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Introduction

Evidence for the programming of fetal cardiovascular health during the
prenatal period has emerged through the past two decades [1-6]. Prenatal
exercise can reduce risk factors for cardiovascular disease in both mother [5,
7-10] and infant [2, 3, 5, 6, 9, 11-14]. Cardiovascular disease risk factors are
present in early childhood (15), and it is therefore of interest to assess cardiac
adaptations in the developing fetus in response to prenatal exercise. Fetal
echocardiography (echo) is the most direct mode of assessing size and
function in the developing heart [16-22]. The current study will focus on
whether prenatal exercise type influences fetal cardiac chamber and vascular
size as well as functional measures, such as cardiac output [23, 24]. Studies
consistently show that aerobic exercise training in adults for >6 weeks leads
to increased [25, 26] resting stroke volume and cardiac output [27, 28], with
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specific increases of end-diastolic diameter and left ventricular stroke
volume [29]. These adaptations provide a greater capacity for oxygen
delivery to exercising skeletal muscle and myocardium [26, 28, 30]. It has
been shown that maternal physical activity [1] and aerobic exercise [2, 3]
alter fetal heart outcomes and could influence healthy cardiovascular
function throughout the lifespan. Resistance exercise training has been
shown to induce similar volumetric responses during acute exercise [44] and
is recommended alongside aerobic exercise for cardiovascular health (45. In
contrast, resistance exercise has not been thought to induce plasma volume
expansion to the same extent, as evidenced by lack of stroke volume changes
with prolonged training [45, 46]. Thus, there is no reason to expect changes
in this outcome within the fetus. However, while there is evidence to the
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suggest that combination exercise benefits left ventricular diastolic volume
and mass [47], relatively few studies prescribe combination exercise [48].

In hypothesizing how prenatal exercise might influence fetal heart
characteristics, we entertained the idea that some exercise type-specific
changes to chamber structure occur in utero. This is supported by evidence
of altered fetal HR and heart rate variability (HRV) [1, 2, 6], and positive
associations [13] and causation [6] relationships seen between prenatal
exercise and heart function in the fetus and child. As a complement to these
observations, it is the aim of this study to determine if any exercise type
influences fetal cardiac adaptations.

This investigation was completed as a study on the effects of prenatal
exercise types on mother and infant health outcomes [5]. Our hypothesis was
that exercise would alter fetal echocardiographic characteristics in a type-
specific manner. We expected that 1) prenatal aerobic exercise would
increase cardiac dimensions and outflow, 2) that concurrent aerobic and
resistance exercise would have a less pronounced effect than aerobic exercise
on cardiac dimensions and outflow, and 3) there would be little effect of
resistance training on cardiac dimensions and outflow.

Materials and Methods
Study Participants

The current report is a secondary analysis of the data from a single blinded,
prospective, randomized control trial (RCT) investigating the influence of
different exercise types throughout pregnancy on fetal and infant outcomes.
The primary focus for this analysis was to determine the influence of distinct
types of prenatal exercise on fetal heart outcomes (i.e., cardiac output, stroke
volume, etc.). All protocols were approved by the East Carolina University
Institutional Review Board. Women enrolled in the study met the following
criteria: clearance from a health care provider to participate in physical
activity; between 18 and 40 years of age; pre-pregnancy body mass index
(BMI; kg=m?) between 18.5-39.9 kg=m; singleton pregnancy; <16 weeks
gestation; no current alcohol, tobacco, or medication use. Criteria for
exclusion included smoking, pre-existing diabetes mellitus, hypertension,
cardiovascular disease, and comorbidities and/or medications known to
affect fetal growth and well-being such as systemic lupus erythematosus.

Ethics Statement

This study used ultrasound echocardiographs collected from participants
enrolled in the ENHANCED (Enhanced Neonatal Health and Neonatal
Cardiac  Effect  Developmentally) Study (IRB#:  12-002524,
ClinicalTrials.gov ldentifier: NCT03517293). Approval for this study was
obtained from the East Carolina University Institutional Review Board and
written informed consent was obtained from each participant upon
enrollment. All experimental procedures were conducted at East Carolina
University.

Pre-Intervention Exercise Testing & Randomization

Following study enrollment, participants completed a submaximal exercise
treadmill test to determine individual aerobic capacity and calculate specific
target HR (THR) ranges for moderate-intensity exercise training. Peak
oxygen consumption (VOzpeak) was estimated via the modified Balke
protocol previously validated for pregnant women [49]. To minimize
exposure and potential risk associated with exercise testing after the start of
the COVID-19 pandemic, women recruited following March 2020 did not
complete the treadmill protocol, and THR zones for aerobic exercise were
determined based on their pre-pregnancy physical activity level and age,
using published guidelines [49]. THR zones for the aerobic exercise
components corresponded to maternal HR at 60 to 80% of maximal oxygen
consumption, reflecting moderate intensity. After completing this test,
participants were randomized via computerized sequencing (GraphPad
software) to aerobic, resistance, combination (aerobic and resistance), or a
stretching/breathing comparison group.
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Exercise Intervention

All participants were supervised by trained exercise instructors in the
university facilities and followed a standard protocol. All sessions started at
16 weeks’ gestation and were performed three times weekly until delivery
[7]. All participants’ sessions began with a 5-minute warm-up, 50 minutes
of their randomized group activity, and ended with a 5-minute cool-down.
Women were supervised to maintain THR corresponding to moderate
intensity (60%-80% maximal oxygen consumption, 40-59% VO2peak, and
12-15 rated perceived exertion) throughout the exercise session regardless of
training mode. HR monitoring (Polar FS2C) ensured appropriate target HR
ranges were maintained; target HR zones validated for pregnant women were
utilized [49].

The aerobic exercise (AE) group completed moderate intensity training on
treadmills, ellipticals, recumbent bicycles, rowing and/or stair-stepping
equipment. To maintain the appropriate HR zone, speed and grade were
adjusted on the treadmill, and resistance and speed levels were adjusted on
the elliptical and recumbent bike. The resistance exercise (RE) group
completed sessions of two to three sets of 15 repetitions of each exercise at
~ 60% of 1 repetition maximum (1-RM) [5]. Lifts were performed in circuit
with minimal rest using seated machines (Cybex) (leg extension, leg curl,
shoulder press, chest press, triceps extension, latissimus dorsi pull down),
dumbbells (biceps curls, lateral shoulder raises, front shoulder raises),
resistance bands/dumbbells, exercise balls, benches, and/or mats. The
combination exercise (AE+RE) group performed half of the aerobic protocol
and half of the resistance protocol exercises in five circuits, with minimal
rest lasting 4.5-5 minutes each. Resistance exercises were performed at 15
repetitions (same exercises and equipment as RE group), while the aerobic
exercises were performed on the same equipment as the AE group. Moderate
intensity was monitored the same way as the aerobic group.

