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Abstract

Objectives: The purpose of this study was to determine if prenatal exercise alters the

maternal and fetal heart responses during labor and delivery. We hypothesized that

fetuses of exercising mothers would exhibit a lower baseline heart rate (HR), increased

HR variability (HRV), and no differences in fetal heart accelerations and decelerations.

Design: This study employed a cross‐sectional design.

Methods: The Modifiable Physical Activity Questionnaire was used for group

classification. Exercising women were those participating in 30 minutes of moderate‐

to‐vigorousexercise at least 3×/week throughout theentire pregnancy.Womenachieving

a lower dose of exercise were classified as non‐exercisers. Cardiotocography recordings

during the first hour of labor and delivery assessed fetal baseline HR, HRV, accelerations,

decelerations, and contractions. ANCOVA analyses were performed to assess group dif-

ferences in these outcomes and were adjusted for maternal body mass index.

Results: Thirty‐one women were included in the analyses. No group mean differ-

ences were found for maternal and fetal characteristics, except for maternal age

(EX: mean (SD) 28.5 (±4.6y) vs NON‐EX: 24.1 (±1.2y)). After controlling for body mass

index, no statistical differences in maternal HR response (β = 3.9, SE = 5.0, 95%CI

−6.4‐14.2) or fetal HR response (β = 3.9, SE = 2.5, 95%CI −1.2‐9.11), accelerations

and decelerations (β= −0.03, SE = 0.4, 95%CI −0.9‐0.8; β= −0.10, SE = 0.4, 95%CI

−0.8‐0.9, respectively), or HRV (β = 0.6, SE = 1.7, 95%CI −2.8‐4.0) were observed.

Conclusions: Based on the findings of this study, we found no evidence that

maternal exercise during pregnancy was associated with maternal or fetal HR

response during labor and delivery. These data suggest maternal exercise may not

elicit positive or negative effects on maternal and fetal cardiovascular responses to

the physiological stress of labor and delivery.
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1 | INTRODUCTION

Fetal heart rate (HR) is modulated via the autonomic system and, thus,

serves as an excellent marker of normal fetal development and

maturation during the prenatal and perinatal period.1 Specifically,

the assessments of fetal HR, HR variability (HRV), and HR patterns

(ie, accelerations and decelerations) are indicators of proper fetal

oxygenation, distress, and general well‐being, especially during labor

and delivery.2 Evidence suggests that lower fetal HR and increased

HRV are indicative of optimal fetal heart health.2 Conversely, higher

fetal HR and lower HRV are markers of distress and may result in poor

fetal outcomes.3-5

While fetal HR and HRV are affected by several maternal and

fetal factors (eg, gestational age and body mass index),6 growing

evidence suggests regular maternal exercise may have a profound

influence on fetal heart function and development.7-9 Specifically,

evidence suggests that regular maternal exercise during pregnancy is

associated with lower fetal HR and increased HRV, indicating

decreased fetal distress and less abnormal fetal HR patterns.7-10 Alter-

ations to placental development and function (eg, increased villous

vascular volume, and increased placental growth and function) and

fetal responses (eg, increased HR and lean mass) during exercise are

identified as potentials mechanisms that underlie the relationship

between maternal exercise and fetal heart health.11,12 Similarly, mater-

nal exercise during pregnancy exhibits improvements in maternal heart

function. Studies demonstrated that physically active women have

lower resting HR and increased HRV13 during pregnancy.

Labor and delivery pose significant physical stressors for both the

mother and fetus.14 As such, the positive effects of maternal exercise

on maternal and fetal heart function may alleviate the physical stress

during this time. Decrements in the imposed physical stress may

reduce maternal fatigue during both stages of labor and delivery,

thereby facilitating a faster recovery in the immediate postpartum

period and reducing the risk of caesarean delivery. To our knowledge,

no studies have previously evaluated the association between mater-

nal exercise during pregnancy on maternal and fetal heart response

during labor and delivery. Thus, the primary aim of this study was to

determine if exercise during pregnancy alters maternal and fetal heart

response during labor and delivery.
2 | MATERIALS AND METHODS

This study employed a cross‐sectional study and was designed to

investigate the association between self‐reported maternal exercise

during pregnancy and fetal HR and HRV, maternal HR, and pregnancy

outcomes, during labor and delivery. The East Carolina University

Institutional Review Board approved this study.

