
 
 
 
 
 

AEROBIC FITNESS AND AMBULATORY BLOOD PRESSURE IN ADOLESCENTS 
BORN WITH VERY LOW BIRTH WEIGHT 

 
 
 

By 
 
 
 

ELIZABETH C SASSER 
 

A Thesis Submitted to the Graduate Faculty of  
WAKE FOREST UNIVERSITY 

in Partial Fulfillment of the Requirements 
for the Degree of 

MASTER OF SCIENCE 
in the Department of Health and Exercise Science 

May 2009 
Winston Salem, North Carolina 

 
 
 

Approved By:   

Patricia A. Nixon, Ph.D., Advisor          

Examining Committee: 

Peter Brubaker, Ph.D           

Lisa Washburn, M.D.           

 
 
 
 
 
 
 
 
 



ACKNOWLEDGEMENTS 
 

Upon completion of this thesis, I would like to thank: 
 
My advisor, Dr. Nixon, for your patience, guidance, and direction over this past year.  It 
has been a privilege to work alongside you.  Thank you for all of your help and 
encouragement and for all you do in the pediatric research community. 
 
Dr. Brubaker, for taking time to serve on, yet another, thesis committee.  Thank you for 
taking part and for all you do for our department and the HELPS program.  It has been a 
pleasure working and learning under you for the past two years. 
 
Dr. Washburn, for your input and guidance on my thesis and for serving on my 
committee.  Thank you for all you do in the world of pediatric medicine and for the PEPC 
study. 
 
Alice Scott, PEPC study coordinator, for your dedication and for all the help you have 
given me with data, general questions, etc.  The PEPC study would not be what it is 
without you.  Thank you for making it such a wonderful experience! 
 
To Kate VanOrden and Lauren Valera, for all of your help with data entry and all of your 
help and hard work with the PEPC study.  It has been a great pleasure! 
 
To my parents, Mike and Cindy Sasser, for all of the encouraging words, prayers, and 
support you have given and shown me over my educational journey.  I could not have 
made it through without you both!  You guys are my rock!!  I love you! 
 
To my sister and niece, Kristen and Karsyn, for all of the love and support you have 
given me.  It always brightened my days to hear from you and to hear my favorite line 
“Bibee I love you and miss you…come to Granna’s house now”.  I love you both!! 
 
To my wonderful husband, Matt, thank you for always loving me and for all of the 
support you have shown over the past 6+ years.  I would not trade the stresses of the past 
two years for anything.  It was well worth it!  Love you babe! 
 
To my classmates, LoLo, Gran, Manders, B, Ben, Eggs, thanks for an amazing two years!  
I love you all and will cherish the memories we have made together!  I definitely would 
not have made it through without you guys!! 
 
To the first years, Lauren, Jenny, Eric, Alex, Cemal, Judy, Anna, good luck next year!!  I 
will miss you guys!  I have enjoyed working, and playing, with all of you!!   
 
To my three of the FAB FOUR…I love you girls!!!  I will never forget the times we 
shared over the past two years!  I am so blessed to have three wonderful friends!  No 
matter where life takes us all, know we are still the FAB FOUR!!! 

 2



 
TABLE OF CONTENTS 

 
ABSTRACT....................................................................................................................6 
 
REVIEW OF THE LITERATURE .............................................................................8 
 
 Epidemiology of VLBW births............................................................................8 
 
 Short and Long term consequences of VLBW birth............................................9 
 
 Fetal Programming and the Developmental Origins of Adult Disease................9 
 
 Prematurity/Very Low Birth Weight and Increased Blood Pressure...................10 
 
 Prematurity/Very Low Birth Weight and Aerobic Fitness ..................................16 
 
 Ambulatory Blood Pressure Monitoring and Aerobic Fitness.............................20 
 

Purpose.................................................................................................................22 
 
METHODOLOGY ........................................................................................................23 
 
 Participants...........................................................................................................23 
 
 Procedures............................................................................................................23 
 
 Measurements ......................................................................................................35 
 
 Anthropometry .........................................................................................25 
 
 Resting Blood Pressure............................................................................25 
 
 Aerobic Fitness ........................................................................................25 
 
 Ambulatory Blood Pressure.....................................................................26 
 
 Neonatal Data..........................................................................................29 
 
STATISTICAL ANALYSIS .........................................................................................29 
 
RESULTS .......................................................................................................................30 
 
DISCUSSION .................................................................................................................38 
 
CONCLUSIONS ............................................................................................................43 

 3



 
REFERENCE LIST.......................................................................................................44 
 
APPENDIX A.................................................................................................................50 
 
APPENDIX B .................................................................................................................59 
 
APPENDIX C.................................................................................................................77 
 
APPENDIX D.................................................................................................................80 
 
APPENDIX E .................................................................................................................91 
 
SCHOLASTIC VITAE..................................................................................................98 

 4



LIST OF TABLES AND FIGURES 
 

Table 1.............................................................................................................................24 
 
 PEPC Study Measurements 
 
Table 2.............................................................................................................................29 
 
 Exclusion Criteria for Ambulatory Blood Pressure Data 
 
Table 3.............................................................................................................................31 
 
 Demographics 
 
Table 4.............................................................................................................................32 
 
 Mean SBP and DBP for 24-hour, Awake, and Asleep Periods 
 
Table 5.............................................................................................................................32 
 
 SBP and DBP Loads for 24-hour, Awake, and Asleep Periods 
 
Table 6.............................................................................................................................33 
 
 SBP and DBP Dipping 
 
Figure I............................................................................................................................33 
 
 Scatterplot of VO2, % predicted, vs. Resting SBP, mmHg 
 
Figure II ..........................................................................................................................34 
 
 Scatterplot of VO2, % predicted, vs. Mean DBP, mmHg, while Awake 
 
Figure III.........................................................................................................................35 
 
 Scatterplot of VO2, % predicted, vs. SBP dipping, % change 
 
Figure IV.........................................................................................................................36 
 
 Scatterplot of VO2, % predicted, vs. DBP dipping, % change 
 
Figure V ..........................................................................................................................37 
 
 Scatterplot of VO2, % predicted, vs. SBP load, %, while Asleep 

 5



 Elizabeth C. Sasser 
ABSTRACT 

AEROBIC FITNESS AS A MODIFIER OF AMBULATORY BLOOD PRESSURE IN 
ADOLESCENTS BORN PREMATURELY WITH VERY LOW BIRTH WEIGHT 
 
Thesis under the direction of Patricia A. Nixon, PhD., Associate Professor of Health and 
Exercise Science and Pediatrics 
 

Prematurity, very low birth weight (VLBW), and lower aerobic fitness are 

associated with increased risk for developing hypertension.  Adolescents born pre-term 

with VLBW have been shown to have higher resting and ambulatory blood pressure (BP) 

than their term born peers.  The purpose of this study was to examine the effect of aerobic 

fitness and ambulatory blood pressure in adolescents born prematurely with VLBW.  

Forty 14 year-old adolescents (11 males, 18 AA) performed a progressive maximal 

exercise test on a cycle ergometer to determine aerobic fitness from peak oxygen uptake 

(VO2 pk).  On a separate day, each wore a Spacelabs 90207 ambulatory blood pressure 

monitor for 24 hours to determine average SBP (SBP24) and DBP (DBP24) for the 24-

hour period, as well as, average SBP and DBP for wake and sleep periods.  The % change 

from wake to sleep (nighttime dipping) was also examined.  Average SBP and DBP 

percentiles were 37 + 23 and 36 + 21 mmHg, respectively.  Although only one subject 

had elevated resting BP (>95th %ile), 25% had elevated SBP load and 39% had elevated 

DBP load, defined as having >25% of the 24-hour readings above the 95th %ile.  VO2, % 

predicted was significantly inversely correlated with resting SBP (r=-0.332) and showed 

a trend towards a significant positive correlation with DBP while awake(r=0.280).  SBP 

and DBP nocturnal dipping were not significantly correlated with aerobic fitness.  Results 

indicated that aerobic fitness was associated with lower BP at rest, DBP while awake, and 
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SBP load while asleep, and may help to reduce risk for developing hypertension in this 

predisposed population. 

 7



REVIEW OF THE LITERATURE 

Epidemiology 

 In the United States, birth rate has increased in the past quarter century74.  

In 2006, there were over four million infants born, the largest number yet to be reported 

since the early 1960’s.  The crude birth rate rose 1% to 14.2 births per 1000 total 

population and the fertility rate rose 3% to 68.5 births per 1000 women in child-bearing 

years50.  

As the birth rate increased, the number of pre-term births, birth at less than 37 

completed weeks gestation, also increased to 12.7%.  Of overall births, 8.2% had low 

birth weight (LBW), (< 2500g), 1.5% had very low birth weight (VLBW), (< 1500g), and 

0.7% had extremely low birth weight (ELBW), (< 1000g)74.  Although the rise in the 

prevalence of pre-term births is evident among each birth weight group, the focus of this 

thesis is on those infants born with very low birth weight.  Since the late 1980’s, the 

prevalence of VLBW live births has increased from approximately 1.28 % to 1.48 %74 

and may be attributable to medical advances in prenatal care for  mothers as well as the 

increase in the number of multiple births74. 

 Along with the increase in VLBW birth rates, the mortality rates of these infants 

have decreased from 5% in the early 1990’s to 3% in the late 1990’s24.  The decrease in 

mortality can be a result of various medical advances including improved neonatal care, 

surfactant therapy, as well as, the introduction of antenatal and postnatal corticosteroid 

therapies24.  Although these advances are reducing neonatal mortality rates, morbidity 

rates are increasing in this population of very low birth weight infants74. 
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Short Term and Long Term Consequences 

Being born prematurely with very low birth weight puts infants at an increased 

risk for various morbidities.  The consequences can be both short and long term.  Short 

term consequences of this population include an increased mortality rate during the first 

year of life 100 times that of a normal birth weight infant,  intracranial hemorrhage, 

enterocolitis, retinopathy, and bronchopulmonary dysplasia, which is defined as the use 

of supplemental oxygen at 36 weeks post menstrual age24.  Some of these short term 

consequences evolve into long term consequences or morbidities including cognitive and 

motor impairment, the impairment of vision, and decreased pulmonary function and 

aerobic fitness.  There is also evidence for early development of typically adult diseases 

such as type II diabetes mellitus and cardiovascular disease, including hypertension27, 44, 

69, and the risk for these diseases may be further increased by lower aerobic fitness11, 65, 76. 

Fetal Programming and the Developmental Origins of Adult Disease 

 The increased risk of hypertension and other chronic diseases may be partly 

explained by the Barker Hypothesis which proposes that coronary heart disease, type II 

diabetes, stroke, and hypertension may originate during early life in response to 

undernutrition and other environmental exposures involved in the programming of 

different systems in the developing fetus7.  DeBoo and colleagues extended Barker’s 

original hypothesis suggesting  that environmental exposures may have programming 

effects during other critical periods of life such as early postnatal life18. 

 An insult like being born prematurely with very low birth weight can alter several 

developing systems in the infant, which, in turn, may lead to the development of adult 

diseases7.  When a child is born prematurely with very low birth weight, the developing 
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kidneys, cardiovascular system, and sympathoadrenal system, may be altered and 

ultimately effect the regulation of blood pressure.  In the kidney, premature birth < 32 

weeks has been shown to be associated with decreased nephron number, as well as the 

impairment of the developing renin-angiotensin system (RAS)17, 78.  In the vascular 

system, occular arteriolar narrowing has been reported in children who were born with 

low birth weight and it has been suspected that this is also taking place in other arterioles 

throughout the developing system54.  Arteriolar narrowing increases the resistance to 

blood flow and consequently results in an increase in blood pressure.  Changes in the 

sympathoadrenal system have been demonstrated with increased responsiveness to 

glucocorticoids, such as cortisol in premature infants.  Cortisol has been shown in various 

human and animal studies to have a vasoconstrictive effect, which would increase blood 

pressure as a result9, 21, 38, 71.  Programming in the developing renal, cardiovascular, and 

sympathoadrenal systems may be beneficial in the short term, but may be detrimental in 

the long term resulting in higher blood pressure and the development of hypertension17, 21, 

54. 

Prematurity/Very Low Birth Weight and Blood Pressure 

 A number of studies   have demonstrated an inverse association between birth 

weight and   blood pressure at later stages in life19, 20, 29, 33, 35-37, 46, 48, 70.  The results of a 

meta-analysis of 20 Nordic studies by Gamborg et al.26 found that for every 1 kg increase 

in birth weight, SBP decreased by 1.52 mm Hg in males and by 2.80 mm Hg in females 

at 50 years of age.  A study of nearly 150,000 Swedish male conscripts also found a 

significant   inverse association between SBP and birth weight (Β= -0.78) as well as 

gestational age (B=-0.1136), such that SBP decreased by 0.78 mmHg for every 1 kg 
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increase in body mass.  The smaller decrease may be associated with the younger age of 

the conscripts.  The effect of age on the association between birth weight and later blood 

pressure is further supported by the study of Law et al46 who reported a 5.2 mm Hg 

decrease in SBP for every 1 kg increase  in birth weight when assessed at  64-71 years of 

age.  More relevant to this thesis, several studies examined BP of persons born with low 

or very low birth weight compared to that of their NBW peers. The degree of low birth 

weight varied among studies.  In two studies, low birth weight of the infants was 

considered to be < 3000 grams46, 48.  In another study33, low birth weight was defined as < 

2.5 kg, and in a fourth study37, low birth weight was considered to be < 2000 g.  Two 

studies by Doyle et al19, 20 and one study by Hack et al29 had the standard definition of 

VLBW with birth weights of those studied being < 1501 grams.  In the study by 

Strufaldi70, birth weights were divided into quartiles and ranged from < 2.9 kg to >3.58 

kg.  Lastly, the retrospective study by Huxley et al36 only included those with birth 

weights around 3000g and the review article by Huxley et al35 had a range of birth 

weights from infants with ELBW to infants with NBW.  The varying degrees of birth 

weight could have influenced the results of the studies reviewed which may have 

contributed to the variance in the amount of blood pressure difference between the lower 

birth weight infants and normal birth weight infants.   

Results of the two studies using the standard definition of very low birth weight 

(<1501 g) yielded inconsistent results 19, 20, 29.  In one study by Doyle et al19, results 

showed that the VLBW children had a systolic blood pressure 10.6 mmHg higher than 

normal birth weight peers and a diastolic blood pressure of 3.8 mmHg higher than normal 

birth weight peers.  In a second study by Doyle and colleagues20, results yielded a 
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systolic blood pressure range of 4.1 mmHg – 6.1 mmHg higher than normal birth weight 

peers and a diastolic blood pressure 1.9 mmHg higher than normal birth weight peers.  

Hack et al.29 also reported significantly higher SBP in both VLBW males and females 

compared to their peers at 20 years of age. However, when adjusted for current size, the 

difference of 3.5 mmHg remained significant for only the female subjects.  The other 

reviewed studies showed some significance, however, the most significant differences 

were found in the groups examining participants with lower birth weights.   

