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Introduction

Though exercise during pregnancy is be-
coming an increasingly common activity,
many pregnant women are not aware of
the benefits for themselves and their fe-
tus. There is growing evidence to support
the safety of exercise during pregnancy,
yet universal guidelines and recommen-
dations from healthcare professionals lag
behind the research (ACOG, 2015; Even-
son, Barakat, & Brown, 2014; Mottola
etal.,2018; Zavorsky & Longo, 2011). For
example, between 2002 and 2015 there
were no updates to the American Col-
lege of Obstetricians and Gynecologists
(ACOG) guidelines (ACOG, 2002, 2015).
Although research supports the efficacy
and safety of exercise during pregnancy
(ACOG, 2015; Bg et al., 2016; Evenson
etal., 2014; Mottola etal., 2018), there are
few randomized controlled trials during
gestation to evaluate fetal and maternal
heart rate response during and follow-
ing exercise. By monitoring fetal heart
rate (FHR) during and after exercise, it
is possible to determine the influence of
maternal physical activity on key markers
of fetal health, such as autonomic nervous
system (ANS) functioning (May, Glaros,
Yeh, Clapp, & Gustafson, 2010).

Based on the Barker theory, mater-
nal behaviors influence intrauterine en-
vironment which thus influence the fetus
after birth and into adulthood. There-
fore, if maternal harmful habits during
pregnancy influence fetal development
to lead to disease in adult life (Barker,
2007), then healthy maternal habits may
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promote health of the fetus into adult-
hood as well (Bahls et al., 2014).

Chronic cardiovascular exercise in
adults leads to adaptations of the ANS
evidenced bylower heartrate (HR) atrest,
exercise and recovery (Barbosa, Valente,
Sobral, & Barbosa, 2015; Ostojic et al.,
2010). Based on Barker’s theory, similar
adaptations should occur to the fetus in
utero in response to chronic maternal
exercise. Research performed in 2010
showed lower HR and increased HR vari-
ability at rest, an indicator of improved
ANS control, in fetuses from pregnant
exercisers compared to fetuses of non-
exercisers (May et al., 2010). These find-
ings are similar to the adaptations of an
exercise-trained adult (Roldan, Perales,
Mateos, & Barakat, 2015) and suggest
an improved functioning of fetal ANS
(May, Allen, & Gustafson, 2016; May
et al., 2010).

Other indicators of this beneficial
adaptations of the fetal ANS as a con-
sequence of maternal physical activity
would further support the Barker theory
and the possibility of a fetal training
effect from chronic maternal exercise
exposure (Roldan etal., 2015). Recovery
time after maternal exercise is a feasible
variable to measure in the fetus and is
known to improve in adults in response
to exercise training (Barbosa et al., 2015;
Heffernan, Fahs, Shinsako, Jae, & Fern-
hall, 2007; Ostojic et al., 2010; Ostojic,
Stojanovic, & Calleja-Gonzalez, 2011).
Although fetal heart rate (FHR) recovery
time will offer novel insights to adapta-
tions of fetal ANS as a consequence of

maternal exercise, this variable has not
been evaluated in fetuses as a primary
aim.

Thus, the objective of this study is to
determineifregular maternal physical ac-
tivity leads to measurable adaptations of
the fetal ANS measured by FHR response
recovery time. We hypothesized the FHR
recovery would be shorter (quicker) in
those exposed to maternal exercise rel-
ative to those not exposed to maternal
exercise.

Methods

The present study is part of a randomized
controlled trial ID: RCT,NCT01723293)
that was conducted between 2010 and
2015. It was a collaborative effort be-
tween the Faculty of Sport Science and
Physical Activity of the Technical Uni-
versity of Madrid (Spain) and three local
hospitals in Madrid. The study was con-
ducted following the principles of the
Declaration of Helsinki.