All women were recruited from the Labor and Delivery unit at

local hospital in North Carolina. Women between the ages of 18 and

40 years, with a body mass index (BMI) between 18.5 and 34.9 kg/

m2 and more than 37 weeks pregnant, with a singleton pregnancy,

and who delivered a single, viable infant within the past 6 weeks, were

recruited for this study. Women were not eligible for this study if

they were smokers, had a history of alcohol or drug use, or used
medications, in the prenatal and perinatal period, known to affect

maternal and fetal HR and HRV.15-17 Additionally, women needing

induction into labor were excluded from the study. In total, 37 women

were recruited for this study. All women consented to participate in

this study either prior to their delivery or within a few hours in the

immediate postpartum period. Six women were excluded, due to

BMI criteria (n = 3), medications (n = 1), or delivery complications

(n = 2). As a result, 31 women were eligible for this study. To reduce

selection bias, eligible women were randomly selected using a random

numbers table. Informed consent was obtained prior to study

enrollment. Following consent, all women completed an activity

questionnaire, and a medical record release to access labor and

delivery records, which included the HR parameters of interest that

are routinely collected during labor and delivery.

Maternal physical activity and demographic information were col-

lected via the Modified Physical Activity Questionnaire (MPAQ),

which has been shown to be reliable in general populations, including

pregnancy, and validated against doubly labeled water tests,

accelerometry, and measures of energy expenditure.18-21 The MPAQ

was provided to participants in the immediate postpartum period fol-

lowing labor and delivery, typically within a few hours or the following

day. The MPAQ inquiries about patient demographics as well as a

recall of physical activity frequency and intensity 3 months prior to

pregnancy and during each month of pregnancy (9 months), covering

a total of 12 months. For the purpose of this study, only physical activ-

ity (PA) in the prenatal period served as the primary exposure variable.

Because participation in PA at moderate‐to‐vigorous intensity is

demonstrated to elicit important health benefits and is recommended

by the American College of Obstetricians and Gynecologists and

American College of Sports Medicine for non‐pregnant and preg-

nancy populations,22,23 only participation in moderate and vigorous

physical activities was included in the analysis. In order to determine

physical activity intensity, we used the compendium of physical

activity to determine metabolic equivalent (MET) levels for all activi-

ties reported.24,25 Moderate‐to‐vigorous intensity was defined as

aerobic activities with MET values >3.0 METs.26 To determine the

volume of moderate‐to‐vigorous physical activity (MVPA), each activ-

ity (in METs) was multiplied by its frequency (# of days per week) and

duration (in minutes). Thus, the volume of MVPA was expressed as

METs·min−1·week−1.

Following this, women were assigned to two groups (exercise or

non‐exercise). Women were considered “exercisers” if they performed

at least 30 minutes of MVPA, 3 times per week throughout pregnancy,

as recommended by American College of Obstetricians and Gynecolo-

gists and American College of Sports Medicine.7,8,13,22,27,28 Women

that reported not consistently participating in this dose of PA were

considered “non‐exercisers.” Of the 30 participants, 17 were classified

as “exercisers” and 13 as “non‐exercisers.”

Fetal heart parameters (ie, HR, HRV, # of contractions, # of accel-

erations and decelerations) were gathered from a cardiotocogram.

Specifically, a continuous abdominal cardiotocography using the GE

Corometrics 170 series monitor was used to record fetal and maternal

heart rhythms and contractions. The first hour of recorded fetal heart

monitoring (from the time of admission through labor and delivery)

was used for analysis. The first hour was divided into six 10‐minute



TABLE 1 Maternal and infant characteristics between exercising and
non‐exercising women

Maternal: Exercise n = 16
Non‐exercise
n = 15 P Value

Age (years) 28.5 (4.6) 24.1 (1.2) 0.01

BMI (kg·m2) 25.6 (7.1) 27.2 (5.5) 0.54

Gestation (weeks) 39.3 (1.4) 38.7 (2.1) 0.31

Gravidaa 2.0 (1‐10) 2.0 (1‐5) 0.48

Paritya 1.0 (0‐5) 1.0 (0‐3) 0.59

Delivery method (%) 0.60

Vaginal 81.3 66.7 ‐‐‐‐‐

Caesarean section 12.5 26.7 ‐‐‐‐‐

Operative vaginal 6.3 6.7 ‐‐‐‐‐

Infant:

Birth weight (grams) 3376.1 (467.7) 3271.3 (466.6) 0.54

Birth length (cm) 49.3 (0.7) 49.2 (2.2) 0.94

Head circumference
(cm)

33.4 (1.9) 33.4 (0.5) 0.98

Sex

% female 56.3 73.3 0.48

Apgar 1 mina 8.0 (5.0‐9.0) 9.0 (7.0‐9.0) 0.10

Apgar 5 mina 9.0 (6.0‐9.0) 9.0 (9.0‐9.0) 0.22

aMedians and ranges are reported, and Wilcoxon Rank SumTest was used
to determine differences between groups. Gravida refers to the maternal
history of the number of pregnancies, whereas parity refers to the number
of live children.
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intervals, and three of these six intervals were selected using a random

numbers table. Thus, a total of 30 minutes was analyzed for each par-

ticipant. Two Maternal‐Fetal Medicine physicians (EN and JL), who

were blinded to group classification (ie, “exercise” vs “non‐exercise”),

independently read all tracings. Each physician recorded baseline fetal

HR, fetal HRV, number of accelerations, number of decelerations, and

number of contractions for each 10‐minute segment. HRV was deter-

mined by measuring the peak‐to‐trough amplitude (bpm) of fluctua-

tion from baseline HR, excluding accelerations or decelerations

within the 10‐minute interval. HR tracings were excluded if any nar-

cotics, epidural anesthesia, corticosteroids, or magnesium sulfate were

given within the first hour. Other maternal (ie, body weight and height)

and fetal (ie, birthweight, length and head circumference, APGAR

scores) health parameters were gathered from medical records.

Prior to analyses, the appropriate assumptions for each analysis

were assessed and satisfied. Student t‐tests and Wilcoxon rank sum

tests were used to compare maternal and fetal measures between

groups (exercise, non‐exercise) for continuous outcomes. Chi‐squared

tests were performed to analyze the differences in delivery method

and infant sex between groups. Separate ANCOVA analyses were

performed to assess the association between maternal exercise and

maternal HR, number of maternal contractions, fetal baseline HR,

and HR variability. Because maternal BMI is demonstrated in the

literature to impact all the aforementioned outcomes and maternal

participation in exercise prior to and during pregnancy,29,30 maternal

BMI was included as a covariate and expressed as a continuous vari-

able. Despite the significant differences found for maternal age

between the exercise and non‐exercise groups, it was not included

as a covariate in the analyses. The scientific literature does not

indicate dramatic physiological differences between the ages of the

women in this study that might impact maternal exercise or any of

the maternal and fetal outcomes.31
3 | RESULTS

All 31 women had healthy pregnancies and delivered term, healthy

infants (20 females, 11 males). No statistically significant differences

in maternal or fetal demographics were present between the exercise

and non‐exercise group with the exception of maternal age. Women in

the exercise group were, on average, older (mean 28.5, SD 4.6 vs

24.1 ± 1.2 yr.; t (27) = −2.53, p = 0.01) compared with the women in

the non‐exercise group (Table 1).

The common physical activities in which these women partici-

pated throughout pregnancy are displayed in Table 2. Walking was

the most prevalent activity. Depending on the activity, the duration

tended to increase (most for the “exercisers”) from the first to the

second trimester, followed by a decline. Perceived intensity of each

activity appeared to increase; this is likely due to the increased weight

gain documented during pregnancy. Few women participated in more

vigorous activities (eg, running); however, participation in these activ-

ities declined rapidly in participant frequency, intensity, and duration

after the first trimester.

Table 3 depicts the maternal and fetal heart responses during

labor and delivery between the women in the exercise and non‐
exercise groups. No statistically significant differences were found

between the groups.