The control group performed stretching, breathing, and flexibility exercises
for the duration of the session. Stretches targeted major muscle groups;
breathing exercises combined stretches and breathing; flexibility exercises
consisted of stretches with controlled breathing. Low intensity was
confirmed during sessions using HR (<40% VO:zpeak). To ensure that the
proper intensity was achieved during sessions, the Borg scale rating of
perceived exertion (RPE 6-20), and the “talk test” were used. HR monitoring
(Polar FS2C) ensured appropriate target HR ranges were maintained; target
HR zones validated for pregnant women were utilized [49]. Supervised
exercise and stretching/breathing sessions took place at one of two
university-affiliated gyms. Participants were included in the data analyses if
their exercise attendance (number of exercise sessions completed/number of
exercise sessions possible) was >80%.

Fetal Measurements

At 34-36 weeks gestation, an obstetric ultrasound scan and fetal
echocardiogram were performed with a Logiq P5 ultrasound system (General
Electric [GE] Healthcare, New York City, NY) between 12:00 and 1:00 PM
at the University-affiliated outpatient clinic by a certified sonographer who
was blinded to group assignment. One sonographer obtained all images for
study participants. These procedures were validated previously and found
reliable in healthy, normal pregnancies producing accurate measurements of
the fetal cardiac chamber dimensions and physiologic measures of cardiac
function.[50-53] Fetal echocardiograms were used to assess fetal
morphometric and anatomic cardiac structures that included estimated fetal
weight (grams), body length (centimeters), pulmonary valve diameter and
aortic valve diameter, respectively. Body length was calculated based on a
standard formula of 6.18 + 0.59 = femur length (millimeters) [54]. The
pulmonary and aortic outflow tract diameters were used to calculate outflow
tract area (0.785 = diameter?). The fetal echocardiogram was used to assess
HR (beats'min?), stroke volume (mL - beat™), cardiac output (L - min'), and
pulmonary and aortic peak velocities (cm-sec?). Cardiac output was
calculated as the product of stroke volume and HR. Stroke volume and
cardiac output were additionally adjusted for body size via body surface area
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(BSA) using the Mosteller formula: V((fetal length - fetal weight)/
60) (55). The BSA was then used to calculate stroke volume index (mL -
(m?)Y) and cardiac index (L - (m?)?), respectively. Fetal activity state was
determined by visual inspection of the HR pattern as described previously
[56].

Statistical Analysis

Based on our preliminary fetal HR data, with at least 80% power, analysis
justified a sample size of 34 participants per group to detect a statistically
significant difference of 6 beats/minute at a two-tailed alpha level of .05.
Participants with complete fetal echocardiogram data were eligible for
analyses. Analysis of covariance (ANCOVA) models were performed for
both intention-to-treat (exercise dose as received) and per-protocol
(participants attending >80% of exercise sessions) analysis. To determine the
effects of prenatal exercise on fetal cardiac function, ANCOVA regression
models were performed while controlling for fetal activity state during the
echocardiogram (active vs quiet), maternal peak aerobic capacity (VO2
peak), and additional covariates via stepwise regression analysis. To assess
the relationship between prior aerobic fitness and fetal heart outcomes,
bivariate Pearson correlation coefficients were used to examine the
association between VOzpeak (relative ml=kg=min-1; absolute L=min) and
all fetal echocardiograph outcomes. All statistical analyses were performed
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using SAS (version 9.4, SAS Institute Inc., Cary, NC) & SPSS software
(version 28.0.1.1, SPSS Inc. IBM Corp., Chicago, IL) software.

Maternal Covariates

Maternal age, parity, gravida, pre-pregnancy weight and height, were
collected from pre-screening eligibility questionnaires. Pre-pregnancy BMI
(healthy BMI 18.0-19,49; Overweight 19.5-29.99, Obese >30) was
calculated using height (m), measured by stadiometer, and weight (kg)
collected from the pre-screening eligibility questionnaire. Maternal pre-
pregnancy BMI was calculated via the following established equation:
[weight (kg)] / [height (m)]2.

Results
Maternal Descriptive Statistics

Responses were obtained for 373 pregnant women interested in the study.
Eighty-seven participants were excluded due to not meeting inclusion
criteria, 44 for not accepting the proposed exercise regimen, 12 for not
obtaining a physician clearance letter, and two who were confirmed to have
a multifetal pregnancy. Our final analysis included 184 participants (control
n=50, aerobic n=61, combination n=40, or resistance n=33). For the
intention-to-treat analysis,

Table 1: Maternal descriptive characteristics per analysis and exercise group.
Intention-to-treat Per-protocel

Variable CON | AE RE AERE p CON AE RE AERE p

| Agey 20=4 |31=4 32=4 30=4 07 | 29=4 32=4 32=3 30=4 02
pP BMI x5 [ 245 ] 2513 A5 x5 24=+13 255 2513 07
Gravida 2014 | 2(1.5) 2(1.5) 1(1.1 23 20149 2(1.5) 2(L.5) 1(1.3) S8
Parity 1003 [ 002 1(0.3) 0(0.3) 08 10,3 1(0.2) 1(0.3) 0(0.2) 34

Activity
Absolute VO; peak? | 1207 | 163204 | 167203 | 179204 | 08 | 158=03 | 171=04 | 170=03 | ;525 | 03
Relative VOy peak? | 3= 23825 | 229=4 | 24325 |08 [21724 | 24725 (23724 [25025+ |01
35 % 76 = 577 = 38 = 771 = 3508 = 703 =

METmin/wk Sl e T el <0001 | 3532133 | 115 iy it <0001
Data are reported as mean £ SD. *Gravida & parity data reported as medizn (minimum, maximum). *Sigmficantly higher than control, p=.03, **p=.001;
pP Pre-pregnancy body mass index expressed in kg*m; VO.peak' measured absolute (L/min); VO-peak® measured relative to body weight (ml=ks
femin '), METmin‘wk exercise dose expressed as metabolic equivalents * minutes per weebks v vears; ke kilograms; m meters; VO3 volume of oxveen
consumed; L Iiters; min minutes; mL milliliters; whk weel; CON control; AE aerobic exercize; BE resistance exercize; AE+FE combination aerobic and
resistance exercise.

participants were similar in age, gravida, race/ethnicity, and pre-pregnancy
BMI between groups (Table 1). We had a diverse population with 21%
participants self-reporting as a black or indigenous people of color (Table 1).
For the per-protocol analysis, of the exercising women, a total of 87 women
met >80% adherence for exercise training throughout the ~24 weeks (aerobic
n=41, combination n=27, resistance n=19).

Fetal Echocardiographic Results

All echocardiographic measures were in the normal acceptable range for all
fetuses. For the intention-to-treat analysis, there were no between-group
differences observed for any fetal cardiac measures (Table 2). For the per-

Auctores Publishing LLC — Volume 6(4)-324 www.auctoresonline.org
ISSN: 2641-0419

protocol analysis, there were no between group differences noted for fetal
echocardiographic outcomes (Table 2). Of all measurements included in the
per-protocol analysis, 105 (80%) fetal echocardiographs were obtained in
the active fetal state (control n=29, aerobic n=33, combination n=26,
resistance n=17). For per-protocol in the active fetal activity state, there were
differences in LV stroke volume in RE, aortic diameter in AE, and trends
(p=.06) of increased pulmonic diameter outflow in RE relative to controls
(Table 3). In our small sample size for per-protocol in the quiet activity state,
we noted trends (p=.08) for differences in pulmonic to aortic diameter ratio
in the RE group compared to controls (Table 3).
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Table 2: Fetal cardiac function and outflow parameters per analysis type and group.