Study participants

We recruited pregnant women for this
study between September 2011 and Jan-
uary2015. The study was approved by the
Clinical Research Ethics Committee of
the University Hospital of Fuenlabrada,
Severo Ochoa University Hospital and
the University Hospital of Puerta del Hi-
erro. All participants were recruited from
obstetrical consulting at these three lo-
cal hospitals. All women signed written
informed consent for inclusion in the
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Enrollment

Assessed for eligibility

Allocatio

(n=199)

(n=28)

Allocated to EG (n=64)

Lost in EG (n=21):

Placenta previae:1

Risk of preterm delivery: 2
Incompetent cervix: 1

Did not attend minimum of
75% of the exercise
programme: 10

Did not perform FHR
assessment protocol: 7

Analysed (n=43)

study; they also completed the partici-
pants information sheet with the study
characteristics.

Inclusion criteria

All participants had no absolute obstet-
ric contraindications to exercise (ACOG,
2015). Women were 25-40 years old and
all were living within the community of
Madrid. All participants were carrying
asingle fetusand had no history ofalcohol
or drug use. Participants were instructed
not to participate in other physical activ-
ity programs. They were required to give
birth at one of the three participating hos-
pitals and were required to understand
and speak Spanish fluently. Participants
in the exercise group needed to main-
tain an 75% adherence to the exercise
protocol.

Study groups

Participants were randomized into two
groups: an exercise group (EG)andacon-
trol group (CG). EG participants received
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Follow-up

Lost in CG (n=28)
Placenta previae: 1

Total excluded (n=68)
Decided not to
participate (n=40)

Lack of time to participate in
the intervention program

Allocated to CG (n=67)

Intrauterine growth restriction: 1
Exceeded gestational weeks to
perform FHR assessment protocol: 8
Did not perform FHR assessment

protocol: 18

Analysis (n=81)

Analysed (n=38)

an intervention based on a physical ac-
tivity program. CG participants did not
receive the intervention and were not
encouraged to exercise. All participants
had normal obstetric appointments and
received the same standard health care.

All participants filled out a demo-
graphic questionnaire, which has been
used in previous pregnancy studies
(Barakat, Pelaez, Lopez, Montejo, &
Coteron, 2012b; Barakat, Cordero,
Coteron, Luaces, & Montejo, 2012a;
Pelaez et al., 2011). Within this ques-
tionnaire, participants answered ques-
tions regarding their physical activity
habits before pregnancy (within the year
before) and during the first trimester.
The same questionnaire was also com-
pleted by all participants at 36 weeks
of pregnancy. For women in the CG, if
the physical activity levels they reported
on the questionnaire were above 500
MET min (metabolic equivalent min-
utes) and/or 150 min/week of moderate
intensity activity, they were withdrawn
from analysis. Similarly, only EG partic-

Fig. 1 « Flow diagram of
study participants. FHR fe-
tal heart rate, CG control
group, EG exercise group

ipants that complied >75% of attendance
were included in the analysis (@ Fig. 1).

Physical activity program

A physical activity program was designed
following ACOG guidelines (ACOG,
2002) and the Blooming Exercise Pro-
gram (Pelaez, 2011), an exercise pro-
gram developed in Spain specifically for
pregnant women. The EG began the
program at 10-12 weeks gestation until
36-40 weeks gestation, three days per
week. Each session lasted 60 min and
included the following: warm up for
5-7min, aerobic dance for 25-30min,
strength training for 8-10min, pelvic
floor muscle training for 8-10min,
stretching for 3-5min.

The intensity was measured using
heart rate (HR) target zones from 40
to 60% reserve heart rate (Zavorsky &
Longo, 2011) for moderate intensity.
Participants in EG wore a HR monitor
(FT7 Polar Electro Oy, Finland) to ensure
training within their target HR zone.
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Abstract

This study aims to determine if reqular ma-
ternal physical exercise leads to measurable
adaptations of the fetal autonomic nervous
system (fANS) tested by fetal heart rate
recovery time. A randomized controlled trial
enrolled 131 pregnant women into two study

(CG). All participants signed an informed
consent, study was approved by the local
Clinical Research Ethics Committee. Data was
analyzed on 81 participants.