The adjusted linear regression coefficients for the association

between maternal exercise and maternal and fetal heart responses

during labor and delivery are presented in Table 4. For the maternal

HR response, there was no statistically significant association between

maternal exercise and maternal HR (β = 3.9, SE = 5.0, 95%CI −6.4‐

14.2). Similarly, maternal exercise was not found to be associated with

the number of contractions in the mother during labor and delivery

(β = −0.4, SE = 0.5.95%CI −1.4‐0.6). For the fetal HR responses, there

were no associations found between maternal exercise and baseline

fetal HR (β = 3.9, SE = 2.5, 95%CI −1.2‐9.1) and number of accelera-

tions and decelerations (β = −0.03, SE 0.4, 95%CI −0.9‐0.8; β = 0.1,

SE 0.4, 95%CI −0.8‐0.9), respectively. Similarly, no associations were

found between maternal exercise and fetal HR variability (β = 0.6, SE

1.7, 95%CI −2.8‐4.0).
4 | DISCUSSION

The primary aim of this study was to assess the association between

maternal exercise during pregnancy on maternal and fetal HR

responses during labor and delivery. We hypothesized that during

labor and delivery, there would be lower baseline fetal HR, lower

maternal HR, and increased fetal HRV, with no differences in fetal

heart accelerations and decelerations in the exercise group relative

to the non‐exercise group. Contrary to our hypotheses, the results

of this study suggest there are no associations between maternal exer-

cise and maternal and fetal HR response during labor and delivery. As



TABLE 2 Duration and intensities of common maternal physical activities, by trimester and group

Activities/Intensity (%)

Group Assignment

“Exercisers” “Non‐exercisers”

Trimester Trimester

Walking 1st (n = 15) 2nd (n = 17) 3rd (n = 17) 1st (n = 10) 2nd (n = 8) 3rd (n = 6)

Duration (min/wk) 119.6 123.1 118.9 83.9 72.5 50.6

Intensity (%)

Low 13.3 11.5 9.9 20.0 21.4 47.3

Moderate 66.7 71.1 77.8 80.0 82.7 52.7

High 20.0 17.3 18.0 0.0 0.0 0.0

Yoga 1st (n = 7) 2nd (n = 4) 3rd (n = 2) 1st (n = 1) 2nd (n = 2) 3rd(n = 2)

Duration (min/wk) 74.9 99.0 75.0 52.5 146.3 146.3

Intensity (%)

Low 42.1 19.0 0.0 0.0 50.0 50.0

Moderate 43.0 62.2 50.0 100.0 50.0 50.0

High 14.4 24.4 50.0 0.0 0.0 0.0

Strength training 1st (n = 6) 2nd (n = 8) 3rd (n = 7) 1st (n = 0) 2nd (n = 0) 3rd (n = 0)

Duration (min/wk) 100.0 100.3 71.5 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Intensity (%) ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Low 16.7 12.5 14.4 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Moderate 83.0 87.5 85.5 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

High 0.0 0.0 0.0 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Gardening 1st (n = 6) 2nd (n = 5) 3rd (n = 3) 1st (n = 3) 2nd (n = 2) 3rd (n = 1)

Duration (min/wk) 106.4 41.5 139.2 19.2 4.6 7.5

Intensity (%)

Low 38.9 60.0 30.6 100.00 100.0 100.0

Moderate 61.0 40.0 69.4 0.0 0.0 0.0

High 0.0 0.0 0.0 0.0 0.0 0.0

Swimming 1st (n = 4) 2nd (n = 4) 3rd (n = 2) 1st (n = 0) 2nd (n = 0) 3rd (n = 0)

Duration (min/wk) 102.2 118.1 63.3 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Intensity (%) ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Low 25.0 6.6 44.4 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Moderate 50.0 64.4 55.6 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

High 25.0 28.9 0.0 ‐‐‐‐‐ ‐‐‐‐‐ ‐‐‐‐‐

Average exercise 1st 2nd 3rd 1st 2nd 3rd

METs per weeka 10 519.8 (2430.7) 10 424.5 (1761.9) 8269.4 (5909.1) 2400.9 (858.6) 1667.5 (510.5) 895.3 (353.0)

aMeans and standard deviations are reported.