Intention-to-treat Per-protocol

Variable CON AE RE AERE p CON AE RE AERE |p

HR bpm 138 + 13 137+10 | 139+9 | 138+8 | .85 138+13 | 136+8 | 137+10 | 138+8 | .84
Right ventricle CON AE RE AERE p CON AE RE AERE |p

SV cm?® = beat™ 6.2+25 57+16 |55+17 |63+12 | .18 62+25 | 6.0+16 | 54+15 |63+12 | .31
SVIcm3«beat'=kg? | 2.3+1.0 21+06 |21+07 |23+05 | .41 23+10 | 22+06 | 21+06 |23+05 | .57
CO cm?® = mint 880 + 367 798 + 234 774 +£258 | 870174 .24 880+367 | 821+242 | 751+221 878 +164 | .30
Cl cm? = mint = kg 324+145 | 290+88 | 298+100 | 318+66 | .39 324+145 | 294+ 86 | 288+987 | 318+70 | .46
EF % 58 + 20 56 + 16 52+21 |58+15 .50 58+20 |58+17 |51+20 59 + 15 48
PVVpeak cm = sec 82+11 81+10 82+10 |84+13 | .57 82+11 |82+10 |81+9 85+14 | .56
PVViiow cm = sec't 106 + 16 104+12 | 105+14 | 109+17 | 52 106 +16 | 105+12 | 106 £14 | 111+18 | .45
PD mm 106+1.2 |103+09 | 106+1.0 | 10312 | .32 106+1.2 | 103+0.7 | 109+10 | 103+12 | .10
Left ventricle CON AE RE AERE p CON AE RE AERE |p

SV cm? « beat 65+19 61+15 |59+17 |63+13 | .47 65+19 | 6.2+16 | 55+18 |66+13 | .11
SVI cm? = beat? = kgt 24+0.7 23+06 |23+07 |23+06 | .81 24+07 | 22+06 | 21+08 | 24+06 | .43
CO cm? = min? 900+ 268 | 848+205 | 827+255 | 875+190 | .57 900+ 268 | 848+210 | 750+258 | 909+187 | .10
Cl cm?® = mint = kgt 325+102 |309+82 |322+102 | 325+87 | .81 325+102 | 304+79 | 291+105 | 333+87 | .35
EF % 72+25 67 £21 69+23 | 72+20 | .66 72+£25 | 6721 |62+23 |75%21 | .20
AVVpeak cm = sect 103 + 14 107+16 | 105+11 | 103+14 | 57 103+14 | 107+17 | 106 +11 | 104+15 | .71
AV Viiow cm = sec’t 117 £20 119+24 | 115+16 | 113+21 | .67 117420 | 118+25 | 115+15 | 114+21 | .88
AD mm 8.4+09 81+09 |84+09 |80+09 | .14 84+09 | 80+09 [83+10 |81+09 | .25
A:P ratio 0.79+0.1 | 078+0.1 | 080+0.1 | 078+01 | .87 079401 | 0.78+0.1 | 0.77+0.1 | 0.80+0.1 | .84

Data are reported as mean = SD. *Significant values, P<.05. HR heart rate; bpm beats per minute; SV stroke volume; SVI stroke volume index; CO
cardiac output; Cl cardiac index; EF ejection fraction; PVV pulmonary valve velocity; PD pulmonary diameter; AVV aortic valve velocity; AD aortic
diameter; A:P aorta: pulmonary valve diameter; min minutes; cm centimeters; kg kilograms; sec seconds; mm millimeters; CON control; AE aerobic
exercise; RE resistance exercise; AE+RE combination aerobic and resistance exercise.

Table 3: Per-protocol fetal cardiac function and outflow per fetal activity state and intervention group.

Active Quiet

Variable CON AE RE AERE p CONnNn=12 | AE n=6 RE n=2 AEREN=2 | p

HR bpm 141 £ 13 1378 139+9 138+ 8 .36 130+ 10 1307 1259 128+ 4 .87
Right ventricle CON AE RE AERE p CON AE RE AERE p

SV cm?® = beat 6.0£2.0 6.0+£1.7 53+£1.6 6.4+£1.2 .23 6.8 £3.6 56+£14 6.0£1.4 58+0.1 .85
SVI cmd = beat? = kgt 23107 2106 2107 23205 .53 25215 2307 22+0.0 23%0.1 .99
CO cm? = mint 856 + 291 | 843+245 | 751+232 | 883+ 166 | .34 945 + 530 640 + 95 744 +£116 | 7599 .66
Cl cm?3 = mint = kgt 318+ 106 | 298 + 88 288 + 92 318+ 72 .58 340 + 223 255+ 61 281 + 27 305+1 .87
EF % 60 + 21 58 £ 16 51+21 59 + 15 .33 53+ 16 58 £+ 21 58 +13 565 91
PVVpeak cm = sec™? 82+11 81+10 82+9 86 + 14 .58 83+10 82+10 1+7 85+ 15 A7
PV Viiow €M = sect 107 £ 15 105+ 13 108 + 15 112+ 18 .33 103+ 18 107 +£9 96 +2 96 £ 21 77
PD mm 10.7+1.3 | 10.3+£0.7 | 11.0£0.9 | 10.3+1.3 | .06 106+1.0 10.2+£0.6 9.3+0.3 9.3+£0.2 A1
Left ventricle CON AE RE AERE p CON AE RE AERE p

SV cm? = beat? 6.6+1.9 6.2+1.6 52+17* | 65+1.3 .04 6.2+2.1 6.0+1.3 74+15 75203 .65
SVI cm® = beat ! = kgt 25+07 |22+06 |20+£07 |24+06 12 2.1+0.7 24+0.6 29+13 3.0+0.2 .27
CO cmd = mint 920+ 276 | 850+225 | 730+£258 | 907 +£191 | .05 840 + 248 833 +111 922 + 252 956 + 10 .87
CI cm?3 = min = kgt 340 £ 102 | 300 + 80 282 + 97 332 +88 12 284 + 92 333+81 367 + 186 384+9 .45
EF % 75+25 67 £22 61+24 74+£21 A1 62+ 26 66 + 21 73+22 94+1 .38
AVVpeak cm = sect 103+ 14 107 £ 17 105+ 11 105+ 15 12 103 £ 15 104 + 17 108 £ 6 96+ 1 .85
AV Viiow cm = sec’? 120+ 19 119+ 25 116 £ 15 115+21 a7 110+ 22 108 £ 23 109 £ 13 95+11 .82
AD mm 85+09 |79+08 |83+10 |81+09 .04 8.0+0.9 87+1.0 8.8+0.3 78+0.1 .36
A:P ratio 081+£01 | 077+£0.1 | 0.75+£0.1 | 0.79+0.1 | .15 0.76 £0.1 0.85+0.1 0.95+£0.1 0.85+0.1 .08
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Data are reported as mean + SD. *Significantly lower than control, P<.05. HR heart rate; bpm beats per minute; SV stroke volume; SVI stroke volume
index; CO cardiac output; CI cardiac index; EF ejection fraction; PVV pulmonary valve velocity; PD pulmonary diameter; AVV aortic valve velocity;
AD aortic diameter; A:P aorta: pulmonary valve diameter; min minutes; cm centimeters; kg kilograms; sec seconds; mm millimeters; CON control; AE
aerobic exercise; RE resistance exercise; AE+RE combination aerobic and resistance exercise.