EG participants (n = 43) received a supervised
physical exercise program (PEP) three times a
week from 10-12 to 36-40 weeks gestation.
CG participants (n = 38) did not receive
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groups, Exercise Group (EG) and Control Group
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any supervised PEP. All women were tested
between 34-36 weeks gestation using two
walking tests of three minutes each at 40%
and 60% maternal heart rate reserve. Resting
fetal heart rate (FHR), FHR post-maternal
exercise, and fetal recovery time (FRT) in
minutes/seconds (m/s) were recorded. Resting
FHR was similar between groups 140.88 + 9 EG
vs 141.95 + 7.35 CG (p > .05). Difference in
resting to post-maternal exercise FHR was
statistically significant in fetuses from the

CG (p < .05), however was not statistically
significant in fetuses from the EG (p > .05). FRT
was different between groups after both tests:
40% test: 2m15s =3m19s EG vs 7m6s + 5m28s

Influence of maternal physical exercise on fetal and maternal heart rate responses

CG (p <.007); 60% test: 3m + 4m3s EG vs
9m25s + 7m33s CG (p < .001). There were no
significant differences in maternal variables
(p > .05), except for maternal recovery time
after 40% test (p < .05). Influence of maternal
exercise in FHR response still remains unclear.
Further research is needed to elicit a former
conclusion on the effects of maternal exercise
on fANS. Overall, exercise during pregnancy is
safe and not harmful for the cardiovascular
system of the fetus.

Keywords

Physical activity - Pregnancy - Cardiovascular
health - Autonomic nervous system - Antenatal
training

Herzfrequenz

Zusammenfassung

Die vorliegende Studie hat das Ziel zu
untersuchen, ob regelmaRige sportliche
Aktivitdt von werdenden Miittern messbare
Verdnderungen im fetalen autonomen
Nervensystems (fANS) hervorruft. Dies wurde
anhand der fetalen Herzratenerholungszeit
getestet. In einer randomisiert kontrollierten
Studie wurden 131 schwangere Frauen
entweder einer Sportgruppe (SG) oder
einer Kontrollgruppe (KG) zugeteilt. Alle
Versuchspersonen unterschrieben eine

Forschung genehmigt. Es wurden Daten von
81 Teilnehmerinnen analysiert. Die Teilneh-
merinnen der SG (n=43) erhielten jeweils in
der 10.-12. und 36.-40. Schwangerschafts-
woche drei betreute Sporteinheiten. Die
Teilnehmerinnen der Kontrollgruppe (n=38)
blieben ohne betreutes Sportprogramm.

Einverstandniserklarung und die Studie wurde
durch das lokale Ethikkommission fiir klinische

Alle Frauen wurden wahrend der 34. und

36. Schwangerschaftswoche getestet. Dazu
wurden zwei Geh-Tests & 3 Minuten bei 40 %
und 60 % Herzfrequenzreserve durchgefiihrt.
Es wurde die fetale Ruhe-Herzfrequenz

(FHF), die FHF nach sportlicher Aktivitat der
Mutter und die fetale Erholungszeit (FEZ) in
Minuten/Sekunden (min/sek) gemessen. Die
Gruppen zeigten eine dhnliche Ruhe-FHF:
140,88 +9 (SG) vs 141,95 +7,35 (KG) (p >.05).
Foten in der KG, nicht aber in der SG, zeigten
einen signifikanten Unterschied in ihrer
Herzfrequenz nach sportlicher Aktivitdt der
Mutter, verglichen mit der Ruhe-Herzfrequenz.
Die FEZ der Gruppen unterschied sich in
beiden Geh-Tests: 40 %-Test: 2 min 15 sek

+3 min 19 sek (SG) vs. 7 min 6 sek +£5 min

28 sek (KG) (p>.001); 60 %-Test: 3 min 4 min
3 sek (SG) vs. 9 min 25 sek =7 min 33 sek (KG)
(p <.001). Fuir die Mitter ergaben sich auler

