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Abstract

Purpose: Our previous findings demonstrated that the amount (dose) of maternal physical activity during
pregnancy was associated with changes in fetal heart autonomic control, similar to an adult exercise trained
response. The purpose of this study was to determine if the dose of maternal physical activity during association
persists after birth.

Methods: We analyzed 43 maternal-infant pairs. Since the majority of measures were not normally distributed,
the correlations between infant heart rate (HR) and HR Variability (HRV) metrics and maternal physical activity
measures were assessed by the Spearman correlation coefficient. The Spearman procedure also was used to
examine relationships among the physical activity variables.

Results: The median values for maternal physical activity duration were 1140 min (~90 min/wk), for energy
expenditure 6,635 kcal, and the intensity was 5.4 kcal.min"! (Table 1). Based on the average maternal weight,
average intensity is near the cut-off (6.0 kcal.min") for moderate and vigorous intensity level of physical activity.
There was a significant positive correlation between the duration of maternal physical and infant Low Frequency (LF)
HRV power (p=0.02), as well as the amount of energy expenditure (i.e. calories burned) in physical activity with
infant short-term HRV (RMSSD, p=0.03), LF power (p=0.01) and high frequency (HF) HRV power (p=0.03).

Conclusion: The amount of time and energy expended during physical activity during gestation positively
influences the development of neonatal cardiac autonomic control. Coupled with our previous findings of positive
fetal dose associated with physical activity during pregnancy suggests, the prenatal period may be the earliest time
at which the cardiac health of infants can be positively influenced to decrease risk of heart disease.

Keywords: Neonate; Exercise; Heart rate variability; Heart rate; maternal rest [8-10]. Furthermore, the duration or amount of

Pregnancy; Time; Energy expenditure

Introduction

Clinicians continue to recommend physical activity to adults, and
children, for overall heart health benefits, but especially for treating
heart disease and attenuating risk factors of heart disease [1]. Physical
activity is associated with cardiac changes and decreased incidence of
cardiovascular disease, even in pregnant women [2]. While examining
the relationship between physical activity and physiological health
benefits, it is important to consider the dose response of activity,
which includes duration, intensity, and energy expended while active.
The dose response of activity is significantly related to increased
cardio-respiratory fitness, decreased cardiovascular disease risk, as
well as lower resting heart rate (HR) and increased measures of HR
variability [3,4]. Lower HR and increased Heart Rate Variability
(HRV), Dbeat-to-beat variation between R intervals, reflects the
beneficial cardiac changes of the Autonomic Nervous System (ANS)
balance [5].

In addition to pregnant women gaining cardiovascular benefits
from being active during pregnancy [6,7], our previous studies
demonstrated that fetal exposure to physical activity during pregnancy
was associated with lower fetal HR and increased HRV during

maternal physical activity during pregnancy was positively correlated
with fetal HRV, while the intensity of physical activity during
pregnancy was inversely correlated to fetal HR [11]. Since these
changes mirror the physiological adaptations observed in children and
adults due to physical activity and are associated with health benefits,
it is important to determine if the fetal cardiac changes in response to
maternal physical activity during pregnancy persist after birth.

There is growing support of the idea of prenatal programming,
which states that exposures during the fetal period influence the health
and function in the postnatal period including adulthood [12-17].
Additionally, fetal HR and HRV reflect central and peripheral nervous
system integration and are stable measures between the prenatal and
postnatal environment [18]. Furthermore, fetal HRV is associated with
postnatal temperament [19] and developmental outcomes in early
childhood [18] and thus is of clinical importance in pediatric medicine
[20].

In light of the idea of prenatal programming and previous findings
associating fetal HR/HRV with dose of maternal physical activity
during pregnancy, the focus of this investigation was to determine if
the association between maternal physical activity during pregnancy
and offspring heart outcomes persists into the postnatal period. Our
hypothesis was that there is a significant association between dose of
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physical activity (i.e. duration, intensity, energy expenditure) during
pregnancy and increased HRV measures of neonates (one-month
offspring).

Methods

The protocol was approved by the Institutional Review Boards
(Kansas City University of Medicine and Biosciences and the
University of Kansas Medical Center). All subjects provided informed
consent prior to participation in the study.

Study population

We enrolled 66 women in a prospective, non-randomized, non-
blinded longitudinal pilot study designed to determine the effects of
maternal physical activity during pregnancy on fetal and infant HR
and HRV [9]. All participants had healthy singleton pregnancies, were
22-39 years of age, non-smokers with no history of alcohol or drug
use. All participants’ babies were born healthy. Only forty-three
subjects returned with their one-month old infants for a postnatal visit
designed as a follow-up to the longitudinal study done during
pregnancy [9]. From initial enrollment, attrition mainly due to
participant withdrawal, lost contact/moved away, and missed
appointment (n=20); an additional 3 infant recordings were
incomplete due to the infant being fussy [21]. All infants were
breastfeeding.