Measures of maternal exercise dose were significantly, but weakly correlated  state and maternal fitness level (Table 5). Maternal exercise attendance
with many fetal echocardiographic outcomes, as was maternal fitness level  predicted fetal RV and LV measures (Tables 6 & 7), while attendance and
(Table 4). After controlling for covariates, pre-pregnancy fitness and type-  exercise type both predicted the diameter of aortic and pulmonary outflow
specific prenatal dose were found as significant predictors of fetal heart  tract (Table 8).

outcome (Tables 5-8). Of note, fetal heart rate was predicted by fetal activity

Measure p value Pearson Correlation
Avg Weekly Frequency

RV SV .03 173
Avg Weekly Duration (min)

fHR .02 -.184
Aortic Valve Diameter .02 -.175
Pregnancy METmin/wk

LV CO .03 -175
Aortic Valve Diameter .02 -.185
16 wk rHR

fHR .04 .205
Relative VOzpeak (ml*kg*min-)

fHR .01 -.209
LV CO .01 -.201
LV CI .02 -.196
Aortic Valve Diameter .04 -.161
Absolute VOzpeak (L/min)

fHR <.001 -.327
LV CO .01 -.360
Aortic Valve Diameter .01 -.196
Aortic Valve: Pulmonary Valve .03 -.166
Maternal Age (yrs)

RV SV .04 -.161
RV CO .01 -.226
RV CI .01 -.198
Pulmonary Valve Diameter .04 158
LV CO .04 -.169
Aortic Valve: Pulmonary Valve .03 -.170

fHR fetal heart rate in bpm (beats per minute); rHR maternal resting heart rate bpm; RV right ventricle; LV left ventricle; SV stroke volume; SVI stroke
volume index; CO cardiac output; CI cardiac index.
Table 4: Correlation between maternal exercise dose and fetal heart outcomes.

p value 95% ClI 95% ClI Beta Value Std Error
Lower Bound | Upper Bound

Fetal HR p value <.0001* Adjusted R? = 0.350, F=7.164
Absolute VOzpeak (L/min) | <.0001 -16.624 -7.088 -11.856 2.389
FAS | .04 0.171 7.064 3.62 1.727
36 wk rHR | .08 -0.014 0.281 0.133 0.074
Exercise Attendance | .08 -20.460 3.489 -8.486 6.000
Exercise Volume (METmin/wk) | .56 -0.005 0.001 0.002 0.003

Fetal HR p value <.0001* Adjusted R? = 0.373, F=8.001
Absolute VOzpeak (L/min) | <.0001 -17.520 -7.765 -12.642 2.444
FAS | .02 0.655 7.358 4.001 1.679
36 wk rHR | .17 -1.120 6.319 2.599 1.863
Exercise Attendance | .54 -8.168 4.350 -1.909 3.136
Average Exercise Duration (min) | .08 -9.689 0.614 -4.537 2.581

FAS fetal activity state; rHR maternal resting heart rate.

Table 5: Regression models to predict fetal HR.
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95% CI 95% CI
p-value Lower Bound | Upper Bound | Beta Value | Std Error
Right Ventricle (RV)
RV Stroke volume (mL)! p value = 0.002* Adjusted R? = 0.290
Exercise Attendance | <.0001 0.962 3.374 2.168 0.602
16 wk rHR | .04 -1.889 -0.048 -0.969 0.459
FAS | .057 -1.100 0.016 -0.542 0.278
Pre-Pregnancy BMI | .02 -1.804 -0.136 -0.970 0.416
RV Stroke Index (mL/kg) 2 p value = 0.007* Adjusted R? = 0.260
Exercise Attendance | .048 0.006 1.140 0.573 0.282
FAS | .007 -0.600 -0.100 -0.350 0.124
Absolute VOzpeak (L/min) | .09 -0.842 0.061 -0.390 0.225
RV Cardiac Output (mL) 3 p value = 0.007* Adjusted R? = 0.260
Exercise Attendance | .007 78.515 471.688 275.101 97.825
Pre-Pregnancy BMI | .03 -266.406 -10.318 -138.362 63.717
16 wk rHR | .07 -276.205 12.811 -131.697 71.910
RV Cardiac Index (mL/kg) * p value = 0.04* Adjusted R?=0.169, F = 2.181
Exercise Attendance | .03 7.135 160.019 83.577 38.0188
FAS | .09 -73.044 5.106 -33.969 19.434
RV Ejection Fraction ° p value = 0.003* Adjusted R? = 0.248, F = 3.508
Exercise Attendance | .01 3.550 27.483 15.517 5.966
Absolute VOzpeak (L/min) | .03 -20.944 -0.821 -10.883 5.016
Pre-Pregnancy BMI | .11 -15.870 1.652 -7.109 4.368
Exercise Volume (METmin/wk) | .11 -1.743 15.631 6.944 4.331
FAS fetal activity state; rHR maternal resting heart rate; BMI body mass index.
Models also included: 1) 36 wk rHR, infant sex, maternal relative VO2; 2) 36 wk rHR, 16 wk rHR, Exercise type, Maternal Age,
Prepregnancy BMI, infant sex, weekly exercise duration, pregnancy METS; 3) 36 wk rHR, maternal age, gestational age at birth,
FAS, average weekly exercise duration, relative VOzpeak; 4) pregnancy Metmin/wk, 16 & 36 wk rHR, absolute VO2peak, exercise
type, pre-pregnancy BMI, 5) 16 & 36 wk rHR, maternal age, FAS.