Einfluss der miitterlichen sportlichen Aktivititen auf die Reaktion der fetalen und miitterlichen

in der Erholungszeit nach dem 40 %-Test
(p<.05) in keiner der erhobenen Variablen
signifikante Unterschiede (p >.05). Der Einfluss
der sportlichen Aktivitat von werdenden
Mattern auf die fetale Herzrate bleibt unklar.
Weitere Forschung ist erforderlich, um
Schlussfolgerungen zu den Auswirkungen
der sportlichen Aktivitat von werdenden
Miittern auf das fANS zu ziehen. Insgesamt
betrachtet, ist sportliche Aktivitat wahrend
der Schwangerschaft als sicher und nicht
schadlich fiir das kardiovaskulare System des
Fétus einzustufen.

Schliisselworter

Korperliche Aktivitdt - Schwangerschaft -
Kardiovaskuldre Gesundheit - Autonomes
Nervensystem - Prénatales Training

Fetal heart rate assessment
protocol

All participants performed two walking
tests, the first one at 40% maternal heart
rate reserve (HRR), and the second one
at 60% maternal HRR, between 34 and
36 weeks in one of three participating
hospitals. These intensity targets were se-
lected because they are the recommended
intensity for exercise during pregnancy

(Barakat, Ruiz, Rodriguez-Romo, Mon-
tejo-Rodriguez, & Lucia, 2010; Barakat,
Stirling, Zakynthinaki, & Lucfa, 2008;
Szymanski & Satin, 2012; Zavorsky &
Longo, 2011). This target HR zone is
safe and is not associated with harmful
effects for mother and fetus. Each walk-
ing test began with a three minute warm
up for safety and to ensure target HR,
immediately afterwards the walking test
was performed and lasted three minutes.

Test length is short enough for all partic-
ipants to complete, but long enough to
produce maternal and fetal physiological
responses (Brenner, Wolfe, Monga, &
McGrath, 1999; Rafla & Cook, 1999). At
34-36 weeks of gestation, the fetal heart
and circulatory system have completed
structural changes making heartbeat
recordings easier (Sadler, 2010). This
period also provides 20 weeks of exercise
exposure for the fetus in the exercise
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Table1 Fetal heartrate (FHR) responses

Study group
Variable CG (n=38)
Resting FHR (beats/min) 1419+73
FHR after maternal exercise 147.8+125

40% (beats/min)
FHR recovery time 40% (min/s)

FHR after maternal exercise 148.0+ 15

60% (beats/min)
FHR recovery time 60% (min/s)

| CG control group, EG exercise group

7min6s+5min 28s

9min 255+ 7min 33s

EG (n=43) p value
140.8+9.4 0.147
1399+ 134 0.008
2min 1553 min 195 0.000
143.7+10.4 0.134
3min0s+4min3s 0.000

Table2 Comparison of fetal heart rate (FHR) at rest and FHR post-exercise within groups

CG (n=38) FHR at rest (beats/min)  FHR post-exercise p value
(beats/min)
Walking testat40%  141.9+7.3 147.8+12.5 0.003
Walking testat60%  141.9+7.3 148.0£15 0.015
EG (n=41) FHR at rest (beats/min) FHR post-exercise (beats/min) p value
Walking testat40% 140.8+9.4 139.93+13.48 0.581
Walking testat 60%  140.8+9.4 143.7+104 0.681
| CG control group, EG exercise group
Table 3 Maternal heart rate (HR) during fetal HR assessment protocol
Study group
Variable CG(n=38) EG (n=43) p value
Maternal HR at rest 88.2+12.2 874+113 0.646
(beats/min)
Maternal HR at 40% 127.9+76 127.2+73 0.596
(beats/min)
Maternal HR recovery at40% 8min31s+4min37s 6min49s+4min 14s 0.034
(min/s)
Maternal HR at 60% 147.8+5.5 147.1£55 0.481
(beats/min)
Maternal HR recovery at60% 14min3s+5min32s 11min49s+5min16s 0.058

(min/s)

CG control group, EG exercise group

group and thus long enough to elicit
fetal adaptations (May et al., 2010).