TABLE 3 Maternal and fetal HR responses to labor and delivery
between exercising and non‐exercising women

Exercise (n = 16) Control (n = 15) P Value

Maternal:

Maternal HR (bpm) 90.3 (13.5) 87.1 (14.5) 0.59

Contractions 2.1 (1.2) 2.4 (1.6) 0.50

Fetal:

Baseline FHR (bpm) 139.9 (6.7) 136.2 (7.2) 0.14

Accelerations 1.4 (1.2) 1.5 (1.0) 0.94

Decelerations 0.5 (1.1) 0.5 (1.2) 0.88

HR variability (bpm) 17.0 (5.2) 16.0 (4.4) 0.58

Note: The units for maternal contractions and fetal accelerations and
decelerations are (number per 10 min). Student t‐tests were performed
to determine between‐group differences.
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such, we conclude that maternal participation in exercise is neither

helpful nor harmful to the response of the maternal and fetal cardio-

vascular systems during parturition.

Although it is known that maternal exercise during pregnancy

blunts the natural increasing HR with advancing gestation13 and that

maternal HR increases during labor,32 the response of maternal HR

in active women during labor and delivery has not been thoroughly

investigated. Our findings suggest that there are no differences in

maternal HR response during the physiological stress of labor, regard-

less of the level of prenatal exercise.

There are a few possible explanations for these findings. One

explanation for the lack of difference in maternal HR response

between groups is due to the stage of labor in which maternal HR

was measured. Research indicates that maternal HR increases during



TABLE 4 Regression coefficients from ANCOVA analysis for the
associations between maternal exercise and maternal and fetal heart
outcomes

Outcomes
Regression
Coefficient (β) Standard Error 95% CI

Maternal

Heart rate (bpm) 3.9 5.0 [−6.4, 14.2]

Contractions −0.4 0.5 [−1.4, 0.6]

Fetal

Baseline HR (bpm) 3.9 2.5 [−1.2, 9.1]

Accelerations −0.03 0.4 [−0.9, 0.8]

Decelerations 0.1 0.4 [−0.8, 0.9]

HRV (bpm) 0.6 1.7 [−2.8, 4.0]

Non‐exercise group served as the referent group. All models controlled for
maternal BMI. Note: The units for maternal contractions and fetal acceler-
ations and decelerations are in number per 10 min.

Abbreviation: HRV, heart rate variability.
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contractions, and more contractions occur in stage 2 relative to stage

1.33,34 Although the exact stage of labor in which women were was

not known in this study, no differences in number of contractions dur-

ing labor and delivery were present between groups, suggesting the

women were in similar stages during HR recordings.

Another explanation for these null findings is that the position of

the women during the recording was not controlled for in the analy-

ses. Research demonstrates that ambulation and upright positions

are associated with shorter labor duration.35 Shorter labor duration

likely reduces the physical intensity exerted by the mother and lowers

her level of overall fatigue during parturition, effectively reducing her

HR response to the physiological stress of labor and delivery. Lastly,

maternal HR response may not adequately represent the cardiovascu-

lar response to the stress of labor and delivery. Exposure to a physio-

logical stress elicits a response from the cardiovascular system to

include HR, stroke volume, and cardiac output.36 It is possible that

maternal cardiac output, stroke volume, and ventricular contractility

increased significantly, with less of change in HR. In addition, the

response of these cardiovascular parameters potentially differs

between the exercise and non‐exercise groups, given the established

cardiovascular adaptations with exercise.37 Cardiac output, stroke vol-

ume, and ventricular contractility, however, were not assessed in this

study. As such, future investigations examining the cardiovascular

response to labor and delivery should include these parameters.

The observation of similar fetal HR response during labor and

delivery between exercise and non‐exercising mothers was unex-

pected. Previous research demonstrated lower fetal HR and increased

HRV at rest when exposed to regular maternal exercise during preg-

nancy.7 The fetal HR response was dose dependent, similar to the

adaptation found in exercise‐trained adults (eg, lower resting HR).7,9

As such, we anticipated a lower fetal HR and increased HRV during

labor and delivery, suggesting a fetal HR training effect consequent

to maternal exercise. However, this hypothesis was not supported. A

potential explanation for the similar fetal HR response between exer-

cise and non‐exercise groups is the time period in which the fetal

heart responses were recorded. To standardize the measurement time

period, fetal HR measurements were recorded during the first hour of
labor and delivery, indicating these women were likely in the early

stages of the labor. Consequently, these women likely experienced a

significantly lower physiological stressor, reflected by a maternal HR

corresponding to light exertion and normal fetal HR (see Table 3).