Table 6: Regression models to predict fetal RV outcomes.

p-value 95% ClI 95% ClI Beta Value Std Error
Lower Bound | Upper Bound
Left Ventricle (LV)
LV Stroke Volume (mL)® p value = 0.049* Adjusted R? = 0.152, F = 1.997
Exercise Attendance | .001 0.989 3.701 2.345 0.675
Exercise Intensity (METs) | .01 -1.700 -0.256 -0.979 0.360
FAS | .11 -1.068 0.111 -0.479 0.293
Parity | .09 -0.095 1.328 0.617 .354
LV Stroke Index (mL/kg)’ p value = 0.02* Adjusted R = 0.153, F = 2.466
Exercise Attendance | .01 0.148 1.124 0.636 0.244
Exercise Intensity (METs) | .02 -0.581 -0.047 -0.314 0.134
FAS | .0497 -0.451 -0.000 -0.223 0.113
Parity | .05 -0.003 0.500 0.249 0.126
LV Cardiac Output (mL/min)? p value = 0.01* Adjusted R?=0.215, F = 2.761
Exercise Attendance | .001 122.022 467.478 294.750 85.952
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Absolute VOzpeak (L/min) | .03 -268.574 -12.537 -140.556 63.704
FAS | .06 -163.347 3.848 -79.750 41.600
Parity | .05 -1.070 182.595 90.762 45.697
Gestational Age (wks) | .04 3.594 194.976 99.285 47.617
Exercise Intensity (METSs) | .04 -191.235 -3.483 -97.359 46.714
LV Cardiac Index (mL/min/kg)° p value = 0.01* Adjusted R? = 0.150, F = 3.024
Exercise Attendance | .006 26.427 147.076 86.751 30.187
Absolute VOzpeak (L/min) | .06 -102.021 1.281 -50.370 25.847
FAS | .03 -71.996 -2.955 -37.476 17.275
Parity | .03 4.124 71.956 38.040 16.972
LV Ejection Fraction?® p value = 0.03* Adjusted R = 0.094, F = 2.890
Exercise Attendance | .004 7.707 39.956 23.832 8.083
Parity | .07 -0.530 16.713 8.092 4.322

FAS fetal activity state; rHR maternal resting heart rate; BMI body mass index.

Models also included: 6) 16 & 36 wk rHR, pre-pregnancy BMI, infant sex, weekly exercise duration, absolute VOzpeak; 7) 36 wk rHR,
pre-pregnancy BMI, infant sex, gestational age at birth, weekly exercise duration; 8) 16 & 36 rHR, weekly exercise duration; 9) 36 wk
rHR, gestational age at birth; 10) 36 wk HR, Pregnancy METmin/wk.

Table 7: Regression models to predict fetal LV outcomes.

p-value 95% CI 95% CI Beta Value Std Error
Lower Bound | Upper Bound
Outflow Diameters
Pulmonary Diameter * p value = 0.001* Adjusted R? = 0.224, F = 3.664
Exercise Attendance | .003 -1.719 -0.375 -1.047 0.337
Exercise Type: Aerobic | .04 -.648 -0.012 -0.330 0.159
Exercise Type: Resistance | .001 0.142 1.003 0.573 0.216
Exercise Type: Combination | .15 -0.591 0.090 -0.251 0.170
Exercise Type: Control | .97 -0.375 0.391 0.008 0.192
Gestational Age (wks) | .07 -0.756 0.033 -0.361 0.198
Aortic Diameter'? p value = 0.0492* Adjusted R =0.156, F = 1.958
FAS | .03 -0.816 -0.045 -0.431 0.192
Exercise Type: Aerobic | .26 -.833 0.233 -0.300 0.266
Exercise Type: Resistance | .02 0.137 1.596 0.866 0.363
Exercise Type: Combination | .22 -0.990 0.233 -0.378 0.305
Exercise Type: Control | .78 -1.508 1.132 -0.188 0.657
Absolute VOzpeak (L/min) | .05 -1.353 0.006 -0.673 0.338
Aortic: Pulmonary Valve Diameter’? p value = 0.0492* Adjusted R =0.156, F = 1.958
Exercise Attendance | .01 0.023 0.137 0.080 0.029
FAS | .003 -0.074 -0.017 -0.046 0.015
Infant Sex: Male | .10 -0.032 0.003 -0.015 0.009
Infant Sex: Female | .10 -0.003 0.032 0.015 0.009

FAS fetal activity state; rHR maternal resting heart rate; BMI body mass index.

Models also included: 11) 36 wk rHR, pre-pregnancy BMI, infant sex; 12) attendance, 16 & 36 wk rHR, maternal age, parity, pregnancy
METSs; 13) 36 wk HR, parity.

Table 8. Regression models to predict fetal outflow.
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Discussion

The aim of this study was to determine the influence of prenatal exercise type
on fetal cardiac measures [5]. Our hypothesis was that prenatal aerobic
exercise would increase cardiac dimensions and outflow, with a less
pronounced increase in combination, and little difference in resistance from
control. The fetal heart showed little differences between groups in per-
protocol analysis; however, there are significant associations with measures
of maternal exercise, as well as maternal fitness and fetal heart measures.
While maternal exercise attendance, regardless of type, predicts all fetal
heart measures, maternal fitness predicted fetal heart rate and resistance
exercise and attendance predicted outflow size. Importantly, it was
encouraging that prenatal resistance and aerobic exercise, either alone or in
combination, are safe to the developing fetal cardiovascular system. Thus,
current exercise recommendations during pregnancy appear to be
appropriate [7, 57, 58].

Contrary to previous reports from our group [3, 6, 13, 14, 59], prenatal
aerobic exercise did not yield any significant changes in fetal heart outcomes,
whether specific to the right or left ventricle. We did not observe an increase
in fetal RV measures as we have in previous prenatal aerobic exercise groups
[6], In the per-protocol analysis, no between-group differences in fetal RV
cardiac variables were observed. This could reflect methodological
discrepancies between studies. Fetal pulmonary valve velocities and
diameter were similar between groups, though May et al. showed significant
increases of velocity-time integral and diameter in prenatal aerobic
exercisers [6], Potentially this is due to a limitation in estimating
hemodynamics from echocardiography in feti, due to the fetus in the control
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group also receiving cardiovascular benefits [60], and/or due to the normal
weight participants diluting the effect which is typically stronger in
overweight and obese women and their feti [61]. When further controlling
for fetal activity status, no significant between-group differences were found
in fetal echo outcomes, possibly due to smaller sample sizes. Previous
findings of increased active fetal state in prenatal exercisers [6] was also
present in the current study. While the total number of participants was
similar across control and exercise groups, fetal echocardiograms obtained
on prenatal exercisers were more frequently obtained in an active fetal state
than the control group. Although there were no detectable differences for
fetal heart measures based on type of prenatal exercise, this further supports
that all exercise types during pregnancy are safe for the fetus and do not alter
normal cardiac development.

Interestingly, maternal exercise attendance, regardless of type, was found to
predict all fetal heart measures, while pre-pregnancy fitness predicted fetal
heart rate, and resistance exercise and attendance predicted outflow size.
Differences in fetal HRV, an indicator of cardiac autonomic nervous
development, in resistance exercisers has been seen in other studies with self-
reported exercise [3].

To the best of our knowledge, this is the first randomized controlled trial of
this size, with a supervised exercise program, at recommended levels,
performed in a cohort of pregnant women across a range of BMlIs. In
addition, the three exercise groups studied are more externally valid, as
women often perform combination and resistance training during pregnancy.
In addition to strengths, there are potential limitations. For example, a
limitation of our study design is the estimation of fetal cardiac measures with
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ultrasound echocardiography. While the current study employed certified
and experienced sonographer, fetal echocardiographs are difficult to
standardize the orientation for accurate fetal measures. It has been previously
reported that the smallness of the heart, and relatively accelerated HR
contribute to difficulties in obtaining accurate, standardized measurements
[66]. In addition, while the velocity time integral has been suggested to assess
the fetal heart more accurately [67]. it was not performed in the current study.
Importantly, previous research finds stronger associations in offspring of
overweight/obese women; however, we were not able to stratify based on
BMI due to sample size.