Maternal physical activity questionnaire

The Modifiable Physical Activity Questionnaire (MPAQ) is a
reliable and validated questionnaire to assess measures of physical
activity during pregnancy [22-24]. Each participant completed the
questionnaire at enrollment (about 20 weeks pregnant) and at the end
of pregnancy regarding demographics and her duration (minutes) and
intensity (kcal/minute) of physical activity performed during third
trimester of pregnancy. Demographic information included age, pre-
pregnancy weight, height, and calculated pre-pregnancy BMI.
Occupational activities or activities of daily living (e.g., getting
dressed) were not included since these activities do not elicit a
maternal cardiovascular response. Based on previous significant
findings related to fetal and infant heart outcomes, only third trimester
maternal activity was utilized for calculations [9-11,21]. For dose
response calculations, each self-reported aerobic (e.g., walking,
jogging), and non-aerobic (e.g., weight lifting, yoga) activity was
multiplied by the number of sessions it was performed, then these
activity totals were summed for each participant; this provided each
participant’s 3rd trimester total physical activity duration (minutes).
Energy expended (calories burned) was computed (Metabolic
Equivalents X weight X time) for each physical activity and summed
yielding energy expenditure (kcal) for each participant in the 3rd
trimester. Total energy expenditure (kcal) for each participant was
then divided by total duration (minutes) providing the average
intensity (kcal.min-1) measure [I11]. Since pregnancy involves a
change in weight, the energy expenditure and intensity values were
divided by each participant’s body weight (measured with a calibrated
scale at 36 weeks gestation) to calculate the relative calories used in
maternal physical activities (i.e. weight adjusted energy expenditure).

Infant Magnetocardiogram (MCG) recording

Magnetocardiogram (MCG) recordings and data processing have
been reported previously [8, 25-27] for fetus and infant MCG

recordings [21]. Women sat next to or held their infant during the 18-
minute recording with the 83-channel biomagnetometer (CTF
Systems Inc., subsidiary of VSM Med Tech, Ltd.). Infants were quiet
but alert during recordings. If the infant began to cry, the recording
was stopped; a new recording began when the infant was calmed.

Processing infant MCG signals

Infant MCGs were filtered, and raw signals separated into distinct
electrophysiological sources [8, 25-27] similar to previous studies [21]
on infants. Using a template-matching algorithm, infant R-peaks were
detected to generate the interbeat-interval time-series used for Heart
Rate (HR) and Heart Rate Variability (HRV) analyses.

Infant HR and HRV measures

We used the same metrics as previously reported [9, 21]: HR (bpm);
SDNN (the standard deviation of normal R-to-normal R intervals
within the series; overall HRV); RMSSD (the root mean square of
successive differences between consecutive interbeat interval series;
short-term HRV); LF (low frequency, 0.04-0.2 Hz, power); and HF
(high frequency, 0.2-1.7 Hz, power). The ratio of LF and HF (LF/HF)
was used as an indicator of sympatho-vagal balance.

Statistical analyses

Significance level was set a priori at a<0.05 and all analyses were
done with SAS version 9.2. Since the majority of measures were not
normally distributed, the correlations between infant HR and HRV
metrics and maternal physical activity measures were assessed by the
Spearman correlation coefficient. The Spearman procedure also was
used to examine relationships among the physical activity variables.

Results

Descriptive results

Of the 43 maternal-infant pairs, three MCG recordings were
aborted due to excessive infant fussiness (2 control, 1 exercise group).
Complete infant measures and maternal activity data were obtained
from 43 maternal-infant pairs. The average participant was 29.0 years
* 3.9 (mean + SD), with a resting heart rate of 89.8 bpm + 11.41
(means + SD), had a pre-pregnancy BMI of 24.7 + 4.8 (mean + SD),
and gained about 14.1 pounds + 4.36 (mean * SD) during the
pregnancy. The median values for maternal physical activity duration
were 1140 min (~90 min/wk), for energy expenditure were 6,635 kcal,
and the intensity in the 3rd trimester was 5.4 kcal.min-1. Based on the
average maternal weight, average intensity is near the cut-off (6.0
kcal.min'!) for moderate and vigorous intensity level of physical
activity.

All neonates were healthy, full-term infants born > 36 wks
gestation. The average birth weight, length, and ponderal index were
all within the normal range for birth values (data not shown). All
infant heart measures were within normal range. There were similar
numbers of males to females: 20 males and 23 females.