The day of the test women were in-
structed to eat a snack 90min before
the test. During the first 20 min, rest-
ing maternal and FHR were recorded
using a HR monitor (FT7 Polar Electro
Oy, Finland) and a wireless FHR mon-
itor (Wireless Telemetry T800 Hispania
Hospital S.L Spain) respectively (Roldan
et al., 2015). Maternal HR at rest was es-
tablished as the lowest value recorded on
the HR monitor during the 20 min resting
period. Target HR for each test was ob-
tained using the Karvonen Formula (tar-
get heart rate= (HRR x intensity of the

| German Journal of Exercise and Sport Research

exercise) + RHR). Where HRR is heart
rate reserve and RHR is resting heart
rate. HRR was obtained using the fol-
lowing formula (maximal HR - resting
HR). Maximal HR was calculated with
the equation 220- age; and resting HR
was obtained from the resting period at
the beginning of the testing protocol. In-
tensity of the exercise was 40 or 60% of
the HRR; the fraction of the intensity, 0.4
and 0.6 respectively, were included in the
equation for each walking test.

Resting FHR or baseline FHR was
estimated following Royal College of
Obstetricians and Gynaecologists and
the National Institute for Clinical Ex-

cellence (RCOG/NICE) guidelines for
cardiotocography (CTG) interpretation
(Ayres-de-Campos & Bernardes, 2010;
RCOG, 2001).

Once resting maternal HR and base-
line FHR were recorded, each participant
performed a three-minute warm-up fol-
lowed immediately by the three-minute
walking test at 40% HRR intensity. Dur-
ing the three minutes walking test, ma-
ternal HR was continuously recorded and
checked to validate the participant was
within the target HR for the given in-
tensity. A range of +2bpm was allowed.
With the use of wireless sensors, FHR
was continuously monitored during this
time.

Once the first walking test was fin-
ished, FHR was labelled as FHR after
maternal exercise. Maternal and fetal
HR recovery time were recorded as well.
Since it is not recommended to sit im-
mediately after exercise, participants re-
mained standing during the first 5min
of recovery (ACSM, 2014). After 5min,
participants were able to sit in a com-
fortable chair. The maximum time for
recovery was set at 20 min.

Recovery was defined as the return to
resting (baseline) maternal and fetal HR.
Maternal HR recovery time was defined
as the time required to return to the rest-
ing (baseline) HR measured during the
initial 20-minute resting period. FHR
recovery time was defined as the time
elapsed from the end of the walking test
to the time that FHR returned to the base-
line value. Maternal and fetal recovery
time were recorded for 20min. If FHR
did not return to baseline within 20 min
after the 40% test, then we waited un-
til FHR was at baseline levels or £5bpm
of baseline before proceeding to the 60%
test. Once this recovery period was com-
pleted, the second test at 60% HRR in-
tensity was performed. The three-minute
walking test at 60% HRR intensity was
performed following the same procedure
as the first walking test.

Our primary outcome variable was
FHR recovery time. The secondary out-
come variables were FHR at rest, FHR af-
ter exercise, and difference between these
timepoints; as well as, percentage of fe-
tuses recovered by 20 min, maternal HR



ences were found only for fetuses from
CG (B Table 2).

Table4 Correlation between maternal heart rate (MHR) recovery time and fetal heart rate (FHR)

recovery time for both tests

Group The percentage of fetuses that recov-

CG (n=38) EG (n=43) ered within 20 min after maternal exer-

MHR recovery time ~ — FHR recovery time FHR recovery time cise was analyzed for both three-minute
at40% at40% at40% walking tests between groups. Of the
Spearman correlation  0.157 0.006 fetuses in EG, 100% (43/43) recovered

MHR recovery time - FHR recovery time FHR recovery time within 20min after both walking test.
at 60% at 60% at 60% Of the fetuses in CG, 94.7% (36/38) and
Spearman correlation  -0.150 ~0.286 81.6% (31/38) recovered within 20 min

CG control group, EG exercise group

at rest, maternal HR at after exercise, and
maternal HR recovery time.

