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ABSTRACT

Heart rate variability (HRV), a marker of autonomic dysfunction, decreases with
age but few studies have examined HRV longitudinally. Further, studies have shown
gestational age, birth weight and physical activity (PA) may influence a person’s HRV.
The purpose of this study is to compare PA and HRV between 108 preterm/very low
birth weight (PT/VLBW) participants and 20 full term/normal birth weight (FT/NBW)
peers from adolescence and young adulthood. HRV was determined from a 5-minute
resting ECG using Nevrokard Software. The root square mean of the standard deviation
(RMSSD), high frequency (HF), and low frequency/high frequency (LF/HF) ratio were
used to reflect HRV. Average total hours and vigorous hours per week for the past year
were estimated from the Modifiable Activity Questionnaire. Repeated Measures ANOVA
demonstrated no between group differences but significant within group differences
indicating a decrease in HRV from adolescence to young adulthood (p<0.001). MannWhitney U tests found significantly lower vigorous PA at adolescence as well as total and
vigorous PA at young adulthood (p<0.05) in PT/VLBW compared to their FT/NBW
peers. However, no associations were evident for PA in adolescence or change in PA
and change in HRV from adolescence to young adulthood.
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INTRODUCTION
Heart rate variability (HRV) is a non-invasive measure that can be used to asses
the heart’s ability to respond and adapt according to stimuli from the environment.1 This
normal fluctuation in heart rate (HR) is influenced by both the parasympathetic and
sympathetic divisions of the autonomic nervous system.1 The first measure of HRV was
performed by Hon and Lee who noticed there were alterations in beat to beat intervals
during fetal distress.2 Since then, the measure has been used more frequently to look for
clinically significant patterns between beat-to-beat variations and health outcomes. The
measures of HRV can be indicative of many different health outcomes in a person’s life.1
The presence of chronically decreased HRV has been associated with an increase in risk
for several negative health outcomes. Several researchers have demonstrated
relationships between reduced HRV and an increased risk of mortality after acute
myocardial infarctions3, patients who have kidney disease.4 increased fatigue within
female cancer survivors5, and within populations with diabetes.6 Several studies have
indicated that there are a variety of factors that may have an influence over a person’s
HRV. Non-modifiable factors such as age, sex, race, and gestational age, along with
modifiable factors such as physical activity have demonstrated to have correlations with
HRV. Some evidence suggests those who were born with very low birth weight (VLBW)
or born preterm (PT) may have abnornal HRV measures when compared to their full term
(FT), normal birth weight (NBW) counterparts. This may be a marker or contribute to
their elevated risk for cardiometabolic diseases within PT/VLBW persons. Furthermore,
persons born PT with VLBW may also have lower levels of PA, which may lead to an
viii

increased risk of negative health outcomes. Consequently, this study will compare HRV
between PT/VLBW and FT/NBW persons and examine the impact of PA on HRV in this
at-risk group.
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LITERATURE REVIEW
Heart Rate Variability
Today, measures of HRV are observed in two different domains, time-domain and
frequency-domain.7 The time-domain examines the beat-to-beat variability within a
period of successive heartbeats and gives the measures of the standard deviation of R-toR waves (SDNN), the root mean square of successive RR interval differences (RMSSD),
and the percentage of successive RR intervals that differ by more than 50 milliseconds
(pNN50).7 Higher values for time-domain variables are preferable and suggestive of
greater parasympathetic control of heart rate. The frequency-domain is an estimate of the
relative or absolute power distribution into low frequency (LF), high frequency (HF)
bands and total power (TP).7 From the frequency measures, LF is believed to reflect a
combination of sympathetic and parasympathetic control, and HF is reflective of
parasympathetic control of heart rate. The ratio of LF to HF can also be calculated and
used to assess sympathovagal balance.
Premature Births
A premature birth is defined as being born before 37 weeks of gestation8. In 2016,
the Center for Disease Control (CDC) reported that of the 3,945,875 total births in the
United States, 9.85% of the births were PT births and 1.4% of all births were VLBW (<
1500 g).9 Over the past several years, the number of PT has risen slightly to 9.9% of all
births in 2017. In 2001, an estimated $5.8 billion were spent on PT/low birth weight
1

hospital admissions and a single stay averaged approximately $15,000 with a length of
12.9 days. This is a significantly higher cost and length of stay when compared to
uncomplicated newborns with a stay of approximately 1.9 days costing around $60010.
Medical advances have improved survival of PT infants, but short- and long-term
complications may persist. Complications to hearing and vision, the respiratory,
gastrointestinal, and immune systems, and the central nervous system may be present
with PT births.11 Long-term problems of PT birth may include difficulties in motor,
cognitive, behavioral, psychological, and social function through the school-age years.12
Fetal Autonomic Disruption and Premature Birth
When an infant is born prematurely, there may be a disruption of fetal
development during the third trimester, which can pose many threats to the infant’s
livelihood and long-term health outcomes. The alterations of fetal development due to
being born PT can have lasting consequences for the infant outside of the womb. One of
the biggest impacts can be to the maturation of the autonomic nervous system due to it
being one of the last system to develop and mature. The autonomic nervous system
(ANS) begins to rapidly develop through the third and final trimester of pregnancy and
continues to develop during the first year.13 Morphological studies have shown that
myelination of the vagus nerve begins the most rapid development between
approximately 30 weeks of gestational age to 6 months.14 The myelination of the vagus
nerve is what allows the parasympathetic system to gain presence in cardiovascular
activity, slowing down heart rate, ultimately contributing to heart rate variability.13 Being
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born prematurely may disrupt or alter the development of the parasympathetic system and
may alter HRV of that infant.15
Fetal Origin Hypothesis
Barker et al.16 explored the idea of adverse events happening early in life that
stress a fetus, such as undernutrition, creates alterations in the physiological development
of the fetus that may benefit them for short-term survival. However, it is unknown how
these changes may alter long-term health outcomes. De Boo & Harding17 furthered this
hypothesis and found an association between their birthweight of the infant and a higher
risk of developing chronic diseases such as coronary heart disease, diabetes,
hypertension, and stroke later in life.
Heart Rate Variability in Persons Born PT or with VLBW
Several studies have compared HRV between PT and FT born persons, ranging
from infancy to young adulthood. A study by Patural et al.18 analyzed the frequencydomain measures of HRV in 23 infants while still in the hospital’s neonatal intensive care
unit. They demonstrated lower HF wavelets, a marker in parasympathetic control of heart
rate, in three groups of PT infants, >28 week of GA, 28-31 weeks of GA, and 32-37
weeks of GA, when compared to FT infants who were born at 38 weeks of GA. The
study also found a significant linear relationship between the PT’s theoretical age,
defined as the week they would have been theoretically born at if they were not
premature, and the HF measure. These findings demonstrate that parasympathetic control
of heart rate is affected by degree of prematurity and is lower than FT infants. Landrot et
3

al.19 found similar results at theoretical birth when they compared 30 PTs at their
theoretical birth age to 19 FT infants. The PT infants had significantly lower LF and HF
at this time point. However, they studied the same cohort at ages 2-3 years old as well as
6-7 years old and found no difference between the PT and FT group. It should be noted
that the results may be affected by the decreasing size of the cohort in the follow up
years. During the follow up at 2-3 years old, there were only 25 PT and 5 FT subjects,
and during the 6-7 year old follow up, there were only 5 PT and 9 FT subjects.
Yiallourou et al.20 studied 25 PT and 31 FT infants during active and quiet sleep
in a case-control study that measured HRV repeatedly over a 6-month period. There were
no significant difference in HRV measures between the PT and FT groups for quiet sleep
at 2-4 weeks or 2-3 months, or during active sleep at any time point. However, they
found significantly lower LF, HF, and TP in the PT infants compared to FT infants at 5-6
months. In a cross-sectional study of children at approximately 9 years old by UrferMaurer et al.21 demonstrated that 54 PT children had lower LF/HF ratio during stage 2
sleep as well as while awake compared to 67 FT subjects. There were no other significant
differences for TP, LF, or HF while awake or any sleep stage.
Two studies examined differences in HRV measures in children. One study
compared HRV measures of 31 PT children who were born with low birth weight (<
2500 grams) to 28 FT with NBW children, all approximately 9 years old. They found that
compared to the FT children, the PT children had lower TP, HF, very LF, LF, mean RR,
and SDNN but similar LF/HF ratio.22 The second study examined HRV adolescents
between the ages of 12 and 14 years old who were part of the Newborn Lung Project
4

cohort. The 21 PT subjects were also considered low birth weight (< 2500 grams). The
results showed that the measures of SDNN and RMSSD were significantly lower in the
PT group compared to full term controls, but no differences in pNN50, LF, HF, or LF/HF
ratio were evident.23
Finally, Mathewson et al.24 studied 60 young adults who were born with
extremely low birth weight and 79 age-, sex-, and socioeconomic status-matched young
adult controls who were between the ages of 22 and 26 years. They found stronger
associations between birth weight and LF and R-R intervals in the normal birth weight
group compared to the extremely low birth weight group (r=0.34, p<0.01).
Through the studies presented, there is some evidence to indicate a decrease in
HRV measures across both time- and frequency-domains in PT persons. Although all of
the studies did find some significant decreases in HRV measures within PT groups when
compared to FT groups, not all of the studies found significance within the same
measures. Differences between study results may be due to the design of the study such
as case-control or matched PTs and FT studies versus cross-sectional studies versus a
longitudinal cohort. Inconsistencies may also stem from the consciousness state the
subject is in, wake or asleep, or the measures the author chose to study, such as time- or
frequency-domain measures and the length the measures were taken, such as short-term
recordings in a laboratory setting versus overnight recordings. There is some evidence to
suggest certain measures are more representative of HRV in the different recording
lengths. For instance, RMSSD is more suited to represent HRV in short-term recordings
whereas SDNN is more suited to represent HRV in long-term recordings.7
5

Non-modifiable correlates of HRV
Research has shown that HRV may be influenced by a variety of factors that are
non-modifiable factors such as age, sex, and race. Several cross-sectional studies
composed of difference age groups have demonstrated that HRV is an age-dependent
measure that decreases with an increase in age, generally beginning after the onset of
puberty.25–27 Umetani et al.25 studied the 24-hour time domain measures HRV of 260
healthy subjects ranging from 10 to 99 years of age. They found that all of the HRV
measures decrease with increasing age. Choi et al.26 examined the patterns of frequencydomain measures and the correlation with age in 150 subjects in both African-Americans
and Caucasian-Americans males and females. They found a negative correlation between
age and HF power (r=-0.42, p<0.01) and LF (r=-0.31, p<0.01). Heart rate variability was
examined within each ethnic group and HR was only significantly related to age in the
Caucasian-American group (r=-0.61, p<0.01) but not the African-American group (r=0.18, p=0.18). A study performed by Antelmi et al.27 examined 653 male and female
adults in a cross-sectional study, with a mean age of 40 years old. They likewise found
that time- and frequency-domain measures significantly decreased with age.
As previously mentioned Landrot et al.19 studied HRV longitudinally at
theoretical term in the PT group and birth in the FT group, again at 2-3 years of age, and
finally at 6-7 years of age. Within the PT group, there was an increase in HRV frequencydomain measures from theoretical term to 2-3 years of age and no difference over time
from 2-3 years to 6-7 years of age. The FT subject had similar results with an increase in
HRV from birth to 2-3 years of age and 6-7 years old. This is only one of two studies that
6

examined HRV longitudinally, the other being a study by Yiallourou et al.20, that was
previously mentioned.
Several studies suggest that sex may have a significant influence on HRV
measures as well. Some evidence has suggested that there are significant differences
between males and females with females having significantly higher HRV measures such
as HF, RMSSD, and pNN50.27 Other evidence has shown that females have lower HRV
measures of LF and LF/HF ratio with no difference between HF measures or timedomain measures of HRV.28
When looking at race as a possible correlate of HRV, there is conflicting evidence
in the literature. Several studies suggest that non-black subjects have significantly higher
HRV measures in both the time- and frequency-domain measures when compared to
black subjects.26,29,30 In contrast, a meta-analysis along with two cross-sectional studies
have demonstrated that HRV measures are significantly higher in black subjects when
compared to non-black subjects.31–33
Modifiable Correlates of HRV
Heart rate variability may also be influenced by modifiable factors such as
socioeconomic status, stress, or healthy lifestyle habits [i.e. obesity or physical activity
(PA)]. In a study that examined social class defined by education levels, occupational
status, and income, it was demonstrated that those who lived in a lower social class had
significantly lower HRV when compared to those in a higher social class.29 Another
study that examined differences in HRV measures including the acute response to
7

psychological stress within children from different SES level found no difference at prestress baseline but found that after psychological stress was applied, the group with
higher SES had lower recovery for HF.34 Mental stress has also been shown to influence
HRV measures. A study that induced mental stress on participants by having them key in
numbers and counting the mistakes while in a work place setting demonstrated that the
HF component of HRV was decreased and the LF/HF ratio was increased in the stressed
group when compared to the control group.35 Finally, a study that investigated the
influence of seven overall lifestyle factors (never smoking of cigarettes, healthy diet,
performing PA, BMI, total cholesterol, HbA1c) on HRV found that there was a strong
association between having a healthier lifestyle and better HRV.36
Physical Activity as a Modifiable Correlate of HRV
Several studies have examined the association between PA levels and HRV
measures in adolescents and young adults with cross-sectional studies and experimental
studies that modified PA levels. It has been shown that an increase in PA will increase
resting bradycardia, thus increasing parasympathetic activity and heart rate
variability.37,38 The cross-sectional studies measured PA via a self-reported questionnaire
or short-term use of an accelerometer. The experimental studies increased different types
of PA such as endurance training, school-based physical training (aerobic activities that
can be performed in a school setting), and intermittent training.
Gutin et al.39 performed a cross sectional study in which they examined freeliving PA levels via accelerometry, in 304 14 to 18 year olds. They found more favorable
8