In contrast, two studies did not find an association between birth weight and later 

blood pressure29, 36.  As previously mentioned, the study performed by Hack et al29 found 

only significant differences in blood pressure in females born with very low birth weight, 

with no associations between blood pressure and birth weight found in the group of males 

examined.  Associations between blood pressure and birth weight could be dependent on 

many different factors.  These factors can include severity of low birth weight, degree of 

prematurity, gender, and age at the time of follow up. 

There were a few studies that assessed the differences in blood pressure between 

groups that were small for gestational age (SGA) and appropriate for gestational age 

(AGA)29, 37.  In the study by Irving et al37, results indicated that babies with intrauterine 

growth retardation (IUGR) did not have blood pressure readings that significantly 

differed from babies that were AGA at 24 years (120/77 mmHg vs. 123/80 mmHg).  In 

the second study by Hack et al29, results again showed no significant differences in SBP 

or DBP for those who were SGA (birth weight < -2 SD) compared to those who were 

AGA.  As a whole, the reviewed studied indicated no significant blood pressure 

differences in adolescents born SGA compared to those born AGA. 
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 Another cause for varying differences in blood pressure could lie in the degree of 

prematurity of the participants in each study.  Of the studies reviewed, five reported 

gestational age in the results19, 20, 29, 46, 70.  Of the five studies including gestational age, or 

degree of prematurity, those with the most severe cases of pre-term birth were the studies 

with the most significant differences in blood pressure.  For instance, in the two studies 

by Doyle et al19, 20, the gestational age of the participants ranged from 24 – 36 weeks and 

reported differences in blood pressure between their participants and term-born peers 

ranging from 4.1mmHg to 10.6mmHg for systolic blood pressure and 1.9 mmHg to 3.8 

mmHg for diastolic blood pressure.  Strufaldi et al70, who examined participants with a 

gestational age of <37 weeks, found similar  differences   with the systolic blood pressure 

for the lowest birth weight quartile being approximately 10mmHg higher than the highest 

quartile for birth weight.  The same was true with diastolic blood pressure with a 

difference of approximately 6mmHg.  The highest gestational age reported was by Law et 

al46 with a gestational age of > 38 weeks.  When examining these results,   the differences 

in systolic and diastolic blood pressures were much less at 2.75 mmHg and 1.6 mmHg 

respectively.   

 Age at follow up could also provide rationale for discrepancies in the magnitude 

of blood pressure differences in the participants studied.  Ages at the time of follow up 

were wide ranging between studies.  The youngest cohort studied was a group of 6-10 

year olds and was conducted by Strufaldi et al70.  In this cohort, a difference in systolic 

blood pressure was found to be approximately 10 mmHg and the difference for diastolic 

pressure was approximately 6 mmHg.  In contrast, Law et al46 studied an older cohort at 

22 years and reported smaller differences ,2.75 mmHg systolic and 1.6 mmHg diastolic 
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pressures, suggesting that other factors (such as current weight, physical activity, etc.) 

may attenuate the association between birth weight at blood pressure in adulthood.  

However, a few studies assessed participants at 36 years of age and older.  In the study by 

Holland et al33, they assessed the risk of hypertension in a group of pre-term infants.  At 

36 years of age, men born premature had 2.4 times the risk for developing hypertension 

and women had 1.4 times the risk for developing hypertension.  They also found that men 

had a systolic blood pressure 1.5 mmHg higher than NBW peers and women had a 

systolic blood pressure 1.3 mmHg higher than NBW peers.  Although differences in 

blood pressure were seen, they were not as significant as the younger cohorts.  The two 

articles by Huxley et al35, 36 also focused on older cohorts at 55 years of age and 0 – 84 

years of age respectively.  There was no differences found in the study of 55 year olds 

and in the review article including most all ages, results did represent that those born with 

lower birth weight seem to have higher blood pressure.  However, since those cohorts did 

include some of younger ages, one must speculate the younger groups driving that 

association. 

 One last possible source of confounding results could lie in gender differences 

within the cohort.  The two studies which found gender differences were the studies by 

Holland et al and Hack et al29, 33.  Holland et al33 found that with those adults born with 

lower birth weight, men had a relative risk of 2.4 times that of NBW and women had a 

relative risk of 1.4 times that of NBW peers for developing hypertension.  Over all, there 

were small changes in systolic blood pressures and no differences in diastolic blood 

pressures.  The results reported by Hack et al29 showed no differences in the blood 

pressures of male participants, but did show a systolic blood pressure difference in female 

 14



participants.  Females with very low birth weight had a systolic pressure of 110 mmHg 

compared to normal birth weight females who had a systolic pressure of 107 mmHg (p = 

0.03).  There were no differences in diastolic pressures.   

 The use of ambulatory blood pressure is very important in this predisposed 

population.  Hack et al29 showed systolic blood pressure changes in a low birth weight 

population of a 3.5 mmHg increase per 1 kg increase in body weight and a diastolic 

change of a 1.4 mmHg increase per 1 kg increase in body weight.  Similarly, Doyle et al19 

showed significant changes in systolic and diastolic pressures with a 10.6 mmHg increase 

and a 3.8 mmHg increase per 1 kg increase in body weight, respectively.  However, the 

above two studies were resting measurements.  Doyle et al19 expounded upon the changes 

in resting blood pressure and also found significant changes in the low birth weight 

population when examined using an ambulatory blood pressure monitor.  Results 

indicated significant differences between the VLBW population when compared to NBW 

peers for 24-hour, awake, and asleep systolic blood pressure (5.2 mmHg, 5.9 mmHg, and 

3.8 mmHg).  Doyle and colleagues found no significant differences in diastolic pressures.   

 When using ambulatory monitoring, the amount of information gained far 

surpasses that of resting measurements.  With ambulatory blood pressure, one is able to 

assess blood pressure patterns while awake and asleep, as well as for the whole 24-hour 

period.  In addition, blood pressure loads and blood pressure dipping is able to be 

evaluated.  Research has shown that the evaluation of systolic blood pressure while 

asleep is a strong predictor of cerebro- and cardiovascular mortality risk when compared 

to the evaluation of systolic blood pressure while awake53.  Further research studies have 
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shown detriments of elevated blood pressure loads49, 60, as well as the lack of nocturnal 

systolic and diastolic blood pressure dipping25, 32, 51, 57, 59. 

 As evidence has shown, lower birth weight children and adults have increased 

systolic and diastolic blood pressures, as well as higher risk for hypertension in adult 

life19, 20, 29, 33, 35-37, 46, 48, 70.  However, there are various associated factors which could 

influence the degree of the differences seen in systolic and diastolic blood pressures in 

each cohort.  Although the studies did not report differing levels of blood pressure 

changes in lower birth weight participants, the majority were significant and it can be 

concluded that lower birth weight is associated with higher systolic and diastolic blood 

pressures in later life. 

Prematurity/Very Low Birth Weight and Aerobic Fitness 

 There is also evidence that birth weight may be directly associated with 

aerobic fitness. In the AVON Longitudinal Study of Parents and Children, work capacity 

increased by 1.12 Watts for every 1 SD increase in birth weigh in the group of 3, 612 

children at 9 years of age47.  The association between birth weight and cardiovascular 

fitness were also examined in a study of 1801 12-18.5 year-old Spanish adolescents58.  

Birth weight was significantly correlated with CV fitness , but only in the males in whom 

a one kg increase in birthweight corresponded to a 0.93 increase in estimated VO2max 

(ml/kg/min).  Similarly, Boreham et al12 examined aerobic fitness (as measured by laps 

run in a shuttle run) in the Young Hearts Project which included 931 12 to 15 year old 

males and females in Northern Ireland.  Results of this study indicated that birth weight 

was a significant predictor of fitness. However, the association was only significant at 12 
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years of age for which a one kg increase in birth weight was associated with a 5.3 lap 

increase in boys and a 3.3 lap increase in girls.    

 In prematurely born populations, studies examining aerobic fitness have focused 

on the presence or absence of bronchopulmonary dysplasia (BPD) (or chronic lung 

disease) (CLD) and/or birth weight categories (e.g. VLBW, ELBW).  Detailed 

information for each study can be found in Appendix B.   Santuz et al.64 studied a group 

of 12 children, age 6-12 years, who had a history of BPD (BPD+) and compared them to 

a group of 16 healthy term-born controls.  The BW of the BPD+ group was 1400 + 335 

grams and BW of the controls was 3335 + 418 grams, and GA   was 30 + 2 and 39 + 1, 

respectively.  VO2 max was determined from a progressive maximal treadmill test.  VO2 

max was significantly lower for the BPD group (25.2 + 10.3 ml/kg/min) compared to the 

term-born NBW group (37.1 + 10.4 ml/kg/min).   

Two other studies compared a BPD + group to a BPD – group as well as a term-

born NBW control group40, 43.  Kilbride et al40 investigated a group of preterm ELBW 

survivors (16 CLD+, 34 CLD-) and compared them to 25 term born, NBW adolescents.  

VO2max was significantly lower in the CLD + survivors (29 + 5.9 ml/kg/min) compared 

to the CLD- (32 + 6.3 ml/kg/min) and term-born (38.5 + 5.2) groups.   In contrast, 

Kriemler et al43 found no difference in aerobic fitness among a group of 17 CLD +, 14 

BPD-prematurely born ELBW survivors, as well as 24 term controls at ages five to seven 

years of age.  However, oxygen cost per power output at max was higher in the CLD + 

group compared to the CLD- and healthy control groups (16.5 + 4 vs. 13.6 + 1.8 vs. 13.5 

+ 2.2 ml/min/Watt, respectively).  
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Two studies examined cohorts of ELBW participants and compared them to 

NBW controls62, 67.  Rogers et al.62 studied 53 17-year-olds, who were born with a mean 

birth weight of 719 g and a mean gestational age (GA) of 25.8 weeks, and compared 

them with 31 term born NBW, peers.  Fitness was assessed by the Modified Canadian 

Aerobic Fitness Test (mCAFT) which involved an intermittent step test for which 

stepping speed increased progressively until 85% of age and gender-predicted maximal 

heart rate was reached. VO2max was estimated from a reference equation.  Results 

showed ELBW males had a mCAFT step score of 495 and females had a mCAFT step 

score of 422.8 compared to their term-born peers (529.18 and 442.17 for term-born males 

and females, respectively (p<0.05).  Smith et al.67 examined fitness in 126 pre-term, 

ELBW children and 34 term-born NBW children at 10 years of age, measured by a 20 

meter progressive shuttle run test.  The ELBW group had a mean GA of 26.9 +1.7 years 

and a mean birth weight of 862.4 + 160.9 g. compared to a mean GA of 39.4 +1.2 weeks 

and a mean birth weight of 3400.5 + 512.5 grams for the control group.  Results 

illustrated that  the ELBW group   averaged 300 meters compared to 680 meters for the 

NBW controls (p<0.0001).  VO2max estimated from the shuttle run was also lower for 

the ELBW group (41.6 + 2.8 ml/kg/min) compared to the NBW group (45.5 + 

4.7ml/kg/min).   

 In contrast, several studies did not find significant differences in aerobic fitness 

between VLBW and/or BPD groups and normal controls5, 6, 8, 64, 75.  Compared to the 

studies finding significant differences, these studies had smaller sample sizes5 and 

generally higher birth weights.  Another possible difference in findings could be exposure 
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to surfactant therapy.  Studies which were conducted prior to surfactant therapy generally 

demonstrated lower aerobic fitness in the prematurely born infants 5, 8, 55, 64, 67. 

There are various explanations for why fitness may be reduced in children born 

prematurely or with very low birth weight.  Lower aerobic fitness could be associated 

with pulmonary disease, musculoskeletal differences, motor coordination deficits, and/or 

parents perceiving their child as vulnerable.  Children with bronchopulmonary dysplasia 

have been shown to have decreased aerobic fitness in several studies40, 64.  BPD has been 

associated with increased airway resistance, hyperactivity in the airways, and/or over 

inflation of the lungs3, 5, 14, 56, 68 all of which may impair exercise tolerance.  As for 

musculoskeletal differences, in the animal model, early life experiences such as 

undernutrition and intrauterine growth restriction have been associated with altered fetal 

and post-natal mitochondrial mRNA expression and function in the skeletal muscle body 

of fetal and juvenile rats45.  In the human model, there is evidence that very low birth 

weight infants have reduced energy reserves compared to normal birth weight infants 

during withdrawal reflex of the leg as reflected by a reduction in ATP to ADP + Pi as 

measured  by NMR spectroscopy10.  Children born prematurely have also been shown to 

have reduced motor coordination4, 16, 30, 34 which may limit their ability to perform 

maximal exercise and also their participation in regular vigorous physical activity 39.  

Lastly, research has shown that prematurely born children are sometimes viewed as 

vulnerable by their mothers as well as medical care providers, even when they are proved 

not to be vulnerable22.  Consequently, all of these factors help to explain the lower 

aerobic fitness levels observed in children born prematurely with very low birth when 

compared to their term-born, normal birth weight peers. 
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Ambulatory Blood Pressure Monitoring and Aerobic Fitness 

 The importance of fitness is demonstrated by numerous studies showing that 

higher levels of aerobic fitness are associated with lower blood pressure as well as lower 

risk for developing hypertension2, 11, 41, 65, 76.  To date, no studies have examined the effect 

of aerobic fitness on blood pressure in children.  Furthermore, there is a paucity of 

literature examining the effect of aerobic fitness on ambulatory blood pressure levels, 

with only two studies found in children32, 72, and no studies found in children born with 

very low birth weight. 

Of the two studies pediatric reviewed32, 72, one compared awake and asleep blood 

pressure among black and white, fit and unfit children.  Harshfield et al32, studied a 

biracial sample of 175 healthy adolescents aged ten to 18 years.  The cohort included 80 

(36 Black) boys and 95 (58 Black) girls.  The cohort was divided into “more fit” and 

“less fit” groups based on a median split of VO2 max values obtained from a graded 

exercise test on a cycle ergometer.  The results revealed a significant fitness X race 

interaction on the ambulatory blood pressure measures.  For white males, SBP measures 

did not differ between the two fitness groups.  However, for black males, the lower fit 

group had higher SBP while awake and asleep.  Less fit black males had a higher SBP 

while awake and asleep when compared to less fit white males, and higher SBP while 

asleep when compared to most fit white males.  There were no significant effects of 

fitness on DBP measures.  For white females, the lower fit group had higher SBP when 

compared to higher fit black females while asleep and awake.  For black females, the 

lower fit group had higher SBP while awake and asleep when compared to higher fit 

black females, and higher SBP when compared to higher fit white females while asleep.  
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These results suggest that fitness attenuates ambulatory blood pressure particularly in 

black adolescents who may be predisposed to developing hypertension. 

In a study by Torok et al72, 42 children who exhibited normal nocturnal dipping in 

both SBP and DBP were compared to 31 children who did not exhibit nocturnal dipping..  