Statistical analysis

All statistical analyses were performed
using the Statistical program SPSS 20.0
version for PC with o level <0.05 a priori.
Shapiro-Wilk test was performed in all
variables to test normality of the data.
Results from this test showed a non-nor-
mal distribution of the data in the fol-
lowing variables: baseline FHR at rest,
FHR recovery time in both tests, ma-
ternal HR at rest, maternal HR at the
end of both tests and maternal HR re-
covery time. Therefore, non-parametric
Mann-Whitney U test was performed to
analyze differences in variables with non-
normal distributions. Spearman correla-
tions were used to evaluate correlations in
maternal and fetal recovery time. T-tests
for unpaired samples were performed to
analyze mean differences in FHR after
exercise between groups. All data are
presented as mean+ standard deviation
(SD). Due to signal loos of the FHR dur-
ing maternal exercise, we were aunable
to analyze this variable.

Results

In all, 199 pregnant women were re-
cruited for the study. All women met
inclusion criteria to participate in the
study. From the 199 assessed for eligibil-
ity, 68 were excluded (B Fig. 1). Of those
remaining, 131 were randomized into
EG, n=64, and CG, n=67, (B Fig. 1) fol-
lowing a Simple Random Sampling pro-
tocol (Armitage & Berry, 2002).

From the 131 pregnant women ran-
domized, only 81 were included in

data analysis (@Fig.1). All 81 women
had healthy, uncomplicated pregnan-
cies (43 EG, 38 CG). Baseline char-
acteristics (mean+SD) were similar
between groups: age (32.6+4 years in
EG; 32.6£3.5 years in CG), prepreg-
nancy weight (60.9+9.1kg in the EG;
62.9+10kg in the CG), and prepreg-
nancyBMI(22.3+3.2intheEG;23.4 £ 3.4
in CG). All participants delivered healthy
babies (41 male vs 40 female): birth
weight (g) (3139.00+476.86 EG vs
3222.41+416.62 CG; p>0.05); height
(cm) (49.62+2.61 EG vs 49.51+2.41
CG; p>0.05); head circumference (cm)
(34.34+1.29 EG vs 34.60+1.46 CG;
p>0.05); Apgar score 1 min (8.93+1.18
EG vs 9.09+0.77 CG; p>0.05); Apgar
score 5min (9.67+ 1.21 EGvs 9.88 + 0.42
CG; p>0.05). Two offspring from EG
and one from CG had low birth weight
(<2.5kg); two offspring from EG were
macrosomic (>4kg), none from the CG.

FHR responses

All baseline FHR at rest values were
within the normal healthy range for
both groups (110-160bpm; RCOG,
2001). 'There were no differences in
FHR at rest between groups (@ Table 1).
FHR recovery time showed significantly
quicker recovery times in the exercise
group relative to the control group at
both intensities (B Table 1).

FHR after three-minute walking test
was lower in fetuses from EG, but
only significantly lower at 40% intensity
(p<0.05; @ Table 1).
sis was performed to compare resting
FHR and FHR immediately after each
three-minute walking test within each
group. Statistically significant differ-

Further analy-

after the 40% intensity and 60% walking
test, respectively. We did not observe
any episodes of bradycardia or tachycar-
dia within CTG recordings from those
fetuses. However, significantly fewer fe-
tuses from the CG achieved recovery to
resting FHR within 20 min following the
60% intensity test (p <0.05).

Maternal HR during FHR
assessment protocol

There were no between group differences
in maternal HR at rest, or maternal HR
after exercise at 40% and 60% intensities
(B Table 3). Participants in the EG had
significantly quicker maternal HR recov-
ery time after the three-minute walking
test at 40% intensity. Furthermore, there
are trends towards significant differences
in the maternal HR recovery time after
the walking test at 60% intensity.

Spearman correlation analysis was
performed to determine possible rela-
tionships between maternal measures
and fetal HR recovery time. Results
showed no significant correlations in
any of the variables or at any intensity
(p>0.05; @ Table 4).