Conclusions

The responses of the fetal heart to prenatal resistance and aerobic exercise
are within normal ranges, as exercise of any type had similar fetal
echocardiogram outcomes. Similar measures were found in fetal cardiac
responses to prenatal resistance, aerobic, or combination exercise.
Importantly, maternal exercise attendance, regardless of type, predicts fetal
heart measures. Further, an interesting relationship of fetal HR to maternal
fitness warrants continuing research. A larger sample is needed to evaluate
the influence of exercise types on cardiac function in offspring of
overweight-obese women. Importantly, all exercise types during pregnancy
are safe for fetal cardiac function.

Author contributions: Alex Claiborne: Formal analysis,
Visualization, Writing — original draft, Writing — review & editing;
Samantha McDonald: Formal analysis, Writing — review & editing; Filip
Jevtovic: Writing — review & editing; Diana Strickland: Methodology,
Investigation, Resources, Writing — review & editing; Edward Newton:
Project administration, Writing — review & editing; Christy Isler: Project
administration, Writing — review & editing; R. Dennis Steed: Project
administration, Writing — review & editing; Lauren Sarno: Project
administration, Writing — review & editing; George Kelley: Project
administration, Writing — review & editing; Devon Kuehn: Project
administration, Writing — review & editing; Xiangming Fang: Formal
analysis, Writing — review & editing; Linda May: Conceptualization,
Methodology, Data curation, Formal analysis, Funding acquisition,
Investigation, Project administration, Resources, Software, Supervision,
Validation, Writing — review & editing.

Acknowledgements: We thank the women who participated in this
study and who gave their time and effort.

Conflicts of Interest: The authors report no conflict of interest.

Sources of Funding: American Heart Association # 18IPA34150006.
Curation of funds only. Funding source was not involved in study design or
the collection, analysis, and interpretation of data.

References

1. May LE, Suminski RR. Amount of Physical Activity in
Pregnancy and Infant Heart Outcomes. J Neonatal Biol 03,
2014. doi: 10.4172/2167-0897.1000160.

2. May LE, Suminski RR, Langaker MD, Yeh HW, Gustafson
KM. Regular maternal exercise dose and fetal heart outcome.
Med Sci Sports Exerc 44: 1252-1258, 2012. doi:
10.1249/MSS.0B013E318247B324.

3. May LE, Scholtz SA, Suminski R, Gustafson KM. Aerobic
exercise during pregnancy influences infant heart rate
variability at one month of age. Early Hum Dev 90: 33-38,
2014. doi: 10.1016/J.EARLHUMDEV.2013.11.001.

4. Harris JE, Baer LA, Stanford KI. Maternal Exercise Improves
the Metabolic Health of Adult Offspring. Trends Endocrinol
Metab 29: 164, 2018. doi: 10.1016/J.TEM.2018.01.003.

5. Moyer C, Reoyo OR, May L. The Influence of Prenatal
Exercise on Offspring Health: A Review. Clin Med Insights
Women’s Health 9: 37, 2016. doi: 10.4137/CMWH.S34670.

Auctores Publishing LLC — Volume 6(4)-324 www.auctoresonline.org
ISSN: 2641-0419

10.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Copy rights@ Linda E. May. et all

May LE, McDonald S, Forbes L, Jones R, Newton E,
Strickland D, Isler C, Haven K, Steed D, Kelley G, Chasan-
Taber L, Kuehn D. Influence of maternal aerobic exercise
during pregnancy on fetal cardiac function and outflow. Am J
Obstet Gynecol MFM 2, 2020. doi:
10.1016/j.ajogmf.2020.100095.

Birsner ML, Gyamfi-Bannerman C. Committee on Obstetric
Practice Physical Activity and Exercise During Pregnancy and
the Postpartum Period. ACOG Committee Opinion Number
804, 2015.

Clapp JF, Dickstein S. Endurance exercise and pregnancy.
Med Sci Sports Exerc 16: 556-562, 1984.

Hatch MC, Shu XO, Mclean DE, Levin B, Begg M, Reuss L,
Susser M. Maternal Exercise during Pregnancy, Physical
Fitness, and Fetal Growth. Am J Epidemiol 137: 1105-1114,
1993. doi: 10.1093/0OXFORDJOURNALS.AJE.A116614.
Gaston A, Cramp A. Exercise during pregnancy: A review of
patterns and determinants. J Sci Med Sport 14: 299-305, 2011.
doi: 10.1016/j.jsams.2011.02.006.

Clapp JF, Capeless EL. Neonatal morphometrics after
endurance exercise during pregnancy. Am J Obstet Gynecol
163: 1805-1811, 1990. doi: 10.1016/0002-9378(90)90754-U.
Hegaard HK, Pedersen BK, Nielsen BB, Damm P. Leisure
time physical activity during pregnancy and impact on
gestational diabetes mellitus, pre-eclampsia, preterm delivery,
and birth weight: a review. Acta Obstet Gynecol Scand 86:
1290-1296, 2007. doi: 10.1080/00016340701647341.

May LE, Drake WB, Suminski RR, Terry MJ. Effects of
Exercise during Pregnancy on Pediatric Heart Measures. J
Cardiobiol Special Issue 1, 2014.

May LE, Glaros A, Yeh HW, Clapp JF, Gustafson KM.
Aerobic exercise during pregnancy influences fetal cardiac
autonomic control of heart rate and heart rate variability. Early
Hum Dev 86: 213-217, 2010. doi:
10.1016/J.EARLHUMDEV.2010.03.002.

Barker DJP, Fall HD, Fall CHD. Fetal and infant origins of
cardiovascular disease. Archives of Disease in Childhood 68:
797-799, 1993.

Singh S, Goyal A. The Origin of Echocardiography: A Tribute
to Inge Edler [Online]. Tex Heart Inst J 34: 431, 2007.
Ipmc/articles/PMC2170493/ [21 Nov. 2022].

Acierno  LJ, Worrell LT. Inge Edler: father of
echocardiography. Clin Cardiol 25: 197-199, 2002. doi:
10.1002/CLC.4960250413.

Pombo JF, Troy BL, Russell RO. Left Ventricular Volumes
and Ejection Fraction by Echocardiography. Circulation 43:
480-490, 1971. doi: 10.1161/01.CIR.43.4.480.

Popp RL, Harrison DC. Ultrasonic Cardiac Echography for
Determining Stroke Volume and Valvular Regurgitation.
Circulation 41: 493-502, 1970. doi: 10.1161/01.CIR.41.3.493.
Feigenbaum H, Popp RL, Chip JN, Haine CL. Left Ventricular
Wall Thickness Measured by Ultrasound. Arch Intern Med
121: 391-395, 1968. doi:
10.1001/ARCHINTE.1968.03640050001001.

Chaubal N, Chaubal J. Fetal echocardiography. Indian J Radiol
Imaging 19: 60, 2009. doi: 10.4103/0971-3026.44524.