All study participants were obese with a mean weight for the dipping group of 93.4 + 17 

kg, and a mean weight for the non-dipping group of 83.1 + 17.5 kg.   Aerobic fitness was 

determined using a multistage treadmill test.  Although the results did not examine the 

correlations between ambulatory blood pressure and aerobic fitness in these two groups, 

peak VO2 was significantly higher in the dipping group compared to the non-dipping 

group (2.77 + 0.61 L/min vs. 2.44 + 0.62 L/min) suggesting that nocturnal dipping may 

be augmented by aerobic fitness 

In summary, adolescents who were born with very low birth weight are at risk for 

higher resting and 24-hour ambulatory blood pressures.  Due to this, they are ultimately 

at risk for hypertension at later stages in life.  Knowing they are at risk for higher blood 

pressures, 24-hour ambulatory monitoring may provide investigators with a better 

measure of true blood pressure in this population.  Results of several studies have also 

indicated that this population is also at risk for lower aerobic fitness12, 47, 58.  Having 

lower aerobic fitness also increases the risk for higher blood pressure and hypertension in 

this predisposed population. 

 



PURPOSE 

The purpose of this study was to assess the correlation between aerobic fitness and 24-

hour ambulatory blood pressure in 14 year-old adolescents born prematurely with very 

low birth weight.  We hypothesized that lower aerobic fitness would be significantly, 

inversely correlated with 24-hour ambulatory blood pressure values, specifically SBP, in 

adolescents born prematurely with VLBW.  If significant inverse associations are found, 

then improving aerobic fitness may provide a mechanism for reducing blood pressure and 

ultimately hypertension risk in this predisposed population 
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METHODS 

Participants 

 Eligible participants were identified through the Amos Cottage computer database 

at Wake Forest University Health Sciences’ and contacted by the project coordinator.  A 

participant was included in the Prenatal Events Postnatal Consequences study (PEPC) if 

they met the following criteria: birth at Forsyth Medical Center in Winston-Salem, NC 

between the dates of January 1, 1992 and December 31, 1995; singleton birth; birth 

weight less than 1501 grams, follow up visit at the Wake Forest University out-patient 

neonatal care clinic at one-year adjusted-age, and current age of fourteen years at the time 

of each visit for the PEPC study.  A participant was excluded from the investigation for 

having any major congenital anomalies and/or contraindication to exercise.   

 For the PEPC study, each participant came to Wake Forest University Baptist 

Medical Center (WFUBMC) for three different visits on three separate days.  Each visit 

was conducted at the General Clinical Research Center (GCRC) at WFUBMC. At visit 1, 

prior to participation, the study was explained and written informed consent was obtained 

from the parent/guardian and assent was obtained from the adolescent. The participant 

was compensated $50, $75, and $100 for completing visits 1, 2 and 3, respectively, and 

the parent/guardian was compensated $25 for each visit to help with travel expenses. 

Procedures 

Participants reported to the GCRC for three visits.  Measurements specific to each 

visit are listed in Table 1.  Only measurements specific to this thesis are described in 

detail. At each visit auscultatory resting blood pressure, height, and weight and mid-

upper arm circumference were obtained by a GCRC nurse.  Specifically at visit two of 
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the study, each participant performed a graded maximal exercise test on a cycle 

ergometer for the determination of his/her aerobic fitness.  At visit three, each participant 

who volunteered was given an oscillametric ambulatory blood pressure monitor to wear 

for a 24 hour period.   

Table 1: 

Visit 1 (1/2 day) Visit 2 (1/2 day) Visit 3 (1/2 day) 

Resting Blood Pressure Resting Blood Pressure Resting Blood Pressure 

Height, Weight, Mid-Upper 
Arm Circumference 

Height, Weight, Mid-Upper 
Arm Circumference  

Height, Weight, Mid-Upper 
Arm Circumference  

Urine Collection Aerobic Fitness Anthropometry 

Cold Pressor Test PFT’s Collect Food Record 

Blood Sample Salivary Cortisol Salivary Cortisol 

Urine Collection 

Questionnaires HR Variability HR Variability 

BOTMP 

Questionnaires DXA Scan 

Food Record Instruction 

Questionnaires 

24 Hour ABPM 
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Measures 

Anthropometry 

 At each visit, the participant’s height was measured (without shoes) by a GCRC 

nurse using a wall mounted stadiometer, and recorded to the nearest 0.10 cm.  The 

participant’s weight was also measured using a digital platform scale and recorded to the 

nearest 0.10 kilogram.  All measurements were made three times and averaged at each of 

the three visits. 

Resting Blood Pressure 

For the measurement of blood pressure, each participant’s right middle upper arm 

circumference (MUAC) was measured by a GCRC nurse, and the appropriate size blood 

pressure cuff was determined.  Resting blood pressure was then obtained by the nurse by 

both auscultatory and oscillometric methods following standard guidelines73.  The 

participant was instructed to sit quietly for approximately five minutes prior to the first 

blood pressure measurement and encouraged to remain quiet and still with feet flat on the 

floor for all measurements.  Auscultatory blood pressure was measured with a 

stethoscope and Baum mercury manometer three times with a one minute period between 

each measure.  The average of the three auscultatory measures was taken as the baseline 

blood pressure and BP percentile was determined from sex- and height-specific reference 

data77.  

Aerobic Fitness 

 Aerobic fitness was assessed from graded exercise testing on a VIASprint 150P 

cycle ergometer at Visit 2 in the Pulmonary Function Lab at WFUBMC.  The seat height 

of the cycle ergometer was adjusted so that the participant’s knee was slightly bent in the 
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extended position.  The Godfrey Protocol was followed for which the participant pedaled 

at “0” Watts for the first minute and then work rate was increased by 10, 15, or 20 watts 

every minute depending on the participant’s height (less than 125 cm, 125 – 150 cm, and 

greater than 150 cm, respectively)28.  The participant was instructed to pedal at a rate of 

50 -60 revolutions per minute, not to exceed 70 revolutions per minute.  Expired gases 

were collected during the test and used to calculate each participant’s peak oxygen uptake 

(VO2 peak) using the SensorMedics Vmax Encore CPX Metabolic Cart.  A 12-lead 

electrocardiogram (ECG) and oxyhemoglobin saturation (Nonin 8600 pulse oximeter 

with finger probe) were monitored continuously throughout the exercise test.  Blood 

pressure was measured every two minutes during the exercise test using a mercury 

sphygmomanometer.  The participant was verbally encouraged by study staff to give a 

maximal effort.  A test was considered maximal effort if the participant’s RER exceeded 

1.05, if heart rate was greater than 195 bpm, and/or if the subjective opinion of the 

experienced testers agreed that the effort was maximal63.  The highest 20 second average 

VO2 (ml/kg/min) achieved was used to reflect VO2peak, and percent predicted was 

determined from age- and gender-specific reference equations of Krahenbuhl42. 

Ambulatory Blood Pressure Monitoring: 

 Ambulatory blood pressure was assessed at visit 3 using the Spacelabs 90207 

ambulatory monitor.  Participants were properly fitted with the appropriate size blood 

pressure cuff by a GCRC nurse, as   determined by the measurement of the participant’s 

middle upper arm circumference.  The cuff was securely positioned on the participant’s 

non-dominant arm for measurement.  The monitor was programmed to take blood 

pressures every 20 minutes during the daytime hours of 7 o’clock am to 9 o’clock pm, 
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and every 30 minutes during the nighttime hours of 9 o’clock pm to 7 o’clock am.  

Instructions on how to wear and operate the ambulatory monitor were given to the parent 

and child before departure from the GCRC.  The child was given an activity diary to 

record what they were doing at the time of each awake measure, as well as asleep and 

awake times.  The monitor was worn for 24 hours and then mailed back (along with the 

activity diary) to the study coordinator upon completion.   

 Upon return of the ambulatory blood pressure monitor, the data were downloaded 

using the Spacelabs 90207 Ambulatory Blood Pressure Report Management System.  

Asleep and awake hours were entered from the diary.  The data were then exported into 

Microsoft Excel for further analysis.  The 2008 guidelines published by the American 

Heart Association were followed for determining valid measurements, calculating the 

various parameters, and providing reference values73, 77.  However, we slightly modified 

exclusion criteria as presented in Table 2.  The data were divided into awake and asleep 

periods as recorded on the participant’s diary.  Average 24-hour, average awake and 

average nighttime measures were determined by dividing the sum of the measures for 

each time period by the number of valid measures obtained by the ambulatory blood 

pressure monitor for the same time period.  Each valid measurement was then compared 

with the 95th percentile determined from sex-and height-specific reference data for the 

corresponding 24-hr, awake and asleep periods77.  The percent of values exceeding the 

95th percentile for each period (24-hour, awake and asleep) was calculated to reflect BP 

load for SBP and DBP separately. 

Nocturnal dipping was also calculated for both SBP and DBP by subtracting the 

mean night-time BP from the mean daytime BP then dividing by the mean daytime blood 
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pressure and multiplying by 100.  Participants who exhibited less than 10% nocturnal 

dipping were considered non-dippers and those whose percent change was greater than 

10% were labeled as dippers73. 

 In order to exclude cases with insufficient 24-hour ambulatory data, strict 

exclusion criteria set by the American Heart Association73 was modified for exclusion 

purposes and is presented in Table 2. 

 28



Table 2: Exclusion Criteria for Ambulatory Blood Pressure Data 

 Excluded if… 
24-hour SBP and DBP 
Mean 
Load 
Dipping 

Missing 1 hr awake and 1 hr asleep AND 
Missing >3 hrs awake OR 
Missing >1 hrs asleep 

Awake SBP and DBP 
Mean 
Load 

Missing >3 hrs awake AND had 
< 65% of possible DT readings 

Asleep SBP and DBP 
Mean 
Load 

Missing >1 hr asleep AND had 
<65% of possible NT readings 

 

Neonatal data 

 Pertinent neonatal data including, but not limited to, birth weight, gestational age, 

exposure to antenatal steroids were obtained from the participant’s medical record at 

Forsyth Medical Center, as well as WFUBMC (if transferred as a neonate). 

Statistical Analysis 

 Statistical analyses were performed using SPSS 16.0 for Windows.  Descriptive 

statistics were used to examine measures of central tendency and dispersion and to 

determine if parametric analyses were appropriate.  Scatterplots were used to visually 

examine the relationships between fitness level and the various blood pressure 

measurements.  Pearson product moment correlational analysis was utilized to examine 

the bivariate correlations between fitness level and ambulatory blood pressure 

measurements for data meeting parametric criteria.  Spearman correlation coefficients 

were determined to examine associations if data did not meet parametric criteria.   A p 

value <0.05 was considered to be statistically significant. 
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RESULTS 

Participant Characteristics 

One hundred ten participants completed all three visits of the PEPC study.  Forty-

nine (45% with 17 male and 32 female) volunteered to wear the ambulatory blood 

pressure monitor; however, four participants were excluded for incomplete 24 hour 

ambulatory blood pressure data.  In addition, the data of five participants were excluded 

for incomplete fitness data due to neuromuscular limitations such as cerebral palsy or 

premature test termination due to EKG abnormalities.  Characteristics of the remaining 

40 participants are presented in Table 3.  All participants were in their fifteenth year of 

life with a mean age of 14.4 + 0.3 years.  All participants were born prematurely with a 

mean gestational age of 28.3 + 2.7 weeks (range 23 – 34 weeks).  Mean birth weight was 

1072 + 259 grams, with all participants having VLBW (< 1501 g), and 40% having 

ELBW (< 1000 g).  Twenty-seven percent (11 out of 40) of the participants were male 

and 50% were Caucasian, with 48% being African American and 2% being other races.  

Forty-eight percent of the participants had a BMI > 85th percentile, placing them at risk 

for overweight or overweight.  Mean resting blood pressure, measured three times on 

three separate visits by a GCRC nurse using a mercury sphygmomanometer, is also 

presented in Table 3.  Only one participant had a SBP >95th percentile based on reference 

norms by age, gender, and height1.  No participants had a resting DBP >95th percentile. 

Aerobic Fitness 

Aerobic fitness, as measured by VO2 peak and also in Table 3, data was expressed 

as ml/kg/min as well as percent predicted.  Percent predicted was based on age and 

gender based reference values by Krahenbuhl42.  For 14-year-old males, predicted fitness 
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is 50 ml/kg/min and for 14-year-old females, predicted fitness is 40 ml/kg/min.  Our 

results indicated a wide range of fitness levels from 16.4 ml/kg/min to 60.8 ml/kg/min 

and 21 out of 40 participants (52%) had a VO2 peak less than 80% of predicted. 

Table 3: Participant Characteristics of 17 Males and 32 Females 

Variable Mean + sd Median Range 

Weight, kg 59.55 + 17.20 57 32.50 - 126.10 

Height, cm 157.99 + 8.30 158 140.80 - 177.25 

BMI percentile 69 + 30 79 3 – 100 

VO2 peak, ml/kg/min 35.9 + 8.4 33.9 16.4 - 60.8 

VO2 peak, % pred 85 + 19 83 41 – 122 

SBPrest, mmHg 105 + 9 105 88 - 133 

DBPrest, mmHg 60 + 7 60 44 - 75 

SBP percentile 37 + 23 38 3 - 99 

DBP percentile 36 + 21 35 3 - 84 
 

Ambulatory Blood Pressure 

 Based on exclusion criteria presented in Table 2 of the methods, 36 participants 

had adequate data for 24-hour analyses, 39 participants had adequate data for awake 

analyses, and 37 participants had adequate data for asleep analyses.  Mean 24 hour, 

awake, and asleep SBP and DBP values are presented in Table 4.  For systolic blood 

pressure, 14% of the participants mean 24-hour values exceeding the 95th percentile, 10% 

of the participants had mean awake values exceeding the 95th percentile, and 11% of the 

participants had mean asleep values exceeding the 95th percentile.  For diastolic blood 

pressure, 6% of the participants’ mean values exceeded the 95th percentile for 24-hour 

and 8% of the participants’ mean values exceeded the 95th percentile while asleep.  No 

participant’s mean DBP while awake exceeded the 95th percentile.   
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Table 4: Mean SBP and DBP For 24-Hour, Awake, and Asleep Monitoring  

Variable Mean + sd Median Range % > 95th %ile 
Mean SBP 24 hr, mmHg 116 + 7 115 103 – 131 14 
                 Awake, mmHg 119 + 8 119 105 – 137 10 
                 Asleep, mmHg 109 + 8 109 95 – 129 11 
Mean DBP 24 hr, mmHg 66 + 5 67 55 – 78 6 
                 Awake, mmHg 70 + 7 71 49 – 81 0 
                 Asleep, mmHg 58 + 5 57 48 – 73 8 

 

 Blood pressure load was determined for both systolic and diastolic blood 

pressures by calculating the percent of measurements exceeding the 95th percentile for 

24-hour, awake, and asleep periods (Table 5).  For systolic blood pressure load, 25% of 

the participants had loads exceeding 25%.  For diastolic blood pressure load, 39% of the 

participants had loads exceeding 25%. 