HRV profiles, such as higher RMSSD were associated with higher moderate-vigorous PA
levels after controlling for age, sex, race, and percent body fat (p < 0.05). Similarly, Blom
et al.40 found a significant positive correlation between log-transformed HF, SDNN, and
LF and the amount of self-reported PA that 71 teenagers approximately 16 years old
completed. One weakness in this study is that the amount of PA the children participated
was based off self-reported measures, which can introduce some recall error. Strengths of
both studies include large sample sizes, reports of PA from a longer time period than just
past week, and they controlled for other variables that may influence HRV such as race,
sex, and age. In a study performed by Iwasa et al.41 in 29 children between the ages of 5
and 11 years old. Only mean R-R was significantly correlated with duration of intense
exercise per day, measured by hip worn accelerometers. No significant correlations
between any other measures of HRV and PA were found in this study. One limitation of
this study is the small sample size, possibly limiting statistical power.
A study performed by Nagai & Moritani42 examined HRV measures in a large
sample of children while considering both PA levels and the presence of obesity. They
recruited 1,080 children between the ages of 6 and 12 years old for the study. The final
study sample consisted of children that made up four groups, 24 obese-active, 24 obeseinactive, 24 lean-active, and 24 lean-inactive (n=96). The lean participants served as
controls to the obese-active and obese-inactive groups and were matched based on age,
gender, height, and the amount of sports activity. They found that the obese-active group
of children had significantly lower measures of LF, HF, and TP when compared to the
lean-active group. There were also significant differences between obese-inactive
9

children having reduced measures of LF, HF, and TP when compared to lean-inactive
children. When looking at PA independently in the lean group, they found the active
group had higher LF, HF, and TP. This study had demonstrated that the presence of PA
might contribute to higher HRV measures in both the obese and lean population.
Three studies investigated the effects of an endurance-training program on HRV
in two samples of children and one sample of young adults43–45. Mandigout et al.43
studied 19 children who were 10 and 11 years old and Tanner stage 1, meaning they were
still prepubertal. The children from one school participated in an endurance-training
program for 13 weeks, which consisted of interval runs, continuous runs, or bouts of
aerobic activities, three times per week for an hour each session. Children from a second
school were placed in a control group that consisted of normal activity. They found an
increase in mean R-R, SDNN, LF, HF, and TP for the group who participated in the
endurance program (n=12), when compared to the control group (n=7). It is important to
keep in mind this study is limited by small sample sizes that may limit statistical power as
well as the participants were not randomly assigned to groups.
Gutin et al.44 implemented an endurance training program in obese children 7 to
11 years old. The exercise training program lasted four months and the study included 17
children randomly assigned to the training group and 18 randomly assigned to the control
group. There was an 88% attendance rate for the 5 days per week program within the
training group and in each session, the children were encouraged to keep their HR over
150 beats/minute for 40 minutes. They found an increase in RMSSD and a decrease of
%LF of TP, and LF/HF ratio in the exercise training group compared to the control
10

group. One thing that should be noted while considering this study is the children that
recruited for the study were obese children, and within the exercise training group, there
was a decrease in % body fat, therefore it may be difficult to say changes in HRV are
solely due to an increase in PA. Another limitation within this study is the author did not
report what the instructions were for the control group, just that they did not participate in
exercise training program. Although there was no increase in HF in the trained group, the
increase in RMSSD and the decrease %LF of TP and LF/HF ratio suggest
parasympathetic activity and sympathetic/parasympathetic balance improved with
exercise training.
Yamamoto et al.45 performed a study on adults ages 21 and 22 years old
investigating the effects of a six week endurance training program via cycling. Seven
subjects were placed into the endurance training group and five subjects served as age-,
height-, weight-, and peak VO2–matched controls. The endurance training group
performed cycle exercises for 40 minutes, four days per week, at 80% of their measured
peak VO2 and the controls were instructed to live normal lives and perform their normal
daily activities. They found a significant increase in ln HF and SDNN within the training
group from baseline to completion of the six week program, with no changes in the
control group. The study results should be viewed with caution considering the very
small sample sizes in the training and control groups and the subjects they recruited were
already regularly active which may limit how much of an increase in HRV can be seen.
In 2004, Nagai et al.46 studied the effects of a 12-month school-based physical
training program on children ages 6 to 11 years old. Originally, 305 children were
11

recruited for the study, 100 children with the lowest baseline HRV measures were
selected for the experimental group and the controls were selected from the remaining
205 and matched based on age, height, weight, and gender when possible. The final study
number consisted of 100 experimental subjects and 100 control subjects. The schoolbased physical training program consisted of a physical educator leading 20 minutes of
aerobic activity every morning, including dancing, jump roping, and jogging to music
130-140 beats per minute. In the experimental group, from pre- to post-intervention, there
were significant improvements in LF, HF, and TP. By the design of the study, the
experimental group had significantly lower HRV measures than the control group, and
the differences remained after the study was completed. There were many strengths
within this study including 100% participation, the researchers controlled for seasonal
effect of temperature, sports, school trips, and long vacations.
Gutin et al.47 studied the effects of training and detraining on HRV in obese
children ages 7 to 11 years old. The study included 79 children who were randomly
assigned into two groups, one that trained for four months and detrained for four months,
the second group had no training for four months and then training for four months. The
physical training protocol consisted of 40-minute sessions, five days per week with a HR
above 150 beats per minute. The first half of the workout was 20 minutes on a cardio
machine and the last half of the session was 20 minutes of a game. They found a
significant increase in RMSSD with training and a significant decrease in RMSSD with
detraining within the first group. In the second group, there was no significant change in
RMSSD with no training and again, an increase with the introduction of physical
12

training. The authors also reported favorable changes in body composition with training.
Although this study had strengths such as a large sample size and had a large attendance
of 80%, they recruited obese participants making it hard to tease apart if the improvement
in HRV was associated with exercise training or the change in body composition.
Finally, one study examined the effects of intermittent training on HRV in
children, approximately 9 years of age, who were non-obese and prepubertal.48 The
participants were randomly assigned to two groups, the training group had 22 participants
and the control group had 16 participants. The training protocol lasted seven weeks for 30
minutes each session, five times per week. The intensity for the training group was based
on the maximal aerobic velocity (MAV) from a graded exercise test on a treadmill.
Exercise was performed at intensities varying from 80-120% of MAV with run/recovery
intervals ranging from 5/15, 10/10, 15/10, 20/20, and 30/30 seconds. Even though there
was a significant difference in fitness variables from pre- to post-intervention, no
significant differences in HRV measures were found from pre- to post-intervention.
Several of the cross-sectional studies mentioned previously found a positive
correlation with PA and HRV measures. Physical activity was measured mostly with
accelerometers, which is more reliable than self-reported questionnaires, but still presents
its own limitations. Physical activity that is classified by accelerometer is generally only
measured for a short time period and may not be truly representative of habitual PA over
longer time periods while PA measured by self-report is subject to recall bias.
Discrepancies between results in the studies may be due to the differences in modalities
of measuring PA or the classification of PA. All but one experimental study found an
13

increase in some measure of HRV measure with an increase in PA when compared to
subjects who did not increase PA, suggesting improvements in parasympathetic control
of heart rate. Several different types of PA programs were implemented into various
populations, the only type of PA program that did not show any success was intermittent
training in non-obese children. Several of the studies presented with a few common
weaknesses such as small sample size and room for measurement bias or recall error.
Preterm Birth, Birth Weight, and PA Levels
Several studies have examined cohorts of subjects born with VLBW or born PT to
compare PA level with their FT and NBW counterparts. A large meta-analysis performed
by Andersen et al.49 examined the association between birth weight and PA in 13 Nordic
cohort studies with participants ranging from 14 to 66 years old. They stratified birth
weight into categories ranging from 1.26 to 5.25 kg. All studies included both men and
women and were part of a longer longitudinal epidemiologic research program, the
“Prenatal and Childhood Growth in Relation to Cardiovascular Disease”. The pooled
results found a U-shaped association with lower birth weight subjects having lower levels
of leisure-time PA and those with the highest birth weights also having lower leisure-time
PA participation compared to their reference group who had birth weights between 3.26
and 3.75 kg.
Lowe et al.50 found similar results in a cohort of boys that were born PT when
physical activity was measured with an accelerometer for seven consecutive days.
Seventy-nine PT children 7 years old, born at 32 weeks or less of gestational age, had
14