Discussion

We hypothesized that FHR recovery
would be shorter (quicker) in fetuses
exposed to maternal exercise relative to
those not exposed to maternal exercise.
We found significantly quicker FHR re-
covery times in the exercise group relative
to the control group at both intensities.
Similarly, we found significantly more
exercise exposed fetuses recovered by
20min compared to fetuses of controls.
Interestingly, control fetuses had sig-
nificant increases in FHR response to
exercise, whereas fetuses of exercisers
did not. Participants in the EG had sig-

German Journal of Exercise and Sport Research |
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nificantly quicker maternal HR recovery
time after the three-minute walking test
at 40% intensity. Furthermore, there are
trends towards significant differences in
the maternal HR recovery time after the
walking test at 60% intensity.

FHR variables

These findings are the first to demon-
strate 100% of fetuses exposed to exercise
at recommended levels have a quicker re-
covery to baseline after maternal exercise
compared to fetuses not exposed to ex-
ercise in utero. The significant difference
in fetal recovery time of approximately
5-6 min between groups is similar to pre-
vious study findings (Roldan etal., 2015),
which shows reproducibility of this re-
sult.

Post-exercise recovery time between
5 to 7min in CG foetuses is similar to
previous research (Barakat et al., 2008).
Similar to our EG, Rafla and Cook (1999)
reported lower FHR immediately after
maternal exercise in fetuses from active
women relative to fetuses of sedentary
women. However, Rafla and Cook did
not measure recovery time of FHR.

A decreased HR recovery time after
exerciseisanindicator of ANS adaptation
in adults exposed to chronic aerobic exer-
cise training (Barak et al., 2011; Barbosa
et al., 2015; Carter, Banister, & Blaber,
2003; Danieli et al.,, 2014; Wilmore &
Costill, 2007). Therefore, a faster recov-
ery time in fetuses from EG supports the
idea of fetal ANS adaptation to chronic
maternal exercise exposure. This finding
is aligned with previous findings from
May et al. (2010) which also found mea-
sures indicative of a more mature ANS
function in fetuses from women who ex-
ercised during pregnancy. The finding
thatall EG fetuses recovered more quickly
than CG fetuses after maternal exercise
supports the positive influence of mater-
nal exercise on fetal cardiac ANS devel-
opment and thus the Barker hypothesis
related to health outcomes and not just
disease outcomes of offspring (Barker,
2007). This faster recovery could have
occurred in EG fetuses due to a signif-
icantly lower FHR after maternal exer-
cise in comparison with CG fetuses, as
it can be seen after the 40% walking test.

| German Journal of Exercise and Sport Research

Although, after 60% walking test the be-
tween group difference in FHR after ma-
ternal effort is not statistically significant,
showing a similar fetal cardiovascular re-
sponse to the 60% walking test. More-
over, as it has been discussed above, FHR
recovery after this test was significantly
faster in fetuses exposed to chronic exer-
cise. This fact also supports the positive
influence of maternal exercise on fetal
cardiac response.

Resting baseline FHR was lower in the
EG compared to CG group, although this
was not significant, most likely due to not
controlling for fetal activity state (May
et al., 2010; Schneider et al., 2009). Fetal
state can influence baseline FHR, either
increasing baseline FHR in active states
or decreasing baseline FHR in the quiet
states (Schneider et al., 2009). Therefore,
analysing baseline FHR without control-
ling fetal state could have confounded
this result.

There were significant differences
between resting to post-maternal ex-
ercise FHR in fetuses of controls and
not in fetuses of exercisers (@ Table 2).
Lower HR after submaximal exercise is
one of the main cardiovascular adap-
tations to aerobic exercise in young
adults (Calderén, 2001; Carter et al.,
2003; Cornelissen, Verheyden, Aubert,
& Fagard, 2010; Wilmore & Costill,
2007). Although it is not completely
understood, this adaptation is generally
attributed to a reduction in the sym-
pathetic activation during submaximal
exercise (Carter et al., 2003). Therefore,
a potential explanation for our finding
is that it may demonstrate a fetal heart
adaptation to chronic maternal exercise
exposure similar to the one occurring in
young adults. The fact that FHR in EG fe-
tuses did not increase significantly from
resting to post-exercise period could be
due to the FHR responding closely to
baseline levels and not being affected by
a maternal effort as a consequence of
the chronic exposure to exercise. Never-
theless, this FHR response could be also
due to a flat or reduce response to the
FHR. One research has been found with
a similar exercise intervention to the one
presented in our study (Brenner et al.,
1999), which ease results comparison.
Authors in this research found that FHR

