score was different
between groups, toward an increased placental blood
flow from the second to the third trimester in the exer-
cise group as compared to the control group. Since the
fetal Doppler indexes are presumably reflecting placental

perfusion and oxygenation, it is possible that, during
the early stages of exercise, blood is diverted away from
the placenta toward other vascular trees, supplying the
muscles involved in the exercise. With continuing exer-
cise, as it happens with non-pregnant individuals, an
improvement in the maternal cardiovascular system is

Table 2. Doppler parameters in the two study groups at the 20-, 28-, and 35-weeks’ gestation assessments.
Control group (N¼ 51) Exercise group (N¼ 41)

Umbilical artery pulsatility index (z-score)
20 weeks’ assessment –0.149 (–0.612, 0.635) 0.545 (–0.149, 1.14)
Missing data 8 (15.7%) 2 (4.9%)
28 weeks’ assessment –0.00300 (–0.628, 0.565) 0.195 (–0.310, 0.463)
Missing data 4 (7.8%) 2 (4.9%)
35 weeks’ assessment 0.114 (–0.337, 1.12) –0.0755 (–0.558, 0.603)
Missing data 5 (9.8%) 1 (2.4%)

Middle cerebral artery pulsatility index (z-score)
20 weeks’ assessment 0.103 (–0.684, 0.721) 0.301 (–0.196, 0.773)
Missing data 7 (13.7%) 2 (4.9%)
28 weeks’ assessment 2.02 (1.77, 2.36) 2.04 (1.85, 2.23)
Missing data 4 (7.8%) 4 (9.8%)
35 weeks’ assessment 1.84 (1.59, 2.10) 1.83 (1.62, 2.12)
Missing data 6 (11.8%) 2 (4.9%)

Cerebral placental ratio (z-score)
20 weeks’ assessment 0.146 (–0.511, 0.773) –0.153 (–0.490, 0.377)
Missing data 8 (15.7%) 3 (7.3%)
28 weeks’ assessment 0.438 (–0.519, 1.18) 0.386 (–0.378, 0.888)
Missing data 5 (9.8%) 4 (9.8%)
35 weeks’ assessment –0.293 (–0.880, 0.442) 0.123 (–0.961, 0.536)
Missing data 6 (11.8%) 3 (7.3%)

Mean uterine arteries pulsatility index (MoMs)
20 weeks’ assessment 0.771 (0.693, 0.982) 0.837 (0.672, 1.09)
Missing data 9 (17.6%) 1 (2.4%)
28 weeks’ assessment 0.997 (0.915, 1.24) 1.02 (0.835, 1.29)
Missing data 5 (9.8%) 3 (7.3%)
35 weeks’ assessment 0.974 (0.858, 1.16) 0.976 (0.829, 1.25)
Missing data 7 (13.7%) 2 (4.9%)

MoMs: multiples of the median.
Results are presented as median (interquartile range).

Figure 2. Evolution of the fetal umbilical artery pulsatility index (z-score) throughout pregnancy in the control group (empty
circles and discontinued grey regression line) and in the exercise group (black circles and black regression line).
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expected and therefore, there may well be better pla-
cental perfusion and fetal oxygenation, reflected as a
decrease in the UAPI.

Several small RCTs have studied the effect of
chronic exercise [53–56]. However, most of these stud-
ies evaluated fetal heart rate, neonatal Apgar scores
and birth cord gases to assess fetal wellbeing. There
are only three RCTs evaluating the effect of chronic
exercise during pregnancy in uteroplacental and fetal
Doppler parameters [56–58]. The largest one, com-
pared 54 women who started exercising at 13 weeks’
and 60 women who started at 20 weeks’ with 57
women who remained sedentary [56] and they did
not find any differences. The second study [57] com-
pared 26 women who followed a pelvic floor muscle
training from 20 to 36 weeks with 33 women without
any intervention, and no differences were found.
However, in these two studies, the degree of physical
activity was substantially lower than in our study, and
results may not be comparable. The third RCT,
involved 26 women who underwent a similar exercise
program as in the present study, and 26 women who
remained sedentary [58]. In this study, women were
exposed to a cycle-ergometer test at 34 weeks and
fetal and maternal Doppler were assessed before and
after the test. No significant differences between
groups were found in the UAPI, MCAPI, CPR nor UtPI
before the intervention, but UAPI was significantly
lower in the exercise group after the cycle-ergometer
test. These findings might reflect a better feto-placen-
tal adaptation to stressful situations (like acute exer-
cise) in the exercise group, while basal conditions
remain unchanged. In contrast, Szymanski and Satin
[13] found no differences before and after a peak
treadmill test to volitional fatigue according to a
modified Balke protocol, in women who did not rou-
tinely perform any exercise nor in women normally
active, but they did find an increase in the UAPI at
high-intensity physical activity. Therefore, they con-
cluded that only high-intensity physical activity may
compromise fetal wellbeing. Other studies evaluating
acute fetal response to exercise have shown that
Doppler modifications due to placental under perfu-
sion are more likely to occur at higher exercise inten-
sities [13,14,59]. In a recent systematic review [32], no
adverse effect of chronic maternal physical activity on
fetal nor maternal Doppler was found, concluding that
maternal exercise during low-risk pregnancy is safe for
fetal and neonatal well-being when practiced accord-
ing to current recommendations. Nevertheless, this
meta-analysis included very heterogeneous studies,
most of them not randomized and of very small

sample size, with different interventions and outcome
measures. Therefore, the authors also recommended
bigger randomized trials, with similar exercise pro-
grams, to better clarify this research question [32].

The general benefits of exercise both in cardiovas-
cular profile and quality of life are well known.
Similarly, exercise during pregnancy has shown to pre-
vent the typical pregnancy associated musculoskeletal
pain [60,61], to provide a better sleep and to lower
the stress and anxiety during pregnancy while
decreasing the risk of depression [37,62–64] and
adverse perinatal outcome [65–67]. The findings of
this study may help encourage expectant mothers to
join a specifically designed program, reassuring them
about the safeness of exercise during pregnancy.
However, more data are needed to further evaluate
this hypothesis.

Conclusions

In low-risk pregnancy women, a regular supervised
moderate exercise program during pregnancy does
not deteriorate fetal or maternal Doppler parameters
along pregnancy, reflecting that the exercise practice
during pregnancy is safe for the fetus since placental
perfusion and fetal oxygenation is conserved.
However, further studies are needed to confirm these
findings.
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