Spearman correlations

There was a high correlation between weight adjusted and absolute
maternal physical activity measures (Table 1). Since factoring body
weight into physical activity estimates did not alter the strength of the
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associations with the infant measures, only the results for the absolute
physical activity duration, intensity and energy expenditure variables
are presented and discussed in the results. All maternal physical
activity measures had a negative, but not significant association with
infant HR (Table 2); however, these were not significant. Whereas, all

maternal physical activity measures had positive associations with all
infant HRV measures (Table 2). There were no significant associations
between any measure of maternal maternal physical activity and infant
sympatho-vagal balance (LF/HF).

Duration

Energy expenditure

Weight adjusted energy . . Weight adjusted intensity
(min) (keal) expenditure (kcal.kg) Intensity (keal.min-1) | (cal kg.min-1)
0.95
Duration (min) (0<0.0001) 0.95 (p<0.0001) 0.56 (p<0.0001) 0.58 (p<0.0001)
p<0.

Energy expenditure (kcal)

0.99 (p<0.0001)

0.69 (p<0.0001)

0.69 (p<0.0001)

Intensity (kcal.min-1)

0.68 (p<0.0001)

0.70 (p<0.0001)

Weight adjusted energy
expenditure (kcal.kg.min-1)

0.91 (p<0.0001)

Table 1: Correlations between Maternal Physical Activity Measures (Min = minutes; kcal = kilocalories)

Infant HR and HRV metrics Duration (min) Energy expenditure (kcal) Intensity (kcal.min-1)

HR r=-0.18 (p = 0.25) r=-0.15(p = 0.33) r=-0.06 (p=0.71)
[-0.45, 0.13] [-0.43, 0.16] [-0.35, 0.25]
r=0.23(p=0.15 r=0.26 (p = 0.09 r=0.17 (p = 0.26

SDNN (3 ) (4 ) (P )
[-0.08, 0.49] [-0.04, 0.52] [-0.13, 0.45]
r=0.29 (p =0.06 r=0.33 (p=0.03 r=0.15(p=0.35

RMSSD (3 ) (3 ) P )
[-0.01, 0.54] [0.03, 0.57] [-0.16, 0.43]

LF r=0.35(p =0.02) r=0.38 (p = 0.01) r=0.24 (p=0.12)
[0.05, 0.59] [0.08, 0.61] [-0.07, 0.50]

HE r=0.28 (p = 0.07) r=0.34 (p =0.03) r=0.16 (p = 0.29)
[-0.03, 0.53] [0.04, 0.58] [-0.15, 0.44]

LFIHF r=-0.003 (p = 0.99) r=-0.03 (p = 0.85) r=-0.12 (p = 0.46)
[-0.30, 0.30] [-0.33, 0.27] [-0.33, 0.27]

Table 2: Correlations between Infant HR and HRV Metrics and Maternal Physical Activity Measures [95% confidence intervals] (HR - heart rate;
HRV - heart rate variability; SDNN - standard deviation of normal-to-normal intervals (overall HRV); RMSSD -root mean square of successive
differences (short-term HRV); LF - low frequency; HF - high frequency; LF/HF - an index of sympatho-vagal balance)

Duration of maternal physical activity

There was a significant positive correlation between the duration of
maternal physical and infant LF power (p=0.02), a measure of
parasympathetic and sympathetic control (Table 2). Infant short-term
HRV (RMSSD, p=0.06) and HF power (p=0.07) were also associated
with maternal duration of physical activity; however, these results just
missed the criteria for significance.

Energy expended from maternal physical activity

The amount of energy expenditure (i.e. calories burned) in physical
activity was positively correlated with infant short-term HRV
(RMSSD, p=0.03), LF power (p=0.01) and HF power (p=0.03) (Table
2). The association between maternal energy expenditure during
physical activity and infant overall HRV approached significance
(SDNN, p = 0.09).

Intensity of maternal physical activity

Unlike our findings during the fetal period, there were no
significant associations between maternal intensity of physical activity
and infant HR (Table 2). No significant correlations were found
between maternal physical intensity and infant HRV measures. None
of these findings survived the threshold corrected by Bonferroni or
Benjamini-Hochburg’s methods for multiple comparisons.

Discussion

These data support the general hypothesis of the persistence of the
dose response relationship maternal physical activity with the infant
cardiac measures [11]. Specifically, the duration of maternal physical
activity was positively correlated with infant LF power,
parasympathetic and sympathetic measure. Maternal energy
expenditure was positively associated with indicators of both branches
of the autonomic nervous system (LF and HR power, RMSSD). These
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findings are similar, but different to the previous findings in fetal
measures of autonomic control.