at rest and post maternal effort was not
different in fetuses of women who exer-
cise. Furthermore, this research shows
an increase in FHR during maternal
exercise, voiding the possibility of a flat
response of FHR in these fetuses. To
confirm an approximate response of
FHR in our study to the FHR response
found by Brenner et al. (1999) FHR dur-
ing maternal exercise should have been
evaluated. Nevertheless, we have been
unable to provide that analysis due to
recurrent signal loss in FHR recordings
during both walking tests. Hence, the
mechanisms through which fetuses in
the EG had a lower FHR after maternal
exercise still remains unclear.

A recent meta-analysis (Skow et al,,
2018) studying FHR responses to mater-
nal exercise concludes there is insufficient
research to support a relevant response
of FHR associated with chronic exer-
cise. However, the studies included in
the meta-analysis have different methods
of exercise training (i.e. frequency, in-
tensity, duration, type of exercise), which
make a strong conclusion regarding FHR
response to chronic maternal exercise dif-
ficult.

Maternal variables

The maternal HR changes in the current
study are similar to the results reported by
others, showing a slightly lower, but not
significant, resting HR in the EG (Perales
et al., 2016; May et al., 2016) with im-
proved HR variability (May et al., 2016).
However, it seems that HR adaptations
due to aerobic exercise are more difficult
to detect during pregnancy most likely
due to the naturally increasing resting
HR, a sign of altered maternal ANS, as
gestation progresses.

In relation to maternal HR recovery
time, this result reached significance in
the walking test at 40% showing a faster
recovery in participants in the EG and,
hence, an adaptation to aerobic exercise.
This is the first study to demonstrate
maternal HR recovery time in women
who participated in an exercise program
throughout gestation. However, studies
evaluating cardiorespiratory physical fit-
ness (CRF) reported higher CRF valuesin
active pregnant women compared con-



trols (Halse, Wallman, Dimmock, Newn-
ham, & Guelfi, 2015; Ramirez-Vélezetal.,
2011). The current study also a found
similar trend towards improved HR re-
covery in the EG compared to the CG.
These findings also serve to confirm an
exercise adaptation on maternal physiol-

Ogy
Limitations

One study limitation was the recurrent
FHR signal loss during maternal ex-
ercise, which made the FHR response
during maternal exercise data unus-
able. Another limitation of the CTG is
the difficulty evaluating FHR variability
through the paper traces obtained from
the recordings.

Despite of the limitations, novelty of
this equipment comes from the possibil-
ity of testing FHR in a wireless environ-
ment. Using a wireless CTG equipment
allows testing FHR responses in a realis-
tic situation, as walking is, vs a laboratory
situation. Hence, results obtained from
this test could have been easily trans-
ferred to a situation more approximate
to a daily activity. Although as ithasbeen
already mentioned, recurrent signal loss
occurred during the walking section of
the protocol.

Although we did not control for phys-
ical activities outside of the study pro-
tocol, the positive exercise response of
women in the intervention group support
their compliance with the study protocol.
Though our study had positive findings,
all participants were in the healthy range
for body mass index (BMI); this makes
the results difficult to generalize to the
average pregnant population. Further re-
search is needed to determine if similar
results are seen in overweight and obese
pregnant women.

Summary

These results support that supervised
moderate intensity exercise during preg-
nancy at levels recommended by ACOG
are associated with quicker FHR recov-
ery time, which can be related to an
improved fetal ANS function. Further
research needs to be done to determine

if these findings are also observed after
birth.
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