Therefore, the exposure to a less vigorous physiological stressor in

the first hour of labor and delivery may have precluded our ability to

detect any significant differences in maternal and fetal heart

responses that are attributable to maternal prenatal PA.

In support of this speculation, Sönchen et al (2011) found signifi-

cantly greater maternal HRs during the latter stages of pregnancy,

with HRs reaching 170 bpm for over 50% of the subjects.32 This HR

reflects vigorous exertion that is typical during the active stage of

labor and delivery. Importantly, significant differences in maternal

HRs during this stage of labor were found between active and inactive

women, with the former exhibiting a lower maternal HR. Fetal HR was

not assessed in that study; however, because maternal and fetal HR

patterns are similar during labor and delivery, we speculate that

fetuses of active women would have also exhibited a lower HR due

to the maternal exposure of a less vigorous physiological stressor.

Interestingly, research has shown that the post‐exercise recovery

HR in adults is faster in exercise‐trained adults relative to non‐exercise

controls.38 Although fetal recovery HR was not measured in this

study, future research with the focus of fetal HR and maternal exer-

cise, should consider assessing the difference in neonatal HR recovery

immediately following labor and delivery between fetuses exposed to

maternal exercise during pregnancy. It is possible that fetal HR during

labor and delivery may not differ between exercise and non‐exercising

mothers, as indicated by the findings of this study; however, the fetal

HR among exercising mothers may recover more quickly compared

with fetuses born to non‐exercising mothers. In support of this,

previous studies demonstrated a significantly faster fetal HR recovery

following an acute bout of maternal exercise in fetuses exposed to

chronic exercising mothers.39

This study has strengths and limitations that warrant attention.

Importantly, this is the first study to assess maternal and fetal HR

responses to the physiological stress of labor and delivery between

exercising and non‐exercising mothers. Despite our inability to find

differences between maternal and fetal HR responses, as hypothe-

sized, these findings provide preliminary information about the rela-

tionship between maternal exercise and fetal heart responses during

labor and delivery. Another strength of this study is the rigorous mea-

surements of maternal and fetal HR. These measurement methods

provide objective and accurate assessments of cardiovascular parame-

ters. Some limitations of this study include the sample size, study

design, and measurement of maternal exercise. The small sample size

used in this study likely resulted in insufficient power, precluding our

ability to detect differences between the exercise and non‐exercise

group. Next, our employment of a cross‐sectional study design limited

our ability to assess maternal exercise during pregnancy. This is critical

because evidence indicates that exercise in pregnancy declines consid-

erably, especially in the third trimester. In addition, the use of self‐

reported maternal exercise is a significant limitation. Considering that

maternal exercise is a positive health behavior,22 it is possible that

social desirability affected the responses of the women. Consequently,

misclassification may have been present, leading to inaccurate data;
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we, however, utilized the same questionnaire and cut‐offs that previ-

ously found differences in resting maternal HR during pregnancy in

exercisers vs controls.13,20 Lastly, the stage of labor and the position

(ie, ambulatory, supine), factors known to affect HR, were not taken

into account.14
5 | CONCLUSION

In conclusion, this study suggests that maternal HR response during

labor and delivery does not differ between exercising and non‐exercis-

ing mothers during pregnancy. Further, this study suggests that exer-

cise participation during pregnancy is neither helpful nor harmful in

relation to fetal HR response during parturition and supports the most

recent committee opinion (2015) by The American College of Obstet-

rics and Gynecology.22 Additional studies are needed to further

explore the influence of maternal exercise on maternal and fetal HR.

Specifically, maternal HR recovery after delivery and the utility of a

cardiorespiratory fitness test a few weeks prior to the onset of labor

would be informative. Because cardiorespiratory fitness is a strong

indicator of habitual exercise,40 its evaluation may provide a more

accurate assessment of exercise behavior and, thus, a more precise

estimation of the favorable or unfavorable fetal HR responses during

labor and delivery. Future investigations should also consider

employing longitudinal or randomized controlled exercise interven-

tions, rigorous assessments of maternal exercise and fitness, and larger

samples of pregnant women.
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