The significant changes in cardiac autonomic control in response to
the amount (dose) of time spent in physical activity are similar to
those reported in the fetus [11]. Fetal findings demonstrated amount
(dose) of time women spent in physical activity was associated with
changes in fetal cardiac parasympathetic and sympathetic measures of
very low frequency power of HRV (VLF), LF, HF, RMSSD, and SDNN
[11]. Most likely the difference in significant findings between the fetal
and infant data is related to two things: a smaller sample size and
sympathetic dominance. During the neonatal period, the heart
undergoes numerous changes as it transitions from the fetal
cardiovascular circulation to the adult-type circulation [28]. During
this specific time of adaptation to the external environment the
sympathetic nervous system influence on the heart is higher than at
any point of development [28]. This developmental shift along with a
smaller sample size can explain why significant differences are seen in
a measure of sympathetic tone, and was just below significance in
measures of parasympathetic control (RMSSD, HF). Nonetheless, the
important message is for pregnant women to do at least some physical
activity.

Significant associations seen in infant cardiac autonomic control in
response to the amount (dose) of energy expended in physical activity
was not previously reported in in the fetus [11]. However, fetal
findings demonstrated the intensity of women while being physically
activity was associated with significant changes in fetal cardiac
sympathetic measure of VLF [11] while infant measures found
differences in LF (parasympathetic and sympathetic measure), and
RMSSD with HR (both measures of parasympathetics) [21]. Although
these are different measures, energy expended takes in to account the
amount of time doing an activity (i.e. 30 minutes vs. 60 minutes) as
well as how difficult the activity is (i.e. walking vs. running); thus it
seems time and intensity of maternal activity are important factors in
fetal and neonatal cardiac autonomic development. Interestingly, the
current findings are similar to those seen in a diverse group of young
adults after a 12-week aerobic training program [29]. Our current
findings fully support current guidelines from the American Congress
of Obstetrics and Gynecology, the Royal College of Obstetricians and
Gynaecologists, and the Society of Obstetricians and Gynecologists of
Canada, which now suggest sedentary pregnant women start an
exercise program, at least 15 minutes of moderate intensity aerobic
exercise 3 times a week, then progressing to 30-minute sessions 4 to 7
times a week [30-32].

The preservation of a specific developmental trajectory from
prenatal to postnatal life supports the developmental origins
hypothesis [6,12,33-35] and suggests that physical activity during
pregnancy has a positive prenatal programming effect on offspring
heart development [18]. Growing evidence demonstrates that people
who develop cardiovascular disease had a different in utero
environment so that birthweight tended to be at the lower end of
normal range and this persisted through infancy into early childhood
as well [15,33,36-40]. Considering the developmental model of
prenatal programming and current findings along with previous
findings relating exercise training to decreased incidence of
cardiovascular disease [41], the implications support prenatal activity
as the earliest intervention for treating/preventing heart disease.
Previously, heart rate variability has been used as an essential tool for
studying the autonomic disturbance in adult and pediatric patients
with cardiac diseases [42-44]. However, this study supports the use of

heart rate variability as a sensitive clinical marker for cardiovascular
health and disease in the neonatal population. Many of the HRV
indices are simple to compute, or can be done with inexpensive
software upgrades, and do not require any special procedures for
Holter monitoring or standard ECG recordings [42], though the
benefit to clinician and the patient are invaluable.

There are limitations to our study. Although the questionnaire used
is reliable and validated for assessing physical activity in pregnant
women [23,24,45,46]; it is a self-report instrument that is vulnerable to
recall bias and could lead to inflated estimations of physical activity
levels [47]. Secondly, women who are physically active during
pregnancy may have had improved health fitness measures prior to
becoming pregnant and that level of fitness may influence our
findings. Current research is underway to address the potential
influence of maternal pre-pregnancy fitness on fetal and infant heart
outcomes. Further, we did not control for other potential confounding
variables known to influence fetal development such as maternal diet.
Future studies will need to control for maternal nutrient intake
throughout pregnancy.

In conclusion, we previously demonstrated that maternal physical
activity had a dose response relationship with fetal cardiac autonomic
measures and current analyses demonstrate these differences persist
into the postnatal period, up to one-month of age. Our new findings
suggest that the amount of time women are physical activity during a
healthy, low-risk pregnancy can have a potentially positive influence
on cardiac autonomic development of the offspring after birth.
Additionally, the amount of effort expended during the activity has a
dose response as well, suggesting women should exercise at moderate
intensity and may have offspring with increased autonomic
development compared to those who exercised at light intensity. In
light of the developmental model of prenatal programming and the
current findings, prenatal physical activity may be the earliest
intervention for preventing heart disease in neonates. Furthermore,
the continued use of HRV measures are clinically relevant for
determine disease states, such as heart disease or obesity; as well as
heart health and indices of a training response. These findings have
great public health impact for the cardiovascular health and decrease
risk of heart disease in future generations.
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