Fetal Echocardiogram Test [Online]. American Heart
Association: [date unknown].
https://www.heart.org/en/health-topics/congenital-heart-
defects/symptoms--diagnosis-of-congenital-heart-
defects/fetal-echocardiogram-test [21 Nov. 2022].

Andersen LJ, Hansen PR, Sggaard P, Madsen JK, Bech J,
Krustrup P. Improvement of systolic and diastolic heart
function after physical training in sedentary women. Scand J

Page 9 of 12



J. Clinical Cardiology and Cardiovascular Interventions

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Med Sci Sports 20 Suppl 1: 50-57, 2010. doi: 10.1111/J.1600-
0838.2009.01088.X.

Wilmore JH, Stanforth PR, Gagnon J, Rice T, Mandel S, Leon
AS, Rao DC, Skinner JS, Bouchard C, Stanforth PR, Gagnon
J, Rice T, Mandel S, Leon AS, Skinner JS, Bouchard C.
Cardiac output, and stroke volume changes with endurance
training: The HERITAGE Family Study [Online]. Med Sci
Sports Exerc 33: 99-106, 2001. http://www.acsm-msse.org.
Convertino VA. Blood volume response to physical activity
and inactivity. American Journal of the Medical Sciences 334:
72-79, 1991. doi: 10.1097/MAJ.0b013e318063c6e4.

Costill DL, Fink WJ. Plasma volume changes following
exercise and thermal dehydration.
https://doi.org/101152/jappl1974374521 37: 521-525, 1974.
doi: 10.1152/JAPPL.1974.37.4.521.

Schierbauer J, Hoffmeister T, Treff G, Wachsmuth NB,
Schmidt WFJ. Effect of Exercise-Induced Reductions in Blood
Volume on Cardiac Output and Oxygen Transport Capacity.
Front Physiol 12, 2021. doi: 10.3389/fphys.2021.679232.
Ekblom B, Hermansen L. Cardiac output in athletes. J Appl
Physiol 25, 1968.

Levine BD, Lane LD, Buckey JC, Friedman DB, Gunnar
Blomqvist C. Left Ventricular Pressure-Volume and Frank-
Starling Relations in Endurance Athletes Implications for
Orthostatic Tolerance and Exercise Performance [Online].
Circulation 84: 1016-1023, 1991. http://ahajournals.org.
Convertino VA. Fluid shifts and hydration state: effects of
long-term exercise. Canadian Journal of Sport Sciences 12:
136S-139S, 1987.

Blomquist CG, Saltin B. Cardiovascular Adaptations to
Physical Training [Online]. Ann Rev Physiol 45: 169-89,
1983. www.annualreviews.org.

Saltin B, Blomqvist G, Mitchell JH, Johnson RL, Wildenthal
K, Chapman CB. Response to Exercise After Bed Rest and
After Training. Circulation 37 & 38: S7, 1968.

Hopper MK, Coggan AR, Coyle EF. Exercise stroke volume
relative to plasma-volume expansion. J Appl Physiol 64: 404—
408, 1988.

Neufer PD. The Effect of Detraining and Reduced Training on
the Physiological Adaptations to Aerobic Exercise Training.
Sports Medicine 8: 302-321, 1989.

Martin WH, Coyle EF, Bloomfield SA, Ehsani AA. Effects of
physical deconditioning after Intense endurance training on
left ventricular dimensions and stroke volume. J Am Coll
Cardiol 7: 982-989, 1986. doi: 10.1016/S0735-
1097(86)80215-7.

Andersen LJ, Hansen PR, Sggaard P, Madsen JK, Bech J,
Krustrup P. Improvement of systolic and diastolic heart
function after physical training in sedentary women. Scand J
Med Sci Sports 20 Suppl 1: 50-57, 2010. doi: 10.1111/J.1600-
0838.2009.01088.X.

Wolfe LA, Laprade A, Burggraf R Norman GW, Wolfe A
Laprade LA, Burggraf GW, Norman R. Cardiac Responses of
Young Women to Conditioning for a 10 Kilometer Race. Int J
Sports Med 13: 384-389, 1992.

Ekblom B, Astrand P-O, Saltin B, Stenberg J, Wallstrom B.
Effect of training on circulatory response to exercise. J Appl
Physiol 24: 518-528, 1968.

Rerych SK, Scholz PM, Sabiston DC, Jones RH. Effects of
Exercise Training on Left Ventricular Function in Normal
Subjects: A Longitudinal Study by Radionuclide
Angiography. Am J Cardiol 45: 244-252, 1980.

Umpierre D, Stein R. Hemodynamic and Vascular Effects of
Resistance Training: Implications for Cardiovascular Disease.
Arq Bras Cardiol 89: 233-239, 2007.

Auctores Publishing LLC — Volume 6(4)-324 www.auctoresonline.org
ISSN: 2641-0419

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Copy rights@ Linda E. May. et all

Sullivan MJ, Higginbotham MB, Cobb FR. Clinical
Investigation Exercise Training in Patients With Severe Left
Ventricular Dysfunction Hemodynamic and Metabolic Effects
[Online]. Circulation 78: 506-515, 1988.
http://ahajournals.org.

Xing Y, Yang SD, Wang MM, Feng YS, Dong F, Zhang F.
The Beneficial Role of Exercise Training for Myocardial
Infarction Treatment in Elderly. Front Physiol 11, 2020. doi:
10.3389/fphys.2020.00270.

Palevo G, Keteyian SJ, Kang M, Caputo JL, Kang D,
Corresponding C). Resistance Exercise Training Improves
Heart Function and Physical Fitness in Stable Patients With
Heart Failure [Online]. J Cardiopulm Rehabil Prev 29: 294—
298, 2009. www.jcrpjournal.com.

Karlsdéttir AE, Foster C, Porcari JP. Hemodynamic responses
during aerobic and resistance exercise Evaluation and
Prescription [Online]. J Cardiopulm Rehabil 22: 170-177,
2002. https://www.researchgate.net/publication/11329903.
Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner
V, Franklin BA, Gulanick M, Laing ST, Stewart KJ.
Resistance exercise in individuals with and without
cardiovascular disease: 2007 update: A scientific statement
from the American Heart Association Council on Clinical
Cardiology and Council on Nutrition, Physical Activity, and
Metabolism.  Circulation 116: 572-584, 2007. doi:
10.1161/CIRCULATIONAHA.107.185214.

Spence AL, Naylor LH, Carter HH, Buck CL, Dembo L,
Murray CP, Watson P, Oxborough D, George KP, Green DJ.
A prospective randomised longitudinal MRI study of left
ventricular adaptation to endurance and resistance exercise
training in humans. Journal of Physiology 589: 5443-5452,
2011. doi: 10.1113/jphysiol.2011.217125.

Dorfman TA, Levine BD, Tillery T, Peshock RM, Hastings JL,
Schneider SM, Macias BR, Biolo G, Hargens AR. Cardiac
atrophy in women following bed rest. J Appl Physiol 103: 8—
16, 2007. doi: 10.1152/japplphysiol.01162.2006.