significantly reduced moderate-to-vigorous PA when compared to term controls. In the
same study, no difference was found for children with a gestational age of 33-34 or 35-36
weeks. In contrast, Winck et al.51 studied children 8 to 11 years old, 48 born PT with
VLBW and 45 born at term with NBW. They used a self-report questionnaire that
assessed PA in school, during the commute, and leisure-time, for the last seven days.
They found no significant difference in levels of self-reported PA defined as “active” (>
300 min/week) or “inactive” (≤ 300 min/week).
One study compared leisure-time PA in a cohort of young adults, 21 to 29 years
old, with 94 born PT with VLBW and 101 born FT with NBW.52 The investigators found
significant lower leisure-time PA levels. The adults that were born with VLBW reported
almost half the mean frequency, total time, total volume, and energy expenditure in
leisure-time PA when compared to the FT, NBW controls. It was also demonstrated that
the VLBW subjects had lower yearly frequency and energy expenditure of high intensity
PA when compared to FT, NBW subjects. This study has many strengths to it, including
large sample sizes and age-, sex-, and hospital birth-matched controls, but is limited by
potential recall error associated with self-reported measures. It should be noted that this
cohort was born before the use of surfactant during PT birth which may have an influence
on lung function and PA levels, whereas our cohort was born when surfactant was used
with PT births to reduce respiratory distress.
In contrast, two studies used an objective measure of PA, accelerometry, when
comparing PT or VLBW adults with their FT, NBW peers. Tikanmaki et al53 studied
young adults, mean age of 23 years old, from the ESTER cohort in Finland and found no
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difference between early PT participants, late PT participants, and full term controls in
PA levels or proportion of sedentary time per day measured by accelerometers worn on
the hip for seven consecutive days. Kaseva et al54 found similar results in a group of
adults with the mean age of 25 years old. They found no significant difference between
57 VLBW subjects and 47 FT controls in daily PA levels and sedentary time. Both
studies that examined young adults used accelerometers to classify PA, had large sample
sizes and compared the VLBW/PT group to full term controls.
There were some inconsistent results within all of the studies that look at PA
levels in PT/VLBW and FT/NBW. Some studies found that children and young adults
that were born PT with VLBW had significantly lower PA levels when compared to FT
with NBW controls, while other studies found no difference between groups. These
inconsistencies may be due to: different sample sizes, different ages of the samples, births
prior to or following significant medical advances such as surfactant therapy, and
different methods for measuring physical activity (such as self-reported questionnaires
versus accelerometry).
In summary, evidence suggests that HRV of persons born PT and/or with VLBW
is lower than their FT/NBW peers, depending on the age they are studied. Studies also
suggest that HRV increases from infancy to mid-childhood in PT, but decreases in the
general population from age 10 to 99 years old. Evidence also suggests that higher levels
of PA or participation in endurance training is associated with higher HRV. However, to
date, no study has examined change in HRV from adolescence to young adulthood in a
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cohort of PT/VLBW persons and their FT/NBW peers. Furthermore, none have examined
the role of PA on HRV in this population.
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PURPOSE
Therefore, there are four main purposes of this study:
1. To examine longitudinal change in HRV from adolescence to young adulthood in
PT/VLBW participants and their FT/NBW peers
2. To determine if HRV differs between PT/VLBW and their FT/NBW peers at
adolescence and young adulthood
3. To determine if habitual PA differs between PT/VLBW participants and their
FT/NBW peers at adolescence and young adulthood
4. To determine if habitual PA is associated with HRV, specifically if changes in PA
from adolescence to young adulthood are associated with changes in HRV with
maturation.
It is hypothesized that:
1. HRV will decrease from adolescence to young adulthood
2. Both HRV and PA levels will be lower in the PT/VLBW group compared to the
FT/NBW group
3. Change in PA levels will correlate with a change in HRV measures from adolescence
to young adulthood
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METHODS
Design
This study design was a longitudinal cohort, examining PA and HRV in subjects
born PT/VLBW and controls born FT/NBW at the age of 14 years and again between the
ages of 18 and 23 years old.
Participants
Participants were first recruited as part of the larger follow-up study, Prenatal
Events – Postnatal Consequences (PEPC), of persons born with PT/VLBW at Forsyth
Medical Center between January 1st, 1992 and June 30th, 1996. For the first evaluation
(PEPC-1), participants were 14 years of age, and for PEPC-2, they were between the ages
of 18 and 23 years old. Eligibility criteria for the PT/VLBW participants included:
singleton birth, birth weight of less than 1501 grams, follow up evaluation at one year
adjusted age, no major congenital anomalies, and cognitive and physical ability to
participate in assessments. The participants were recruited via mailed letters to the
parents from addresses previously obtained from the contact information at one-year
adjusted age. Participants who could not be reached via mail were located with internet
search engines. Of the 407 possible participants, the goal was to recruit 200 participants
for the overall study. A cohort of adolescents born full term, with normal birth weight
(FT/NBW; ≥ 2500 g) and gestational age (GA) ≥ 37 weeks at the same medical center
were recruited using public advertisements, posting, and word of mouth in accordance
with the race and sex distributions of the PT/VLBW group. They also had to be 14 years
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old and born between June 1st, 1994 and June 30th, 1996, singleton birth with no major
congenital anomalies, cognitive and physical ability to participate, no antenatal steroid
exposure, and no known contraindications to exercise testing.
For PEPC-2, exclusion criteria included: congenital anomalies or major genetic
syndromes, current pregnancy, pregnancy in the past 3 months, blindness, severe cerebral
palsy, or diabetes requiring medication. Both PT/VLBW and FT/NBW subjects were
recruited from those who participated in PEPC-1. Additionally, PT/VLBW persons who
were eligible and interested in participating in PEPC-1 but unable to be scheduled were
asked to participate in PEPC-2, although they were not eligible for this longitudinal
investigation.
Measurements and Procedures – PEPC-1
For the overall study, measurements were taken across three visits in PEPC-1,
presented in Table 1. Measurements relevant to this thesis are presented in bold. At the
first visit, written informed consent was obtained from the parents or guardians of the
children and written assent was obtained from the children in accordance with IRB.
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Table 1: PEPC-1 Measurements
Visit 1
Written Informed
Consent & Written
Assent
Height, Weight, Waist
Circumference, &
MUAC measured in
triplicate
Stage of sexual
maturation assessment
Resting BP
Urine Sample
Salivary Cortisol pre &
post cold stressor
Cold Pressor Test
Resting ECG (HRV
measure)

Visit 2
Home Urine Sample
Height, Weight, Waist
Circumference measured in
triplicate
Stage of sexual maturation
assessment
Resting BP
ECG for HRV
Maximal Progressive Exercise
Test with Expired Gases for
Aerobic Fitness: VO2peak &
PWC BP, ECG, SPO2
Salivary Cortisol pre and post
GXT
Pulmonary Function Tests
Modifiable Activity
Questionnaire (MAQ)
Food Recording Instructions

Visit 3
Urine Sample (Same as V1
and Pregnancy Test for
females)
Height, Weight, Waist
Circumference measured in
triplicate
Stage of sexual maturation
assessment
Resting BP & Ambulatory
BP set up (optional)
Blood Sample
Skinfold Measurements
Dual Energy X-ray
Absorptionometry (DXA)
scan: % Body Ft, Bone
Density, & Lean Body
Mass
Motor Proficiency Test
Collect Food Records

* Data important to this thesis in bold
Anthropometric measurements
Height and weight were measured at all three visits. Participants were asked to
remove their shoes and outer clothing. Height was measured three times via a wallmounted stadiometer to the hundredth of a centimeter. Weight was measured three times
using a digital platform scale to the nearest tenth of a kilogram. The average of the three
height and weight measures were used to calculate body mass index (BMI) from weight
(in kg) divided by height (in cm) squared. Percentiles and z-scores for BMI were
determined to classify participants as healthy weight or overweight/obese at
adolescence55 and absolute values were used at young adulthood.56
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Physical Activity
Physical activity was assessed at the 2nd visit using Kriska’s Modifiable Activity
Questionnaire (MAQ). The MAQ has previously been shown to be valid and reliable in
adolescents57 and young adults.58 The questionnaire was administered to the children
directly, with parents present in case assistance was needed. The participants were read a
list of common activities and asked to indicate if they performed the activity five or more
times in the past 12 months. For indicated activities, they were asked to specifiy which
months in the past year they engaged in the activity, the number of times per week or
month, and the average number of minutes per session for each activity. From this
information, the average total-hours of activity per week for the past year (TOT-hrs) was
determined. Activities were assigned metabolic equivalent values (MET) from the
compendium of physical activity.59 Time spent in activities with a MET value > 6 was
summed and averaged to provide the average vigorous-hours per week for the past year
(VIG-hrs).
Heart Rate Variability
Heart rate variability was measures during the 2nd study visit and assessed in
accordance with the guidelines of the Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electrophysiology.60 The participants
were instructed to lie quietly in the supine position for 15 minutes, breathing normally. A
3-lead electrocardiogram (ECG) was recorded using a Biopac MP 36 System (Goleta,
CA) for 15 minutes and the ECG recording between minutes 5-10 were used for HRV
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analysis. Nevrokard software (Slovenia) was used to examine the ECG recording for any
ectopic beats or artifact. If less than five ectopic beats occurred per minute, the beat was
removed by deleting the section of the ECG from previous R wave to the 2nd R wave
following the ectopic beat. The HRV was not determined if there were five or more
ectopic beats per minute during the 5 minute period. The software was then used to
calculate HRV measures in both the time and frequency domains. The software provides
many measures of HRV; we chose the time-domain measure of RMSSD and the
frequency-domain measure of HF to reflect the parasympathetic control of HR, and the
LF/HF ratio to reflect the sympathovagal balance of HR control.7
Methods and Procedures – PEPC-2
For PEPC-2, the measurements that were collected across two visits are shown in
Table 2.
Table 2: PEPC-2 Measurements
Visit 1
Informed Consent
Urine Sample
Height, weight, body composition
Blood pressure
Saliva specimen
Indwelling venous catheter
Fasting blood labs
Oral glucose tolerance test
Health status questionnaires
Given instructions for overnight urine
sample & 4 day standardized sodium diet

Visit 2
Height, weight
Blood pressure
Urine samples
Continuous non-invasive arterial blood
pressure
ECG for Heart rate variability
Pressure Natriuresis tests
Health status questionnaires
Modifiable Activity Questionnaire
(MAQ)
Non-invasive vascular lab testing
Provided with accelerometer and
ambulatory BP monitor, with diary for
each

* data important to this thesis in bold
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Height and weight were measured as described in PEPC-1. Leisure-time PA was
also measured using the MAQ. The ECG was recorded for 15 minutes with the
participant quiet, breathing normally, and in a seated position rather than in supine.
Minutes 5-10 of ECG recording were processed using the same methods at PEPC-1 to
derive HRV variables in both the time and frequency domains.
Statistical Analysis
Statistical analyses were performed using SPSS v. 25. Descriptive statistics were
run to examine central tendency and normality within the distribution. If data were not
normally distributed, transformations (e.g. natural logarithm or square root) were used in
attempt to improve distributional characteristics. Between-group comparisons of
participants’ characteristics were made using Mann-Whitney U tests. Proportional
differences were assessed using χ2 analysis. Tracking of HRV from PEPC-1 to PEPC-2
was examined visually using scatterplots and statistically using Spearman correlation
analysis. Repeated measures analysis of variance (RM-ANOVA) was used to make
between-group (PT/VLBW vs. FT/NBW) and within-group (PEPC-1 vs. PEPC-2)
comparisons, for measurements of HRV and PA. Based on previous work with this
sample, we examined for group X time interactions and group x sex interactions within
the RM-ANOVA model. The relationship between changes (PEPC-2 – PEPC-1) in PA (∆
PA) with changes in HRV (∆ HRV) measures were visually examined using scatterplots,
and correlation coefficients were determined with Spearman’s rho correlation analysis.
Finally, generalized regression analysis was performed to look at the changes in HRV to
determine if ∆ PA is significantly associated with HRV measures at PEPC-2.
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RESULTS
As shown in Figure 1, 193 PT/VLBW participants and 52 FT/NBW participants
were enrolled for PEPC-1 at an age of 14 years old. After enrollment, five participants
were found to be ineligible and excluded from the study, leaving 188 PT/VLBW
participants. Twenty-six (20 PT/VLBW) were excluded for missing or invalid HRV data,
no Visit 2, or ECG abnormalities at PEPC-1. Six participants (4 PT/VLBW) were
excluded for unreliable PA data, leaving 164 PT/VLBW and 44 FT/NBW participants at
the end of PEPC-1. Of the 164 final PT/VLBW participants at PEPC-1, 33 participants
did not follow up at PEPC-2 and of the 44 final FT/NBW participants at PEPC-1, 14
participants did not follow up at PEPC-2, and therefore were excluded from analysis.
Twenty-five participants (19 PT/VLBW) were excluded during PEPC-2 for no visit 2,
abnormal ECG, missing, or unreliable data. The final analysis included 108 PT/VLBW
and 20 FT/NBW participants.
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Participants’ Characteristics
The neonatal, adolescent, and young adult characteristics of the 108 PT/VLBW
and FT/NBW included in the final analysis are presented in Table 3.
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Table 3: Participant Characteristics as neonates, adolescents, and young adults*
PT/VLBW
(n=108)
Neonatal

Male Sex, n (%)
Black Race, n (%)
GA, weeks
BW, g
BW percentile
BW z-score

Adolescence
Age, years
Weight, kg
Weight z-score
Height, cm
Height z-score
BMI, percentile
BMI z-score
Young
Adulthood

Age, years
Height, cm
Weight, kg
BMI, kg/m2

FT/NBW (n=20)

p-value

44 (41)

8 (40)

0.95

48 (44)
27
(24, 33)
1075
(639, 1460)
45
(2, 83)
-0.19
(-2.08, 0.94)
14.5
(14.1, 15)
56.3
(40.4, 98.4)
0.45
(-1.67, 2.42)
161.2
(144.9, 174.4)
-0.35
(-2.50, 1.20)
70
(7, 99)
0.53
(-1.49, 2.36)
19.6
(18.8, 21.7)
164.2
(147.9, 181.3)
64.7
(41.5, 112.8)
24.1
(17.2, 40.6)

9 (45)
40
(38, 41)
3274
(2529, 4030)
36
(1, 91)
-0.4
(-1.25, 1.29)
14.5
(14.08, 15)
60.3
(48.2, 81.6)
0.64
(-0.57, 1.92)
165.9
(152.8, 177.6)
0.14
(-1.39, 2.43)
70
(29, 96)
0.53
(-0.56, 1.78)
20.2
(18.9, 21.1)
170.5
(152.1, 186.0)
71.0
(55.0, 117.5)
24.9
(19.6, 36.5)

0.96
< 0.001
< 0.001
0.992
0.89
0.37
0.256
0.335
< 0.05
< 0.05
0.984
0.984
< 0.05
< 0.05
0.215
0.52

Abbreviations: BW = birthweight, BMI = body mass index, GA = Gestational Age
*Values are medians (5th and 95th percentile) or n (%)
**p-values from Mann-Whitney U tests
At the neonatal stage, there were no significant differences between the
PT/VLBW and FT/NBW groups for the proportion of male and nonblack participants.
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The FT/NBW group had significantly higher birth weight and GA compared to the
PT/VLBW group, but no significant differences were found between the groups for birth
weight z-score or birth weight percentile.
At adolescence, the FT/NBW group had significantly higher height and height zscores than the PT/VLBW group. There were no significant differences between the
groups for age, weight, weight z-score, BMI percentile, or BMI z-score. However, there
was a trend toward a greater proportion of the PT/VLBW group to be obese (BMI > 95th
percentile) compared to the FT/NBW group (22% vs 5%) and a greater proportion of the
FT/NBW group to be overweight (BMI > 85th but < 95th percentile) compared to the
PT/VLBW group (25% vs 11%) (χ2 =5.04 p=0.08).
At young adulthood, the FT/NBW group was significantly older and taller
compared to the PT/VLBW group. There was no significant difference between
PT/VLBW and FT/NBW groups for weight or absolute BMI. A similar trend was
observed in obesity and overweight categories in young adulthood with the PT/VLBW
group having a greater proportion of obese subjects (27% vs. 10%) and the FT/NBW
group having a greater proportion of overweight subjects (30% vs 14%) (χ2 =4.65 ,
p=0.098).
Heart Rate Variability
The HRV variables measured at adolescence and young adulthood are presented
in Table 4. A RM-ANOVA was run on the natural log transformed variables of RMSSD,
HF, and LF/HF to examine between group (PT/VLBW vs. FT/NBW) and within group
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(PEPC-1 vs. PEPC-2) differences. No between group differences were found for any of
the primary HRV variables, but all demonstrated significant changes over time. Both
RMSSD and HF decreased from adolescence to young adulthood whereas LF/HF ratio
increased over time. Inclusion of race or sex in the model did not alter the results
significantly. We also tested for group*time and group*sex interactions and found no
significant interactions for any of the three variables.
Table 4: Between- and Within-group Comparisons of Heart Rate Variability Measures*
PT/VLBW
FT/NBW
HRV
PEPC-1
PEPC-2
PEPC-1
PEPC-2
p-value**
RMSSD
78.0
48.0
65.9
55.7
BTW: p=0.94
(ms)
(26.2, 195.6) (23.2, 134.0) (20.7, 265.0) (30.1, 136.8) W/I: p<0.001
2902
1114
1695
1507
BTW: p=0.79
HF (Hz) (331, 14983) (277, 8081) (251, 29887) (409, 13473) W/I: p=0.001
0.50
1.15
0.41
1.76
BTW: p=0.70
LF/HF
(0.11, 2.0)
(0.24, 5.19)
(0.06, 2.87)
(0.08, 4.37) W/I: p<0.001
*Values are medians (5th, 95th percentile) for untransformed variables. **p-values are
from ln transformed variables, BTW = between, W/I = within
Tracking and Reliability of HRV Over Time
Tracking of HRV from adolescence to young adulthood was visually examined
using scatterplots (Figures 2, 3, & 4) and statistically compared using Spearman’s rho
correlation analysis (Table 5).
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Figure 2: Scatterplot of RMSSD (ln) at PEPC-1 vs. RMSSD (ln) at PEPC-2

Figure 3: Scatterplot of HF (ln) at PEPC-1 vs. HF (ln) at PEPC-2
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Figure 4: Scatterplot of LF/HF (ln) at PEPC-1 vs. LF/HF (ln) at PEPC-2

HRV in the PT/VLBW group as indicated by the natural log transformed
variables of RMSSD and HF are significantly correlated between PEPC-1 and PEPC-2,
but had no significant correlation for LF/HF. In the FT/NBW group, the natural log
transformed HRV variables of HF and LF/HF ratio were significantly correlated between
PEPC-1 and PEPC-2, but no significant correlation was found for RMSSD.
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Table 5: Spearman’s correlation coefficients (rho) for HRV measures between PEPC-1
and PEPC-2 by group
PT/VLBW

FT/NBW

RMSSD (ln)

0.45*

0.43

HF (ln)

0.41*

0.58*

0.16

0.64*

LF/HF ratio (ln)
*p-value <0.05
Physical Activity Variables

Total hours per week (TOT-hrs) and VIG-hrs of PA for the past year are reported
in Table 6. The PA data were not normally distributed and distributions were not
improved with various transformations. Therefore, Mann-Whitney U tests were
performed to make between-group comparisons at each time point. No significant
differences were found between the PT/VLBW group and the FT/NBW for TOT-hrs at
PEPC-1. However, VIG-hrs at PEPC-1 and PEPC-2 and TOT-hrs at PEPC-2 group at
were significantly lower in the PT/VLBW compared to the FT/NBW group.
Table 6: Physical Activity measures for PEPC-1 and PEPC-2 by group*
PEPC-1

PEPC-2

PA
Measures

PT/VLBW
FT/NBW
8.15
9.84
TOT-hrs
(0.61, 28.48) (2.27, 23.61)
0.99
2.98
VIG-hrs
(0.00, 13.64) (0.01, 15.46)
*Values are medians (5th, 95th percentiles)

PT/VLBW
4.07
(0.10, 17.23)
0.16
(0.00, 7.44)

**p-values calculated from Mann-Whitney U tests
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FT/NBW
7.41
(1.25, 23.54)
1.47
(0.00, 14.82)

p-value**
between
P1: p=0.765
P2: p=0.042
P1: p=0.022
P2: p=0.020

Associations between ∆ PA and ∆ HRV
A primary aim of this study was to determine if change in HRV from PEPC-1 to
PEPC-2 was associated in change in PA over the same period and are depicted using
scatterplots in Figures 5, 6, & 7. Because the PA data distributions were not improved
substantially by various transformations, we examine the strength of association using
Spearman’s rho correlations. The coefficients ranged from -0.05 to 0.13 for the
PT/VLBW group and -0.41 to 0.23 in the FT/NBW group with none reaching statistical
significance.

Figure 5: Scatterplot for correlation between ∆ TOT-hrs vs. ∆ RMSSD (ln)
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Figure 6: Scatterplot for correlation between ∆ TOT-hrs vs. ∆ HF (ln)

Figure 7: Scatterplot for correlation between ∆ TOT-hrs vs. ∆ LF/HF (ln) ratio
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Multivariate Regression Analysis
We performed generalized regression analysis to examine if PA at PEPC-1 was
predictive of any HRV measure at PEPC-2. With sex and race included in the model,
there were no significant associations between TOT-hrs or VIG-hrs at PEPC-1 and HRV
at PEPC-2.
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DISCUSSION
To our knowledge, this is the first longitudinal study to examine HRV measures
in the PT/VLBW population from adolescence to young adulthood and compare them to
their FT/NBW peers. We found that some measures of HRV tracked moderately well
from adolescence to young adulthood in both groups. We also found that HRV
significantly decreased over time in both the PT/VLBW group and the FT/NBW group,
although there were no between-group differences at either time point.
We examined the Spearman’s rho correlation of HRV measures from adolescence
to young adulthood. Significant moderate positive correlations of 0.45 and 0.41 were
found in the PT/VLBW group for RMSSD and HF, respectively. Within the FT/NBW
group, the frequency-domain measures demonstrated significant moderate positive
correlation of 0.58 for HF and 0.64 for LF/HF.
To date, only two studies have examined HRV longitudinally in a cohort of PT
and FT born children. Yiallourou et al.20 found that participants who were born PT did
not have a difference in HRV at 2-4 weeks or 2-3 months compared to matched FT
participants. At 5-6 months, the PT participants had significantly lower LF, HF, and Total
Power compared to the FT participants. These findings are suggestive of no difference in
HRV until at least 5 months after birth between PT and FT participants. Landrot et al.19
studied HRV differences in children who were born PT compared to children born FT at
infancy, ages 2-3 years old, and ages 6-7 years old. The study found that as the age of the
cohort increased, the HRV also increased. They also found a significant difference in
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HRV at infancy between the PT and FT group with the PT group having lower HRV. At
ages 2-3 years and 6-7 years, there was no significant difference between groups. There
was significant increase in within-group difference from infancy through 6-7 years old.
The findings of this study suggests there is a difference in HRV between those who are
born PT and those who are born FT during infancy, but by early childhood, the ANS of
the PT group has matured such that HRV is comparable to that of the FT group and
continues to mature through childhood. The decrease in HRV from adolescence to young
adulthood in our study is consistent with cross-sectional studies by Agelink et al.28,
Umetani et al.25, Britton et al.61, O’Brien et al.62, and Liao et al.31 Each study
demonstrated a negative correlation between age and HRV ranging from -0.47 to -0.62
with older adults having significantly lower HRV than the children and young adults.
Other studies have compared HRV between persons born PT and persons born
FT. The findings of our study are inconsistent with other studies by Rakow et al.22, UrferMaurer et al.21, and Haraldsdottir et al.23 These studies found significantly reduced in
HRV in PT subjects compared to FT which may be due to differences in the age of the
study groups. Rakow et al.22 studied children who were between 9 and 10 years of age
and likely to be pre- or early-pubertal whereas our subjects were at least 14 years old at
PEPC-1 and likely late-pubertal. Pubertal stage has been shown to influence HRV
specifically in obese children.63 Urfer-Maurer et al.21 and Haraldsdottir et al.23 both had
different methods of collecting HRV measures than we did which might have contributed
inconsistent results. Our HRV measures were analyzed from a five minute collection
during a daytime visit while Urfer-Maurer et al.21 collected HRV data during sleep and
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Haraldsdottir et al.23 performed a 24-hour analysis of HRV. These methodologic
differences may contribute to the inconsistent findings.
A second aim of this study was to compare habitual PA between the PT/VLBW
and FT/NBW groups. Although there was no significant between-group differences for
TOT-hrs at adolescents, the PT/VLBW group engaged in significantly less VIG-hrs
compared to the FT/NBW group. The lack of difference in PA classified by TOT-hrs is
consistent with other studies of children.51,64,65 Similar to our study, Winck et al.51
gathered PA data via self-report questionnaire in participants who were 8 to 11 years old
and found no difference in overall PA for the past seven days between VLBW and NBW
peers. Lowe et al.65 and Welsh et al.64 both measured PA using accelerometers worn
throughout the day to classify habitual, daily PA in PT 11 to 15 year olds and extremely
PT 10 to 11 year olds, respectively, and found no differences in PA compared to their FT
peers. Neither study examined vigorous PA specifically. However, other studies are
inconsistent with our findings of no difference in TOT-hrs. Lowe et al.50 examined PA
via accelerometry in 7 year olds born PT and stratified by GA. They found that children
born between 25 and 32 weeks GA had significantly lower total PA than their FT born
counterparts, but those born at 33-34 weeks GA and 35-36 weeks GA did not differ from
their FT born peers.
At young adulthood, our PT/VLBW group had significantly lower TOT-hrs and
VIG-hrs compared to the FT/NBW group. This finding is consistent with one study by
Kaseva et al52 who examined 25 year olds and found those that were born PT/VLBW
reported significantly less leisure-time PA and vigorous PA compared to FT/NBW
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participants. In contrast to our results, Tikanmaki et al.53 and Kaseva et al.54 found no
difference in PA measured by an accelerometer between young adults who were born PT
and those who were born FT. Inconsistencies among study results may be due to
differences in methodology of measuring PA. Information collected from questionnaires
varied and are subject to recall error. Acceleromtry provides a more objective measure
but is generally limited to one week of measurement and therefore does not reflect
habitual PA. Furthermore, wearing an activity monitor may alter a person’s usual
activity.
The decreased activity of the PT/VLBW group may be attributed to several
characteristics that are present due to their prematurity. Studies have demonstrated a
decrease in postural balance and motor coordination among children ages 11 to 13 years
old that were born extremely low birth weight compared to FT children.66 At young
adulthood, VLBW subjects reported less resilience during PA as well as more risk
avoidance compared to their NBW counterparts.67
We examined if PA was correlated with HRV, both cross-sectionally and
longitudinally. We found no significant cross-sectional correlations between PA and
HRV at PEPC-1 (adolescence) or at PEPC-2 (young adulthood), no significant
correlation between the change in PA between PEPC-1 and PEPC-2 with changes in
HRV measures, and no significant association between PA at PEPC-1 with HRV at
PEPC-2. Although to our knowledge, this is the first study to examine the effects of PA
on HRV in the PT/VLBW population, these findings are not consistent with literature on
PA and HRV in health populations. Previous studies have demonstrated in cross-sectional
40

studies that increased levels of PA are generally associated with better HRV outcomes.39–
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Studies also show that an increase in PA levels via exercise endurance training are

associated with increases in HRV measures consistent with increased parasympathetic
control of HRV.43–47 The lack of association between PA and HRV may be due to
methodologic issues associated with self-report questionnaires (e.g. recall error), as well
as failure to adjust for other factors which may influence HRV such as obesity.68
It is also possible that associations seen in healthy populations may have been
altered by fetal or developmental programming in our PT/VLBW group as proposed by
Barker et al.16 and further studies by De Boo & Harding.17 It is hypothesized that
structural and physiologic adaptations in response to adverse environmental stimuli (such
as premature birth) maybe beneficial in promoting short-term survival, but detrimental in
the long-term. However, this does not explain the lack of association in our FT/NBW
group. This lack of association may likely be due to limited statistical power associated
with the small sample size.
There were several strengths associated with this study. The longitudinal cohort
design allowed us to examine a dynamic picture of PA and HRV over time. We also had
a large sample of PT/VLBW subjects that were racially diverse and born at a time when
medical advances such as surfactant therapy were available. They were also raised in the
obesogenic culture that represents the world today, making our results more generalizable
to the current PT/VLBW population. Our data were collected in a standardized clinical
setting by trained research assistants and research nurses.
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There are some limitations in this study. As previously mentioned, the small
sample size of the FT/NBW limits the statistical power of being able to observe
significant between-group differences as well as significant correlations between PA and
HRV, particularly in the FT/NBW group. There was approximately 50 % loss to followup rate between recruitment and exclusion/inclusion for final analysis which may
introduce some bias within the results. The short-term measurements of HRV in a
laboratory setting may not be as reflective of HRV as a 24-hour measurement during a
typical day. Physical activity was measured via self-reported questionnaire, which may
introduce recall error and less accurate information. We also measured PA for the past
year to reflect more habitual activity, and specifically not the PA level surrounding the
measurement of HRV. Future research should include objective measurement of PA data
via accelerometry around the time that the HRV is measured. Finally, we were not able to
control for factors such as obesity and puberty status, which may influence the HRV
measures.
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CONCLUSIONS
The results suggest that HRV is not adversely affected by being born PT with
VLBW. Furthermore, lower levels of PA participation was not adversely associated with
HRV during adolescence or young adulthood. However, continued longitudinal followup of this sample is warranted to determine if differences in HRV become evident as they
mature.
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Appendix A

ANTENATAL STEROIDS AND BLOOD PRESSURE IN CHILDHOOD

Principal Investigators: Lisa Washburn, MD and Patricia Nixon, PhD
Co-Investigators:

T. Michael O'Shea MD, MPH; Jen-Jar Lin, MD;
Leon Lenchik, MD; Paula Sisk, PhD

INTRODUCTION

Your child is being invited to be in a research study. Research studies are designed to gain
scientific knowledge that may help other people in the future. Your child may or may not receive
any benefit from being part of the study. There may also be risks associated with being part of
research studies. Your child is being asked to take part in this study because of being born either
prematurely or close to their due date. Your participation is voluntary. Please take your time to
make your decision, and ask your study doctor or the study staff to explain any words or
information that you do not understand. You may also discuss the study with your friends and
family.

WHY IS THIS STUDY BEING DONE?

The purpose of this research is to study the long term effects of antenatal steroids (a steroid shot
given to pregnant mothers to help the baby's lungs mature) on blood pressure during childhood.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?

About 230 prematurely born children and 50 children born near their due date will take part in
this study. This study is being done at Wake Forest University Health Sciences.

WHAT IS INVOLVED IN THE STUDY?
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This study involves 3 visits during a 12 month period.

Each visit will begin in the General Clinical Research Center and will include the following:
1.
Your child's arm circumference (the measured distance around the arm), height and
weight will be measured.
2.

Your child's blood pressure will be measured multiple times while seated in a chair.

3.

You will be asked to complete questionnaires.

4.

Your child will be asked to complete questionnaires.

5.
Your child will be asked to complete a form with pictures of the different stages of
puberty to identify the stage of sexual development that he or she is in. This will be done in
private and placed in a sealed envelope to avoid any embarrassment.

The visits will last about 1/2 day and are outlined as follows:

Visit 1

1. Your child will be asked to provide a sample of urine during the visit. If your child needs to use
the restroom prior to obtaining consent from you and assent from your child, we will collect the
urine but hold it until you consent and your child assents to participate in the study.

2. A sample of saliva (spit) will be obtained by asking your child to spit into a container.

3. Another sample of saliva (spit) will be obtained by asking your child to chew a piece of
sugarless gum and then spit into a container.

4. Then we will ask your child to lie on a bed and we will monitor his/her heart rate, breathing,
and blood pressure. Next, a plastic bag of ice and water will be placed on your child's forehead
for one minute. We will continue to measure your child's blood pressure response with an arm
cuff until it returns to the resting level. While measuring your child's blood pressure change in
response to the cold, we will also monitor his/her heart rate with an EKG and monitor the
respiratory rate with a strap around your child’s stomach. (The way a person's blood pressure
responds to the cold sensation may be predictive of their blood pressure in later life.)
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5. Another sample of saliva (spit) will be obtained by asking your child to chew a piece of
sugarless gum and then spit into a container.

6. You and your child will meet with a nutritionist in the General Clinical Research Center to
learn how to keep the 3 day food record. (This may be moved to the second or third visit if
necessary.)

7. At the end of Visit 1, we will give your child supplies and instructions for collecting their first
morning urine. Your child will collect this urine in the morning of a subsequent study visit and
bring this urine sample to that appointment.

Visit 2

1. Your child will collect their first morning urine and bring this sample with them to Visit 2.

2. If your child was unable to provide a urine sample at Visit 1, your child will be asked to
provide a sample of urine during Visit 2.

3. A sample of saliva (spit) will be obtained by asking your child to chew a piece of sugarless
gum and then spit into a container.

4. We will ask your child to lie on a bed while we monitor heart rate with an EKG, blood pressure
with an arm cuff and finger strap, and breathing with a strap around your child’s stomach.
5. Your child will be escorted to the lab where the exercise test will take place. Prior to the
exercise test we will obtain baseline lung function or breathing tests. Your child will then
perform the exercise test on a stationary bicycle. The test will start out very easy like riding on
level ground. Each minute the test will get progressively harder, like riding up a steeper and
steeper hill. Your child will be encouraged to give a maximal or best effort. During the test you
child will breathe through a mouthpiece and wear noseclips so that we will measure the air your
child breathes out. Your child’s heart rate will be monitored with an EKG and oxygen levels in
the blood will also be monitored using a pulse oximeter, which is a plastic clip with a red light
that sees through the skin on the finger. (No blood is drawn.)

6. After the exercise test is over, your child will lie on a bed while we monitor their heart rate.
Next we will have your child repeat the breathing tests. We will give your child a breathing
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treatment with a bronchodilator, Albuterol, a medicine that opens airways. This will treat any
bronchoconstriction (tightening of the airways) that may have occurred with exercise.

7. We will repeat the breathing tests to make sure they return to the baseline levels.

8. Another sample of saliva (spit) will be obtained in the same way.

Visit 3

{Your child will need to collect a first morning urine sample and bring it with them to the Visit 3
appointment IF this was not done at Visit 2.}

1. Your child will be asked to provide a sample of urine at the beginning of the visit. If your child
is female, she will be required to provide a urine sample before the DXA scan (described below)
to rule out pregnancy. Even though the radiation is very small, it may be harmful to an unborn
baby. The results of the pregnancy test that is performed on your child will be kept confidential
and you will not be told the results unless your child agrees to share this information with you,
unless there is a medical problem for which we need to receive parental consent to treat, or if
medical care is needed from another physician.

2. Your child will have measurements made of skin thickness with calipers and a measurement of
the waist with a tape measure.

3. Your child will be asked to perform several game-like tasks assessing coordination such as
throwing and catching a ball, walking on line, balancing on one leg on a low (2 ½ inch high)
balance beam, and copying a square. These tasks will take about 15 minutes to complete.

4. Your child’s body composition will also be measured by a dual energy x-ray absorptiometry
(DXA) scan. You will be escorted to the Sticht Center (a 5 minute indoor walk) for this test.
During the DXA scan, your child will be asked to lie very still on a table for approximately 5
minutes while the machine makes an image of your child’s total body. The scan exposes your
child to a very small amount of radiation, similar to the radiation from playing outside on a
couple of sunny days.
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5. Your child will have approximately 2 Tablespoons of blood withdrawn from a vein at this visit.
To decrease the pain often felt with a needle stick, a numbing cream will be applied 30 minutes
prior to the needle stick. Your child can still participate in the study if he/she doesn’t want to
participate in the blood sampling part.

6. Some people have elevated blood pressure when they are in the doctor's office or clinic but
normal blood pressure at home. This is called "White Coat" hypertension. To check your child's
blood pressure during normal activities your child will be fitted with an ambulatory blood
pressure monitor. This monitor will be worn home and kept on for 24 hours (all day and all night)
if possible. It consists of a blood pressure cuff and a small box that is worn on a strap like a purse
or clipped onto the belt. The cuff will inflate every 20 minutes during the day and every 30
minutes at night. We will ask you and your child to keep a record of the activities your child
participates in while wearing the monitor. The ambulatory blood pressure monitor will have to be
returned to the GCRC after use. You may pull your car into a special drop off area that we will
point out to you or if you live outside of Winston-Salem you may mail it back.
(The order of Visit 2 and Visit 3 study appointments may be reversed if needed to accommodate
scheduling.)

The records surrounding your child's birth (mother and child) will be reviewed to obtain
information about the pregnancy and your child’s nursery stay. If your child was born at term,
you will be asked to provide authorization for release of medical records information so that we
may obtain information about early growth from your child’s primary healthcare provider.

FUTURE USE OF BLOOD, URINE AND SALIVA SAMPLES
If you agree, your child’s leftover blood, saliva, and urine will be kept and may be used in future
research to learn more about hypertension and other diseases. The blood and urine will be stored
by the Hypertension Core Laboratory at Wake Forest University Health Sciences. The saliva will
be stored in the GCRC Molecular Lab. An Institutional Review Board (IRB) must also approve
any research study using your child’s blood, saliva, and urine. Sometimes blood, saliva, and urine
samples are used for genetic research that may provide information about diseases that are passed
on in families. Even if your child’s blood, saliva, or urine is used for this kind of research, the
results will not be told to you or members of your family and will not be put in your health
records. The choice to let your child’s blood, saliva, and urine be kept for future research is up to
you. No matter what you decide to do, it will not affect your child’s participation in this study. If
you decide now that your child’s blood, saliva, and urine can be kept for research, you can change
your mind at any time. Just contact Dr. Washburn and let her know that you do not want your
child’s blood, saliva, and urine kept. Otherwise, the blood, saliva, and urine may be kept until it is
used up, or until it is destroyed.
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I agree that my child’s blood, saliva, and urine samples and health records may be kept for use in
future research to learn about, detect, prevent, treat, or cure high blood pressure and other health
problems.

_____________________________________

________________________

Signature of parent or legal guardian
signature

Date of

As part of this study, a saliva (spit) sample will be obtained from your child and DNA from your
child’s saliva (spit) sample will be purified. DNA, or deoxyribonucleic acid, stores and transmits
inherited traits, such as eye color or blood type. As part of this research project, your child’s
DNA will be studied in an effort to find out if there are genes that contribute to medical
conditions that are part of this study. Because we do not know how the results of this DNA study
relate to your child’s individual health, the results of the research will not be given to your child’s
doctor without your permission. These results will also not be placed in your child’s medical
records.

HOW LONG WILL I BE IN THE STUDY?

Each study visit will last about half of a day. There will be three visits scheduled within 1 year.
You will be asked to keep a 3 day food record of what your child eats. The ambulatory blood
pressure monitor is worn for 24 hours and you must drop it off at the GCRC or put it in the mail
the next day. Your child will be asked to record his/her activities during the ambulatory blood
pressure monitoring. You or your child may decide to stop participating at any time. In the future
we may wish to invite our study participants to return for a follow-up assessment. Your signature
on the line below indicates that you give permission for us to contact you about any opportunities
for follow-up evaluations.

__________________________________

______________

Signature of parent or legal guardian

Date of signature

WHAT ARE THE RISKS OF THE STUDY?

Being in this study involves some risk to your child. You should discuss the risk of being in this
study with the study staff. Risks and side effects related to the study include:
Visit 1
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The bag of ice placed on the forehead will feel very cold and uncomfortable but similar to what
you would feel when placing an ice pack on a minor injury.
Visit 2
Your child may experience wheezing, shortness of breath, tightening of the airways
(bronchoconstriction), muscle soreness, and fatigue from the exercise testing. A bronchodilator
will be administered to reverse any exercise induced airway tightening. A possible side effect of
the bronchodilator, Albuterol, is a rapid or irregular heart rate and tremor that may last for 4 to 6
hours. Your child will be monitored closely during the tests. Trained personnel will be present in
the unlikely event that any medical emergency arises. Your child may have sore muscles 1 to 2
days from the exercise test.
Visit 3
The DXA scan involves exposure to radiation. The risk of the DXA procedures is small and is
similar to that received from a clinical x-ray or nuclear medicine study. The scan exposes your
child to a very small amount of radiation, similar to the radiation from playing outside on a
couple of sunny days. The amount of radiation exposure that your child will receive from this
procedure is equivalent to a uniform whole body exposure of 0.7 millirem. This is equal to
0.23% of the amount of background radiation that the average person in the United States
receives each year. In the United States, the background radiation is 300 millirem per year.

When having their blood sample taken, your child may experience discomfort, bruising and/or
bleeding where the needle is inserted. Occasionally some people become dizzy, lightheaded or
feel faint. Infection may occur on rare occasions.
The ambulatory blood pressure monitoring may be inconvenient.
All Visits
One of the study questionnaires involves asking your child about his/her stage of puberty or
sexual development. This may cause embarrassment to some children but this will be minimized
by picture identification done in private and placed in a sealed envelope.

Taking part in this research study may involve providing information that you consider
confidential or private. Efforts, such as coding research records, keeping research records secure
and allowing only authorized people to have access to research records, will be made to keep
your information safe.

A Data Safety and Monitoring Committee, an independent group of experts, will be reviewing the
data from this research throughout the study.
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ARE THERE BENEFITS TO TAKING PART IN THE STUDY?

If your child agrees to take part in this study, there may or may not be direct benefit to him/her.
We hope the information learned from this study will benefit children in the future. The benefits
of participating in this study may be: Identification of elevated blood pressure.

WHAT OTHER CHOICES ARE THERE?
This is not a treatment study. Your alternative is to not participate in this study.

WHAT ABOUT THE USE, DISCLOSURE AND CONFIDENTIALITY OF
HEALTH INFORMATION?

By taking part in this research study, you and your child's personal health information, as well as
information that directly identifies you and your child, may be used and disclosed. Information
that identifies you and your child includes, but is not limited to, such things as your name,
address, telephone number, and date of birth. You and your child's personal health information
includes all information about you and your child which is collected or created during the study
for research purposes. It also includes you and your child's personal health information that is
related to this study and that is maintained in your medical records at this institution and at other
places such as other hospitals and clinics where you may have received medical care. Examples
of your personal health information include your health history, your family health history, how
you respond to study activities or procedures, laboratory and other test results, medical images,
and information from study visits, phone calls, surveys, and physical examinations.

You and your child's personal health information and information that identifies you (“your
health information”) may be given to others during and after the study. This is for reasons such as
to carry out the study, to determine the results of the study, to make sure the study is being done
correctly, to provide required reports and to get approval for new products.
Some of the people, agencies and businesses that may receive and use your health information are
the Institutional Review Board; representatives of Wake Forest University Health Sciences and
North Carolina Baptist Hospital; LabCorp; representatives from government agencies.

Some of these people, agencies and businesses may further disclose your health information. If
disclosed by them, your health information may no longer be covered by federal or state privacy
regulations. Your health information may be disclosed if required by law. Your health
information may be used to create information that does not directly identify you. This
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information may be used by other researchers. You and your child will not be directly identified
in any publication or presentation that may result from this study.

A North Carolina Baptist Hospital (NCBH) medical record will be created for all study
participants. As a participant in this study, a copy of this signed informed consent will be placed
in the NCBH medical record, along with any routine medical test results that were obtained at
NCBH as part of this study.

If this research study involves the treatment or diagnosis of a medical condition, then information
collected or created as part of the study may be placed in your child's medical record and
discussed with individuals caring for your child who are not part of the study. This will help in
providing you with appropriate medical care. In addition, all or part of your child's research
related health information may be used or disclosed for treatment, payment, or healthcare
operations purposes related to providing you with medical care.

Laboratory test results and other medical reports created as a result of your child's participation in
the research study may be entered into the computer systems of Wake Forest University Health
Sciences, North Carolina Baptist Hospital, and LabCorp, an independent laboratory. These will
be kept secure, with access to this information limited to individuals with proper authority, but
who may not be directly involved with this research study.
When you sign this consent and authorization form you authorize or give permission for the use
of your health information as described in the consent form. This authorization does not have an
expiration date. You can revoke or take away your authorization to use and disclose your health
information at any time. You do this by sending a written notice to the investigator in charge of
the study at the following address:

Lisa Washburn, MD
Medical Center Blvd.
Winston-Salem, NC 27104

If you withdraw your authorization you will not be able to be in this study. If you withdraw your
authorization, no new health information that identifies you will be gathered after that date. Your
health information that has already been gathered may still be used and disclosed to others. This
would be done if it were necessary for the research to be reliable. You will not have access to
your health information that is included in the research study records until the end of the study.
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WHAT ARE THE COSTS?
There are no costs to you for taking part in this study.

WILL YOU BE PAID FOR PARTICIPATING?
Your child will receive $50 for participating in Visit 1, $75 for participating in Visit 2 and $100
for participating in Visit 3. If your child participates in all three visits he/she will get a total of
$225. In addition, you will receive $25 for participation in each visit, a total of $75 for
participating in all three visits. To receive payment you must provide yours and your child's
social security number, name and address so that we can comply with IRS (Internal Revenue
Service) reporting requirements. When payments are reported to the IRS we do not let them
know what the payment is for, only that you and your child have been paid. If you do not wish to
provide this information you can still take part in this study but you and your child will not be
paid.

WHO IS SPONSORING THIS STUDY?
This study is being sponsored by National Institutes of Health.

WHAT HAPPENS IF YOU EXPERIENCE AN INJURY OR ILLNESS AS A
RESULT OF PARTICIPATING IN THIS STUDY?
Should your child experience a physical injury or illness as a direct result of your participation in
this study, Wake Forest University School of Medicine maintains limited research insurance
coverage for the usual and customary medical fees for reasonable and necessary treatment of such
injuries or illnesses. To the extent research insurance coverage is available under this policy the
reasonable costs of these necessary medical services will be paid, up to a maximum of $25,000.
Wake Forest University Baptist Medical Center holds the insurance policy for this coverage. It
provides a maximum of $25,000 coverage for each claim and is limited to a total of $250,000 for
all claims in any one year. The Wake Forest University School of Medicine, and the North
Carolina Baptist Hospitals, Incorporated do not assume responsibility to pay for these medical
services or to provide any other compensation for such injury or illness. Additional information
may be obtained from the Medical Center’s Director of Risk and Insurance Management, at (336)
716-3467.
You do not give up any legal rights as a research participant by signing this consent form. For
more information on medical treatment for research related injuries or to report a study related
illness, adverse event, or injury you should call Lisa Washburn at 336-716-5987. If there is no
answer or a problem arises in the evening, please call the hospital operator at 336-716-2011 and
ask for Dr. Washburn in Neonatology to be paged.
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WHAT ARE MY RIGHTS AS A RESEARCH STUDY PARTICIPANT?
Taking part in this study is voluntary. You may choose not to take part or you may leave the
study at any time. Refusing to participate or leaving the study will not result in any penalty or loss
of benefits to which you are entitled. If you decide to stop participating in the study we encourage
you to talk to the investigators or study staff first to learn about any potential health or safety
consequences. The investigators also have the right to stop your participation in the study at any
time. This could be because new information becomes available or because the entire study has
been stopped.

You will be given any new information we become aware of that would affect your willingness to
continue to participate in the study.

WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?
For questions about the study or in the event of a research-related injury, contact the study
investigator, Lisa Washburn, MD at 336-716-5987. If there is no answer or a problem arises in
the evening, please call the hospital operator at 336-716-2011 and ask for Dr. Washburn in
Neonatology to be paged.
The Institutional Review Board (IRB) is a group of people who review the research to protect
your rights. If you have a question about your rights as a research participant, you should contact
the Chairman of the IRB at (336) 716-4542.
You will be given a signed copy of this consent form.
We can send copies of your test results to your personal physician. Even if you do not wish to
have any of your medical information sent to your physician, you can still participate in this
research study.
Do you request that we sent important medical findings from our child’s study to your child’s
personal physician?

[

] Yes

[

] No

______ Initials

SIGNATURES
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I agree to let my child take part in this study. I authorize the use and disclosure of my child's
health information as described in this consent and authorization form. If I have not already
received a copy of the Privacy Notice, I may request one or one will be made available to me.
I have had a chance to ask questions about my child's participation in this study and have those
questions answered. By signing this consent and authorization form, I am not releasing or
agreeing to release the investigator, the sponsor, the institution or its agents from liability for
negligence.

___________________________________________________________
Subject Name (Printed)

_____________________________________________________________________
Legally Authorized Representative Name (Printed)

The above named Legally Authorized Representative has legal authority to act for the research
subject based upon (specify: parent, legal guardian, health care power of attorney, etc.):

_______________________________________ ______________
Legally Authorized Representative (Signature)

Date

_______________________________________ ______________
Person Obtaining Consent

Date
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____________
Time

____________
Time

APPENDIX B
WAKE FOREST UNIVERSITY HEALTH SCIENCES
DEPARTMENT OF PEDIATRICS

PATIENT ASSENT FORM

Antenatal Steroids and Blood Pressure in Childhood

Principal Investigators: Lisa Washburn, MD and Patricia Nixon, PhD

Co- Investigators:

T. Michael O’Shea, MD, MPH; Jen-Jar Lin, MD;
Leon Lenchik, MD; Paula Sisk, PhD

Why am I here?
We want to tell you about a research study about blood pressure in children. We want to see if
you would like to be in this research study. Dr. Washburn and some other people at this medical
center are doing this study.

Why is this study being done?
By doing this study you will help us learn more about the medicines we give to help premature
babies and about how blood pressure changes as children grow up.

What will happen to me?
This study is made up of three visits. You do not have to do everything in the study to participate.
Only if you want to be in the study, the following things will happen:

This is what will happen on every visit:
1. We will weigh you, see how tall you are, and measure your arm muscle.
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2. We will check your blood pressure while you are sitting down. To take your blood pressure
we will put a band around your arm that gets a little tight for a second or two but it doesn't hurt.
3. We will ask you some questions about your health, habits, and activities. We will also ask you
to look at some drawings of the stages of puberty and ask you to circle the pictures that look the
most like your body looks now. So that you won't be too embarrassed you will do this in private
and put the form in a sealed envelope and it won't even have your name on it.

This is what will happen on your first visit:
1. We will ask you to pee in a cup. You can do this all by yourself in the bathroom. So, if you
need to use the bathroom when you get here let us know! We will save the sample until you have
time to decide if you want to do the study. This urine sample will be sent to the lab to check how
your kidneys are working.
2. We will collect some of your spit three times! First, we will ask you to spit into a container.
Then, we will ask you to chew a piece of sugarless gum and spit into a container. We will ask
you to chew gum and spit into a container two times.
3. We will check your blood pressure after we put a bag of ice on your forehead! How your blood
pressure changes when you get the cold feeling on your head will tell us more about how your
blood pressure may be when you get older. You will be asked to lie on a bed and we will take
your blood pressure with a cuff around your arm. Then we will put a bag of ice on your forehead.
This will last for 1 minute. We will take the bag of ice off your forehead and then we will take
your blood pressure while you lie on the bed. You will have 3 sticky pads called electrodes
attached to your chest so we can see how fast your heart beats during the test. You will also have
a strap around your stomach so we can see how fast you are breathing. The bag of ice will feel
very cold, probably like an ice pack you may have put on your head when you bumped your
head! You can stop the test at any time.
4. We want to know what you’ve been eating. We want you to keep a record of what you eat for
three days. A nutritionist will show you how to do this. We may move this part to your second
or third visit.
5. We will ask you to pee in a cup at home on the morning of a next visit. You will be given
supplies and instructions. You will bring this urine to the GCRC.

This is what will happen on your second visit:
1. You will collect your urine (pee) in the morning and bring it to the GCRC.
2. If you were unable to provide a urine (pee) sample at Visit 1, we will ask you to pee in a cup
when you get to the GCRC. You can do this by yourself in a bathroom. We will send this urine
to the lab to check how your kidneys are working.
3. We will also ask you to chew gum and spit in a tube.
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4. We will also ask you to lie on a bed while we monitor your heart rate, blood pressure, and
breathing. We will do some breathing tests. For the breathing tests, you will be asked to blow into
a mouthpiece with nose clips on your nose. You will have to take deep breaths in and blow out
hard and fast.
5. We will ask you to do the exercise test. For the exercise test, you will also have to blow into a
mouthpiece and wear nose clips while you ride an exercise bicycle. You will have sticky pads
called electrodes attached to your chest so we can see how fast your heart beats during the test.
You will have a strap around your stomach to see how fast you are breathing. A plastic clip with a
red light will be loosely attached to your finger so we can see how much oxygen is in your blood
while you exercise. Your ride on the bike will start out very easy like riding on flat ground.
Every minute it will get harder and harder, like going up a steeper and steeper hill. It is important
that you give your best effort and we will cheer you on. The bike ride will only take 5 to 10
minutes. You may feel tired or short of breath or may even cough or wheeze during or after the
test. You can stop the test at any time.
6. After the exercise test, we will ask you to lie on a bed while we monitor your heart rate and
breathing. Next you will do some more breathing tests while sitting in a chair. We will ask you to
breathe in some medicine called a bronchodilator or Albuterol. You may have breathed in this
medicine as part of testing you have had in the past or may even use this medicine at home.
Several minutes later, you will do the breathing tests one more time to see if the medicine made a
difference in your breathing. This medicine sometimes causes people to have a fast heartbeat or
feel jittery. If this happens it usually only lasts 4 to 6 hours.
7. During the breathing test and exercise test, you may also feel short of breath, tired, lightheaded,
or it may make you wheeze or cough. However, the doctor will be nearby and all of the people
involved have done many of these tests and know how to take care of these problems quickly.
8. We will ask you to chew gum and spit into a container again.

This is what will happen on your third visit:
(You will need to collect and bring a morning urine sample IF you did not do this at Visit 2.)
1. We will ask you to pee in a cup. You can do this all by yourself in the bathroom. This urine
sample will be sent to the lab to check how your kidneys are working. (If you are a female, we
will need to do a pregnancy test on your urine sample before you have the DXA scan on this
visit.)
2. We will measure around your waist with a measuring tape and measure the thickness of your
skin on your arm, below your shoulder blade, and at your hip bone.
3. We will ask you to do some game-like tasks like throwing and catching a ball, walking on a
line, balancing on one leg on a low (2 ½ inch high) balance beam, and copying a square. These
tasks will take about 15 minutes to do.
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4. We will ask you to have a DXA scan which is a good way for measuring your body
composition – or how much of your body is made of bones, muscle, and fat. For the scan, you
lie very still on a table while a metal x-ray arm passes above you from your head to your toes.
Your feet may be held in place with tape to help you lie still. You will not feel any pain or
discomfort, and the scan only lasts about 5 minutes.
5. For young women we are required to do a urine pregnancy test before the DXA scan. Even
though the radiation from the DXA scan is very low, it might be harmful to an unborn baby if you
were pregnant. Prior to the DXA scan we will ask you to provide a urine sample in a cup. If the
test is positive (meaning you are pregnant), you will not be able to do the DXA scan. We also
will not tell anyone, including your parents, that you are pregnant, but we will be happy to help
you tell them if you wish.
6. We will get a sample of blood. First we can put some numbing cream on the inside of your arm
at the elbow (the best place for getting to the vein) so you won't feel the needle stick so much.
Then we will place a small needle into a vein in your arm and take out about 2 Tablespoons of
blood. This may hurt and you may have a small amount of bleeding and a bruise where the needle
goes in. We will hold pressure on the spot until it stops bleeding and you will be given a band aid.
If you have any tenderness, pain or redness in that spot that is getting worse instead of better- let
your parent know!
7. We will measure your blood pressure when you are at home or doing your regular activities.
We will give you a special blood pressure cuff to wear for 24 hours (all day and all night). It is
connected to a small box that you will wear on a strap or on your belt. This monitor will measure
your blood pressure every 20 minutes during the day and every 30 minutes during the night. We
understand that wearing this monitor all day and all night may bother you some but it will give us
very important information about your blood pressure.
We may ask you to do the second visit and the third in reverse (backwards) order if needed for
scheduling your study appointments.

Will the study hurt?
The stick from the needle will hurt but the hurt will go away after a while.
The bag of ice on your forehead will feel cold but will only be on for 1 minute and we will
remove it sooner if you ask us to.
The exercise test may cause you to have sore muscles for 1 to 2 days.
You may be tired after the exercise testing.
The exercise testing may cause you to breathe harder. You will be given a medicine through an
inhaler to help you breathe easier. This medicine may make you feel jittery and cause your heart
to beat faster. There will be a doctor nearby if you have any problems.
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Will I get better if I am in the study?
This study is not being done because you are sick. But the doctors might find out if you are
having certain health problems. The doctors hope to find out something that will help other
children in the future.

What if I have questions?
You can ask questions any time. You can ask questions now, or later. You can talk to the
doctors or others helping with the study. You can also talk with your parents or other adults
about being in the study if you want to.

Do I have to be in the study?
You do not have to be in the study. No one will be mad at you or unhappy if you don’t want to
do this. If you don’t want to be in this study, you just have to tell the study doctor or study nurse.
And if you want to be in the study, just let the study doctor or study nurse know. You can decide
that you want to leave out part of this study. For example, you may not want to give a sample of
blood or wear the blood pressure monitor all day and all night. You can say yes now and change
your mind later. It’s up to you.

______________________________

_________

_________________

Age

Date

Signature of Subject

______________________________________

_________________

Person Obtaining Assent

Date
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APPENDIX C
Adult Consent Form
Version: 05.30.2016
Department/Section of Pediatrics/Neonatology
ANTENATAL STEROIDS AND CARDIOMETABOLIC RISK
Informed Consent Form to Participate in Research
Lisa Washburn MD, Principal Investigator

INTRODUCTION
You are invited to be in a research study. Research studies are designed to gain scientific
knowledge that may help other people in the future. You are being asked to take part in this study
because at 14 years of age you participated in or expressed interest in participating in research to
study the health of former premature infants. Your participation is voluntary. Please take your
time in making your decision as to whether or not you wish to participate. Ask your study doctor
or the study staff to explain any words or information contained in this informed consent
document that you do not understand. You may also discuss the study with your friends and
family.

WHY IS THIS STUDY BEING DONE?
The purpose of this research study is to continue studying the long term effects of antenatal
steroids, a medication given to mothers in preterm labor to help the baby’s lungs mature. This
study will investigate how exposure to antenatal steroids affects the health of young adults.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?
About 200 young adults who were born prematurely and 52 young adults who were born at term
(normal length of pregnancy) will take part in this study being done at Wake Forest University
Health Sciences.

WHAT IS INVOLVED IN THE STUDY?
This study involves two study visits (appointments). Each study visit lasts approximately one half
day and will take place in the Clinical Research Unit (CRU), formerly the General Clinical
Research Center (GCRC), at Wake Forest University Health Sciences.
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AT YOUR FIRST STUDY VISIT, YOU WILL:
1. Have your weight, height, and upper arm measured.
2. Have your waist and the skin thickness on your arm, below your shoulder blade, and at
your hip bone measured.
3. Have your blood pressure measured multiple times.
4. Provide a sample of your saliva (spit).
5. Have a small catheter (tube) inserted into a vein in your arm or hand. You will have numbing
cream applied to the area first. This catheter will remain in place for approximately two hours for
obtaining blood samples. The total amount of blood drawn during the study will be approximately
3 tablespoons. If we are unable to insert the catheter, you will have blood withdrawn twice from a
vein in your arm or hand; then the amount of blood drawn for the study will be approximately 1
Tablespoon. If we are unable to obtain the last sample from your vein, we will obtain blood from
your finger.
6. Have an oral glucose tolerance test (OGTT). The purpose of the OGTT is to check how the
body breaks down the sugar in your blood. This test involves having your blood taken from the
catheter when it is first inserted and then at 30, 60 and 120 minutes after you have been given a
sweet beverage to drink. This sweet drink (glucose) tastes like a soda with a lot of sugar. We will
check your blood glucose (sugar) level to make sure it is okay for you to do the oral glucose
tolerance test.
7. Answer questions about your general physical and psychological health, any medications and
supplements that you take, use of alcohol and tobacco, your family’s general health, social and
economic factors, your sleep habits and your stress level.
8. Receive instructions on how to maintain a diet with a standard amount of salt for the four days
prior to your next visit and be asked to complete a provided checklist for the standardized salt
diet.
9. Receive instructions on how to collect and return a urine sample at your next visit.

AT YOUR SECOND STUDY VISIT, YOU WILL:
1. Arrive at the CRU after having nothing to eat or drink (except for water) since midnight.
2. Return the urine that you collected at home. IF you do not return the home urine, the second
study visit will be rescheduled.
3. Return the completed standardized salt diet checklist.
4. Have your weight, height, and upper arm measured.
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5. Have your blood pressure measured multiple times.
6. Answer questions about your general health, any medications and supplements that you
take, use of alcohol and tobacco, and your family’s general health.
7. Answer questions asked about your physical activity level.
8. Drink 8 ounces (1 cup) of room temperature water.
9. Provide two urine samples by voiding (peeing) in a container, in a bathroom, in private.
10. Have your blood pressure monitored by a cuff that wraps around two of your fingers.
11. Have your heart rate monitored by three electrodes (sticky pads) placed on your trunk.
12. Have your breathing monitored by a belt around your waist and perform 5 minutes of
paced (steady) breathing.
13. Perform mental tasks and video games while your heart rate, blood pressure, and
breathing are monitored.
14. Have measurements to determine the stiffness of your blood vessels. These measurements
will be taken in the Hypertension Clinic located in the Clinical Science Building at Wake Forest
University Health Sciences. Study staff will accompany you to this clinic. For this testing, we will
place electrodes and sensors on your neck, chest and wrists. We will also place blood pressure
cuffs on your arms and ankles. This testing will take approximately 45 minutes. You will be
provided with lunch before the testing.
13. Wear a blood pressure monitor for 24 hours. You will wear the blood pressure cuff on your
arm and the monitor will be attached to a belt around your waist. The cuff will inflate every 20
minutes during the day and every 30 minutes during the night. You will keep a diary of your
activities and medications while you are wearing the monitor.
14. Wear a physical activity monitor on your wrist and keep a diary of your activities for 7 days.
This monitor is the size of a pager. The records surrounding your birth, your hospital nursery stay
and early growth may be reviewed for information important to this study.
We can send copies of your test results to your personal physician. Even if you do not wish to
have any of your medical information sent to your physician, you can still participate in this
research study.
Do you request that we send important medical findings from your study tests/exams to your
personal physician?
[ ] Yes [ ] No ___________ Initials
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As part of this study, a saliva sample will be obtained and DNA from your saliva sample will be
purified. DNA, or deoxyribonucleic acid, stores and transmits inherited traits, such as eye color or
blood type. As part of this research project, your DNA will be studied in an effort to find out if
there are genes that contribute to medical conditions that are part of this study. Because we do not
know how the results of this DNA study relate to your individual health, the results of the
research will not be given to you or your doctor without your permission. These results will also
not be placed in your medical records.

STORAGE OF BIOLOGICAL TISSUES
If you agree to participate in this study, your leftover blood, urine and saliva will be kept and may
be used in future research to learn more about other diseases. Your samples will be obtained in
the CRU (Clinical Research Unit) at Wake Forest University Baptist Medical Center. The
samples will be stored at Wake Forest University Baptist Medical Center and will be given only
to researchers approved by Dr. Lisa Washburn. An Institutional Review Board (IRB) must also
approve any future research study using your blood, urine and saliva samples. In order to
participate in this study, you must be willing to allow storage of your leftover blood, urine and
saliva samples for future research. Your blood, urine and saliva samples will be stored with a
unique identifier and will not include any identifiable information about you such as your name,
address, telephone number, social security number, medical record number or any of the
identifiers outlined in the HIPAA Privacy Rule. The unique identifier will be a number and only
the principal investigator will have access to the code that links the unique identifier to you. Your
name, address, social security number, etc., will never be disclosed to future researchers and
neither will the code that links your identifiers to the sample.

The research that may be performed with your blood, urine and saliva samples is not designed to
help you specifically. There is no personal benefit to you from taking part in this aspect of the
research study. It might help people who have diseases at some point in the future, but it is not
known if this will happen. The results of the research performed with your blood, urine and saliva
will not be given to you or your doctor. The results will not be put in your medical record.

The research using your blood, urine and saliva samples will not affect your care.

Your blood, urine and saliva samples will be used only for research and will not be sold. The
findings from this research may result in the future development of products that are of
commercial value. There are no plans to share any of the profits with you which may occur as a
result of the research.

HOW LONG WILL I BE IN THE STUDY?
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You will be in the study for two visits (appointments). Each study visit will last about half a day.
You will eat a standardized amount of salt in your diet for four days before your second visit.
You will wear an ambulatory blood pressure monitor for 24 hours and keep a record of your
activities during that time. You will also wear a physical activity monitor for seven days and keep
a record of your activities during that time. You will need to return the blood pressure monitor
and the physical activity monitor to the CRU unless arrangements have been made for you to
return these items per insured mail.

You may decide to stop participating at any time. In the future, we may wish to invite our study
participants to return for a follow-up assessment.

Your signature on the line below indicates that you give permission for us to contact you about
any follow-up evaluations.

__________________________________________ __________________
Subject Signature Date

WHAT ARE THE RISKS OF THE STUDY?
Being in this study involves some risk to you. You should discuss the risk of being in this study
with the study staff. Risks and side effects related to the study include:
Visit 1






The numbing cream may cause a rash or irritation to the skin.
You may experience discomfort, bruising and/or bleeding where the needle is inserted.
Occasionally some people become dizzy, lightheaded or feel faint. Infection may occur
on rare occasions. Frequent donation of blood can result in low iron in your blood (iron
deficient anemia).
The sweet drink may make you feel nauseated or sweaty.
Maintaining a four day standardized salt diet could be inconvenient.

Visit 2



Wearing the ambulatory blood pressure monitor and keeping an activity diary for 24
hours could be inconvenient.
Wearing the physical activity monitor and keeping an activity diary for seven days could
be inconvenient.
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There also may be other side effects that we cannot predict. You should tell the research staff
about all the medications, vitamins and supplements you take and any medical conditions you
have. This may help avoid side effects, interactions and other risks.

Taking part in this research study may involve providing information that you consider
confidential or private. Efforts, such as coding research records, keeping research records secure
and allowing only authorized people to have access to research records, will be made to keep
your information safe.

ARE THERE BENEFITS TO TAKING PART IN THE STUDY?
If you agree to take part in this study, there may or may not be direct benefit to you. We hope the
information learned from this study will benefit other people in the future. The benefits of
participating in this study may be: Identification of health conditions such as high blood pressure,
obesity, or diabetes.

WHAT OTHER CHOICES ARE THERE?
This is not a treatment study. Your alternative is to not participate in this study.

WHAT ABOUT MY HEALTH INFORMATION?
In this research study, any new information we collect from you and/or information we get from
your medical records about your health or behaviors is considered Protected Health Information.
The information we will collect for this research study includes: height, weight, skinfold
measurements, blood pressure, urine and blood tests, health history, medications and
supplements, alcohol and tobacco use, family’s general health, physical activities, food record,
heart rate, response to stress tasks, social and economic factors, sleep habits and physical activity
monitoring.

If this research study involves the diagnosis or treatment of a medical condition, then Protected
Health Information collected from you during this study will be placed in your medical record,
and may be used to help treat you, arrange payment for your care, or assist with Medical Center
operations. We will make every effort to keep your Protected Health Information private. We will
store records of your Protected Health Information in a cabinet in a locked office or on a
password protected computer. Only the following people or organizations will be granted access
to your Protected Health Information:
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1) The study investigator and his/her staff, or others at Wake Forest University Health Sciences
who oversee research
2) Other people or laboratories providing services for this research project on behalf of Wake
Forest University Health Sciences and Wake Forest University Baptist Medical Center
3) The study sponsor, The National Institutes of Health
If required by law or court order, we might also have to share your Protected Health Information
with a judge, law enforcement officer, government agencies, or others. If your Protected Health
Information is shared with any of these groups it might no longer be protected by federal or state
privacy rules.

Any Protected Health Information collected from you in this study that is maintained in the
research records will be kept for an indeterminate period of time. This authorization does not
expire. Any research information entered into your medical record will be kept for as long as your
medical record is kept by the Medical Center. You will not be able to obtain a copy of your
Protected Health Information in the research records until all activities in the study are completely
finished.

You can tell Dr. Lisa Washburn that you want to take away your permission to use and share
your Protected Health Information at any time by sending a letter to this address:

Lisa Washburn, MD
Department of Pediatrics
Medical Center Boulevard
WFU School of Medicine

However, if you take away permission to use your Protected Health Information you will not be
able to be in the study any longer. We will stop collecting any more information about you, but
any information we have already collected can still be used for the purposes of the research study.
By signing this form you give us permission to use your Protected Health Information for this
study.

Laboratory test results and other medical reports created as a result of your participation in the
research study may be entered into the computer systems of Wake Forest University Health
Sciences and North Carolina Baptist Hospital. These will be kept secure, with access to this
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information limited to individuals with proper authority, but who may not be directly involved
with this research study. A North Carolina Baptist Hospital (NCBH) medical record will be
created for all study participants. Information about your participation in the study will be placed
in the NCBH medical record, along with any routine medical test results that were obtained at
NCBH as part of this study.

WHAT ARE THE COSTS?
There are no costs to you for taking part in this study. All study costs will be paid for by the
study. Costs for your regular medical care, which are not related to this study, will be your own
responsibility.

WILL YOU BE PAID FOR PARTICIPATING?
You will be paid $200 for participating in Visit 1 and $200 for participating in Visit 2. We will
process payment for Visit 2 after the blood pressure and physical activity monitors have been
returned.
If you live greater than 90 miles away from the CRU, we will offer you overnight
accommodations for the night before Visit 1 and Visit 2, approximately a $72 value.
You will be provided lunch at Visit 2.
To receive payment, you must provide your social security number, name and address so that we
can comply with IRS (Internal Revenue Service) reporting requirements. When payments are
reported to the IRS we do not let them know what the payment is for, only that you have been
paid. If you do not wish to provide this information you can still take part in this study but you
will not be paid.

WHO IS SPONSORING THIS STUDY?
This study is being sponsored by the National Institutes of Health. The sponsor is providing
money or other support to Wake Forest University Health Sciences to help conduct this study.
The researchers do not, however, hold a direct financial interest in the sponsor.

WHAT ARE MY RIGHTS AS A RESEARCH STUDY PARTICIPANT?
Taking part in this study is voluntary. You may choose not to take part or you may leave the
study at any time. Refusing to participate or leaving the study will not result in any penalty or loss
of benefits to which you are entitled. If you decide to stop participating in the study we encourage
you to talk to the investigators or study staff first to learn about any potential health or safety
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consequences. The investigators also have the right to stop your participation in the study at any
time.
You will be given any new information we become aware of that would affect your willingness to
continue to participate in the study.

WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?
For questions about the study or in the event of a research-related injury, contact the study
investigator, Lisa Washburn, MD at 336-716-5987. If there is no answer or a problem arises after
hours, please call the hospital operator at 336-716-2011 and ask for Dr. Washburn in
Neonatology to be paged.

The Institutional Review Board (IRB) is a group of people who review the research to protect
your rights. If you have a question about your rights as a research participant, or you would like
to discuss problems or concerns, have questions or want to offer input, or you want to obtain
additional information, you should contact the Chairman of the IRB at (336) 716-4542.
You will be given a copy of this signed consent form.

SIGNATURES
I agree to take part in this study. I authorize the use and disclosure of my health information as
described in this consent and authorization form. If I have not already received a copy of the
Privacy Notice, I may request one or one will be made available to me. I have had a chance to ask
questions about being in this study and have those questions answered. By signing this consent
and authorization form, I am not releasing or agreeing to release the investigator, the sponsor, the
institution or its agents from liability for negligence.
_____________________________________________
Subject Name (Printed)
_____________________________________________ __________ ____________
Subject Signature

Date

Time (military)

_____________________________________________ __________ ___________
Person Obtaining Consent

Date
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Time (military)

APPENDIX D
Interviewer ________
PHYSICAL ACTIVITY QUESTIONNAIRE (MAQ)

Name ____________________________________________ Date ______________

What time does your school day start? __________

end?_____________

How many weeks per school year do you have gym class? ______

How many times per week do you have gym class? ________

During the past 12 months (from ____ to ____), how many team or individual sports or
activities did you participated in on a competitive level, such as varsity, JV, intramurals,
little league, club, out-of-school programs?____________

What were the activities? __________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

Excluding gym class, please tell me any sports or leisure time activities you did in the
past week (from __ to ___ yesterday):
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Activity

Times per week

Minutes per time

Hard, mod, light

(Hard = breathe hard and heart beats fast, eg. Basketball, jogging; moderate = not breathe hard,
etc., eg. Walking, slow bicycling)

Was this a normal week?

PAST YEAR LEISURE-TIME PHYSICAL ACTIVITY
I am going to read you a list of activities kids your age might do. Please let me know any that
you have done at least 5 or more times in the past year (from _mon_ to mon_ ). Do not include
activities that you did in school phys ed or gym class.

Aerobics
Band/Drill Team
Baseball
Basketball
Bicycling
Bowling
Cheerleading
Dance Class
Football
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Garden/yard work
Gymnastics
Hiking
Ice Skating
Roller Skating/Blading
Running for Exerices
Skateboarding
Snow skiing
Snow boarding
Soccer
Softball
Street Hockey
Swimming (Laps)
Swimming (Play)
Tennis
Trampoline Jumping
Volleyball
Walking
Water Skiing
Weight Training
Wrestling
Others:
__________________
__________________
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Activity

J

F

M A

M

J

J

A

S

O

N

D

a

e

a

p

a

u

l

u

e

c

o

e

n

b

r

r

y

n

y

g

p

t

v

c
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Month
s per
Year

Days
per
Wk or
mon

Minutes
per Day
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 Gait motion analysis processing in Cortex from Motion Analysis Camera System
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May 2018 – Present
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August 2017- August 2018

Graduate Assistant
 Worked with NCAA Division I baseball team pitching staff, pitching coach, and team
biomechanist
 Collected data and analyze pitcher’s movements during different pitches to prevent
injury and promote proper mechanics through the pitching motion
 Promoted better control over pitches and improve accuracy and other pitching
benchmarks
 Set up and aim 10 Motion Analysis Cameras and 3 high speed cameras, calibrate system
before every use, run Cortex in live mode and post processing
Peer Lead Team Learning, Miami FL
January 2015- May 2017
Peer Leader
 Led General Biology II students through worksheets and facilitated discussion among
peers
Group Discussion Leader
 Led Peer leaders through material each week so they were prepared to discuss with
students
 Taught new pedagogy techniques, worked on leadership skills and supervised sessions
 Worked with program administrators and professors on improving weekly worksheets
 Reported progress of individual peer leader progress to program administrators
FIU Honors College, Miami FL
August 2013- May 2017
Member
 Take specific Honors College courses each year that emphasized interdisciplinary
studies
 Attend leadership lectures outside of scheduled classes
FIU Softball, Miami FL
August 2013- May 2017
Division I Student-Athlete
 Develop efficient time management skills to complete academic coursework and other
extra-curricular activities
 Work in collaboration with teammates and coaches to achieve a common goal
 Develop leadership skills and understand what makes a good leader
Tutoring
Wake Forest Athletics Tutor, Winston-Salem NC
August 2017-Present
Tutor
 Content tutor student-athletes in health and exercise science, biology, chemistry, and
psychology courses
 Study Coach at risk students, make sure they are completing and turning in assignments
on time, manage athletic and academic obligations, teach good learning and study habits
Lucy Zelman’s Learning Center, Miami FL
January 2017-May 2017
Tutor
 Work with middle school and high school students on course content
 Teach good study habits and make sure they are filling out an agenda everyday
 Work with students on SAT and ACT prep
 Work with seniors on applying to colleges and picking the right one for them
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Shadowing and Clinical Experience
Healthy Exercise & Lifestyle Programs, Winston-Salem, NC
August 2017- August
2018
Graduate Student Staff
 Take blood pressure and heart rates of participants before, during and after exercise to
ensure safety of the participants
 Guide participants through safe exercise and stretching
 Perform graded exercise tests on participants from health and clinical populations
under guidance of ACSM-CEP staff and program physician
 Create personalized exercise prescriptions for participants based off their clinical
history and graded exercise test that we perform once a year
Surgery Observations, Winston-Salem, NC
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Shadow gynecology surgery by Dr. Leslie Kammire at Wake Forest Baptist Medical Center
Physicians Observations, St. Cloud, FL
June 2017 – August 2017
Shadow Dr. Christopher Baur MD in ProHealth Family Medicine practice
Physicians Observations, Orlando, FL
June 2017 – August 2017
Shadow Dr. Richard Margaitis DO in Center for Family Care - specialized in Sports Medicine and
Osteopathic Manipulative Treatment
Surgery Observations, Celebration, FL
May 2013 – August 2015
Shadow orthopedic surgery by Dr. Brad Homan at Florida Hospital
Volunteer Experience
Orlando Regional Medical Center, Orlando, FL
May 2015- July 2016
 Interact directly with patients and guests to promote positive experience in a variety of
departments
 Work at nurse’s stations answering patient calls and delivering nonmedical items to
rooms
 Perform clerical work in managerial staff offices in many departments
 Completed over 100 hours
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o All semesters received at least a 3.0 or 3.5 while on a varsity sports team
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Proficient in Motional Analysis & Cortex Biomechanical software
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