Table 5: SBP and DBP Loads for 24-Hour, Awake, and Asleep Monitoring 

Variable Mean + sd Median Range % > 25% 
SBP load 24 hr 24 + 18 21 0 – 74 25 

SBP load Awake 18 + 18 11 0 – 64 26 
SBP load Asleep 25 + 23 21 0 – 100 43 
DBP load 24 hr 20 + 13 19 0 – 52 39 

DBP load Awake 13 + 12 9 0 – 45 15 
DBP load Asleep 19 + 19 14 0 – 77 22 

 
 Nocturnal blood pressure dipping was determined for both systolic and diastolic 

blood pressures by the percent change from awake to asleep (Table 6).  For systolic blood 

pressure, 56% of the participants dipped less than 10%.  For diastolic blood pressure, 

14% dipped less than 10% (Figures III and IV). 
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Table 6: Nocturnal SBP and DBP Dipping 
 

Variable Mean + sd Median Range % < 10% 
SBP Dipping 9 + 5 9 -6 – 19 56 

DBP Dipping 17 + 7 18 -1 – 35 14 
 
Correlational Analyses for Aerobic Fitness and Blood Pressure Parameters 
 
 Correlational analyses were used to examine the relationships among measures of 

aerobic fitness and different parameters of ambulatory blood pressure.  Aerobic fitness 

expressed as VO2 % predicted, was significantly correlated with resting auscultatory SBP 

(r=-0.332, p=.037) (see Figure I) as well as SBP percentile r = -0.289 (p=0.07).  

 

r = -0.332, p=0.04 

 
Figure I.  Relationship between VO2 peak, % predicted, and resting SBP, mmHg. 
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In contrast, no significant correlations between VO2, % predicted and mean SBP 

for the 24-hour period or mean SBP while awake and asleep were found.  No significant 

correlations were found between aerobic fitness and either resting DBP or DBP percentile, 

or mean 24-hour DBP or average DBP while asleep, but there was a trend for a positive 

correlation with average DBP while awake (See Figure II). 

 

r = 0.280, p=0.084 

Figure II.  Relationship between VO2 peak, % predicted and mean DBP while awake, 

mmHg 

The association between aerobic fitness and nocturnal dipping was also examined.  

No significant correlations were found with either SBP or DBP (Figure III and Figure IV). 
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r = 0.181, p=0.291 

Figure III.  Relationship betweenVO2 peak, % predicted and nocturnal SBP dipping, % 

change.  The solid line represents the 10% cut point and the dashed line represents the 

regression line. 
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r = 0.116, p=0.502 

 
Figure IV: Relationship between VO2 peak, % predicted and nocturnal DBP dipping, % 
change.  The solid line represents the 10% cut point and the dashed line represents the 
regression line. 
 

 Associations between aerobic fitness and blood pressure load were also examined.  

No significant correlations were found with VO2, % predicted, and 24-hour blood 

pressure loads or blood pressure loads while awake.  However, there was a trend for 

fitness to be inversely related to SBP load while asleep (r=-0.309, p=0.062) (See Figure 

V). 
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rsp = -0.309 (p=0.062) 

Figure V.  Relationship between VO2 peak, % predicted and SBP load while asleep, %.  

The solid line represents the 25% cut point and the dashed line represents the regression 

line. 

 
In additional multiple regression analyses, we found no significant associations 

between VO2 max (ml.kg.min-1) and VO2 (% predicted) compared with height, weight, 

sex, or race. 
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DISCUSSION 

 To our knowledge, this is the first study to examine the association between 

aerobic fitness and parameters of ambulatory blood pressure in a sample of, 

prematurely born, very low birth weight infants at 14 years of age.  Results of the 

study showed that 24-hour ambulatory blood pressure monitoring provided evidence 

of abnormal blood pressure levels not observed in resting blood pressure taken via 

mercury sphygmomanometer.  While only one child had evidence of elevated resting 

blood pressure greater than the 95th percentile, five of 36 adolescents had elevated 

mean SBP and two had elevated mean DBP for the 24-hour period.  Furthermore, 

more than half (55%) of the subjects exhibited blunted (<10%) nocturnal SBP 

dipping and 14% exhibited blunted DBP dipping.  Lack of nocturnal dipping has been 

associated with target organ changes in the heart and kidney25, 31, 32, 51, 57, 59.   

Twenty-five percent of the adolescents also had a 24-hour SBP load > 25% and 

39% had a DBP load > 25%.  In children, excessive loads have been   associated with 

increased left ventricular mass60, decreased glomerular filtration rate, and increased 

proteinuria49. 

Doyle et al, similar to us, assessed 24-hour ambulatory blood pressure monitoring 

in younger adolescents19.  There were various similarities and differences observed 

when comparing our study to that of Doyle.  To begin, the mean age of our cohort 

was 14.4 years compared to Doyle’s cohort of 18.6 years.  Both cohorts were VLBW 

with mean weights for both being 1072 grams and 1098 grams, respectively.  When 

assessing results, there were a few differences between our study and that of Doyle.  

Doyle only assessed mean 24-hour, awake, and asleep periods while we assessed 
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other parameters of ambulatory blood pressure.  Mean 24-hour systolic blood 

pressure in the 18 year old cohort was higher but within the range of our cohort 

(122.1 mmHg vs. 116+ 7 mmHg).  The 24-hour diastolic pressure was equivalent 

(69.2 mmHg vs. 66+5).  For the awake and asleep periods, systolic and diastolic 

pressures were somewhat higher in the cohort studied by Doyle et al, yet they were 

within the range of pressures measured in our group.  One major difference in the two 

groups was evident in resting blood pressure.  Our cohort had resting systolic and 

diastolic pressures of 105+9 mmHg and 60+7 mmHg respectively.  This was 

significantly lower than resting pressures exhibited in Doyle’s cohort (124.8 mmHg 

and 72.4 mmHg).  Similarities and differences found between the two studies could 

lie in the fact that Doyle’s cohort was older, somewhat shorter, and heavier than our 

cohort.  Our cohort had over 40% of the participants at risk for overweight or 

overweight, but we also had a mean height to counterbalance the effect of weight. 

 Despite our hypothesis that ambulatory blood pressure values would be 

significantly correlated with decreased aerobic fitness levels, we found few 

correlations with ambulatory blood pressure parameters, although fitness was shown 

to be correlated with resting blood pressure via mercury sphygmomanometer.  When 

examining SBP load while asleep, adolescents with lower aerobic fitness seemed to 

exhibit higher SBP loads.  In addition, there was a trend for mean DBP while awake 

to be positively correlated with aerobic fitness, meaning the more fit adolescents had 

higher diastolic blood pressures while awake.  This finding was unexpected, although 

each adolescent was asked to keep a diary of all activity while wearing the monitor.  
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However, the diary was vague and the majority of returned diaries would be 

considered inadequate information.   

 There are various possible explanations as for not finding significant correlations 

between aerobic fitness and most ambulatory blood pressure parameters.  First, the 

sample size of our cohort was somewhat small with only 40 adolescents having 

adequate ambulatory BP data for the 24-hour measurements, and even fewer had 

adequate data for both awake and/or asleep measurements.  Our sample size was 

reduced because of fairly strict exclusion criteria which may have affected the ability 

to detect a statistically significant association between fitness and ambulatory blood 

pressure. 

Another possible explanation of non-significant results could reflect volunteer 

bias.  The majority of testing for the PEPC study is conducted over the summer 

months (June to August) while school is out of session, consequently, participants 

involved in sports and/or other extra curricular activities chose not to wear the 

monitor due to interference with participation.  The ambulatory blood pressure results 

may therefore not reflect the spectrum of fitness that actually occurred in our sample 

or the general population.   

It is also speculated that activities performed by the participant while wearing the 

monitor may affect their blood pressure.  Participants were asked to keep a diary of 

their activities while wearing the monitor; however, we did not have an objective 

measure of physical and other activities.  It is speculated that higher blood pressures 

would be observed while awake and thus for the 24 hour period, if fitter subjects were 

more active while wearing the monitor.  By not having adequate objective 
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information to assess what each adolescent was doing at the time of each 

measurement, it is difficult to account for any type and intensity of physical activity 

that he/she may be involved in.  Furthermore, other non-physical activities may 

increase blood pressure such as playing video games or taking an exam at school13, 52. 

 Other possible factors affecting the association between fitness and blood pressure 

include other early life exposures, as well as current diet and obesity.  With respect to 

early life exposures, various systems involved in the regulation of blood pressure are 

affected during the early stages of fetal development7, 21, 54.  Some of our participants 

were exposed to antenatal glucocorticoids, which have been associated with higher 

blood pressure levels20.  Current diet may influence the fitness /blood pressure 

association. High sodium intake may increase blood pressure especially in children 

considered to be high salt responders23, 66.  Although we did not adjust for dietary 

factors; these data are in the process of being analyzed in the larger PEPC cohort.  

Current body weight and stature of children have been associated with higher blood 

pressure15, 61.  Although comparisons with reference data generally took height into 

account, none incorporated weight in the calculation1, 77.  Obesity in children has been 

linked to an increased risk for hypertension in adulthood61.  Furthermore, obese 

children may be more inactive than normal weight peers which may also contribute to 

lower aerobic fitness.  Given that 48 % of our sample was at risk for, or overweight, 

adjustment for weight may be important.  Although our fitness was expressed as % of 

predicted with respect to ml/kg/min (based on age and gender-specific reference 

values), body composition with respect to fat and fat-free mass is not taken into 
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account.  As a result, all of these factors may have weakened the association between 

aerobic fitness and blood pressure in this sample   

 Based on the limitations of this study, there are some future directions in the 

research of this cohort that should be considered.  First, study of a larger sample 

would increase statistical power and the ability to detect significant correlations.  

Inclusion of an objective measure of physical activity while wearing the ambulatory 

blood pressure monitor would help to elucidate the effects of physical activity on the 

24-hour measurements.  Strategies to increase participation in wearing the monitor to 

provide a more representative sample are warranted.  Such strategies might include 

additional monetary compensation or scheduling participation when more convenient 

for the participant (e.g. during off-season from sports).  Moreover, the addition of a 

term-born, NBW control group would enable us to determine if the association 

between fitness and blood pressure is modified by prematurity and low birth weight   
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CONCLUSIONS 

 Despite the current limitations of the study, ambulatory blood pressure monitoring 

in this group of prematurely born, very low birth weight adolescents may help to 

identify abnormal blood pressure responses in those adolescents whose resting blood 

pressure, by means of mercury sphygmomanometer, was normal.  If inverse 

associations between fitness and ambulatory blood pressure parameters are 

documented, then future research is warranted to determine if improvements in fitness 

may lower blood pressure and ultimately lower the risk for developing hypertension 

in this predisposed group of adolescents born prematurely with very low birth weight. 
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APPENDIX A 

Review with 
retrospective and 
observational 

 Definition of 
exposure 
variable 

Definition 
of outcome 
measures 

  Lenfant et al, 2008 

Population and 
Investigator 

Sample Characteristics LBW HTN Main findings Dose-response  Adjustments/Comments 

Population consisted of 
older adults who were 
born with LBW being 
<5 lbs; age ranged by 
study but mostly adults 
50 and older 
 

Varied by study; older adults; 
less than 5.5 lbs or less than 
3000 g; various study cohorts 
from Helsinski cohort, 
Nurse’s health study; Finnish 
study; and Health 
Professionals Follow-up 

self reported 
and mother 
verified 

on BP 
lowering 
meds or 
diagnosed 

Most all studies 
found higher BP in 
those born LBW 
 
Systolic drop in 2-
4mmHg with 
increase in 
increment of BW 
 
.35mmHg increase 
for each decade of 
life 
 
Diastolic .3-
1.7mmHg per kg 
increment in BW 
 
Incidence of HTN 
was greatest in 
those with the 
lowest BW (varied 
by study as far as 
BW grouping) 
 

Yes; showed 
negative 
association 
between BP and 
BW; as BW 
decreased, BP 
increased 
 

Birthweight, age, BMI 
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Prospective 
longitudinal Study 

 Definition of 
exposure variable 

Definition of outcome 
measures 

  Holland et al, 1993 

Population and 
Investigator 

Sample Characteristics LBW/BMI HTN Main findings Dose-
response  

Adjustments/Comments 

3332 men and 
women born in one 
week in 1946; 36 
years at follow up; 
England Wales, 
Scotland; 82% 
complete data for 
analysis 
 
 

Legitimate, singleton 
births; children of non-
manual and 
agricultural workers; 
also included 1 in 4 of 
every other child born; 
<2.5 kg 
 

Wt. measured by 
health professionals; 
BMI calculated 
from ht. and wt. 
measures from these 
professionals 
 
LBW <2.5kg 
SD stradified -2 - +2 
 

Measured by nurses at 
36 years using 
Hawkesley random zero 
sphyg.; readings taken 
twice adjusting for arm 
circumference; second 
reading used 
 

Men 2.4x risk for 
high BP if LBW 
 
Women 1.4 x risk 
for high BP if 
LBW 
 
% population risk 
for high BP 
attributable to 
LBW was 4.6% 
men and 2.5% 
women 
 
SBP Unit change 
in BW in SDS 
associated with 
SBP decrease of 
1.1mmHg men 
and 1.1mmHg 
women 
 
DBP: 0.5 mmHg 
men and 0.3 
mmHg women 
 

Yes; as BW 
decreased; 
BP seemed 
to increase 
 

n/a 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of outcome 
measures 

  Irving et al, 2000 

Population and 
Investigator 

Sample Characteristics LBW/BMI HTN Main findings Dose-
response  

Adjustments/Comments 

LBW babies 
(<2000g); 
Edinburgh; 
November 
1973 to 
February 1975 
 

72 LBW and 54 NBW; NBW 
matched for sex, birth order, 
father’s social status; LBW 
classified for  appropriate weight 
for gestational age or IUGR (cut 
off of 10th percentile from 
Gairdner-Pearson growth chart); 
1998-1999 81 of original 126 
contacted; 61 consented for 
further study 
 

< 2000g at birth 
(n=72); wt 
through birth 
record at 
Simpson 
Memorial 
Maternity 
Pavilion 
 
NBW > 2000g 

Recorded in rt. Arm 
Automated 
sphygmomanometer;  
Mean of 2 was used for 
analysis; if differed by 
>5mmHg, a 3rd was taken 
and mean of two closest 
used 
 

LBW preemie 
babies had higher 
adult BP 
compared to NBW 
controls; r = -0.26 
(p<0.05) 
GA and SBP: r = -
0.32 (p<0.02) 
 
No diff in BP b/w 
App for 
gestational age 
and IUGR 
 
LBW and short 
gestataion 
associated with 
high BP (SBP r = -
.26; p<0.05 for 
BW and r = -.32; 
p<0.02 for gest.) 
 
Effects of BW not 
independent of 
gest (SBP r = .10; 
p=0.70) 
 

Yes; 
higher BP 
with 
lower 
BW 
 

Gestational Age 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of outcome 
measures 

  Doyle et al, 2003 

Population 
and 
Investigator 

Sample 
Characteristics 

VLBW HTN Main findings Dose-
response  

Adjustments/Comments 

VLBW and 
NBW 
controls in 
Melbourne 
 

156 VLBW and 
38 NBW @ 18+ 
years of age in 
Melbourne 
 
VLBW:  
GA: 28.8 + 2 wk 
BW: 1098 +235g 
 
NBW: 
GA: 37-42 wks 
BW: 3493 +494g 
 
 

BW <1501 g 
Royal Women’s 
Hospital, 
Melbourne; 
1977-1982; all 
were pre-term 
with gestational 
age 24-36 
completed wks) 
 
 

Sphygmomanometer – seated 
with 5 mins. Rest; cuff was 2/3 
upper arm length; mean of 3 
readings for DBP and SBP 
Ambulatory – Spacelabs 
90207; cuff fitted for mid-arm 
circumference; given 
instructions and wore for 24 
hour period; avg all valid 
readings; 30 minutes 6am – 
midnight; every hr midnight – 
6am. 
 

Sig For… 
Δ VLBW - NBW 
Δ SBP 10.6 mmHg 
(5.8, 15.5) 
Δ DBP 3.8 mmHg 
(0.08, -6.9) 
Ambulatory 
ΔVLBW-NBW 
24 hr SBP – 
5.2mmHg (2.1, 8.3); 
24hr MAP – 
2.2mmHg (-0.1,4.6); 
Awake SBP – 5.9 
mmHg (2.8, 9.1); 
Awake MAP – 
2.7mmHg (0.1,5.3); 
Asleep SBP – 
3.8mmHg (0.48,7.2) 
 
DBP’s  & asleep 
MAP NS 
 

Yes, for 
every unit of 
BW decrease, 
SBP and 
DBP seemed 
to increase 
10.6 and 3.8 
mmHg  
 

Gestational age, BW, family 
hx HTN, mother HTN during 
pregnancy, antenatal 
corticosteroid therapy, male, 
multiple birth 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Doyle et al, 2000 

Population 
and 
Investigator 

Sample Characteristics VLBW BP Main findings Dose-
response  

Adjustments/Comments 

Pre-term and 
VLBW 14 
year olds  
 

210 pre-term with BW 
<1501g; 14 years old; 
Royal Women’s 
Hospital, Melbourne; 
1977-1982; some 
exposed to antenatal 
corticosteroid therapy 
 
89 exposed ANS 
 
88 not exposed ANS 

Children with 
BW ,1501g; 
assessed at 14 
years; antenatal 
steroid 
exposure 
 

Standard mercury 
sphygmomanometer; 
pediatrician 
assessed; child 
supine and rested; 
cuff 2/3 size of 
upper arm length; 
mean of 3 readings 
for SBP and DBP; 
compared to 
published norms  
 

BP measured in 82.3% subjects 
 
177 total measured at 14 years 
 
89 exposed; 88 not exposed to 
ACT 
 
Exposed higher BP and yes with 
wt.   
 
BW SD score not correlated with 
SBP or DBP at 14 years 
 
SBP inc. when mother had HTN 
during pregnancy (4.7mmHg; CI 
0.2-9.2); in males (6.4mmHg; CI 
2.9-10); airleak at newborn 
(6.1mmHg; CI 1.2-9.2); and 
increased wt. at 14 (4.1mmHg; CI 
2.6-5.6 per 1SD) 
 
4.1mmHg increase in SBP and 
1.9mmHg increase in DBP per 
1SD in wt. 
 
DBP higher with increasing wt at 
14 (1.9mmHg; CI 0.5-3.4 per 
1SD) 
 

Yes; BW 
and BP 
inverse 
 

Gestational age; BW; 
Mother with HTN in 
pregnancy; ATC; male; 
growth at 14 years 
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Prospective 
Follow up 
Study 

 Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Law et al, 2002 

Population 
and 
Investigator 

Sample Characteristics BW/BMI BP Main findings Dose-response  Adjustments/Comments 

English; 
Brompton 
cohort; 1975-
1977 
 

Brompton Cohort; 1975-1977; 
2088 single births; excluded 
referrals, preterm, and multiple 
births; final cohort consisted of 
1867 singletons; studied at 
birth, 4 X during infancy, and at 
age 10; 346 studied at 22years 
BW: 3411 (459) g for boys 
BW: 3282 (431) g for girls 
 

BW gotten 
from birth 
records from 
England 
hospital 
BMI calculated 
from adult ht. 
and wt. 
measured by 2 
observers; 
>3000g 
 

Measured 3 times 
and mean was 
taken of the 3 
measures; 
automated recorder 
used for measure 
(Omron HEM-711) 
 

Participation rate of 
47.7%; mean BW 
lower than published 
standards at that time 
(1970’s); mean SBP 
lower 
 
BP increased with 
adult BMI; SBP = 
2.8mmHg (CI 1.8-
3.7); DBP = 1.1 
mmHg (CI 0.4-1.7) 
 
SBP inversely 
associated with BW 
Per kg decrease in 
BW, SBP 2.7mmHg; 
DBP 1.6 mmHg 
higher 
 

Yes, as BW 
decreased, SBP 
and DBP 
increased.  Also, 
as adult BMI 
increased, BP 
increased 
 

Adult BMI 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of outcome measures   Hack et al, 2005 

Population and 
Investigator 

Sample Characteristics VLBW/NBW BP Main findings Dose-response Adjustments/Comments 

20 year olds 
born with 
VLBW in 
Vleveland, 
Ohio; 1977-
1979; matched 
controls 
 

490 VLBW; Rainbow 
Babies and Children’s 
Hospital in Cleveland, 
Ohio; 1977-1979; 242 
followed to 20 years; 
195 VLBW had all 
measures at 20 years for 
analysis 
 
Controls selected at 8y 
by population sampling; 
363 NBW originally 
and 208 followed at 20 
years with all measures 
for analysis 
 
VLBW mean BW = 
1189g; gest. Age = 29.8 
wks; NBW mean BW = 
3277g; gest. Age = >37 
wks 
 
 
 

Measured at 
birth, expected 
term date, 8mo, 
20mo, and 8y 
 

Measured at 20 years; 
measured according to AHA; 
individual seated, rt arm 
extended and rested at heart 
level; standard mercury 
sphygmomanometer; 2 
measures made 1-2 min apart 
then averaged 
 

VLBW higher 
SBP than NBW 
(114.2 + 11 vs. 
111.9 +13; p < 
0.05); DBP NS 
 
VLBW male no 
diff from NBW; 
VLBW female 
higher SBP 
than NBW (110 
vw 107 mmHg; 
p = 0.03); DBP 
NS 
 
No Diff in rates 
of HTN or pre-
HTN; VLBW 
female had 
DBP 80-89 
compared with 
NBW control 
 

Yes, as BW 
decreased, 
SBP seemed to 
increase in 
VLBW 
compared to 
NBW controls 
 

Maternal education, 
race, gender,  
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Cross 
Sectional 
Study 

 Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Strufaldi et al, 2008 

Population 
and 
Investigator 

Sample Characteristics BW BP Main findings Dose-response  Adjustments/Comments 

6-10 year 
olds in 
Brazil 
 

960 children; 6-10 
years, Sao Paulo, 
Brazil; 1st to 4th grades; 
some excluded and 730 
evaluated and included 
in the study; all 
evaluated for wt, ht, 
and BP 

Determined 
from Hx by 
parent or 
guardian; 
children divided 
into quartiles 
based on BW 
 
Q1 = <2.9 kg 
Q2 = 2.91-
3.20kg 
Q3 = 3.21-
3.58kg 
Q4 =  >3.58 kg 

Measured with 
mercury 
sphygmomanometer 
by same nurse every 
time; seated for at 
least 10 mins; 
appropriate cuff size; 
3 measures made at 
2-min intervals; 
mean used in analysis 
 
HTN defined in  by 
4th Natl Task Force 
on High BP (SBP or 
DBP >95th %ile for 
age, ht, and gender) 

SBP: higher in lowest 
quartile for BW 
(105.6 +1.28) 
BW and SBP (β= -7; 

SE=0.96; p<0.001) 
Age and BMI found to 
contribute to higher SBP 
 
DBP: higher in lowest 
quartile (p<0.001) 
BW, Age, BMI had 
significant impact on 
DBP 
BW (β= -4.4; 

SE=0.71; p<0.001) 
Entire cohort: BW 
inversely correlated with 
SBP (r=-0.213, p<0.001) 
and DBP (r=-.200, 
p<0.001) 
Risk for childhood HTN 
higher for LBW (OR: 
5.0, CI: 3.3-16.1; 
p=0.023) 

Yes, as BW 
decreased, SBP 
and DBP 
seemed to 
increase 
significantly 

Gender, prematurity, 
gestational age, BMI, BW, 
age, medical hx of CVD 
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Retrospective 
Study 

 Definition of 
exposure variable 

Definition of outcome measures   Huxley, 2004 

Population and 
Investigator 

Sample 
Characteristics 

BW; maternal 
nutrition 

BP; CVD outcomes in adulthood Main findings Dose-
response  

Adjustments/Co
mments 

Offspring of 
working women 
studied for 
nutritional 
purposes in 1942 
and 1944 in the 
UK 

137 offspring 
(37%) of entire 
cohort were 
studied; 60 
men and 77 
women; mean 
age was 
approximately 
55 years of 
age; mean BW 
was 3293g;  

Birth certificate 
reviewed and 
maternal wartime 
ration diet identified 
through questionnaire 
and self report 

Home and Ambulatory BP monitoring 
was conducted.  Home was measured 
after sitting 5 minutes with automated 
sphygmomanometer, measures were 
taken 3 times with 5min. wait in 
between; all measures were averaged 
and done by the same research 
assistant. 
 
Ambulatory monitor was fitted to those 
who were consented; fitted on non-
dominant arm and was inflated every 
30 mins; advised to be seated when 
taking measure and asked to record in 
diary sleep and wake periods as well as 
evens that may have altered measure 

No significance was 
found b/w birth 
weight and home or 
ambulatory blood 
pressure. 
 
Home blood pressure 
with birth weight – 
β=-0.8 and p=0.7 
 
Ambulatory blood 
pressure with birth 
weight – β=2.3 and 
p=0.5 

n/a n/a 

Systemic review  Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Huxley, 2000 

Population and 
Investigator 

Sample Characteristics BW;  BP;  Main findings Dose-
response  

Adjustments/Comments 

444,000 male and 
female subjects 
ages 0-84 years and 
all races 

Male and female mix; all ages; 
all races; from UK; Europe, 
USA; Australia, Middle East, 
China, Africa and south 
America 

Chart review Measure not 
discussed 
specifically in 
review; varied from 
study to study 

80 studies in the review 
found an inverse 
relationship in birth 
weight and blood 
pressure  
 
Sig. found in children, 
adolescents, and 
adulthood 

n/a Current weight 
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APPENDIX B 

Prospective and 
cross sectional 
study 

 Definition of exposure 
variable 

Definition of outcome 
measures 

  Bader; 1987 

Population and 
Investigator 

Sample 
Characteristics 

VLBW/BPD Exercise tolerance and 
pulm function 

Main findings Dose-
response  

Adjustments/Com
ments 

Children from 
Los Angeles 
born with 
VLBW and ~ 10 
years of age; hx 
of BPD with 
some controls 

10 children with 
mean age of 10.4 + 6 
years; hx of BPD and 
VLBW as an infant; 
mean gest age of 29 + 
0.7 (SEM) weeks; all 
from Los Angeles 
 
Group of 8 term born 
controls from Los 
Angeles with no hx of 
BPD; mean age of 
10.1 + 0.9  years; 
mean gestation age of 
40 + 0.3 weeks and 
NBW 
 
VLBW BW – 1173 + 
120 grams 
 
Controls BW – 3248 
+ 166 grams 

BW determined by medical 
record review of infants in 
NICU b/w 1973-1979; BPD 
documented with 
radiographs after first 
month of life showing 
hyperinflation or fibrotic 
strands; all had RDS 
diagnosed with cyanosis in 
room air, expiratory 
grunting, retractions, and 
abnormal radiograph 
findings; all had mechanical 
ventilation or O2 therapy 
for at least 30 days 

Each child (controls 
and VLBW) performed 
an exercise test in 
which the workload of 
TM was increased 
every 2 minutes until 
exhaustion (GXT and 
VO2 max) 
 
Pulmonary function 
testing was performed 
at the Children’s 
hospital of LA; tests 
were performed on 
same day and lasted ~4 
hrs 
 
Total Lung Capacity 
(TLC); Vital Capacity 
(VC); Thoracic gas 
volume (TGV); 
Residual volume (RV); 
RV/TLC; Forced 
expiratory volume in 1 
second (FEV1); forced 
expiratory flow at 25%-
75% vital capacity 
(FEF 25-75) 

Exercise tolerance 
did not differ 
significantly b/w 
groups 
 
BPD group had 
significantly lower 
pulmonary function 
before and after 
exercise 
 
Minute ventilation 
(Ve) was 
significantly lower 
in BPD group (40.7 
vs 62.1; p<0.02) 
 
BPD 39.1+ 3.7 
CON 43.0 + 3.8 
BOTH NS 
 
SaO2 dec. in BPD 
not PRE 
 
BPD – 50% had 
EIB 
 

n/a None 
 
Pre-surfactant 
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Prospective 
and cross 
sectional study 

 Definition of 
exposure variable 

Definition of outcome 
measures 

  Barker, 2003 

Population and 
Investigator 

Sample Characteristics VLBW; BPD+/- Exercise tolerance and 
pulm function 

Main findings Dose-
response 

Adjustments/Comments 

Preterm infants 
between dates 
of 1983 and 
1989; all 
VLBW; BPD+ 
or BPD- 
 
Age matched 
controls 

26 VLBW children between the 
ages of 8-14 years; all were 
<1500g at birth and <37 completed 
wks gestation; all were classified 
as BPD+ or BPD – based on 
radiographic readings; free of 
airway infection 1 month prior; no 
regular medication for airways 
 
13 age matched controls (CON) 
delivered at term with NBW and 
no chronic disease or meds 
Children with grade 3 or 4 
intracranial hemorrhage, 
hemiparesis, significant orthopedic 
problems, or mental retardation 
were excluded 
 
BPD+ had earlier gest. Age but 
similar BW to BPD-; 2 had ELBW 
in BPD+ and 1 in BPD-; BPD 
groups had higher degree of 
hyaline membrane disease and 
required mechanical ventilation 
and O2 for longer periods; PDA 
medically treated in 6 BPD+ and 2 
BPD-; bronchial asthma in 2 BPD+ 
and 2 BPD-; >6 airway infections 
per year in first years of life 
reported by 6 BPD+ and 4 BPD- 
families; recurrent cough, wheeze, 

Charts reviewed 
on each patient 
 
Patient and 
guardians 
underwent 
interview about 
resp. hx and 
morbidity; 
positive answers 
confirmed by 
detained inquiry 
 
BPD by 
radiographic 
reading 
 

Subjects tested on cycle 
ergometer with WR of 
60rpm for 25 mins; 
submax test with max 
step used 
 
Max step had 4 phases: 
4 min warm up at 20W; 
2 5-minute cycles of 
PRBS (WR between 
20W and 40% predicted 
WRmax) ending with 
progressive ramp with 
increments of 10W or 
15W depending on ht 
 
Test terminated 
voluntary exhaustion ; 
max effort defined as 
(HR 175b/min; RER>1; 
rapid decline in speed; 
clinical impression of 
tester) 
 
Ve, VT, RR calculated; 
VO2 and VCO2 
determined; spirometry 
repeated 5 minutes 
recovery and 10 minutes 
post salbutamol incase 
of an 8% decrease in 

PA did not differ 
between 3 groups 
 
WR, VE, VT, 
and SO2 were 
significanly 
different b/w 
groups at peak 
exercise 
 
Peak 
WR(Watt/kg): 
BPD+ 2.7-0.7; 
BPD- 2.9-0.5; 
CON 3.5-0.4 
(p<0.005) 
 
VE(L/min): 
BPD+ 40.5-11.5; 
BPD- 47.2-16.0; 
CON 54.6-9.1 
(p<0.05) 
VT(L): BPD+ 
0.82-0.24; BPD- 
1.13-0.46; CON 
1.25-0.26 
(p<0.01) 
 
Resting 
pulmonary 
function was 

n/a None 
 
Pre-surfactant 
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or dyspnea on exercise reported by 
7 BPD+ and 1 BPD- 
 
BW:  BPD+: 1139 (710 – 1480) 
BPD-: 1264 (900 – 1490) 
 
GA:  BPD+: 30.3 (28 – 33) 
BPD-:  33.5 (30 – 36) 
 
CON:  no BW or GA info 

FEV1 or 20% diff. in 
MEF50 (max expiratory 
flow at 50% VC) 
 
PA reported via 
questionnaire in hours 
per week 

significantly 
different between 
groups;  
 
VO2 peak: 
BPD+: 35.1 + 9.0 
BPD-: 31.9 + 5.1 
CON: 40.8 + 6.2 
ALL NS 
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Prospective and 
cross sectional 
study 

 Definition of 
exposure variable 

Definition of 
outcome measures 

  Santuz, 1995 

Population and 
Investigator 

Sample Characteristics VLBW; BPD Exercise tolerance 
and pulm function 

Main findings Dose-
response  

Adjustments/Comments 

Children with a 
hx of BPD and 
healthy controls 
matched on age, 
height, weight, 
and habitual PA 

12 children; age 6-12 
years; hx of BPD; 9 males 
and 3 females; born at the 
University Hospital, 
Padova; admitted at birth 
due to prematurity and 
respiratory distress; all had 
RDS and received 
mechanical ventilation for 
at least 7 days; BPD by 
chest radiograph at birth 
and end of 1st month of 
life;  
 
16 healthy controls; 6-12 
years; no hx BPD; 
recruited from public 
school in Padova; no 
prematurity or hx of 
respiratory distress 
 
BW: 
BPD 1400 + 335 
CON: 3335 + 418 
 
GA: 
BPD 30 + 2 
CON: 39 + 1 

Medical record 
reviewed of infants 
receiving treatment 
in NICU at 
Children’s Hospital 
of Padova b/w 1981-
1987 
 
16 children 
contacted; 4 
excluded due to 
cerebral palsy and 3 
unable to collaborate 
b/c of young age 
 
Medical hx obtained 
at study visit and 
physical exam 
performed  
 
HLPA score 
obtained with 1 
sedentary, 2 regular 
PA (2h/wk); 3 
organized sports 
(3+hr/wk) 

Exercise performed 
on calibrated 
treadmill; stepwise 
protocol where 
speed was set at 
6.5km/h and incline 
increased 2% every 
minute; exercised to 
point of exhaustion 
 
Max test considered 
when reached HR 
close to max HR; 
stable VO2 despite 
increase workload; 
or inability to 
maintain treadmill 
speed 
 
Expired gas 
collected and AT as 
well as VO2 max 
measured 
 
Pulmonary function 
measured before 
exercise test; 
spirometer by means 
of 10L bell 
connected to 
computer system 

VO2 max 
(ml/kg/min) 
25.2+10.3 in BPD 
and 37.1+10.4 in 
CON (p<0.01) 
 
Vat mlO2/min/kg = 
20.6+9 in BPD and 
28.8+.6 in CON 
(p<0.05) 
 
Ve max = 20.8+9.4 
in BPD and 30.7+7.9 
in CON (p<0.01) 
 
Running time (min) = 
6.1+1.3 in BPD and 
7.9+2.6 in CON 
(p<0.05) 
 
Baseline pulmonary 
function significantly 
lower in BPD 
compared to controls, 
but were within 
norms for healthy 
controls 
 
PA not sig. b/w 
groups 
 

n/a None 
 
No surfactant 
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Prospective and 
cross sectional 
study 

 Definition of 
exposure variable 

Definition of 
outcome measures 

  Falk, 1997 

Population and 
Investigator 

Sample Characteristics VLBW Aerobic Fitness Main findings Dose-
response  

Adjustments/Comments 

5-8 year old 
children born 
premature with 
various low 
birth weights 
with age-
matched term 
born NBW 
controls 

22 children; 5-8 years; all 
premature admitted to 
NICU of Meir Medical 
Center in Israel b/w 1987-
1989; various BW (535-
1760g);  
 
Controls: 5-8 years; 
recruited from 
kindergartens and other 
schools; born at term and 
weight above 2500g at 
birth 
 
No subject participated in 
PA more than 1/wk 

Chart reviews of 
infants born with 
various BW (LBW-
ELBW); all born in 
Israel in the NICU 
of Meir Medical 
Center; BW; GA; 
physical 
characteristics 
reviewed 
 
divided into 3 
groups: ELBW 
(<1000g); VLBW 
(1000-1499g); LBW 
(1500-2000g) 
 

Modified 15-s 
Wingate Anaerobic 
Test on a cycle 
ergometer 
 
Resistance based on 
wt with load of 
0.040kg/kg 
 
4-5 min warm-up; 
performed 2-3 
unresisted max 
accelerations; max 
unloaded RPM 
recorded 
 
Wingate test 
performed 3-4 min 
after warm-up; 
resistance applied 
when subject 
reached 75% max 
RPM 
 
Peak Power (PP); 
Mean Power (MP); 
and Fatigue Index 
(FI) were calculated 
 
RT and VJ 
measured 
 

No differences 
between skinfolds 
and height b/w 
groups 
 
ELBW significantly 
younger than LBW 
 
No statistical diff. in 
simple reaction time 
but ELBW were 
slower (CON: 258± 
53 ms, PM: 273 ± 63 
ms, ELBW: 310 ± 42 
ms, VLBW: 263± 64 
ms, and LBW: 256 ± 
73 ms) 
 
No statistical 
differences in 
wingate test b/w PM 
and CON; max RPM, 
PP, MP increase with 
BW among 
premature/lbw 
children; FI highest 
in ELBW but not 
significant 
 
Wingate test 

RPM, PP, 
MP 
increase 
with 
increasing 
BW 
 
FI increase 
with 
decreasing 
BW 

Body mass and lean 
thigh cross sectional 
area 
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Prospective and 
cross sectional 
study 

 Definition of 
exposure 
variable 

Definition of outcome 
measures 

  Jacob, 1997 

Population and 
Investigator 

Sample Characteristics VLBW Aerobic Fitness and 
lung function 

Main findings Dose-
response  

Adjustments/
Comments 

Premature  
children with BPD 
compared to 
premature children 
without BPD and 
term born healthy 
controls; age range 
8-13 years 

Discharged with 
supplemental O2 1981-1987 
 
15 subjects with BPD: 
34wks or less gestational 
age; radiographic diagnosis 
of BPD; supplemental O2 
for 1 month or more post-
term and discharged home 
with supplemental O2 
 
BPD patients matched with 
a preterm control with same 
gestational age; subject had 
RDS, but did not turn to 
BPD (n=15) 
 
matched with a term-born 
healthy control with same 
chronological age range 
(n=13) 
 
BW:  
BPD+: 1110 + 328 
BPD-:  1044 + 262.9 
 
GA:  
BPD+: 28.7 + 2.1  
BPD-: 28.5 + 2.6 

Records 
reviewed from 
Montreal 
Children’s 
Hospital Home 
Oxygen 
Program 
 
Charts reviwed 
for both subjects 
and prematurely 
born controls; 
reviewed for 
BW, GA, age at 
final extubation, 
and age at supp. 
O2 discontinued 

Exercise test: 
progressive symptom 
limited to point of 
exhaustion on cycle 
ergometer; measure 
VE, O2 saturation, and 
VO2 
 
Workload intervals 
based on sex and ht; 
load increased every 
minute; exhaustion 5-
10 minutes; Work max 
was highest workload 
in which they obtained 
at least 60rpm for 1 
min.; HR and O2 
monitored throughout 
 
30 minute rest 
followed by steady 
state exercise test; 
workload b/w 1/3 and 
½ max work capacity; 
maintained until steady 
state reached for VO2 
and VCO2 and HR; 
Re-breathing 
procedure performed  

Max work capacity not different 
b/w BPD and prem. CON; no 
diff in exercise capacity in BPD 
and control groups 
 
Vemax/MVV sig. different b/w 
groups (BPD=96.5+15.0; prem. 
Controls= 74.4+12.7) 
 
BPD and premature control did 
not differ for FVC, subjects had 
lower FEV1 than prem. 
Controls (63.6+20.6 vs. 
85.1+10.8) 
 
BPD had air trapping by 
RV/TLC ration compared to 
prem. Controls (37+13% vs. 
25+4%, p<0.01) 
 
Wmax (%) 
BPD+: 84.1 + 15.3 
BPD-:  80.5 + 17.3 
CON:  90.5 + 12.1 
All NS 
 
VO2max: 
BPD+:  36.1 + 7 
BPD-:  36.7 + 9.2 
CON:  37.9 + 5.3 
All NS 

n/a Body mass 

 64



 
Longitudinal  Definition of 

exposure 
variable 

Definition of outcome 
measures 

  Kilbride, 2003 

Population 
and 
Investigator 

Sample 
Characteristics 

ELBW Exercise tolerance and pulm 
function 

Main findings Dose-
response  

Adjustments/C
omments 

School aged 
children 
born with 
ELBW and 
were 
preterm with 
a group of 
age matched 
NBW term 
controls 

50 ELBW survivors; 
BW<801g; NICU at 
University of 
Missouri-Kansas 
City School of 
Medicine; 156 
survived between 
Jan 1983 and 
December 1989 – 
some lost to various 
reasons; 50 remained 
for analysis;  
 
Reference sample of 
25 age matched, 
NBW, term controls; 
recruited from 
community 
notification; no 
medical 
complications 
 
All approximately 
11 years of age 
 
BW: 701 + 80 
GA:  26.1 + 1.6 

Medical hx 
reviewed from 
follow-up 
database 
including BW, 
GA, duration of 
mechanical 
ventilation, and 
supplemental O2 
therapy; 
neurodevelopme
nt determined 
from most recent 
assessment visit; 
medical hx 
obtained from 
parent record of 
hospitalizations, 
wheezing cough, 
etc.; pubertal 
development 
questioned to 
parent as well as 
PA on the 5 
point Likert scale 

PFT:  FVC, FEV, 
FEV1:FVC ratio, FEF 25-5, 
and peak expiratory flow 
analyzed using Sensor 
Medics spirometer 
 
Exercise stress test:  46 of 
50 ELBW and all NBW 
were exercised on a 
treadmill by means of a 
running protocol; 1 minute 
stages with 1.2 to 1.4 
metabolic equivalent 
increments; 4 ELBW 
uncomfortable with running 
so used a Balke walking 
protocol with speed of 3.4 
mph; expired gas collected 
and measured for minute 
ventilations, tidal volume, 
RER, O2 pulse, and AT  
 
 
Warm up very slow walking 
for 1-1.5 minutes 
 
VO2 and  TM time  

Treadmill times for ELBW runners was 
lower than NBW which suggested lower 
ex. Tolerance 
 
Females had higher pulmonary function 
than males 
FEV1:FVC: 88+ vs. 81+8; p=0.002 
FEF 25-75: 90+25 vs. 73+22, p=0.028 
 
Absolute O2 consumption at AT lower in 
ELBW (28.8 vs 22.3 ml/kg/min) 
 
FEF 25-75 was <80% of predicted for 
41% of ELBW and only 12% NBW 
(p=0.01) 
 
ELBW had sig. reduction in FEV 1 (36%) 
compared to 12% NBW (p=0.03) 
 
VO2: 
CLD+ 29 + 5.9 
CLD-:  32 + 6.3 
NBW: 38.5 + 5.2 
CLD+/- < NBW (p<0.01) 
 
TMtime: 
CLD+: 9.2+1.1 
CLD-:  9.4 + 1.5 
NBW:  10.4 + 1.8 
CLD+/- < NBW (p<0.05) 

Lower 
BW = 
lower ex. 
Tolerance 
and PFT 

Race, gender,  
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Cross Sectional  Definition of 

exposure 
variable 

Definition of outcome 
measures 

  Mitchell, 1998 

Population and 
Investigator 

Sample Characteristics Premature and 
BPD 

Pulmonary function at 
rest and during 
exercise 

Main findings Dose-response  Adjustments/Co
mments 

Premature BPD 
children, 
Premature 
children w/o 
BPD, and 
healthy controls 

School aged BPD children 
selected form database of 
infants discharged from Grady 
Memorial Hospital in 1985-
1987 from NICU; excluded if 
hx of lung disease other than 
BPD; 26 met study criteria and 
10 participated 
 
Premature w/o BPD selected 
based on reviewed data set of 
200 preemies from Grady 
Memorial at the same time; 30 
contacted and 10 participated 
 
Control group of healthy 
children selected from 
departmental and staff 
members children; first 10 to 
meet criteria were selected as 
controls 

Chart/database 
extraction from 
Grady 
Memorial in 
1985-1987 

Non-invasive 
intrabreath technique 
used to measure 
acetylene and carbon 
monoxide transfer. 
 
Measured pulmonary 
function using a 
sensormedics 
spirometer and SaO2; 
measured at 3 min 
intervals at rest, 
during mod exercise, 
and during recovery 
 
Exercise: walked or 
ran on treadmill using 
modified Bruce 
protocol; speed and 
incline increased 
every 3 min to obtain 
16% incline and 4.2 
mph at end 
 
Termination if reached 
12 min exercise 
endurance time or if 
complaint of 
exhaustion or unable 
to follow verbal 

Pre-exericse transfer of 
CO for BPD was lower 
than full term 
(9.16+1.32 vs. 
15.29+1.61, p<0.05) 
 
CO transfer / alveolar 
volume was lower in 
BPD vs. full term 
(5.61+0.72 vs. 
7.69+0.32, p<0.05) in 
acute exercise vs. pre-
exercise 
 
Alveolar volume was 
also lower in BPD vs 
Preemie and full term 
group in pre-ex 
(1.70+0.15 vs. 
2.34+0.15, p<0.05) 
 
Recover Co transfer was 
lower in ex-BPD 
compared to ex-preemie 
and full term groups 
(8.18+1.02 vs. ~12.5 
+.8, p<0.05) 
 
% predicted for BPD 
group was also lower 

n/a; BPD lower 
pulm function 
compared to 
preemie group 
and full term 
group 

Body surface 
area, alveolar 
volume,  
 
Surfactant?? 
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coaching 
 
 
 

compared to full term 
group (67+8 vs. 101+6, 
p<0.05) 
 
Pre-exercise FEV1/FVC 
diff b/w BPD and ex-
preemie (0.77+0.11 vs. 
0.80+0.07, p<0.05) 
 
Pre-exercise FEF 25-
75 % predicted sig. 
lower in BPD group 
compared to preemie 
and full term (45+22, 
p=0.000) 
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Cross Sectional  Definition 

of exposure 
variable 

Definition of outcome 
measures 

  Smith, 
2008 

Population and 
Investigator 

Sample 
Characteristics 

Premature 
and ELBW 

Pulmonary function and 
Exercise tolerance 

Main findings Dose-
response  

Adjustment
s/Comment
s 

Children born 
with ELBW 
and very 
preterm and 
age matched 
term born 
controls  

126 pre-term ELBW 
children with mean 
age of 10 years; 
mean GA 26.9 (1.7) 
weeks; mean BW 
862.4g + 160.9 
 
34 age matched term 
born controls found 
from primary schools 
in Wales; GA 39.4 
(1.2) weeks; mean 
BW 3400.5 (512.5) 
 
BPD diagnosed in 37 
children; retinopathy 
in premature 
diagnosed in 53 
children; at 
discharge, 23 
children had 
abnormal head 
ultrasound 
 
 

Identified 
from New 
South 
Wales ICU 
database; 
criteria was 
<32 
completed 
weeks 
gestation; 
weight 
<1000g; 
and birth 
b/w 
01/1992 
and 
12/31/1994 

Sensor medics autobox used to 
obtain % predicteds; accepted 
range b/w 80-120%; FEF 25-
75 b/w 67-133% 
 
6 min walk – instructed to 
walk their own pace and the 
worker would keep up; cover 
as much distance as possible 
in 6 minutes 
 
20m shuttle – conducted on 
indoor flat track; 2 markers 
20m apart; child ran b/w 
markers and waited for beep to 
run again.  As time 
progressed, time decreased so 
the child had to run faster; 
child must be within 0.5m to 
count as complete shuttle; 
continue until child did not 
reach marker on 2 consecutive 
shuttles 
 
 
 
 
 

No sig. differences in 6-min walk 
distances b/w groups 
 
Mean completed shuttle stage 48% 
lower in preterm (2.9 vs. 5.6, 
p<0.0001) 
 
Median distance for preterm 44% of 
controls (300 vs. 680m, p<0.0001) 
 
VO2 preterm was 9% lower than 
control (41.6 vs. 45.5ml/kg/min, 
p<0.0001) 
Preterm group had sig. lower values for 
all spirometry measures.  
 
6 min walk: 
PRE:  460.5 + 60.4 
TERM:  477.9 + 59 
NS 
 
Shuttle 
PRE:  300 (40-940) 
TERM:  680 (280-1680) 
P<0.0001 
 
VO2estimated: 
PRE 41.6 + 2.8 
TERM:  45.5 + 4.7 
P<0.0001 

n/a 
 
Control 
higher pulm 
function and 
20m shuttle 
distance/stag
e than pre-
term group 

n/a 
 
surfactant? 
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Prospective 
Follow-up 

 Definition of exposure 
variable 

Definition of outcome 
measures 

  Mieskonon, 2003 

Population 
and 
Investigator 

Sample Characteristics Prematurity VLBW and 
Dexamethasone 

Pulmonary and 
cardiovascular function 

Main findings Dose-
response 

Adjustments/Comments 

Children 
born VLBW 
with 
respiratory 
failure 

16 children born with 
VLBW age 7.8-9.2 
years; all participated 
in the prior DEX study; 
HELSINSKI hospital 
and NICU, GA 24-29 
wks and BW <1500g; 
born 1989-1990 and 
evaluated for FU 1998-
1999 
 
18 non-atopic term 
born controls matched 
for age 
 
GA: 
DEX:  25.9 (25.3-29) 
PLA:  25.8 (24.1-28.1) 
 
BW: 
DEX 905 (700-1460) 
PLA: 830 (600-980) 

Hospital record review; 
Helsinski memorial 
hospital; reported 
breathing and respiratory 
problems, mechanical 
O2/breathing; and any 
corticosteroid use in first 
days of life; any major 
congenital abnormalities or 
CP, vision, hearing, etc. 
recorded at time of review 
 
DEX vs. Placebo 

PE with ht and wt at first 
visit; questionnaires and 
family hx completed; 
 
Flow volume tested using 
Spirotrac III; FVC, 
FEV1, FEV50 recorded; 
3 loops done for 
accuracy; results as % 
predict.; done before and 
15min post salbutamol; 
expressed as % change 
FEV1 
 
IOS done pre and post 
salbutamol; measure of 
resp impedance; pulm 
diffusing and lung 
volumes measured with 
single breath 
 
ECG, echocardiogram, 
and xray used to assess 
heart function; pulm. 
Arterial pressure 
measured non-invasively 
 

Spirometry and IOS 
showed lung 
impairment in 
premature 
 
FVC higher in DEX 
group than placebo 
(p=0.04) (1.74 vs. 
1.42) 
 
All premature had 
sig. lower FEV1 and 
FEF 50 and higher 
ΔFEV1 compared to 
control = airway 
obstruct. And 
bronchodilator 
response (p<0.01) 
 
Decrease resist in 
DEX group after 
inhale agent (p<0.05) 
and control (p<0.01) 
 
No sig. cardiac 
function diff. b/w 
groups; tricuspid 
regurg in 3 DEX and 
1 control >30mmHg 
 

n/a n/a 
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Prospective 
Follow-up 

 Definition of 
exposure 
variable 

Definition of outcome measures   Rogers, 2005 

Population 
and 
Investigator 

Sample 
Characteristics 

ELBW  Aerobic capacity, flexibility, 
strength, and PA 

Main findings Dose-
respons
e  

Adjustments/
Comments 

ELBW 
infants born 
b/w 1981 and 
1986 in 
British 
Columbia; 
controls born 
b/w 1983-
1984 

ELBW, 1981-1986; 
admitted to NICU; 
BW <800g; 53 
consented; follow up 
at 17 years of age; 
mean age at 
assessment 17.3 
years; mean BW 
719g (500-800); 
mean gest. Age 
25.8wks (23-29); 
mean ventilation; 
55days; mean O2 
106days; 17% SGA 
 
Control group of 31 
teens b/w 1983-1984; 
served as controls for 
ELBW group since 3 
years of age; 17 years 
at testing; mean age 
at assessment 
17.8years; mean BW 
3506g (3068-4196); 
Mean GA 40wks (39-
42) 

Chart review 
from provincial 
NICU in British 
Columbia; BW 
<800g; no major 
anomalies; 

Aerobic Capacity – mCAFT; 
step to music to get stepping 
rate, practice before test; stepped 
for 3 min; stood motionless for 
HR recording; stepped 3 min 
stages with inc. speed until 
reached postex target rate (85% 
aerobic for age and gender) 
Aerobic fitness score: 
10[17.2+(1.29xO2 cost)-
(0.09x2wt kg)-(0.18xage yrs)] 
(ml/kg/min);Aerobic health 
categories for male and female 
 
BMI measured; pushups and curl 
ups for dynamic muscle 
endurance hand grip for dynamic 
muscular strength, and trunk 
flexion for flexibility using 
flexometer 
 
Questionnaires regarding PA 
used to assess level and amnt PA 

ELBW teens had lower AF on 
mCAFT step; boys had higher AF 
than girls (p=0.035 and 0.0001) 
 
ELBW: 
Boys 495 
Girls: 422.8 
 
CON: 
Boys: 529.18 
Girls: 442.15 
P<0.05 
 
ELBW lower Cgrip than control 
(p=0.0001); RHgrip (p=0.001); 
LHgrip (p=0.0001); boys higher 
than girls 
ELBW lower in vertical jump 
(p=0.0001) and leg power 
(p=0.0001); girls lower than boys 
 
ELBW fewer pushups (p=0.014) 
and curl ups (0.033); boys better 
than girls 
 
ELBW less flexible; no gender 
diff; boys more PA than girls and 
ELBW less than controls in PA 

ELBW<
Con 

n/a 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of outcome 
measures 

  Boreham, 2001 

Population and 
Investigator 

Sample Characteristics VLBW Aerobic Fitness Main findings Dose-
response  

Adjustments/Com
ments 

Young Hearts 
Project; 
Northern 
Ireland; 1015 
school children; 
12 and 15 year 
olds 

931 12 -15 year olds 
included in analysis; 
boys and girls; 12 year 
olds reexamined after 3 
years with follow up 
success of 89%; 
excluded if <36 weeks 
gestation 
 
Mean BW 3438g for 12 
yr boys and 3312g for 
12 yr girls; 3522 for 15 
yr boys and 3338g for 
15 yr girls; at follow up 
for 12 yr olds at 15 yrs 
BW was 3452g for 
boys and 3333g for 
girls 
 
GA at 12 yrs was 39.6 
(1.2) for males and 39.7 
(1.0) for females; at 15 
yrs 39.6 (1.2) males 
and 39.7 (1.2)females, 
and at follow up for 12 
yrs at 15 yrs 39.6 (1.3) 
males and 39.6 (1.1) 
females 

Determined 
through 
child health 
system 
records 

20 meter endurance 
shuttle run test; number 
laps completed at 
volitional exhaustion used 
for physical fitness 
 
Physical activity score 
was given to each 
participant; frequency, 
duration, intensity of 
activities in normal week; 
vary 0-100 for score 

BW and fitness at 12 yrs for boys 
sig with r=6.2 and CI 1.3-11.0 but 
when adjusted for BMI, 
significance is lost with r=4.4 and 
CI -0.2-9.0 
 
When adjusting for all 
confounders, significance 
remained for 12 yr boys and girls 
at 5.3 (CI: 1-9.5) and 3.3 (CI: 0.6-
5.9) respectively 
 
BW not sig. predictor of fitness 
among 15 yr olds; with and 
without confounders 
 
For 12 yr olds followed to 15 yrs, 
sig. lost by 15 yrs with and without 
confounder adjustment 
 
Lower BW seemed to correlate 
with lower fitness scores but 
diminished by 15 yrs 
 
ADJUSTED: 
Males 12: 6.4 (0.4-12.5) 
Males 15: 1.3 (-0.5-7.7) 
Females 12: 3 (-8-6.8) 
Females 15: 1 (-2.8-4.8) 
ALL NS 

Yes at 12 
yrs 

GA, ht, wt, BMI, 
age, stage 4 
pubertal status, 
activity score, 
mothers ht, fathers 
ht, fathers 
occupation, 
smoking 
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Prospective   Definition of 

exposure 
variable 

Definition of outcome 
measures 

  Kriemler, 2005 

Population and 
Investigator 

Sample Characteristics ELBW/VLBW Aerobic performance Main findings Dose-response  Adjustments/Com
ments 

Boys and girls 
5-7 yrs 
Mcmaster 
University in 
Hamilton 

Boys and girls; 5-7 yrs; 
BW 500-1500g; born 
b/w 1988-1990; 17 
CLD (chronic lung 
disease) and 14 
premature (PRE) 
compared to 24 term 
controls (CON) 
(>2500g); premature 
24-30 wks GA 
 
PRE children had no 
Hx of CLD or 
pulmonary problems 
 
BW: 
CLD+:  970+285 
CLD-:  1108 + 202 
CON:  3455 + 595 
 
GA: 
CLD+:  27.1 + 1.9 
CLD-:  28.3 + 1.7 

Sought out 
through medical 
records 

GXT on cycle ergometer to 
get max aerobic power 
 
Intensity increased every 2 
minutes until child could not 
keep cadence of 50rpm 
 
O2 uptake measured in 
increments of 15 seconds  
 
Max determined by child 
not keeping proper speed 
 
Results in peak mechanical 
power (P, Watt); peak 
oxygen uptake (Vo2 max; 
ml/kg/min);  

Mechanical power 
output and peak O2 
uptake were not sig. 
different between 
groups (CLD, PRE, 
CON) 
 
O2 cost per power 
output at max higher 
in CLD compared to 
PRE and CON; 16.5 
+4 vs. 13.6 +1.8 for 
PRE and 13.5 +2.2 
for CON 
 
Pulmonary function 
was lower in PRE 
and CLD, but not 
aerobic power 
 
VO2 ml/min/W: 
CLD+:  32 + 4.9 
CLD-:  29 + 2.6 
CON:  32.8 + 8.3 
ALL NS 
 
Vo2 cost increased 
with CLD+>CLD- 
and CON 

n/a n/a 
 
some had 
surfactant 
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Prospective 
Follow-up 

 Definition 
of 
exposure 
variable 

Definition of outcome measures   Baraldi, 
1991 

Population and 
Investigator 

Sample 
Characteristics 

VLBW  Exercise performance Main findings Dose-response  Adjustment
s/Comment
s 

15 VLBW 
children some 
AGA and SGA; 
7-12 years; 26 
age controls; no 
VLBW with 
lung disease 
 
Pediatric 
department of 
Padua 

9 AGA children 
(mean BW 1302 + 
164g) and 6 SGA 
children (mean BW 
1263 + 117 g); 7-12 
years; 26 healthy 
age, sex, ht matched 
controls; no 
pulmonary disease; 
born 1976-1979; 
mean GA of group 
32.1 + 3 weeks and 
mean BW of 1287 + 
143g; age range from 
7.8 to 12.2 years 

Birth 
records 

Treadmill test; after 3min resting 
speed set at 6.5 km/h and incline 
increased 2% every minutes until 
exhaustion 
 
VO2 measured by collecting expired 
gas 
 
Highest VO2 taken as peak 

VO2 plateau observed in 
13 of 15 VLBW and 21 of 
26 controls 
 
VO2 peak for VLBW, 
SGA, and AGA, similar 
to that of controls 
(p>0.05) 
 
VLBW 42.4 + 9,1 
CON:  42.7 + 9.9 
AGA:  42.1 + 8.6 
CON:  44.2 + 12.4 
SGA:  43.4 + 11 
CON:  40.7 + 6 
ALL NS 
 
No resting VO2 
differences 
 
All comparisons non-
significant 

n/a n/a 
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Review  Definition of 

exposure 
variable 

Definition of 
outcome measures 

  Hebestreit, 2001 

Population and 
Investigator 

Sample 
Characteristics 

VLBW Aerobic performance; 
VO2 peak 

Main findings Dose-
response  

Adjustments/Comm
ents 

Pre-school and 
school aged 
children born 
with BW <1500 
g 

> 1501 g 
 
Preschool and 
school aged 
cildren 

Varied b/w 
studies; most not 
mentioned 

Varied between 
treadmill and cycle 
but specifics not 
mentioned in review 

4 studies did not report a differences in 
VO2 peak between VLBW and NBW 
 
3 studies reported significant 
differences between 2 groups 
 
One study found prematurely born men 
to have odds ratio of 3.3 (CI: 2.2-5.1) 
for lower aerobic fitness 

In decisive n/a 
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Prospective 
study 

 Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Vrijlandt, 2006 

Population and 
Investigator 

Sample 
Characteristics 

VLBW Aerobic performance; 
VO2 peak 

Main findings Dose-
response  

Adjustments/Co
mments 

Dutch POPS; 
1983 GA < 32 
wks and/or BW 
>1500g; 
followed to 
19years; 
Netherlands 

BW<1500g; GA 
<32wks; 1338 
infants total; 959 
living at follow up; 
99 participated at 
19 years; each 
participant brought 
healthy friend for 
age matched 
control; 9 preterm 
had BPD; 21 male 
and 21 female in 
preterm group and 
16 male and 32 
female in control 
group 
 
42 pre-term 
BW: 1246 + 232 
GA: 30 + 2 
 
48 controls 
GA: 37-42 weeks 
No info on BW 

Collected 
prospectively 

Incremental symptom 
limited bicycle 
ergometer test 
 
VO2 calculated from 
mixing chamber 
every 30 seconds 
 
3 min seated rest; 
begin pedaling 60-70 
rpm; 3 min unloading 
and load increase of 
15 watts every 
minute  
 
Peak values found by 
averaging last 20s 
maximum completed 
work 

Workload (Wmax) was 15% lower in 
preterm than in control subjects 
 
Wmax preterm = 185.4 + 36.9 
Wmax control = 216.4 + 41.2 
P<0.001 
 
No differences observed between group 
in VO2 
 
VO2 max preterm = 35.3 + 6.9 
VO2 max control = 37.4 + 6.3 
P=0.143 
 
Adjustments for lung function did not 
change results 
 
Wmax % 
PRE: 99.1 + 15 
CON: 119 + 22 
P<0.001 

Lower 
birth 
weight 
results in 
lower max 
workload 
in watts 

Pulmonary 
function 
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Prospective 
study 

 Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Pianosi, 2000 

Population and 
Investigator 

Sample 
Characteristics 

Pre-term/LBW Aerobic performance; 
VO2 peak 

Main findings Dose-
response  

Adjustments/Co
mments 

All part of 
ventilation trial 
in Winnepeg 
1986-1987 

32 prematurely 
born children 
 
Mean BW 1165 g 
(range, 770-1850 
g), a mean 
gestational age of 
28.3 wk (range, 
24–31 wk) 
 
15 healthy control 
children were 
recruited 

Chart review Step wise progressive 
exercise test on a 
bicycle ergometer 
with 8 Watt increases 
every minutes 

Children born prematurely had lower 
maximal aerobic power 
 
PRE:  26.6-51.2 ml/kg/min 
23%<35.ml/kg/min 
1 CON <35 ml/kg/min 

Preterm = 
lower 
aerobic 
fitness 

n/a 

 



APPENDIX C 

Prospective Study  Definition of 
exposure 
variable 

Definition of 
outcome measures 

  Torok, 2008 

Population and 
Investigator 

Sample Characteristics Dipper/Non-
Dipper 

Aerobic Fitness  Main findings Dose-response Adjustments/Co
mments 

A group of obese 
dippers and non-
dippers, age 14-16 
years 

42 Dippers with age of 
14.9 + 2.1 years; ht = 
169.7 + 11.7 cm; wt = 
93.4 + 17 kg; BMI = 
32.3 + 4 kg/m2; BF = 
38.9 + 5 % 
 
31 non-dippers with age 
of 13.4 + 2.3 years; ht = 
164.1 + 13.7 cm; wt = 
83.1 + 17.5 kg; BMI = 
30.6 + 4.2 kg/m2; BF 
38.6 + 4.1 % 

Determined 
from output 
from 24-
hour 
ambulatory 
blood 
pressure 
monitoring 
on work day 
(Monday – 
Friday) 
 
Dipper 
based on 
presence or 
absence of 
10% decline 
from day to 
night 

Multistage 
treadmill protocol; 
3 min lying on belt, 
3 min sitting on 
chair, 3 min 
standing on 
treadmill 
 
After initial phases, 
belt speed and 
incline increased 
every 30 s until 
reached peak 
oxygen 
consumption (VO2 
max) 

42% of obese children were 
non-dippers; dippers heavier 
than non-dippers (p<0.05); 
No sig. difference in resting 
BP, but elevated NT in non-
dippers (p<0.001) 
SBPNT: 
Dipper: 111.8 + 7.7  
Non-Dipper: 122.5 + 11.0 
 
DBP NT: 
Dipper:  58.9 + 5.6 
Non-Dipper:  70.3 + 9.4 
 
Dippers had same level 
work load at lower HR than 
non-dippers 
 
r and pVO2 lower in 
Dippers 
 
rVO2:  
Dip:  0.29 + 0.08 L/min 
N-Dip: 0.26 + 0.07 L/min 
 
pVO2:  
Dip: 2.77 + 0.61 L/min 
N-Dip: 2.44 + 0.62 L/min 

Non-dip had 
lower aerobic 
fitness 

Body weight 
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Prospective Study  Definition of 

exposure 
variable 

Definition of 
outcome 
measures 

  Harshfield, 
1990 

Population and 
Investigator 

Sample Characteristics Fitness AMBP Main findings Dose-
respo
nse  

Adjustments/Co
mments 

Biracial 
normotensive 
group of 10-18 
year olds 

175 subjects; 80 boys and 
95 girls; grouped by VO2;  
 
More fit male group 
composed of 23 white and 
18 black; mean age of 14 +2 
years; mean casual BP of 
111/60 + 11/13; and a VO2 
max of 48 + 5 ml.kg.min-1 

 

less fit male group had a 
mean age of 13 + 2 years, a 
resting blood pressure of 
108/59 + 13/10 mmHg, and 
a VO2 max of 37 + 4 
ml.kg.min-1. 
 
more fit female group had a 
mean age of 13 + 2 years, a 
resting blood pressure of 
99/57 + 11/13 mmHg, and a 
VO2 max of 38 + 5 
ml.kg.min-1. 
 
The less fit female group 
had a mean age of 13 + 2 
years, a resting blood 
pressure of 102/65 + 9/10 
mmHg, and a VO2 max of 
27 + 3 ml.kg.min-1 

Cycle 
ergometer 
maximal test 
with 3 
minute 
incremental 
stages 

24-hour, DT, 
and NT 
ambulatory 
blood pressure 
measures 
 
Average 
Load 
Dipping 

No diff b/w groups for white males 
 
black males, the lower fit group had 
higher SBP while awake and asleep 
 
Less fit black males had a higher 
SBP while awake and asleep when 
compared to less fit white males, and 
higher SBP while asleep when 
compared to most fit white males 
 
No diff for DBP 
 
white females, the lower fit group 
had higher SBP when compared to 
higher fit black females while asleep 
and awake 
 

black females, the lower fit 
group had higher SBP while awake 
and asleep when compared to higher 
fit black females, and higher SBP 
when compared to higher fit white 
females while asleep. 
 

Lowe
r 
fitnes
s 
yields 
highe
r 
AMB
P 

n/a 
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Prospective 
Study 

 Definition of 
exposure 
variable 

Definition of 
outcome 
measures 

  Kokkinos, 2006 

Population and 
Investigator 

Sample 
Characteristics 

Aerobic 
Fitness 

AMBP 
paramenters 

Main findings Dose-
response  

Adjustments/Co
mments 

Pre-
hypertensive 
middle aged 
males and 
females 

107 men with a mean 
age of 51 + 11 years 
and 243 women with 
a mean age of 54 + 
10 years 
 
Mean resting systolic 
blood pressure for 
men was 132 + 7 
mmHg and for 
women 133 + 8 
mmHg.  Mean resting 
diastolic blood 
pressure for men was 
78 + 8 and for 
women 79 + 8 
 
stratified into fitness 
groups based on peak 
exercise time; low, 
mod, and high for 
men and women 

Treadmill 
test using 
the Bruce 
protocol 
 
VO2 peak  

24 hour 
AMBP 
monitoring 
 
20 minutes 
during the 
hours of 8 am 
to 11 pm and 
every 30 
minutes during 
the hours of 11 
pm to 8 am 
 
Outliers 
deleted 
SBP 
<80mmHg or 
> 260 mmHg 
DBP < 40 
mmHg or > 
150 mmHg 

Compared with mod and high fit males… 
 
24-hour SBP and DBP higher in male low 
fit compared to other groups 
SBP: 140 + 10 vs. 134 + 10 vs. 133 + 8 
DBP: 84 + 10 vs. 80 + 8 vs. 79 + 9 
 
DT SBP and DBP higher in low fit males  
SBP: 148 + 12 vs. 140 + 9 vs. 141 + 8 
DBP: 90 + 9 vs. 86 + 8 vs. 85 + 9 
 
NT SBP higher in low fit males 
SBP: 127 + 12 vs. 120 + 12 vs. 119 + 13 
 
Compared with mod and high fit 
females… 
 
24 hr SBP higher in low fit females 
SBP: 142 + 10 vs. 136 + 10 vs. 136 + 11 
 
DT SBP higher in low fit females 
SBP: 151 + 10 vs. 142 + 11 vs. 141 + 13 
 
NT SBP and DBP higher in low fit 
females 
SBP: 131 + 12 vs. 125 + 13 vs. 124 + 14 
DBP: 81 + 9 vs. 74 + 10 vs. 73 + 12 

Lower fit 
higher 
AMBP 

Age, resting BP, 
BMI, HR 

 



APPENDIX D 

 
WAKE FOREST UNIVERSITY HEALTH SCIENCES 

DEPARTMENT OF PEDIATRICS 
 

PATIENT INFORMED CONSENT 
 

ANTENATAL STEROIDS AND BLOOD PRESSURE IN CHILDHOOD 
 
Principal Investigator:  Lisa Washburn, MD  
Co-Investigators:   T. Michael O'Shea MD, MPH; Patricia Nixon, PhD;  

Shashi Nagaraj, 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 prematurely. 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 200 children will take part in this study.  This study is being done at Wake Forest 
University Health Sciences. 
 
WHAT IS INVOLVED IN THE STUDY? 
 
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. 
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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 chew a piece of 

sugarless gum and then spit into a container.  
 
3. Then we will ask your child to lie on a bed and we will monitor his/her heart rate. 

Your child's blood pressure will be taken while lying down on a bed. Next, a plastic 
bag of ice and water will be placed on your child's forehead for one minute. Your 
child's blood pressure will be taken again several times 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.)  

 
4. Another sample of saliva (spit) will be obtained in the same way. 
 
5. 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.) 

 
6. 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, he or she 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 
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sugarless gum and then spit into a container. 
 
4. 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.  We will ask 
your child to lie on a bed while we monitor heart rate with an EKG and breathing 
with a strap around your child’s stomach.  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.)  

   
5. 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 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. 

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

 
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 records surrounding the child's birth (mother and child) will be reviewed to obtain 
information about the pregnancy and your child’s nursery stay. 
 
 
FUTURE USE OF BLOOD AND URINE SAMPLES 
 
If you agree, your child’s leftover blood 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. 
An Institutional Review Board (IRB) must also approve any research study using your 
child’s blood and urine. Sometimes blood 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 and 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 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 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 and urine kept. Otherwise, the blood 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 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      Date of 
signature 
 
 
 
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 
 
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 
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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. 
 
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 other premature 
babies in the future. The benefits of participating in this study may be: Identification of 
elevated blood pressure. 
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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.   
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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; 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 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 and North Carolina Baptist Hospital.  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 
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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. 
 
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 
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SIGNATURES 
 
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   Time 
 
 
 
_______________________________________   ______________      
____________ 
  Person Obtaining Consent     Date   Time 
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APPENDIX E 

WAKE FOREST UNIVERSITY HEALTH SCIENCES 
DEPARTMENT OF PEDIATRICS 

 
PATIENT ASSENT FORM 

 
Antenatal Steroids and Blood Pressure in Childhood 

 
Principal Investigator:  Lisa Washburn, MD 
Co- Investigators: T. Michael O’Shea, MD, MPH; Patricia A. Nixon, PhD;  

Shashi Nagaraj, MD; Leon Lenchik, MD; Paula Sisk, PhD 
  
 

 
Why am I here? 

We want to tell you about a research study about children who were born early.  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 tiny babies 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 want to know how much you've grown! 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!  We will ask you to chew a piece of sugarless gum 

and then spit into a container.  We will ask you to do this 2 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.  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 three more times while you lie on 

the bed. You will have 3 sticky pads called electrodes attached to your chest so we 
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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. 

4. We will do some breathing tests.  We will also ask you to lie on a bed while we 

monitor your heart rate and breathing. 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 
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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.  
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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. 

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.  
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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. 

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 
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and cause your heart to beat faster. There will be a doctor nearby if you have any 

problems. 

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 like you 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. 

 

________________________________  ___________ _________________ 
 Signature of Subject            Age  Date 
 

______________________________________   _________________ 
Person Obtaining Assent       Date 
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SCHOLASTIC VITAE 
 

PERSONAL INFORMATION 
 

Name       Elizabeth Caroline Sasser 
 
Birth Date      June 11, 1985 
 
Address      41896 Gurley Road 
       New London, NC  28127 
 

EDUCATION 
 

Undergraduate 
 
2003 – 2006  East Carolina University 
   Greenville, NC 
   B.S. Exercise Physiology, Cum Laude 
 
2007 – 2009  Wake Forest University 
   Winston-Salem, NC 
   M.S. Health and Exercise Science 
 

HONORS AND AWARDS 
 

2007 – 2009  Wake Forest University  
   Graduate Assistantship 
 
2009   Wake Forest University 
   Student Travel Award 
 
2006   East Carolina University 

Exercise Physiology Outstanding Graduate 
 

MEMBERSHIP IN PROFESSIONAL AND SCIENTIFIC SOCIETIES 
 

2007 – Present  Member, Southeast American College of Sports Medicine 
 

CERTIFICATION 

2007   CITI, Wake Forest University 

2007   American Heart Association Health Care Provider  
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EXPERIENCE AND INTERNSHIPS 

2007 – 2009  Instructor, Wake Forest University 
   Department of Health and Exercise Science 
   Winston-Salem, NC   
 
2008 – 2009  Lab Coordinator, Healthy Exercise and Lifestyle Programs 
   Wake Forest University 
   Winston-Salem, NC 
 
2008 – 2009  Research Assistant, Prenatal Events Postnatal Consequences 
   Wake Forest University 
   Winston-Salem, NC 
 
2007 – 2008  Exercise Leader, Healthy Exercise and Lifestyle Programs 
   Wake Forest University 
   Winston-Salem, NC 
 
2006   Internship, Cardiac and Pulmonary Rehabilitation 
   North East Medical Center, Canon Heart Center 
   Concord, NC 
 