Zhang Y, Qi L, Xu L, Sun X, Liu W, Zhou S, van de Vosse F,
Greenwald SE. Effects of exercise modalities on central
hemodynamics, arterial stiffness, and cardiac function in
cardiovascular disease: Systematic review and meta-analysis
of randomized controlled trials. PLoS One 13, 2018. doi:
10.1371/journal.pone.0200829.

Mottola MF. The role of exercise in the prevention and
treatment of gestational diabetes mellitus. Curr Diab Rep 8:
299-304, 2008. doi: 10.1007/511892-008-0053-7.

Molina FS, Faro C, Sotiriadis A, Dagklis T, Nicolaides KH.
Heart stroke volume and cardiac output by four-dimensional
ultrasound in normal fetuses. Ultrasound in Obstetrics and
Gynecology 32: 181-187, 2008. doi: 10.1002/uog.5374.
Rogers L, Li J, Liu L, Balluz R, Rychik J, Ge S. Advances in
fetal echocardiography: Early imaging, three/four dimensional
imaging, and role of fetal echocardiography in guiding early
postnatal management of congenital heart disease.
Echocardiography 30: 428-438, 2013. doi:
10.1111/echo.12211.

Simioni C, Nardozza LMM, Araujo E, Rolo LC, Terasaka OA,
Zamith MMC, Moron AF. Fetal cardiac function assessed by
spatiotemporal image correlation. Arch Gynecol Obstet 284:
253-260, 2011. doi: 10.1007/s00404-010-1813-6.

Simioni C, MacHado Nardozza LM, Junior EA, Rolo LC,
Zamith M, Caetano AC, Moron AF. Heart stroke volume,
cardiac output, and ejection fraction in 265 normal fetus in the
second half of gestation assessed by 4D ultrasound using
spatiotemporal image correlation. Journal of Maternal-Fetal

Page 10 of 12



J. Clinical Cardiology and Cardiovascular Interventions

54.

55.

56.

57.

58.

59.

60.

61.

and Neonatal Medicine 24: 1159-1167, 2011. doi:
10.3109/14767058.2010.545921.

Vintzileos AM, Campbell WA, Neckles S, Pike CL,
Nochimson DJ. The Ultrasound Femur Length as a Predictor
of Fetal Length. Obstet Gynecol 64: 779-782, 1984.
Mosteller RD. Simplified calculation of body-surface area. N
Engl J Med 317: 1098, 1987.

May LE, Suminski RR, Berry A, Langaker MD, Gustafson
KM. Maternal physical activity mode and fetal heart outcome.
Early Hum Dev  90: 365-369, 2014. doi:
10.1016/j.earlhumdev.2014.04.009.

Romero-Gallardo L, Reoyo OR, Castro-Pifiero J, May LE,
Ocon-Hernandez O, Mottola MF, Aparicio VA, Soriano-
Maldonado A. Assessment of physical fitness during
pregnancy: validity and reliability of fitness tests, and
relationship with maternal and neonatal health — a systematic
review. BMJ Open Sport — Exercise Medicine 8: e001318,
2022. doi: 10.1136/BMJSEM-2022-001318.

Exercise During Pregnancy | ACOG [Online]. [date unknown].
https://www.acog.org/womens-health/fags/exercise-during-
pregnancy [1 Nov. 2022].

May LE, Scholtz SA, Suminski R, Gustafson KM. Aerobic
exercise during pregnancy influences infant heart rate
variability at one month of age. Early Hum Dev 90: 33-38,
2014. doi: 10.1016/j.earlhumdev.2013.11.001.

May LE, Davis BN, Johnston CA, Sarno LS, Steed D,
Strickland D, McDonald SM, Wisseman BL, Newton E, Isler
C, Yeo S, Kuehn D. Influence of Light Intensity exercise
During Pregnancy on Fetal Echocardiographic and Maternal
Cardiovascular ~ Measures.  Clinical ~ Cardiology and
Cardiovascular Interventions 5: 01-11, 2022. doi:
10.31579/2641-0419/237.

May LE, McDonald S, Stewart C, Newton E, Isler C, Steed D,
Sarno LA, Kelley GA, Chasan-Taber L, Kuehn D, Allman BR,

Auctores Publishing LLC — Volume 6(4)-324 www.auctoresonline.org
ISSN: 2641-0419

62.

63.

64.

65.

66.

67.

Copy rights@ Linda E. May. et all

Strom C, Claiborne A, Fang X. Influence of Supervised
Maternal Aerobic Exercise During Pregnancy on One-Month
Old Neonatal Cardiac Function and Outflow: A Pilot Study.
Med Sci Sports Exerc Ahead of Print, 2023. doi:
10.1249/MSS.0000000000003227.

May L, Suminski R, Langaker M. Influence of Maternal BMI,
and Exercise on Fetal Heart Outcomes. Journal of Gynecology
& Obstetrics 1: 6, 2014.

Clapp JF, Little KD, Capeless EL. Fetal heart rate response to
sustained recreational exercise. Am J Obstet Gynecol 168:
198-206, 1993. doi: 10.1016/S0002-9378(12)90914-X.

Skow RJ, Davenport MH, Mottola MF, Davies GA, Poitras
VJ, Gray CE, Jaramillo Garcia A, Barrowman N, Meah VL,
Slater LG, Adamo KB, Barakat R, Ruchat S-M. Effects of
prenatal exercise on fetal heart rate, umbilical and uterine
blood flow: a systematic review and meta-analysis. Br J Sports
Med 53: 124-133, 2019. doi: 10.1136/bjsports-2018-099822.
McDonald S, Satterfield NA, May LE, Newton ER, Livingston
J, Fang X. Influence of maternal exercise on fetal heart
response during labor and delivery. Health Sci Rep 1: e81,
2018. doi: 10.1002/hsr2.81.

Crispi F, Valenzuela-Alcaraz B, Cruz-Lemini M, Gratacos E.
Ultrasound assessment of fetal cardiac function. Australia’s J
Ultrasound Med 16: 158, 2013. doi: 10.1002/J.2205-
0140.2013. TB00242.X.

Tan C, Rubenson D, Srivastava A, Mohan R, Smith MR,
Billick K, Bardarian S, Thomas Heywood J. Left ventricular
outflow tract velocity time integral outperforms ejection
fraction and Doppler-derived cardiac output for predicting
outcomes in a select advanced heart failure cohort. Cardiovasc
Ultrasound 15: 1-8, 2017. doi: 10.1186/S12947-017-0109-
4/TABLES/4.

Page 11 of 12



J. Clinical Cardiology and Cardiovascular Interventions Copy rights@ Linda E. May. et all

This work is licensed under Creative
oY Commons Attribution 4.0 License Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

To Submit Your Article Click Here:

DOI:10.31579/2641-0419/324

YV VYV V VYV

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/clinical-cardiology-and-
cardiovascular-interventions

Auctores Publishing LLC — Volume 6(4)-324 www.auctoresonline.org
ISSN: 2641-0419 Page 12 of 12


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=19
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions

