ABSTRACT

Measured Resting Energy Expenditure Using a Fixed Function Indirecir@eiier in the
Clinical Setting as a Predictor of Success with Weight Change in
An Obese Pediatric Population

By Sarah T. Henes

Directors: Dr. Robert C. Hickner and Dr. David N. Collier.
DEPARTMENT OF EXERCISE AND SPORT SCIENCE

The American Dietetic Association (ADA) standard of care for obesesadtilizes
indirect calorimetry for calculating caloric targets for weigissl (1). Even though rates appear
to be leveling off (2), childhood obesity is one of the major public health concerns aheur ti
and much attention is currently being given to understanding the obese statg &esigy
expenditure (REE) makes up 60-70% of total energy expenditure and plays a major role i
determining an individuals’ daily energy needs and metabolism. In the theitag, indirect
calorimetry is often unavailable, thus predictive equations are typicalliytadelp set caloric
goals for weight loss.

The first objective was to compare measured resting energy expeMRIEE) using a
portable indirect calorimeter with five predictive equations used to determangyeneeds for
children participating in the East Carolina University’s Healthy \Weggjinic. The investigators
also wanted to determine which of these equations are best to use in an obease pediat
population in the clinical setting. Results indicate that there is a samtifjp< 0.05) and strong

correlation between MREE and these five predictive equations; however, thalsoare



significant discrepancies. Overall, the Harris Benedict equation denat@ssthe lowest mean
calorie difference when compared to MREE.
Secondly, it was hypothesized that those subjects with a higher baseline MREE would be
more successful with weight loss, and that metabolic factors such as leptoontabute to
weight change in an obese pediatric population. It was also proposed that theesvaleditly
in adjusting MREE to body weight and/or body composition to account for confounders such as
age and gender. MREE does not appear to predict success with weight change yoothes
aged 7-18 years. In older obese youth (Tanner Stage 5) it appears that tinaslewer
baseline fat mass and higher adjusted MREE to fat mass, may have mors sittceéscline in
BMI z score. Also, leptin and fat mass significantly (p < 0.05) and negatwglglated with

BMI z score change in older youth.
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CHAPTER 1-REVIEW OF LITERATURE

WHY STUDY CHILDHOOD OBESITY?

As one of the greatest public health concerns of our time, at least 17% of taulatir's y
are considered obese — or above tHe @S centile BMI for age and gender (6). Despite reports
that rates are leveling off (2), childhood obesity is still a great concene médical and
nutrition communities as it is associated with co morbidities such as hygerte
hyperlipidemia and type 2 diabetes.(7). Two decades ago, type 2 diabetes wasatheasl of
in children, and today, 30-50% of all new childhood diabetes cases are Type 2. In 95% cases of
newly diagnosed type 2 diabetics, these children are obese (8). In addition, if @cauake
obese in his/her teen years, there is a 70-80% chance that the same youthmubbse adult.
(9). Currently, overweight and obesity in the United States accounts for over $318 dbiliars
in medical health care costs. (10)

There remains much debate as to the causes of childhood obesity in terms of ‘nature vs
nurture”- when in fact both may attribute to the development of the disease (1&)stwmires
have shown that there is a 30-40% link between childhood obesity and genetic inflgences a
inherited from parents- such as body composition, resting energy expenditurg, §REE
hormonal influences on metabolism such as thyroid function (5). However this ischsateuch
as 50-60% of childhood obesity may be explained by environmental influences. Thegimhss s
that there is an interaction between genetic and environmental factarapihat the

development of obesity in our youth.



Summary: Childhood obesity is a public health concern with detrimental health
consequences for our youth and further development of obesity into adulthood. Much interest
and debate surrounds the causes of this disease as related to its genetic and environmental

influences.

The obese state is defined as an imbalance between energy intake and energy
expenditure; whether it be food intake is too high, energy expenditure is too low (tlertheyh
low REE and/or physical activity), or a mixture of both (11) This project focuses emd¢ngy
expenditure aspect of obesity, particularly REE. REE accounts for appreli®@t70% of
total energy expenditure (12). In the clinical setting, REE is typicalgutated using predictive
equations so as to help determine caloric targets for weight loss in an obese phtisnthile
utilizing equations developed to account for height, weight, age, and physical datitatg, the
clinician can then address the other side of the “balance” equation and recommepdatppr
energy intake for weight maintenance or weight loss. The AmericartiDidgsociation (ADA)
promotes measuring REE via indirect calorimetry in the obese adult popukatioa ‘gold
standard” for determining goals for energy intake for weight losa.Bntral hypothesis of
this project is that MREE is a predictor of weight loss in an obese pediat population.
Many studies have established the relationship between measured REE (MRPEdicting
REE (PREE) with various equations, in both obese adults and children (13). However,
particularly in the obese pediatric population, there is still debate as to whaveguadicts
with most accuracy. (14, 15, 16) Our preliminary data using an obese pediatric papulati
indicates a correlation between MREE and a commonly used predictive egtlsibtarris

Benedict equation (Henes S et al, 2008 unpublished). However, as ours and other data suggest,



there is much variability between MREE and PREE. (17, 18, 19). Even small under or over-
estimations in energy needs can greatly impact weight loss effqégiady in children. The
current literature has begun to investigate hand held calorimetry comparedittiy@e
equations, however only published results have been shown in obese womdarh(20
particular study concluded that there was a significant difference beMREE and predictive
equations and that further research was needed in utilizing hand held indvaatetay. Thus
one aspect of this project is to demonstrate that using a fixed function indiceoheatr is a
necessary clinical tool in accurately determining caloric targets fight@ss in an obese
pediatric population.

Summary: Resting energy expenditure (REE) is a major component in the energy
balance equation. It is often utilized in the clinical setting- whether estimatedquilti@ns or
measured via indirect calorimetry- to help determine the appropriate energy intakd@oals
weight loss. There is great variability between MREE and PREE, especially in an obese

pediatric population.

WHEN INDIRECT CALORIMETRY IS NOT AVAILABLE, WHAT IS THE MOST
APPROPRIATE PREDICTIVE EQUATION TO USE IN A MORBIDL OBESE PEDIATRIC
POPULATION?

As noted previously, there are various predictive equations that are utilized imited cl
setting to estimate REE and determine caloric targets for weight |dsslvase patients.
Although there have been several studies investigating and comparing these varidos &
used in obese children, there still remains controversy. Predictive equatibrasghe Shofield

have been developed using a pediatric population and some studies indicate this as a valid



equation for use in an obese pediatric population (21) The WHO equations are alsolaéeh uti
to determine energy needs of children.(22)

Other investigators (14,23) have developed equations using an obese pediatric
population. Currently, the ADA recommends using the Institute of Medicine (EgMation for
determining energy needs in an obese pediatric population (1). One of the miosstadies
compared 43 predictive equations in 121 obese adolescents and noted the most commonly used
Shofield equation significantly over-estimated REE, the Lazzer equation pievide
prediction of REE (71%), and the best predictive equation appeared to be the Molnar equation
when compared to MREE (24). As noted, various populations yield various results. YAs man
authors also state, it may be appropriate to use different equations based o ndeial
differences.

In healthy adults, the Harris Benedict has long been considered the ‘gold &tandar
determining energy needs, while the more current Mifflin-St Jeor equatdoelea developed
for use in obese adults and is recommended by the ADA for use in this population. One study
using adolescent (age 12-17) obese Brazilian boys (25) concluded that themmosinty used
equations overestimate REE, and that the Harris Benedict equation was one thdtrshowe
significant difference between measured and predicted REE. Thus this @kgsctie
approach of using fixed function indirect calorimeter to measure REE in tieatketting and
comparing this with 5 commonly used predictive equations: the ADA recommenkiedn©
Shofield, the WHO, the Harris Benedict and the Mifflin St Jeor.

Summary: Although several studies have investigated many predictive equations
commonly used in pediatrics and with obese children, there remains no consensus as to the

‘best’ one to use. Most studies do agree that using indirect calorimetry is a more accurate



measurement of REE than any predictive equation. To our knowledge, no studies have
investigated the use of a fixed function calorimeter in an obese pediatric population and
compared this measured REE to commonly used predictive equations, particularlyAthe AD

recommended IOM equations.

DOES MREE AFFECT RATES OF WEIGHT LOSS IN AN OBESEEMATRIC
POPULATION RECEIVING TREATMENT AT A PEDIATRIC HEALHY WEIGHT
CLINIC?

In addition to body weight, body composition has been shown to be a determinant of
REE in obese children. (26). Body composition is comprised of fat mass (FM) arekfatdss
(FFM). FFM includes lean body mass (LBM) and bone mass. Typically, FFM is more
metabolically active than FM due to LBM. Studies have shown that FFM is a megonoant
of REE in adults and children (21) as well as in a mixed population of obese and non-obese
children and adolescents (13). Others (18) have demonstrated that LBMsaddmest predictor
of REE in obese children. Butte et al (26) have also shown in addition to body weéight, F
FM, gender and Tanner stage (pubertal status) also have significant influendes.dduR
preliminary data demonstrates obese children with similar body weiglythave different
MREE. Can this difference be explained by differences in body composition?

An interesting study by Delaney and associates (27) investigated preditthange in
body fatness over a 2 yr time period in children, lean and obese, aged 9-11 yrs (n=114). A
significant predictor of fat gain in these children was lower REE (217, P<.00001) in
addition to total daily energy expenditure (TDEE), the thermic effecarf {TEF) and

Respiratory Quotient (RQ). Another study investigated predictors of lomgaerght



maintenance in adults (28). Ninety-two overweight men and women were studied over a2 y
time. Ninety-two overweight men and women were studied over a 2 yr time peapd aft
weight loss program. There was a negative correlation with baseline MREgercent weight
regain (r = -0.38, p=0.01), and baseline fat mass and percent weight regain
(r=-0.24, p = 0.05). It was determined that a higher baseline MREE was one oftthe bes
predictors of success with weight loss.

Summary: We hypothesize that those obese children with a lower MREE will have less

success with weight loss. Differences in MREE may be accounted for by body composition.

SHOULD MREE BE ‘NORMALIZED’ IN OBESE CHILDREN TO MAXKE COMPARISONS
AND TO TEST THE HYPOTHESIS THAT MREE IS A PREDICTOBF WEIGHT LOSS IN
THIS POPULATION?

MREE via indirect calorimetry provides the number of calories per day degalan
individual needs at rest. To determine the individual’s total energy needs (TEE}j\aty
factor takes into account the typical daily activity of the individual. Thigp®rtant in various
disease states- such as obesity to help determine an individual’'s energyoneexgtft loss.

REE is 30-40% genetically determined and 60-70% influenced by factors within the
individual- such as body composition, age, gender and ethnicity (29). It is difictdtase” out
the various influences on an individuals’ REE (nature vs. nurture); however the individual
variances, particularly body composition has been the focus of much reseamdrly/es the
1920s experiments have determined a relationship between REE and body mass ofdaaindivi

Later studies then indicated that indexing REE to fat free mass (FFM),wiclades skeletal



muscle, was a more accurate method to determine intergender differences(ireR&En have
more FFM than women). (30) This concept of “normalizing” MREE to some faatdoécome
important in research so as to account for confounders such as gender, age, ahd atfeysi
to normalize MREE would include kcal/ kg FFM, kcal/kg body weight (and/or Blstig

kcal/kg fat mass. Thus the research question becolmésimportant to normalize MREE so
as to make comparisons in obese children and to test the hypothesis thaREE is a
predictor of weight loss in these obese childrenPhe literature suggests that since skeletal
muscle comprises approximately 40-50% body mass of most individuals and contabutes t
about 18-20% total REE, FFM is often the most “conventional” way to normalize MREE
(30,31). Most of these studies utilize the adult population. There is no consensus however in the
literature as to the best way to normalize MREE in children, let alone in diu&bert.
Tershakovek A and associates (32) studied 203 obese African American and vidhién cged
5-17yrs. The average age was 10 years old, and pubertal status was divided astdg@mier S
prepubertal; Tanner Stage >2= peripubertal-pubertal. REE was measured e indir
calorimetry with metabolic cart and body composition was assessed usingri2ogy X-Ray
Absorptiometry (DEXA). FFM was defined as lean tissue mass and bone nhksaratissue
mass was equal to skeletal muscle and organ tissue. The study investigated tirgfaow
potential independent factors predicting REE: age, gender, ethnicity, FFdle(body, trunk
region, limbs), and fat mass (FM). The authors separately investigated trvhko Better
assess the potential effect of more metabolically active organ tissusedat the trunk region)
vs. skeletal muscle (less metabolically active) on REE. The ratifovalesestigating limb FFM
was to “tease out” gender and ethnic differences. Various studies have shiomalésa

typically have a higher MREE than females and whites have higher MREE theanAf



Americans (AA). (26,33). The investigators postulated that longer limbs (moretaskelscle)
and a shorter trunk region (less mass in metabolically active tissue) inafAantially account
for racial differences in MREE. Multiple regression was used in threcpue models: each
included age, ethnicity, gender, fat mass as independent variables for MREEephilately
looking at whole body FFM, trunk FFM and limb FFM. An important finding in this study was
that fat mass was an independent predictor of MREE (p<0.0001). Another interieslimg is
that MREE decreased with age in children 5-17 years of age. The authors @dshaathis
may be due to the changing composition of FFM through growth with a smaller proportion of
metabolically active tissues compared to skeletal muscle, as well agroovib. Lastly , the
study confirmed that independent of body composition, MREE was higher in boys thaimgirls
a recent review , Muller M et al. (34) discuss the body of literature that lsbmup to 80% of
the variance in energy intake and energy expenditure is explained by body ¢mmptusi
include both FFM and FM. This paper also discusses a ‘multicomponent model’ whereby
individual organ masses (i.e. liver, heart, brain, and kidney) account for apprdyi@tte of
the variance in REE. (2009). Thus, convention, particularly in an adult population has been to
normalize MREE to FFM; however, data suggests that in an obese population, to include
children, the effect of fat mass in predicting MREE is something to be cortsidere

Summary: Convention often dictates that MREE be normalized to FFM; however, this
data is mostly in adults. Recent data suggests that particularly in an obese pediatric population,

taking into account fat mass while normalizing MREE may be important.

IS THERE A GENDER BIAS IN SUCCESS WITH WEIGHT LOS®N AN OBESE

PEDIATRIC POPULATION AS RELATED TO MREE?



Butte and associates (26) demonstrate that gender is an indepeneraffacting REE,
where obese Hispanic boys aged 5hk®e higher MREE than their female counterparts. It is
also known that boys and males in general, have a greater propafrtiah free mass than
females, and accounts for higher energy expenditure and requiserf@i)t Not many studies
have investigated specific gender differences in weight loss iobase pediatric population.
Lazzer and colleagues (36) reported significant weight fosbése adolescents, aged 12-16 (n=
26) after an intensive 9-month dietary and physical activity pragr The authors note that
exercise preserved fat free mass but not metabolic ratEBYIR these children. Interestingly,
the boys had a higher baseline MREE than the girls, and lessleérease in MREE after the
weight loss program. Also, the boys had similar baselingdatihass as the girls, as but with
less FFM loss and more total weight loss than the girls. Hemvéhve focus on the study was not
gender differences, as much as it was on changes in MREEwatght loss. Other studies
suggest that a higher baseline MREE and less loss of FFM predict Ighs iggain after weight
loss in adults (28, 37). A recent review by Sweeting (35) on childbbedity suggests that
there are gender differences in the way boys and girls respomtitias influences in an
obesogenic environment, to consequences of being obese, and responses mionteraed
treatments. The author suggests the current literature does et dpecifically on gender
differences, but should be an area of further study in addreskiltihaod obesity. Thus,
considering biological and psychosocial differences between ba/gjids, interventions for
obese children can be tailored based on gender to promote more favorable responses.

Summary: We suspect that there are gender differences as related to MRIEE: will
predict success of weight loss in an obese pediatric population rece@aiment at a pediatric

Healthy Weight Clinic.



IS ETHNICITY A PREDICTOR OF SUCCESS WITH WEIGHT LOSS IN ANBESE
PEDIATRIC POPULATION AS RELATED TO MREE?

The National Health and Nutrition Examination Survey (NHANES) 1999-2004
establishes that in the US there is a higher prevalence of obesity in Adnoarmcan (AA)
women than in white women (2). The literature indicates that AA individuals haveea |
MREE than whites and this difference in energy expenditure has been an assaath in
terms of explaining weight gain in this population (38). The general consensus ifothat a
MREE in the AA adult population is most likely due to a smaller mass of less megéiyol
active organs and does not explain the prevalence of obesity in this racial group;ritbeeve
literature is less clear in explaining racial differences in childhoodtgbeSun and associates
(2001) studied 92 AA and white children, boys and girls (mean age 8 yrs.) over a  yr tim
period. The objectives were to investigate changes in FM, FFM, REE and Té&ageirthese
2 populations of children, and to determine if there were racial differencesiEEMRhe
authors determined that after adjusting for age, Tanner stage, FM, and |sgiLkhashese AA
children had a significantly lower MREE compared to the white children, and thesedifie was
not fully explained by LM distribution. Others have also shown that independent of LM, AA
girls aged 6-16 had a lower MREE than white girls of similar ages. (39). When |ailobgse
and non obese prepubertal AA and white children (n= 34; mean age 9yrs), Kaplan et al (40)
determined that MREE is significantly lower in black vs. white children, and thatHsd¢l and
ethnicity were determinants of MREE in this population, after adjusting for $iad and
composition. Delaney and associates (27) found similar results when lookingxatda mi
population of obese and non-obese AA and white children (mean age 10 yrs). Their results

combined the obese and non-obese children and determined after adjusting for FEid,AlAat

10



children had a lower MREE and that these AA children expended less energy thartesanwhi
physical activity. The most recent study to explore racial differendedREE in healthy weight
youth was done by Lee S et al. (41). The authors found that in the 50 AA and 51 white boys and
girls, (aged 9-13), not only was MREE lower in the AA girls vs. white girlsfdiudxidation
was also lower in this population. They did not observe the same results with the AA snd whi
boys studied. The investigators concluded that this combination of lower MREE and fat
oxidation may be a “metabolic risk phenotype” for a predisposition of young Ag\tgigain
weight and experience obesity.

Note that most of these studies investigate healthy weight childremicarct obese and
lean children. Tershakovek and colleagues (32) are one of the few to investigaibesd\AA
and white children and adolescents, aged 5-17 yrs.(n= 203). They demonstrated thav&d4REE
lower in AA vs. whites, in girls vs. boys (regardless of race), and that MREBetbolith age.
A conclusion of this study was that a higher bone density in these obese AA childiaty par
explained differences in MREE. Another conclusion was that the lower REE ofiifdhen
may contribute to difficulty in weight management in this population.

Summary: Many studies have determined that MREE is lower in AA children vs. white
children. Studies are mixed in that some explain this racial difference in part byrtiHeria
FFM and bone density; others do not find this difference. Not many studies have investigated
differences between obese AA and white children and adolescents. We would hypb#tesize t
racial differences in MREE in an obese pediatric population will be a predictor of weight loss

success during treatment at a pediatric Healthy Weight Clinic.
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IS THERE A RELATIONSHIP BETWEEN PLASMA LEPTIN LEVELS AN MREE IN
OBESE CHILDREN PARTICIPATING IN A PEDIATRIC HEALTHY WEIGT CLINIC?
Leptin has been well established in the literature as a long-term regulatwergly
balance (42). The hormone is secreted primarily by adipose tissue and widi fuprctioning
indicates a state of positive energy balance and regulates appetitesttsdantake. Leptin also
increases activity of the sympathetic nervous system thus increasmyg erpenditure of
adipose tissue. In the obese state, leptin appears to lose its ability tcelecre@y intake and
increase energy expenditure. This is often termed ‘leptin resistanceghwylsarum
concentrations of leptin are elevated without the common effects of decreastte appe
limiting food intake. Much of the literature agrees that elevated leptin lemetdates to the
increase in fat mass present in obesity; however, this only partly explainsidielityain leptin
concentrations. (43). Research has been dedicated to explain possible relataisptpsto
other metabolic factors such as central vs. peripheral adiposity, enpayydéxre and
metabolic markers for cardiovascular disease. Liuzzi and associat@sv@kligated this using
400 male and female obese adult patients with BMI 30-82. The results indicated thatvaamime
significantly higher plasma leptin levels even when adjusting for kg of fa$.mizeptin was
positively correlated with BMI (& 0.55, P=0,01)), although the authors noted intersubject
variability. Thus patients with leptin values of 100ng/ml or higher may have &hgimg from
35to 82. Gender, BMI and percentage of fat mass accounted for approximately 55% of
variability in leptin concentrations. Interestingly, independent of fat masgender, leptin

concentrations were inversely correlated with MREE when expressedbsd@ate value
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(r=-0.69, P=0.001) but not when expressed as a ratio to FFM ( r=- 0.17, ns). Niskanen et al
(1997) also found this inverse relationship between leptin levels in obese subjects and MREE
(and RQ as well) after adjusting for fat mass, age and gender.

There are limited studies of plasma leptin and its relation to childhood obesity.
One investigation by Savoye M et al (45) however, helps determine a rdigiibesnveen
plasma leptin levels and predicting future weight gain in obese children agegs-Tthe
researchers measured baseline fasting leptin and insulin levels in 68 obesa-chikle, female
, Caucasion and African American. BMI and BMI z score were also calculated. A
measurements were again determined after a 2 %2 yr follow-up period. Gender spgitple
linear regression was used to determine the longitudinal relationship betwegascimBMI z-
score, insulin and leptin levels. A strong positive correlation was found between fgatma
levels and BMI in both obese boys (p<0.0001) and obese girls (p < 0.0002). An important
finding was that basal leptin levels were indicative of greater positive chang&l z-score in
girls. Further, basal leptin measurements explained 18% of the increasé¢ av&ha 2 Y2 yr
period. (p, 0.0006) . Recently (46), Reinehr R and associates postulated that leptindeyels
negatively associated with degree of weight loss in obese children pairigippad lifestyle
intervention. The investigators studied 248 obese subjects 8-14 yrs, who particizate] i
week intervention program based on physical activity, nutrition education and behavamyt
The findings indicated that baseline leptin concentrations were significamtBiated with BMI,
pubertal stage, gender, waist circumference, and insulin. There was aangmégative

relationship between degree of weight loss and baseline leptin concentrations.
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Summary: The literature establishes a relationship between leptin levels and MREE ;
however mostly in an adult population and with conflicting results. Further research igrieede

determine a relationship in obese children.

WHAT ARE THE ACTIONS OF LEPTIN ON PERIPHERAL TISSW&EWHICH MAY
AFFECT MREE IN OBESE CHILDREN?

It is well know that leptin acts centrally to decrease food intake and to in@easg/
expenditure, most directly via the hypothalamus. More recent studies, howeveateinioat
leptin receptors exist on peripheral tissues to include the liver, skeletekmarsd adipocytes
such that a direct effect has been observed. (47,48,). Both Muoio et al (49,50) and Minokoshi Y
et al (51) have shown that leptin stimulates fatty acid oxidation in skelatale. Another
important point relevant to leptin and its action is the interplay between this hornboéhars
such as insulin. Muoio et al (50) found that leptin’s action opposed the affects of insulin in
triacylglycerol accumulation in both lean and ob/ob mouse skeletal muscle. Givetalskel
muscle comprises approximately 40% of total body weight, leptin’s periplotia & skeletal
muscle metabolism may have an overall effect on fuel homeostasis and wgudgtioa.. It is
not unreasonable then to propose that leptin-stimulated free fatty acid @gutaty then
provide a peripheral mechanism by which MREE is affected by plasma leptis |&igen the
interplay between insulin action on skeletal muscle and leptin, perhaps both insistenee
and leptin resistance, which are common states in obesity, may have acisetéect on
skeletal muscle metabolism, thus MREE. Elevated insulin levels may promaofgtdike of
TAG and FFA into skeletal muscle; however inhibits the utilization of these lesoluees.

Leptin’s action may serve to promote utilization of these as fuel; hows\ke atate of leptin
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resistance increases in obesity, its function to essentially increagg @xpenditure in skeletal
muscle metabolism may then begin to falter. The issue becomes more congiterpting to
tease out the effects of one hormonal function on the other. That is to question hosdelevat
leptin levels as marked by increased adipose tissue affect insulinnmesjsaad how may
elevated insulin levels as marked in the state of obesity contribute to leptinis @

dysfunction in attenuating the storage of fuels in skeletal muscle. Meachdss needed in this
area to investigate the interactions of these two hormones in regulation cdicfdtoxidation
which may ultimately help elucidate the development of the obese state.

In terms of leptin action on adipocytes, Wang et al (52) used zucker rats tagizeest
this phenomenon. The investigators isolated adipocytes from both lean and obeskuwagd, ¢
with recombinant leptin and performed glycerol and free fatty acid §&gys. The ob/ob
adipocytes were used as a control since these contain defective leptiorse@am as expected,
there was no effect on FFA or glycerol release in this model. However, incdl¢hy’
adipocytes, leptin significantly lowered the mRNA of leptin, and fatty acithage (FAS), and
upregulated the mRNA of PPAR-alpha, CPT-1 and ACO- all known to up-regulate FFA
oxidation. Interestingly, glycerol was released from these adipocytesthatitva proportional
release of FFA. This supports the idea that FFA are oxidized within the a@ipathgr than
released to the liver. As the authors noted, further investigation is needed tgkshed this
potential mechanism of lipolysis.

Summary: Investigators have shown peripheral action of leptin in skeletal muscle.
Given that skeletal muscle contributes to a large percentage of resting energy expdaptin

may perhaps act peripherally as well as centrally in helping to regulate MREE with particul
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consequence in the obese state. There is also some evidence that leptin may actrditeztly

adipocyte to promote upregulation of FFA oxidation.

RESTATEMENT OF HYPOTHESIS

The primary hypothesis is that measured resting energy expenditure (M&EE)
determined by a fixed function calorimeter in the primary care setsirsgpredictor of weight
loss in an obese pediatric population. Additionally, we propose taking into account fatsnass
well as FFM when normalizing MREE. We further hypothesize that ratesigititess will be
determined based on gender and racial differences, independent of body compositiogt Our la
hypothesis is that metabolic markers of obesity, such as leptin, will fatdaiates of weight
loss in an obese pediatric population while peripheral actions on tissues such asnsiysti¢a
may affect metabolic homeostasis and energy expenditure.

The central hypothesis of this proposal is that measured REE (MREES$ ia predictor
of weight loss in an obese pediatric population and a necessamgasurement in the clinical

setting to determine accurate caloric needs in this population

Specific Aim 1: The use of a portable calorimeter as a clinical tool for measuring REE
has been compared to research standards of using a metabolic cart (3, 4). Resatk<tiadi
measurements are comparable, and the fixed function calorimeter isrtgds)xgdess expensive
and more practical to use in the clinical setting. Our preliminary data sutgesathough
there is a strong correlation between PREE and MREE, there is great igretieen actual
and estimated REE, and among various predictive equations (Henes, 2008, unpublished data).

The following questions will be investigated in Aim 1:
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a. How does MREE using the KORR ReeVue calorimeter compare with PEE equations
such as the Harris Benedict, Shoefield , Mifflin St Jeor , WHO and theOM equations in
obese children

b. In comparison to MREE- what is the best predictive equation to use in an obe

pediatric population when indirect calorimetry is not available in theclinical setting?

Specific Aim 2: Preliminary data suggests a positive correlation between MREE and body
weight (kg). The overarching hypothesis is that MREE is a predictor of suafogegyht loss in
obese children whereby those with a higher baseline MREE will be more guceagsweight
loss as defined by change in BMI z score. There are various well known cangittuMREE

to include age, race, gender, body weight and body composition. (5) Lean body mass-
particularly skeletal muscle- is purported to be a main contributor to ‘metat@nd REE. In
adult studies, REE has often been ‘normalized’ to fat free mass (FFM); howesar et
studies, to our knowledge, address this issue in children; particularly obese childrerintl2us
explores the rationale for ‘normalizing’MREE to factors such as body weight, &nd fat mass
(FM). The following questions will be investigated in Aim 2:

a. Is MREE a predictor of weight change in an obese pediatric population undgoing
treatment in a 3-6 month healthy weight program?

b. Is it important to ‘normalize’ MREE to account for body composition? If so, shold

total body weight, FFM and or FM be considered?

c. Are there other metabolic factors- such as leptin- that contributed weight change in an

obese pediatric population?
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METHODOLOGICAL CONSIDERATIONS

USE OF INDIRECT CALORIMETRY IN THE CLINICAL SETTING:

Total energy expenditure (TEE) is the amount of energy required to carry @lohet
processes within the body, both synthesis and breakdown, and to the cellular levelardhere
three main components that make up TEE: REE (60-70%), thermic effect of food (10%),
activity expenditure (20-25%). As noted, REE is the largest component of TEE hacisetgy
required to maintain normal regulatory balance and body functions at rest (1R)is Bffen
considered the ‘metabolism’ of an individual- which is scientifically definatiefieat
generated for cellular processes needed for the body. This unit of measlledishe “calorie”
which is equivalent to the amount of heat needed to raise the temperature of 1 graen bf wa
degree Celsius. This is normally expressed as a Kilocalorie (1000 ca#mriksow we refer to
metabolic processes in the human body. There are two main ways to determinadlyisnene
humans- direct and indirect calorimetry. Direct calorimetry utilizegeially constructed
chamber that measures the amount of heat liberated from the body. Air tenepenatains
constant and heat from the subject’s body warms an existing water bath eqtebifdheat
generated from the body. This is difficult to perform and is not practical in yhte diay living
of human subjects. Indirect calorimetry utilizes the science that 95% afyemgvended in the
body is derived from reactions with oxygen. Typically, regardless ofdifmod ingested, the
energy liberated per liter of oxygen used in the body is about 4.825 kilocalorieddoe$)a

The Weir Equation is the basis for using indirect calorimetry- in the resesitirigs

with a metabolic cart, and in the clinical setting using a portable indawiroeter.
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Wier Equation: Kcal/minute= Expired minute ventilation (volume of air breathed in
each minute, corrected for STPD conditions) X (1.044-0.0499 x percent expired oxygen). This
then provides the calculated calories/day (kcal/day) per individual-also kndREEas The
metabolic cart used in the research setting, is a 30-45 minute test, whened$althaor
portable calorimeter can be conducted in 10-15 minutes. There are severalisaidiase
validated such portable calorimeters to a research standard such as aioeel(@l, 4, 20,53).

In this project, the KORR ReeVue indirect calorimeter was used in theatlinic
setting. The criteria included patients referred to the East Carolivandity’s Pediatric
Healthy Weight Clinic aged 7-18 yrs. The specifications were that tlempaias fasting for 12
hrs, and was able to sit calm and still for the duration of the procedure (10-15 minutes).
Exclusion criteria included any patient not fasting, not able to complete thertabte to sit still
(i.e. fidgeting), and on any medications that could potentially alter metab(ib include
psychotropic medications, ADHD medications).

The procedure took place in a quiet room, where the indirect calorimeter had been set
up, and calibrated to STDP. The Healthy Weight Registered Dietitian (RD) ¢eddhe
procedure with explanation to the patient. Briefly, the patient wore nose clips, atictrea
through the disposable tubing while keeping a tight seal around the mouthpiece. Tiiespatie
comfortably in a chair and remained calm and still during the procedure. Téet paitlimated
to testing during the first three minutes, and then display calories wétervdown by the RD
from 3-10 minutes. The final reading at 10 minutes (the average of minute 3 through H@nut
was used as the MREE, and utilized in making appropriate caloric targets dgot less, and

according to ADA and AAP recommendations for age.
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CALCULATION OF BODY SURFACE AREA AND BODY COMPOSITION

As a project undertaken to reflect the clinical applications of measurikgrREeal
time’ at a Healthy Weight Clinic, measurement of body composition wasaorhponent of the
patient’s typical first visit. One aspect of this project is to utilizeichl approaches in
answering our research question, which is: does MREE predict succesghtflass in an
obese pediatric population. Outright, accounting for body compaosition is not a necessity.
However, as the project evolved, there appeared a strong relationship between idRBEa
weight (as expected) and the question of normalizing MREE to body weighttanpéay
whereby addressing body composition became more of a factor. Since as#ighmdy
composition measurements were not performed in the patients studied, a clinicalsool w
utilized to estimate each subject’'s body composition utilizing an equation fpishodce area
(BSA). In pharmacology, equations such as the Mostellar Equation are ofteto astermine
BSA in dosing medications, and based on being fat or water soluble. (54). A repornbytiha
(55), Pharmacologist with the Cross Cancer Institute recommends the us@/lofteéar
equation (compared to others), and discusses with references utilization of thsneiquat
various populations- to include children and the obese. Thus, an online calculator :

http://www.halls.md/body-surface-area/bsa.l{&6) which used the Mostellar equation was

utilized to input each patient’s height, weight, age and gender , and determine B&aArand |
body weight (LBW). It is from this calculation that fat mass and percent labdyas calculated
as such. LBW (kg) was subtracted from total body weight (TBW, kgytofgt mass. This was
then divided by TBW to give percent fat of each patient. Others (57) have asnided fat

mass via this method/calculation, while determining LBW with bioelectincaédance.
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CHAPTER 2: MEASURED RESTING ENERGY EXPENDITURE IN OBESE YOU)
USING THE REEVUE FIXED FUNCTION CALORIMETER IN A PEDIATIE HEALTHY

WEIGHT CLINIC COMPARED WITH 5 COMMONLY USED PREDICTIVE EQUADNS

Sarah T. Henes, MA, RD, LD\, David Collier MD, Ph ?, Doyle Cummings Pht) Robert

Hickner PhD¥, Joseph Houmard, PHD

! East Carolina University Pediatric Healthy Weight Research aradriiemt Center,
2The Department of Exercise and Sports Scietitke Department of Family Medicine, Brody
School of Medicine, East Carolina University. East Carolina University,n@itks North

Carolina.

Abstract: The American Dietetic Association (ADA) standard of tarebese adults utilizes
indirect calorimetry for calculating caloric targets for weigissl (1). Even though rates appear

to be leveling off (2), childhood obesity continues to be one of the major public health concerns
of our time and such organizations as the American Academy of Pediatrics §Ad)e ADA

have continued to address this disease state with evidence-based recorome(a).

Currently, the ADA recommends using the Institutes of Medicine (IOM) @msato estimate

caloric needs for obese children when indirect calorimetry is not availab&epufFpose of this

paper is to compare measured resting energy expenditure (MREE) of obéswijlothe use of

a portable indirect calorimeter in the clinical setting with five commasgd predictive

equations.
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Resting energy expenditure was measured via a portable indirect caorifdREE
was determined in obese youth aged 7-18 years who were referred to ther&8last Ca
University Healthy Weight Clinic and who were greater than tifepgScentile BMI for age and
gender.

Results indicate that there is a significant (p< 0.05) and strong camebatiween
MREE and these predictive equations; however, there are also significaepdsaes. While
there appears to be no significant racial differences between MREE and PRE&hsgtlzere is
more variability between MREE and these equations among non- Caucasian is @here
significant difference (p <0.05) in gender whereby, there is a gmeatan difference between
the predictive equations and MREE in the boys. Thus, these equations tended to give more of
an over (or under) prediction of REE in boys vs. with girls.

Overall, the Harris Benedict equation demonstrates the lowest mean ddéferemergy
expenditure (kcal/day) when compared to MREE. These data add to a growing bteatgtofe
that suggests indirect calorimetry is a more accurate means to detgroatoric targets for
weight loss in an obese population when compared to commonly used predictive equations. To
our knowledge, this investigation is the first to report differences betlwesa tommonly used
predictive equations, particularly the IOM equations, and measured enedgyuseégg portable

indirect calorimetry in the clinical setting.
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INTRODUCTION: Childhood obesity is one of the most dire public health concerns of our
time. Particularly over the past 5 years, evidence based research hagtednimendations

from the AAP and ADA in prevention and treatment of this epidemic (1,58). Currdmly, t
ADA recommends using indirect calorimetry to determine resting emxmgnditure (REE) in

an obese population; however, particularly in the pediatric clinical sétismgieasurement is

not widely available. As REE is the basis for determining caloric neeggefght loss in

obesity, most clinicians use a variety of predictive equations. Many fwedguations have
been developed for use with children in the clinical setting (14, 15, 16, 24, 25); however there
remains lack of consensus of what is best to use in an obese pediatric populatiatagaic
morbidly obese children( >99thpercentile BMI for age and gender). There is stame da
comparing commonly used predictive equations in an adult population with measured resting
energy expenditure (MREE) using a hand held indirect calorimeter in tigatketting (20).
However, to our knowledge there is no data comparing predictive equations to MREE using a
portable indirect calorimeter in the clinical setting and an obese pedigputation. In Spears
and associates’ study, the subjects were women older than 25 years of agé# arf8ivii> 25,

or overweight. The findings indicated the usefulness of a portable indirectrekarin
determining MREE in this population and that there was a significant discrepanegbet
predicted and measured REE. The investigators concluded that further resesangeded to
investigate measured REE with the use of such devices and compare with predictitiens.
Thus, the present study investigates the relationship and differencesrbBif#Eeneasured in

the clinical setting using the ReeVue portable calorimeter and fivenooiy used predictive
equations: the Institutes of Medicine for children 3-18 yrs (IOM) , the Stpfiee World

Health Organization (WHO), the Mifflin St Joer, and the Harris Benedict emsatiThe current
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study aspires to add to a growing body of literature that indicates thénessfof measuring
energy expenditure in the clinical setting , specifically in an obese pedgiapulation.
Additionally, the investigators hope to contribute data to help determine most appropriat
predictive equation(s) to use with this population when indirect calorinsetnyavailable in the

clinical setting.

METHODS:

SUBJECTS:Youth aged 7-18 referred to the East Carolina Pediatric Healthy Weight
Clinic, who were > the 85percentile BMI for age and gender, who were fasting, and who were
able to perform indirect calorimetry. Patients who fidgeted during testerg unable to
complete the test, or who were taking medications that could potentially ali#ahc rate
were excluded.

INDIRECT CALORIMETRY The KORR ReeVue portable indirect calorimeter.

(http://www.korr.com/products/reevue.htm).(58as set up in a clinic exam room designated for

the sole purpose of testing. Calibrated to room standard, temperature, pressurBRIrfE&ch
patient was provided a new and separate disposable tubing, mouthpiece and nose cigp. Testi
was performed for ten minutes. The patient sat calmly and still in the quiet roathjrigeas

they would normally breathe into a mouthpiece, with a nose clip in place to pagvestaping
through the nose. Readings were recorded by the pediatric registerechdi@ibaat every 30
second interval, beginning at 3 minutes. The final reading was taken at 10 minutbsyadi

the average from minute 3 to minute 10 (the first three minutes of testing weasld).
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PREDICTIVE EQUATIONS(60)
Harris Benedict: (gold standard for adults)
Male: REE (kcal/day) = 66.47 + 13.75 (wt in kg) + 5 (htin cm) — 6.8 (age in yrs)

Female: REE (kcal/day) = 665 + 9.6 (wt in kg) + 1.8 (ht in cm) — 4.7 (age in yrs)

Mifflin-St Jeor: (ADA recommended for Obese Adults)
Males: REE (kcal/day) = 10 (wtin kg) + 6.3 (htincm)-5x age +5

Females: REE (kcal/day) = 10 (wt in kg) + 6.3 (htin cm) — 5 x age — 161

Shofield HW: (an acceptable method for children)

Males (3-10yrs): REE (Kcal/day) = 19.6 (wt in kg) + 1.033 (htin cm) + 414.9
Females (3-10 yrs): REE (Kcal/day)= 16.8 (wt in kg) + 1.618 (ht in cm) + 371.3
Males (10-18 yrs): REE (Kcal/day) = 16.25 (wt in kg) + 1.373 (ht in cm) + 515.5

Females (10-18): REE (Kcal/day) = 8.37 (wt in kg) + 4.65 (ht in cm) + 200

WHO equation (an acceptable method for children)
Males (0-3yrs): REE(kcal/day)= 60.9(wt in kg) - 54
Females (0-3yrs): REE(Kcal/day)= 61(wt in kg) - 51
Males (3-10yrs): REE (Kcal/day)= 22.7(wt in kg) + 495
Females (3-10yrs): REE (Kcal/day)= 22.5 (wt in kg) + 499
Male (10-18yrs): REE(Kcal/day)= 17.5 (wt in kg) + 651

Females (10-18yrs): REE (Kcal/day) = 12.2 (wt in kg)+ 746
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IOM equation (ADA recommended for obese children)

Males (includes activity factor (PA) to give Total Energy ExpendituBE()T

TEE= 114- (50.9 x age(yr) + PA x (19.5x wt (kg) +1161.4 x ht (m))

Females (includes PA to give TEE)

TEE = 389 — (41.2 x age (yrs) + PA x (15 x wt (kg) + 701.6 x ht (m))

Note: to compare equations the activity factor calculated was 1.0 or sedentary and was

reflective of the pediatric population studied.

STATISTICAL ANALYSES: Data are presented as mean = SE. Stalisinalyses were
performed using SPSS (61) using Pearson correlation for comparing MREIB faredictive

equation. A 2-tailed significance paired sample T-test was alsoasetpare means.

RESULTS: Total sample size was 80 (46 female, 57 non-white) children migaa age of

12.18 yrs, and mean BMI 37.39 (SE + 1.07), ¥ @@rcentile BMI for age and gender. The

mean average MREE (kcal/day) was 1977.13 (SE + 49.97). Table 1 presentsidestaiptas

well as the mean average for each predictive equation. There was a stronmificedrdi

( p<0.001) correlation between MREE and all predictive equations. There wasstdsistecally
significant difference (p<0.001) between the absolute means of these preshictatmns and
MREE (Figure 1). The smallest and only non-significant absolute mean diffevescseen
between MREE and the Harris Benedict equation (197.93 kcal/day SE + 23.26) and #te large
difference between MREE and the IOM equation (763.75 SE = 76.62). When comparing

MREE to all predictive equations by gender, there was a significantlydpxgreater absolute
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mean difference between MREE and predictive equations in boys vs. girls. Tdmeraié was

not seen when comparing by race (Figures 2 and 3).
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Table 1 Descriptive Data (n=80)

Mean Std Error Pearson
(Kcal/day) (SE) Correlation
(with MREE)
Age 12.18 0.31
BMI 37.39 1.07
MREE 1977.13 49.97
Harris Benedict 1950.41 50.22 0.795*
Mifflin 1800.64** 42.83 0.811*
Shofield 2057.41** 60.45 0.746*
WHO 2204.70** 61.70 0.739*
IOM 2738.93** 106.23 0.742*

*p-value <0.05
** p< less than 0.05; significant difference between the mean compared to MREE
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Figure 1: Absolute Differences Between MREE and Predictive Equeins: Harris Benedict,
Mifflin St Jeor, Shofield, WHO, and IOM. ( N= 80)
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Figure 2. Absolute Differences Between MREE and Predictive Equiains by Gender:
Harris Benedict, Mifflin St Jeor, Shofield, WHO, IOM. (N=80)
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Figure 3: Absolute Differences Between MREE and Predictive Eqiions by Race: Harris
Benedict, Mifflin St Jeor, Shofield, WHO, IOM (n=80)
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DISCUSSION: REE is the basis for determining energy needs for wesghin an obese
population. In the present study, REE was measured in obese youth and in theselitingal
with a portable indirect calorimeter. This measured REE was then compaesetal s
commonly used predictive equations. To our knowledge, this is the first data to explere thes
relationships while utilizing indirect calorimetry in the clinicaltsegf with an obese pediatric
population, and in particular, comparing measured REE with the ADA recommended IOM
equation. As other studies have shown, our data agrees that while there is a sitiweg pos
relationship between MREE and various predictive equations, there is also aangnific
discrepancy. In the clinical setting, even a few hundred calorie difieian make a significant
impact in terms of setting caloric targets for weight loss. Our data fadittee smallest mean
difference between MREE and predictive REE was with the Harris Bersggliation (197 kcal);
where as the largest absolute difference between MREE and REE wathadidlyl equation
(763kcal). It is also important to note that when comparing mean differences=eheWiREE and
all predictive equations used, the Harris Benedict was the only equatiobb® significantly
different from MREE. Using a Caucasian female 16 yr old patient, tloevioly provides a
practical example of differences between MREE and predictive equations.

MREE: 1987kcal/day-

Harris Benedict: 1980kcal/day

Mifflin: 1964kcal/day

Shofield: 1945kcal/day

WHO: 2127kcal/day

IOM: 2633kcal/day

Recommended TEE for 2#/wk wt loss (Activity factor 1 for Sedentary, - 1000kgpl/da
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MREE: 1200kcal/day (can not go below)
Harris Benedict: 1200kcal/day

Mifflin: 1200kcal/day

Shofield: 1200kcal/day

WHO: 1200kcal/day

IOM: 1600kcal/day

In this clinical example, if one were to use the IOM equation, there would be an
approximate 400 kcal/day difference between measured energy expenditurecactegenergy
expenditure. This could potentially indicateight gainfor an individual over time. Thus, this
simple example indicates not only the usefulness of measuring REE in thal detting, it
demonstrates the various discrepancies, and a gross over- estimation of ee@sgg ne
predictive equations.

While some investigators (21) have found that the Shofield equations are doitaisie
with a mixed non-obese and obese pediatric population, others (25) have found that in obese
adolescent boys, the Harris Benedict equation most closely predicts exeegditure when
compared to indirect calorimetry. Regardless, much of the literature id amxkemost agree
that in general predictive equations typically over-estimate eneggisne an obese pediatric
population. It is important to note that the WHO, IOM and Shofield equations have been
developed based on healthy weight children (24). Given that the proportion of LBW tastat m
in lean children would be considerably higher, this may contribute to an overestimation of
energy needs in an obese pediatric population. Some investigators such as Lahzsme(23

begun to try to develop equations based on an obese pediatric population; however, these are not
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widely known or used at this point. There is a need to further investigate and develajpvpredic
equations using an obese pediatric population. Thus consensus has not been reacheaf in terms
the ‘best’ predictive equation to use and the general recommendation is becominggeto util

indirect calorimetry in the clinical setting. (15, 24)

The current study finds that there are significant differences by gethéa comparing
MREE to various predictive equations. On one hand it is known that MREE is generally higher
in boys than in girls due to body composition (14, 18,); however, this is typically taken into
account within each predictive equation. These data indicate that in gerentaitiye equations
tend to over-estimate energy needs in obese boys more consistently thaonvpared with
girls (i.e. 250-350kcal). However , there appears more variability befvedittive equations
and MREE in girls (150-350kcal/day). As stated earlier, variability in MR&Hd be due to
various factors to include body composition, genetic influences, and race; however that
discussion goes beyond the scope of this paper. When looking at differences in MREE and
predictive equations by race, there does not appear to be a significant diffexemeen
Caucasian and African American (non white) subjects. This is somewhassg@s several
investigators have indicated that African American healthy and ovdrtwehgdren have a lower
MREE than their Caucasian counterparts (27, 32) . Although data here do not comp&ie MR
between races, given that most predictive equations have been developed usify avhedit
Caucasian population, one might expect to see these differences refleetedomparing
MREE to these predictive equations. While some investigators have developetyaedi
equations to account for fat free mass (FFM), a major factor in determigiBg(R4,16); recent

findings state that they fair no better when compared to indirect caloyi(@d). Further
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investigation may be warranted to assess if predictive equations should leel adilaccount for
race.

In general it appears that with this obese pediatric population, the Harridi@ene
equation best predicts energy needs when compared to a portable indirect taldoimsse in
the clinical setting. Although, this may be surprising, as the equation waspkyeising a
healthy weight, Caucasian, adult population; the equation does account for age, lwggher
and weight. Most pediatric equations have been developed to also account for the geda/th ne
within a specific age population (i.e. 3-10 yrs of age, 10-18 yrs of age). Partmapshese
pediatric population, and in this case a mostly morbidly obese population, energy needs for
growth may be counter-productive in determining caloric targets for weiggtHence there is a
propensity for the studied predictive equations to over-estimate energy nieedarfis
Benedict equation does not account for needs for growth, so perhaps is a logictlpredi
equation to use with obese children and adolescents when weight loss is often the goal.

To our knowledge, these are the first data to utilize a portable indiredtheatier in the
clinical setting with an obese pediatric population and compare this measuiregl eastgy
expenditure with the specific predictive equations named, particularly the T findings
indicate that although a strong correlation with MREE, predictive equagodda over-
estimate energy needs in an obese pediatric population. These data support nelediomseo
utilize portable indirect calorimetry in the clinical setting to deteev@nergy needs, and adds to

a growing body of literature needed to demonstrate the usefulness of thid thioiica
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CHAPTER 3: MEASURED RESTING ENERGY EXPENDITURE USING A HANHELD
INDIRECT CALORIMETER IN THE CLINICAL SETTING AS A PREDICDR OF
SUCCESS WITH WEIGHT LOSS IN AN OBESE PEDIATRIC POPULAN AFTER 3-6

MONTH FOLLOWUP AT A HEALTHY WEIGHT CLINIC.

Sarah T. Henes, MA, RD, LD\, David Collier MD, Ph ?, Doyle Cummings Pht) Robert

Hickner PhD¥, Joseph Houmard, PHD

! East Carolina University Pediatric Healthy Weight Research aradriiemt Center,
2The Department of Exercise and Sports Scietitke Department of Family Medicine, Brody
School of Medicine, East Carolina University. East Carolina University, GiteeriNorth

Carolina.

ABSTRACT: The literature has established measured resting engrgyditure (MREE) as a
predictor of weight gain in adults (62) whereby a lower adjusted REE predictsrgresght

gain over time in obese individuals. It is also known that heavier individuals tend todose m
weight and have a higher MREE. Body weight and body composition, particuldiigeganass
(FFM) and skeletal muscle are major determinants of REE ( 31); howe\art liegrature
suggests that fat mass is also a contributor to REE particularly in obesets(®4). Very few
studies have investigated MREE as a predictor of weight loss, and none have stsidiearthi
obese pediatric population. The purpose of the current study was to test the hypladhes

higher baseline MREE in obese youth will lead to greater success withtwbkange as
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determined by BMI z score. The investigators also explored the relapdretineen metabolic
factors such as leptin with MREE and if a relationship exists how this ey afeight status
change.

Resting energy expenditure was measured via a portable indirect caorifdREE
was determined in obese youth aged 7-18 years who were referred to ther&8last Ca
University Healthy Weight Clinic and who were greater than tifepgScentile BMI for age and
gender.

The results indicated that MREE was not a significant predictor of suctbsseight
change in youth aged 7-18yrs of age. Tanner stage and lean body were sigpitcaiiiy)
predictors in this age category. The results also suggest that when dividebigtoups, those
with a higher baseline HOMA (6.01 + 0.92) tended to decline in BMI z score when canbpare
those with a lower HOMA (3.85 £ 0.65) (p=0.081). Data analyzed for Tanner Stage 5 youth as
a group (n=17) indicate a strong, negative and significant (p=0.03) correlation betwelmeba
fat mass and change in BMI z score (Pearson correldié27) (Table 3) There was also a
strong, negative correlation between baseline percent fat and change irsBdié z(Pearson
correlation -0.525) (Table 3). When divided into groups, there was a significantrdiéfere
between groups (p<0.05) in baseline leptin, fat mass and MREE normalized todaT heese
that decreased BMI z score (n=9) had the following baseline values (egfL, n=6) 19.&
4.76 (n=6), fat mass (kg) 41.23 + 4.84, and MREE/fat mass (kcal/kg) 54.7 + 6.28. Those with
BMI z score incline (n=8) had the following baseline values: leptin (ugBll)58 + 13.67(n=5);
fat mass (kg) 77.48 + 15.94 , and MREE/fat mass (kcal/kg) 34.70 = 5.60.

The main conclusions were that in youth aged 7-18 , MREE did not predict success with

weight change status. It appears that in Tanner Stage 5 baseline leptasgaand percent fat
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predicted change in BMI z score. Those in this pubertal category and who haat bdgeline

fat mass and lower leptin concentration declined in BMI z score. Also, those Btauperyouth
who had a higher energy expenditure (kcal/kg), when MREE was normalized tsfgttended
to decline in BMI z score. These data suggest there needs to be further explotétorolef of
baseline leptin and its relationship to fat mass and MREE normalized to fatsyassliators of

change in weight status in this pubertal stage.

INTRODUCTION: MREE via indirect calorimetry provides the number obigas per day
(kcal/day) an individual needs at rest to maintain body mass. To determine viduigld total
energy needs (TEE), an activity factor takes into account the typical dayyaat the
individual. This is important in various disease states- such as obesity to helgraetarm
individual's energy needs for weight loss. REE is 30-40% genetically detztrand 60-70%
influenced by factors within the individual- such as body composition, age, gendehaiciyet
(29). Itis difficult to “tease” out the various influences on an individuals’ RE&@as.
nurture); however the individual variances, particularly body composition hasheetatus of
much research. As early as the 1920s experiments have determined a relatitwsleip REE
and body mass of an individual. Later studies then indicated that indexing REE te fabf®
(FFM),which includes skeletal muscle, was a more accurate method to detertargender
differences in REE (i.e. men have more FFM than women). (30) This conceptroffizing”
MREE to some factor has become important in research so as to account for confouhdess suc
gender, age, and ethnicity. Ways to normalize MREE would include kcal/ kg FFikgkicady
weight (and/or BMI), and kcal/kg fat ma3de literature suggests that since skeletal muscle

comprises approximately 40-50% body mass of most individuals and contributes to about 18-
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20% total REE, FFM is often the most “conventional” way to normalize MREE (30,31% Mos
of these studies utilize the adult population. Very few studies have exploretettaance of
adjusting REE in children, let alone obese children. Tershakovek A and associptesr(82

that fat mass was an independent contributor to REE in obese children, and a remertiyevi
Muller et al (34) indicates that the variability in REE as contributed by fas mareases with
increased adiposity. The authors also state that the effect of fat masgk as dEermined by

fat depots, fat cell size and liquid droplet structure (34). and indicate that reeaeate is needed
in this area. Another study (63) explores a statistical model for norntak&E to body mass
and composition in children; but this has not been utilized in practical terms and imited cli
setting.

The importance and independent contribution of fat mass to REE in obese subjects and
children has been postulated (32, 34); but not explored in the clinical setting. The meghanism
by which fat mass exerts its effects on metabolism is still unknown. Howexéormone leptin
has been proposed as a potential feedback signal from fat to skeletal musdg/\wkereng a
thermic effect via uncoupling proteins (52, 64) and increased substrate dethiveen de novo
lipogenesis and mitochondrial lipid oxidation (65,66).

The purpose of this study is to: 1. test the hypothesis that MREE is a predictor
success with weight loss in an obese pediatric population undergoing treatrhentlinital
setting; 2. to help determine the relevance of adjusting MREE to body weight and ¢ammposi
terms of predicting outcomes in change in BMI z score and change in body aftegl3-6
month follow-up in a healthy weight clinic; and 3. to determine the relationshigé&etw
baseline plasma leptin, fat mass and MREE and potential effects on sucbessigthit loss as

related to MREE in an obese pediatric population.
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METHODS:

SUBJECTSYouth aged 7-18 referred to the East Carolina Pediatric Healthy Weight
Clinic, who were > the 85percentile BMI for age and gender, who were fasting, and who were
able to perform indirect calorimetry. Patients who fidgeted during tesiarg, unable to
complete the test, or who were taking medications that could potentially ali#ahc rate
were excluded. Baseline and follow up (3-6 months) height, weight, BMI and Bbdre were
measured and calculated for each patient. Tanner stage was deterntimedlimyjc MD. All
measurements were recorded in the patient’s electronic medical record.

LABORATORY TESTIN@Ilood was drawn at the Healthy Weight Clinic lab or a nearby
affiliate lab from fasting subjects. Baseline leptin, insulin, cholestglatose and thyroid
function were measured at Pitt County Memorial Hospital (PCMH) Clihiabbratories
Greenville , NC using standardized procedures.

TANNER STAGETanner staging, or pubertal stage, was determined by the MD. See
Appendix 2 for categorization of Tanner Stage. (See Appendix 2)

INDIRECT CALORIMETRY:The KORR ReeVue portable indirect calorimeter.

(http://www.korr.com/products/reevue.htifb9) The device was set up in a clinic exam room

designated for the sole purpose of testing. Calibrated to room STDP. Each paiprivided

a new and separate disposable tubing, mouthpiece and nose clip. Testing was pesfdened f
minutes, or until accurate reading provided. The patient sat calmly and 8t quiet room,
breathing as would normally with nose clip and mouthpiece. MREE (kcal/day) wadeddata

the final reading taken at 10 minutes, which was the average of minute 3 to minute 1®bywhere

the first 3 minutes of testing were discarded.
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CALCULATION OF BODY SURFACE AREA AND BODY COMPOSITIANIlinical
tool was utilized to estimate each subject’s body composition utilizing an @gbatibody
surface area (BSA). In pharmacology, equations such as the MostellaoE@uatoften used
to determine BSA in dosing medications, and based on being fat or water soluble. (54).t A repor
by ThanhVu (55), Pharmacologist with the Cross Cancer Institute recomrhenasetof the
Mostellar equation (compared to others), and discusses with referencesantiliahis
equation in various populations- to include children and the obese. Thus, an online calculator:

http://www.halls.md/body-surface-area/bsa.l{&6) which used the Mostellar equation was

utilized to input each patient’s height, weight, age and gender , and determine Bl&Arand
body weight (LBW). It is from this calculation that fat mass and percentfabeyas calculated
as such: LBW (kg) was subtracted from total body weight (TBW, kgm®fgt mass. This was
then divided by TBW to give percent fat of each patient. Others (57) have tdenided fat
mass via this method/calculation.

THE PATIENT EXPERIENCE AT ECU'S HEALTHY WEIGHT CLINAZ the initial
visit, the fasting patient performed indirect calorimetry and had blood drawntieooiitic
laboratory. The total initial visit (total 2-3hours) consisted of approximatelyour with the
clinic MD addressing medical concerns, approximately an hour with a Redifestitian (RD)
discussion nutrition history and goals, and as needed, addressing psychopectal@tshe
family with Medical Family therapy (MFT). The RD counseled subjautistieir families
utilizing the Medical Nutrition Therapy (MNT) Protocol developed by Pitt Caudy dietitians
for helping children achieve a healthy weight. A detailed dietary irgaenutrition history was
obtained and the counseling style was modeled after motivational interviewingtioNoals

were developed and tailored to the families’ individual needs and stage of readliciessge.
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Additionally, the initial visit typically focused on decreasing sugaresereed beverages, using a
‘stoplight’ approach for incorporating healthier foods and grocery shopping, agsnllizing
the AAP’s expert guidelines in a “Top 10 Tips for Helping Families and Childrarede a
Healthy Weight” handout. The MD not only addressed the medical concerns of tlye fam
he/she promoted health behavior changes by targeting reduction in TV/sedemtagntl
promoting physical activity with a pedometer given to the patient (and fareityb@rs as
appropriate).

The follow-up visit was performed by the same RD, was often 30-45 minutes, and
reinforced goals previously made and reset new nutrition goals as approlptia¢gesubject and
family were at a stage of readiness, a focus of the follow-up visipami®n control in utilizing
a divided plate approach/handout, and instruction on writing up a 2-3 food journal. At this
follow-up visit, the MD also ‘checked in’ with the subject and family about jifesthanges
such as with increased physical activity, step counts with the pedometer cesadd

TV/screen time.

STATISTICAL ANALYSIS: Data are presented as mean + SE. Htatisanalyses were
performed using SPSS (61.) Linear regression was performed for outc@sereseBMI z
score and weight change over time. Independent samples t-test was petbom@pare mean
values. Pearson correlation was performed to explore relationships betweenaenti

variables. Significance was p< 0.05

RESULTS: When analyzing all subjects (n=80), there was a significant (p=&€lfiye

relationship between MREE and body weight, lean body mass (LBM) and fatfiviss (
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MREE and adjusted MREE (to kg body weight, LMB, FM) were not significadigtors of
weight change as measured by BMI z score and change in weight in kg Selmdé&o follow-

up. Tanner Stage and lean body weight were significant predictors of chdigéarscore (p=
0.044; 0.024) and weight change (kg) ( p= 0.048; 0.008 ) from baseline to follow-up. HOMA
was an independent predictor of weight change (kg) from baseline to follow up (p¥ 0.042

Differences between groups regarding those whose BMI z score intrsasbkose
whose BMI z score declined were significant with respect to mean LnHOp4A.039) and
approached significance with mean HOMA (p= 0.096). Gainers had a lowarH@VIA

and LnHOMA vs. those that declined in BMI z score (see Table 1) There were fioaigni
differences in body weight (kg) between BMI z score losers or gainers.

Although not quite statistically significant (p= 0.061), there was a loveannMREE in
those who gained weight (1921.27 calories/day + 54.06) and those who lost weight (2134.0
calories/day = 109.99). There was also a difference (p= 0.047) when normalREg i kg
body weight (See Table 1)

When exploring gender differences, there was a difference (p=0.003) inLB®an
between boys (58.05 kg LBW + 2.51) and girls (49.6kg LBW + 1.43) but no differencesim me
body weight and fat mass. There was also a significant (p=0.001) higher deéferdraseline
MREE between boys (2171 calories/day = 87.44) and girls (1833 calories/day ¥ 4Bn@e
were no gender differences with regard to baseline mean leptin or mean H@eEntrations
or in mean change in BMI z-score or mean change in weight (kg). (see Table 2)

In terms of racial differences, there were no significant differemce®an LBW,
however, there was a significant difference (p=0.046) in baseline mean bodyvetheton-

Caucasian (103.15kg + 4.40) and whites (87.83 kg £ 5.43). There was also a significant

44



difference (p=0.030) in mean fat mass between non-Caucasian (49.42viapéat 4.36.) and
Caucasian (33.72 kg fat mass + 3.21). There were no racial differenceslindbasan MREE,
mean HOMA, or in mean change in BMI z-score and mean change in weigh#&(kgdugh not
statistically significant there was difference (0.097) in baselinenregdin between non-white
(33.90 + 3.35) and white (23.60 + 4.46). (See Table 2)

Figure 1 demonstrates the difference (p <0.05) between Tanner Stages 1-dnmerd T
Stage 5 whereby pubertal stages 1-4 increased in BMI z score and $tagéh® only group to
decline in BMI z score.

When analyzing data for children in Tanner Stage 5 (n= 17) there was a negative
correlation between change in BMI z score and fat mass (p= 0.030) as peitast fat
(p=0.030), and a negative correlation with baseline leptin concentration (p= 0.083).able
There was not a difference between those that declined BMI z score ( nd @oae that
increased in BMI z score (n=5) in terms of MREE, or MREE normalized to LBWre Thees,
however, a significant difference (p=0.033) between groups. The mean MRBR#aDf those
that increased BMI z score was 34.70 + 5.60 calories/ kg fat mass whédthbdgecreased
BMI z score had a mean MREE/fat mass of 54.72 + 6.28 calories/ kg (See Tablhé)e was
also a significant difference (p= 0.037) in baseline mean fat mass: lab$&ad increased in
BMI z score = 77.48 £ 15.94 FM (kg) vs. those that had decreased in BMI z score
(41.23 + 4.84 kg fat mass). Mean percent fat was also different ( p=0.014) betevgeoutis
(BMI z score increase: 56.5 + 6.13) vs. (BMI z score decreased: 38.72 £ 2.53) . Aasgnific
difference in baseline leptin (p=0.041) was evident between those that declindtisodse
who had a lower baseline leptin concentration (19.8 + 4.76 ug/L) compared to those that

increased BMI z score ( leptin =51.5813.6 ug/L) (Table 4).
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Table 1: Differences in Baseline MREE, Body Composition, and HOMA beteen Gainers and

Losers: BMI z Score and Weight (kg)

BMI z score Mean Values Weight Mean Values
(= SE) Change (kqg) (= SE)
Body Weight Gainer: 30 93.83+6.41 Gainer: 59 91.56 + 4.0%F
(kg) Loser: 50 97.67+ 4.07 Loser: 21 109.33+ 6.29
Lean Body Gainer: 30 50.73+ 2.24 Gainer: 59 49.83 + 2.99
Weight (kg) Loser: 50 54.21+1.76 Loser: 21 61.73 + 1.37
MREE Gainer: 30 1967.13+ 81.70 Gainer: 59 1921.27 + 54.06
(kcal/day) Loser: 50 1983.12+ 63.79 Loser. 21 | 2134.05 + 109.99
(p = 0.061)
MREE/body Gainer: 30 22.24 £ 0.82 Gainer: 59 22.07 £ 0.58*
weight (kg) Loser: 50 21.08+0.58 Loser: 21 199+ 0.73
MREE/Fat Gainer: 30 63.48% 5.40 Gainer: 59 61.07 £ 3.76
Mass (kg) Loser: 50 54.84+ 3.58 Loser: 21 48.95 + 4.05
(p=0.075)
HOMA Gainer: 26 3.85 +0.65 Gainer: 51 4.70 £ 0.67
Loser: 43 6.01 £ 0.92 Loser: 18 6.32+ 1.49
(p=0.081)
LnHOMA Gainer: 26 1.09 + 0.14 Gainer: 51 1.28 +0.10
Loser: 43 1.48 +0.11 Loser: 18 1.55+ 0.19

* p= < 0.05; All Subjects (n= 80)
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Table 2: Gender and Racial Differences in Wight, Body Composition and Leptin —All

Subjects (n= 80

Gender Mean Values Race Mean Values
(£ SE) (£ SE)

Body Weight Boys: 34 102.5% 6.17 Non-Caucasian: 5] 103.15 + 4.4%

(kg) Girls: 46 91.54+ 3.90 Caucasian: 23 87.83 +5.43

Lean Body Boys: 34 58.05 + 2.5% Non-Caucasian: 5] 53.92+ 1.62

Weight (kg) Girls: 46 496 + 1.43 Caucasian: 23 52.58+ 2.98
MREE Boys: 34 2171 + 87.4% Non- Caucasian:5] 2052.52+ 57.61
(kcal/day) Girls: 46 1833 + 48.94 Caucasian:23 | 1885.17+105.76

Fat Mass (kg) Boys: 34 45.64+ 6.39 Non-Caucasian:51 49 42 + 4.3&

Girls: 46 41.82+ 3.31 Caucasian: 23 33.72 +3.21

Leptin Boys: 23 25.34+ 4.05 Non-Caucasian: 3 33.90 + 3.35

Girls: 29 32.66+ 3.39 Caucasian: 14 23.60 + 4.46

(p=0.09)
*p=<0.05
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Figure 1: Differences in Change in BMI z Score by Tanner Stage (n=80)

Mean Change in BMI Z Score

-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.0%

*Significant Difference Between Tanner Stages 1-4 and Tanner 5 £0.013)
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Table 3: Correlations: Baseline Body Composition and Leptin with Gange in BMI z score-
Tanner 5 (n=17)

Table 4: Differences in Baseline Leptin, MREE, and Body Composition By Gup:
Decrease or Increase BMI z Score (Tanner Stage 5)

*p <0.05
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Table 5: Differences in Baseline MREE and Body Composition by Group: &rease or
Increase in BMI Z Score (Tanner Stage 5)

*p <0.05
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DISCUSSION: The authors of this study investigated MREE in an obeserjwepiigitulation as
a predictor of success with weight loss while undergoing treatment atlayh&alght clinic. It
explores the hypothesis that a higher baseline MREE will contribute to moessuwith weight
loss over time as measured by BMI z score and change in weight. In this sRigk, Was not a
predictor of weight change in obese youth aged 7-18 after 3-6 months of treatmbpttihy
weight clinic. Predictors of change in BMI z-score were tanner stadj@re-intervention lean
body weight (LBW) whereby on average, those in Tanner Stage 5 lost z scoraghe/imiajority
in Tanner stages 1-4 gained z score (See Figure 1). Also, those with raLlidgthevere more
likely to lose BMI z-score and body weight. BMI z-score is a measutetmeinormalizes for
age and gender, such that comparisons can be made among children. It is not stirgtrising
LBW, which includes skeletal muscle mass, bone mass and organ mass, istarppéduccess
of BMI z-score and weight change. Others (67) have found that LBW accounts for Gif-70%
the variance MREE. In the current study, there was a significant (p<O&t)rmehip between
MREE and body weight, LBW and Fat mass (FM). In a linear regression matteljaéable
was a significant (p <0.05) contributor to MREE; however in a multiple regressidal inody
weight remained the only significant predictor (p=0.036) of MREE.

In agreement with others (26, 67), the present study demonstrates gendemaifesuch
that boys have a significantly higher baseline MREE and LBW than gmlsmtaresting finding
with this investigation is that, while African American (AA) obese ckiidnhad a significantly
higher baseline body weight compared to their Caucasian ( C ) counterparta,cifeen® racial
differences in MREE. These AA children also had higher baseline fatanddsptin levels,
perhaps suggesting more leptin resistance within in this population. SinsiédineaMREE is a

finding that does not agree with others (32, 40), who have reported that AA obese children have
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a lower MREE compared to obese white children. One explanation for the sirsédinba
MREE in our group may be that in this particular sample size, and in ages rangedlf8oyrsy-
there was no significant difference in LBW between the races ( See 2)jabl

Another interesting finding is that there was a close to significant (p=50:@@tionship
between BMI z-score gainers and losers and HOWAen analyzing date from all subjects, it
appears that the losers had a higher baseline HOMA when compared to the(gae&eble 1).
This is similar to the findings of Cummings D and associates (69). The n&utisaare unclear
as to why those with a greater insulin resistance would be more succeassfueight loss;
however, there may be an interplay between transcription factors present ire didgpos (i.e.
FOXC?2), and perhaps proteins in the insulin signaling cascade which mayeategy
expenditure (69,70).

In exploring differences between Tanner Stages, Tanner Stage 5 subjectsaga aeze
the only group to decrease in BMI z score (see Figure 1). Tanner Stage 5 sudnjedcso the
only one as a group to lose BMI z-score and body weight; the difference in MRigificant
such that this group had a higher baseline MREE than when compared to the other groups
combined. Given the higher body weight, and older age of the group, this higher MREE is not
surprising. What is surprising is that in normalizing MREE to body compositiqmpéaas fat
mass is more significantly related to change in BMI z score thaM.(Bables 4 and 5). This
was explored further when investigating Tanner Stage 5 subjects only.

When evaluating Tanner Stage 5 subjects, significant negative conslti<0.05)
were noted between change in BMI z score from baseline to follow-up and F#&ll &s \percent
body fat. A close to significant (p=0.09) negative correlation was found betwaegecimn BMI

z-score and baseline leptin concentrations (Table 3). These data support theaootieants
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have found between fat mass and leptin; where by it has been shown that grezss fends
itself to greater leptin concentrations (48). This finding would also be in agneeiitie a
recently published study by Reinehr T et al (46) which indicates that |eptoeictration is a
predictor of overweight reduction in obese children participating in a lifeistydesention. The
main findings of Reinehr’s study was that baseline leptin concentratioasaeerelated with
gender, degree of overweight, and pubertal stage in obese children and signdicdntly
negatively correlated with degree of weight loss.

When investigating differences between BMI z score gainers and loggeswidis not a
significant difference between the two groups in MREE (kcal/day), baselinedsgweight, or
baseline LBW. Those in Tanner Stage 5 who had a lower baseline BMI declined mdgbte
(p=0.05) as compared with those that had a higher BMI (Table 5). There were, however,
differences (p<0.05) between these two groups in FM (kg); percent f&EENHR, and leptin
(Table 5). Those children with a higher FM, percent fat, and leptin tended to be °gainers
(Table 4).

It is interesting that LBW was not significantly different betw#é®e groups, nor did it
seem to predict change in weight or BMI z score. This could perhaps bevih'giftect’
whereby in older children the proportion of LBW to total body mass is less than in younge
children when growth is occurring. This is also perhaps the result of a larger mo@driat
mass in these older children. Others (67) have noted that with age, LBW dscesadoes
MREE. Perhaps in Tanner Stage 5, and in obese children, it is the ratio of skelet@inassc
to fat mass decreases, and with an increased fat mass, the overallltBWg db total body
mass is decreased. As noted in Table 1, when investigating the differenc&E/RdgRat mass

in all subjects, there was not a significant difference between those ttegtsed BMI score and
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those that declined in BMI z score. It appears that it is in older youth, adjusREd: b fat
mass may be more important in helping to predict success with weight chatoge s

In the current study, it appears that in Tanner Stage 5 youth, those with bésetne
leptin declined in BMI z Score as compared to those with a higher baseling(Tetile 4)
Leptin is a hormone that acts centrally and peripherally in the body. Theumation of Leptin
is to decrease appetite and increase REE via centrally mediated mash@ds In recent years
it has been found that leptin also acts peripherally on tissues such as adipose taidralsiie
(34, 65). Leptin resistance is the concept that high levels of leptin do not have ttiedxpe
appetite suppressant and thermic effect and if often considered a commboloetysfunction
seen in the obese state. (48). It appears in the current study, in older childrenldwvgls of
leptin are negatively associated with BMI z score and weight change.sHmisiliar to what
Reinehr and associates (46) found in their study with lifestyle inteoreatid obese
adolescents. There are a few proposed mechanisms by which leptin noagftetttweight
change in the obese. In line with the concept of leptin resistance, perhaps onréhdeveht
leptin may not perform normally on the hypothalamic-pituitary-adrenal axischea&ng
appetite,. Wang et al (52) reported that leptin also may act on adipose tidsese researchers
found that in healthy rat tissue, leptin stimulated lipolysis within adiposeettsg evidence of
release of glycerol, and increased mRNA of enzymes such as CPT-1 and acylidas® 0x
while down regulating fatty acid synthase. When compared to the ob/ob zucker rat, krsown as
model for ‘leptin resistance’ where the leptin receptor is defectiveljpbiysis in adipose did
not occur. Thus, perhaps in human adipose, when leptin resistance is present, lipthliysis wi
adipose tissue is blunted, which in turn may contribute to overall outcomes of lebslagsg

Finally- Solinas et al (65) demonstrate that leptin has an effect on skeletele thermogenesis.
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This interesting study postures that leptin mediates a cycle betweenalpogenesis and lipid
oxidation in skeletal muscle which requires PI3 kinase and AMP kinase. The authors show a
link between glucose and lipid metabolism, whereby leptin may in a sense tpské&detal
muscle from excessive fat storage. In the case of obesity, where |sfgtarree may occur,
perhaps there is dysfunction in this mechanism such that via defective leppitorecer
PI13/AMPK signaling, skeletal muscle thermogenesis is geared mweeds lipid storage; hence
decreasing the thermogenic affect of muscle on REE.

Both a limitation and strength of this study was that it was intended to deatenstr
MREE utilized in the clinical setting, in ‘real time’. These data could kbd as an indication
that further study by randomized clinical trial may be needed to exploredlod umslirect
calorimetry in obese youth, particularly in those that are nearing adulti#dsd in older obese
youth, further exploration of the importance of baseline leptin and body composititcylpdy
FM, and the relationship to MREE and metabolic dysfunction is also warranted

Taken together the literature and the data presented in this study shgtestile
MREE may not be a predictor of weight change status in obese youth aged mdBhe a
predictor in older obese youth, Tanner Stage 5. While lean body weight magdreamhin
affecting MREE and outcomes related to change in weight, the metabolic afféat mass in
this population can not be ignored. As seen in Tanner Stage 5 youth in this study, higher
proportions of fat mass in obese youth may contribute to increased restigg exgenditure
and quite possibly to metabolic defects, which in turn affect success with wedgigechs

measured by BMI z score and weight loss.
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CHAPTER 4: INTEGRATED DISCUSSION

As discussed in Chapter 1, childhood obesity is considered one of the greatest public
health concerns of our time (2). Particularly in recent years, such organizatibiesfamerican
Academy of Pediatrics(AAP) and the American Dietetic Associatd?) have turned much
of their attention to developing evidence based guidelines for prevention and trteaitthes
disease state (1, 58). A call for both mechanistic and clinical research ieldhe& £hildhood
obesity has been made in the scientific and medical communities. One of the peiirses for
the current research described in this dissertation was to contribute finditigecaf work with
an obese pediatric population, particularly in the area of measured restigg exqasenditure
(MREE) and outcomes after participation in a healthy weight clinic.

Chapter 1 discusses the importance of MREE in determining caloric tenge#sight
loss in obese adults and children in clinical and research settings (26, 67). The ADA ha
proclimated that measuring REE with indirect calorimetry in the cliseting is the gold
standard in the adult population, and has also considered this ‘ideal’ in the obesecpediatri
population (1). Current literature is beginning to shed light on the usefulness oftindirec
calorimetry with obese adults in the clinical setting (20, 68); however, thetgrently very
limited literature with obese youth. To our knowledge there is no literature thegsiindirect
calorimetry in the clinical setting with obese youth to compare this measarenth predictive
equations or to describe outcomes of MREE while undergoing treatment in adré&ilsetting
such as a healthy weight clinic.

The studies discussed in Chapters 2 and 3 describe the clinical outcomes o utilizi

MREE in obese youth and the potential mechanisms involved in the results shown. The first
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investigation compares MREE determined using a portable indirect caleritn& commonly
used predictive equations that estimate REE and TEE. Several studies haverdesdahsit
predictive equations used for obese youth may compare to indirect calonmtbiteyresearch
setting, yet there is a significant discrepancy between predictive easlned REE (18,24). The
literature is also still inconclusive as to the ‘best’ equation to use in an obeagipedi
population. No studies have addressed the use of a fixed function calorimeter in comparison t
these equations used in the clinical setting. Chapter 2 describes the diffbetneesn MREE
using a portable device and 5 equations often used to calculate TEE and to setcgéiscdr
weight loss in obese youth. One unique aspect of this study is that it comparesdthe ‘gol
standard’ of predictive equations for obese youth as recommended by the ADArto ot
commonly used equations and to MREE. Two adult equations were included for two reasons:
First, others (25) have shown MREE in obese youth in a research setting ctoephres to the
Harris Benedict equation (an adult ‘gold standard”). Furthermore, we wanted doeettid ‘gold
standard’ for obese adults, the Mifflin St Jeor equation, with youth who were ,ladeg w
considered “morbidly obese’ (as measured by being well above theed®entile BMI for age
and gender). The average BMI for the youth investigated was 39, kghich is considered
morbidly obese in an adult population. Given that several studies provide testimonyaid the f
that often predictive equations over-estimate (and under- estimate) eeengy/in obese youth
(18,24), the goal of Chapter 2 was to explore this in the ‘real world’ clinicatgetith true
application of these equations, and to compare these equations to MREE determined using a
portable calorimeter.

Results as discussed in Chapter 2 indicate that indeed, all predictive equahonghal

significantly correlated with MREE, do also significantly deviate froRBE. The majority of
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the predictive equations compared over-estimated the TEE of the obese ppdmtlation
studied. In particular, the largest mean difference was seen betweds MidEhe IOM
predictive equation for - boys and girls, with a mean absolute differenoerngyeexpenditure of
over 700 kcal/day. The overall smallest absolute mean difference was notedrbBtREE and
the Harris Benedict equation (197kcal). Thus, in an obese pediatric population, the more
‘accurate’ predictive equation appears to be the Harris Benedict equab@revét, the term
‘accurate’ is used loosely here, since even a 200 kcal difference in deteyem@rgy needs for
weight loss can translate into a recommendation that leads to 1-2 pounds per mdmitigyaieig
As shown in the practical, real life example of comparing energy needsibjext using all
equations and MREE, there is room for error to either over- or under- predict eaedsy n
Particularly in obese youth it is very important to not over-predict needs- as shthwhe use
of the IOM equation, because that could potentially lead to a 1-2 pound weight gaimaver ti
An important consideration when utilizing the common predictive equations for obese
youth (WHO, Shofield, IOM) is that these equations were initially developdchealthy
weight youth (24, 25)Compared to their obese counterparts, lean youth may have a higher ratio
of LBW to FM, such that an over-estimation of energy needs could occur when using these
equations in a population that has a higher ratio of fat mass, which is metabtdsakygtive
compared to skeletal muscle. Another point to make is that the Harris Beneditiregas
developed using healthy weight white males during the early 1900'’s (75). Aitlobage youth
may have a higher ratio of fat mass than adult men, the Harris Beneditbegeaounts for
height, kg body weight age and gender. As the literature indicates, thesgasig correlation

between kg body weight and REE (30). Perhaps obese youth have more similar total body
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weights to adults, and more energy stores in fat mass such that energy ngemstfomay not
have to be taken into account

Other results presented in chapter 2 include gender differences suchrthatasenore
variability in girls when comparing predictive equations and MREE. Thabilty in
differences between MREE and each predictive equation among females coulddeaticais
factors to include body composition, genetic influences, and race. Intelsgestihgquations
tended to significantly overestimate REE in boys. Predictive equationsreidooage, gender,
height and weight, with the assumption that boys have a different body compositigirkha
(i.e. more skeletal muscle); hence, the reasoning for separate equationsfandgjirls.
Perhaps in an obese population, the same ‘assumptions’ do not apply in that the ‘ratio’ of
metabolic tissue is different in obese vs. morbidly obese vs. a healthier weighadiigscent
from which many of these equations have been developed. Another consideration is that
predictive equations for children, in general, often account for the growth negelsetdpment.
The dichotomy in childhood obesity is that energy needs must consider meeting ‘nodieeist
for growing and developing youth, but our goal is actually for weight loss in obes&luals.
Perhaps this is an explanation for the Harris Benedict, or an adult equation, mdye close
matching measured REE in this obese pediatric population. When looking at differences
MREE and predictive equations by race, there does not appear to be a signifiesartad
between Caucasian and African American (non white) subjects. This isveatsurprising as
several investigates have indicated that African American healthy andedgkt children have
a lower MREE than their Caucasian counterparts (27,32). Although data here do not compare

MREE between races, given that most predictive equations have been developedhealtig/a
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weight Caucasian population, one might expect to see these differencdedefleen
comparing MREE to these predictive equations.

The findings in Chapter 2 are unique in that not only does it demonstrate the usefulness
of using indirect calorimetry in the clinical setting, it is the first to camaeclinical tool for
measuring REE in obese youth to this specific subset of predictive equatiormmmonly
used pediatric equations (WHO and Shofield), two adult equations (Harris Begettict-
standard for healthy adults; and Mifflin St Joer, ADA recommended for obegs)adnl the
ADA recommended IOM equations for youth (boys and girls). It is important tcarsui¢hat
although TEE is utilized to calculate caloric targets for weight losegaktions, including the
IOM which is based on TEE rather than REE, can be compared using the samefactost In
this particular population an activity factor of “1” was used to denote the sedbifastyle of all
participants. The IOM equation incorporates a physical activity fatits calculation for TEE,
while all other equations predict REE and then an activity factor is utikizeal¢ulate TEE.
Thus Chapter 2 demonstrates that when using the same activity factor adalitioalculate
TEE, the Harris Benedict equation most closely matches REE in obese youthsasenavith
indirect calorimetry. Most equations (WHO, Shoefield, IOM) over-estichatergy needs in
this population; with the IOM equation grossly over-predicting. The Mifflide®ir, commonly
used in an obese adult population, tended to slightly underestimate energy needs in this
population in practice (see patient example in Chapter 2).

As more fully discussed in Chapter 3, variations in REE depend on factors such as age,
gender, genetics, race, and body composition. While some investigators lopeid
predictive equations to account for fat free mass (FFM), a major factatemmiieing REE, (

14,16), recent findings state that they fair no better when compared to indirecheaip(R4).
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Further investigation may be warranted to assess if predictive equédtaurid be utilized to
account for race. The study described in Chapter 2 contributes unique data relB&igliimgan
obese pediatric population as measured with a portable indirect calorimeteclinita setting.
It also attempts to continue to elucidate the ‘best’ predictive equationetonilee energy needs
in this population. Suggestion for further investigation would be to continue to validate the use
of indirect calorimetry in obese youth. While there is research to support thévallidortable
indirect calorimetry in the clinical setting using both adults and youth (4, 53¢, r@search is
needed, particularly in an obese and severely obese pediatric population. Addiseaath is
also needed to build upon the literature of measuring REE in the clinical settiggausandheld
portable device and comparing this to predictive equations. Both a strength aatiblinof this
current investigation is that data were collected in ‘real time’ andm@sded as measurement
of REE in the clinical setting rather than as a randomized clinicalrrialresearch setting
where a metabolic cart would be used. As mentioned, further research will bd mettde area
to strengthen the validity and reproducibility of indirect calorimetryimgbe clinical setting(4).

Chapter 3 takes a more in depth look at outcomes related to MREE in obese youth
undergoing treatment at a healthy weight clinic after 3-6 months follow-up ovirarching
hypothesis was that MREE would be a predictor of success with weight change in thi
population, such that a higher baseline MREE would signify more weight loss dfier-tqd. It
was also hypothesized that leptin, a metabolic marker related to fat mas®lese would
negatively correlate with MREE and  with weight change status becausgtiof résistance.
It has been established in the literature that factors such as low MREmBdaayh leptin levels
in obese children (45) are predictors of weight gain over time. What has not been

investigated, is how baseline MREE, specifically in obese youth, contributecessuwath
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weight loss as measured by BMI z-score change and change in absolute Wdjgsting

MREE to body composition has been studied in adults, however, it has not been investigated in
children, let alone in an obese pediatric population. Chapter 3 aims to answer the question
whether a higher baseline MREE will lead to more success with changel in &idre status in
obese youth aged 7-18 yrs of age. We also wanted to answer the question if it wde usef
adjust MREE to body weight and/or body composition. Finally, Chapter 3 explored a potential
relationship between the metabolic marker of leptin with MREE and how this couidialbye
related to success with weight change status. The results indicate thait, MREE does not
predict success with weight loss in obese youth aged 7-18 who participate irhg Wweajht
clinic. When analyzing the total sample of 80 subjects, the predictors of weagigeas
measured by BMI z score were lean body weight (LBW), and Tanner Stage.yQiter
(Tanner Stage 5), and those youth with more LBW, had a tendency to lose BMI Zrssorae
ways this is not surprising as those in Tanner Stage 5 also had higher baselinerREE a
higher LBW compared to the other Tanner Stage 1-4 youth. The results indétateterms of
mean change in BMI z-score from baseline to follow-up, the Tanner Stage 5 gradpllozt
score. One may assume, given a higher LBW in this group, that this would corttrithee
higher MREE, since the literature indicates that LBW includes skeletalenwhich accounts
for 50-60% of the variation in REE (31,67); however, although LBW significantly letece

with MREE, MREE alone was not an independent predictor of BMI z score change. This
indicates that while skeletal muscle may account for a large variation ireMR&re is still 40-
50% of REE that needs to be considered as attributed to other factors, such as fat mass
Particularly in an obese population, as others have indicated (32), fat mass cargnotdmk i

and is an independent contributor to the variation of MREE.
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When separating out BMI z-score losers and gainers, there was andéfépe 0.09,
although not statistically significant) in HOMA, such that BMI z score fos&rded to have a
higher baseline HOMA. There was a significant difference in LnHOdMAveen the two groups
(Chapter 3, Table 1) This is in agreement with Cummings D et al (69). The iat@titpund
that in a population of obese youth less than 18 years of age (n=45) who received nutrition
counseling on decreasing sweetened beverages, those who had a higher baseAneoHOM
were more insulin resistant responded better to dietary changes (i.e. désteggesweetened
beverages) in terms of loss in BMI z score. Although the mechanisms involved in this
phenomenon are unclear, others (69,70) suggest that an upregulation of transcriptisn fact
present in adipose (i.e. FOXC2), may affect energy expenditure such that tiolsiginer
insulin resistance have greater weight loss after carbohydrateydiadifications. It is
important to note that all subjects in the present study did receive nutrition couasdlasgline
on dietary modification such as decreased sweetened beverage intake. Pesliaosg is
more related to a behavior modification of decreased sweetened beveragesliid,baany
subjects were consuming a large amount of sugar beverages which may hawtiresldteated
HOMA values. Perhaps, it is that after 3-6 months of decreased consumptiontehgdee
beverages contributed to a change in weight status, or a decline in BMI z scoreodldineed
to be explored further, and further investigation would be needed to determine taggkia
between dietary modification, baseline HOMA, and baseline MREE as relateangecin BMI
z score.

Since there appeared to be a significant difference in many variathieéBamner Stage 5
subjects (n=17) compared to the other Tanner stages, further analysis wastdisngroup.

One of the most interesting findings in this group, was that although there wefterendes in
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MREE between those that decreased vs. those that increased BMI z-scorejasheere
difference (p <0.05) in MREE/FM. Another unexpected finding in this group , thatesehtf
when comparing to all subjects, is that FM and percent body fat were negeaticrelated (p
<0.05) with change in BMI z score from baseline to follow-up. Furthermore, a close to
significant negative relationship (p=0.09) appeared between BMI z-score drahgaseline
leptin., such that those with a lower baseline leptin lost BMI score. The sagrtifrariables
when comparing BMI z-score gainers and losers were FM, percent bptWRBE/FM, and
baseline leptin (p<0.05 for all variables). It is important to note that there wassigptificant
difference in LBW between gainers and losers. This finding indicatemtihanner Stage 5
youth, LBW does not appear to be predictor of weight change status; howevewithase
lower baseline fat mass, and a higher calorie/kg fat mass ratio weedikely to decrease BMI
z score.

The relationship between increased fat mass and higher baseline leps$iml¢is
group is not surprising given the established relationship between the two (71). ‘¥fhking,
is that even ‘lower’ baseline leptin levels are much greater than expectisdite\age: for
example, a ‘normal’ average leptin for a 13 year old male is about 3.0 ng/ml (72ashier
this sample a 13 year old male had leptin levels of approximately 41 ng/ml. eldrerce
range’ (from §->95") - for adult males is 0.7-5.3 ng/ml at a BMI of 22kg/™4). The highest
BMI on the adult leptin value chart is 35kdimgiving a range from 8.7-70.3“(—5595‘h). Thus,
the average Tanner Stage 5 youth not only had BMI's considered morbidly obese by adult
standards (i.e. ave BMI 39), but had leptin values greater than'theesentile for BMI, and

over 10 times the ‘normal’ leptin value for a healthy weight youth.
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Conclusions from analysis of the Tanner Stage 5 group indicate that fat massgly str
negatively related to both BMI z score change and weight change, such thatithdsgher fat
mass are less likely to have success with weight loss. A possible explas#tanwith higher
fat mass, leptin levels were also higher resulting from leptin resestdfet mass does indeed
have its own resting metabolic effect (34). The ‘thermic affect’ of &t be attributed to what
is known as ‘mass dependent secreting activity’- or the secretion of hornuchessdeptin
based on the amount of adipose tissue.(34) On one hand, investigators have demonstrated that
those with higher fat mass also have higher MREE compared with lean count@4partts is
recognized that this higher REE is likely due to both a higher LBW and fatomidsned. In
the present study it is noted that there is a significant difference in MRi&EdyeTanner Stage
5 youth and those in other Tanner Stages. There is also a significant difference irelgbdy w
between these two groups (Tanner 1-4 vs. Tanner 5),; but the Tanner Stage 5 grbag als
significantly higher LBW and FM. Thus it is feasible that both LBW and FM dart&ito the
higher MREE.

The ‘metabolic effects’ of adipose tissue, or perhaps better stated fastdim’ of fat
metabolism, may be better demonstrated when focusing on the Tanner Stage 5tystitis |
group as a whole that tended to lose BMI z-score and weight. There may ta isasons for
this observation. One may be that in Tanner Stages 1-4 there is a potentialt*dmtflieen the
goals of a Healthy Weight program for weight loss in a population that igstiing ‘in terms
of bone, organ tissue and skeletal muscle. The ‘natural metabolic drive’ in thepieyeihild
is to gain weight in terms of body mass. Unfortunately, in the studied population thdsargout
already at a BMI with excess fat mass comparable to morbidly otaks. 8Another explanation

for more ‘success’ with weight loss (change in BMI z score) in the oldeipgnay also be

65



behavioral. In working with obese youth and lifestyle changes as defirgidthyy and physical
activity modification, the younger the child, the more dependent on the parent for erntahm
changes (i.e. access to high caloric foods). By the teen years, or Tanees,Skage may be
more ‘choice’ involved to make changes and these youth may be at a developmental stage t
more independently make changes that contribute to weight changes.

As discussed in Chapter 3, when comparing BMI-z score, gainers vs. losers in Tanner
Stage 5, it was indicated that fat mass levels strongly correlatedhaiiges in BMI z score
and weight, whereas LBW appeared to have less effect in terms of contriioutiiREE and
changes in weight. One explanation may be that in Tanner Stage 5, these ymdktare
metabolically closest to adult-hood, such that ‘growth’ as defined by metdlycdictive tissue
with increased organ mass, and skeletal muscle (i.e. LBW) has slowed. Ttansgsagrowth
and development, there is more potential contribution from fat mass at this pubgealrst
terms of adipose tissue metabolism, Muller et al (34) bring up the point thahpoastant to
consider both adipocyte size as well as fat cell number. Adipocyte number is a major
determinant of fat mass, which is then deposited differently (i.e. visceralbgitaneous;
abdominal vs. gluteal). Fat cell size and structure have implications wattdregmitochondrial
oxidative metabolism which affects rates of lipolysis and energy expen@iB). As one can
ascertain, the metabolic consequences of excess fat, and in this case morlyidhabesiet to
be truly be explained, and further exploration with studies that utilize detailgccbotposition
analyses and cellular morphology are indicated for future research.

The mechanisms involved in fat mass and its effect on energy metabolisni Enegsty
unknown; however leptin has been considered a prime ‘candidate’ (34). As discussed in Chapte

3, leptin’s main function is to decrease appetite and increase REE via gangdiated
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mechanisms (48). The concept of leptin resistance such that high levels of leptirhdeenot
the expected appetite suppressant and thermic effect is noted in obesity (48hveSheation
as described in Chapter 3 demonstrates that, in older children (Tanner Stadgeeb)ehigs of
leptin are negatively associated with BMI z-score and weight changeis®msilar to what
Reinehr and associates (46) found in their study with lifestyle interventmpest adolescents.
There are a few proposed mechanisms by which leptin may act affebt wleamnge in the
obese. Inrecent years it has been found that leptin also acts peripheragues such as
adipose and skeletal muscle (34,65). In line with the concept of leptin resistancps yoer tiae
central level, leptin may not perform normally on the hypothalamic-pitugtdrgnal axis in
decreasing appetite. Wang et al (52) reported that leptin may also act on ddfuase These
researchers found that in healthy rat tissue, leptin stimulated lipolikia adipose tissue, and
increased mMRNA of enzymes such as CPT-1 and acylcoA oxidase, while down mgdalayi
acid synthase. When compared to the ob/ob zucker rat, known as a model for ‘lepéinae’sist
where the leptin receptor is defective, this lipolysis in adipose did not occur. Thepper
human adipose, when leptin resistance is present, lipolysis within adiposedibkuged which
in turn, may contribute to overall outcomes of less weight loss. Finally, Soliab&é)
demonstrate that leptin has an effect on skeletal muscle thermogenesismtérbsting study
proposes that leptin mediates a cycle between de novo lipogenesis and lipid oxicskelatal
muscle which requires P13 kinase and AMP kinase. The authors show a link between glucose
and lipid metabolism whereby leptin may in a sense ‘protect’ skeletal nfustiexcessive fat
storage. In the case of obesity, where leptin resistance may occapdrare is dysfunction

in this mechanism such that via defective leptin receptors, or PI3/AMPK signshieletal
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muscle thermogenesis is geared more towards lipid storage; henceidgdreathermogenic
affect of muscle on REE.

No studies to date have investigated MREE in a morbidly obese pediatric population
with the use of indirect calorimetry in the clinical or ‘real world’ seftior in these terms as
related to outcome measures such as change in BMI z-score or weight. Tstigaties is
predicated on the hypothesis that MREE would be a predictor of success with w&sghtthis
population upon participation in a healthy weight clinic where lifestyle chamgestaught.

Even while rates of childhood obesity are leveling out, the long term metabolal, soci
and health consequences continue to be of great concern in the medical andcscientifi
communities. The current project set out to investigate outcomes in the climdceta world’
setting with regard to MREE in an obese pediatric population participating inthyheaight
program in a rural southern community. The overarching hypothesis stated thatattiswho
had a higher baseline MREE would have more success with weight loss afterupligith the
postulation that MREE would be an independent predictor of outcomes such as change in BMI z
score and weight. Overall, there was a negative finding such that in the comoueafgall 80
subjects, MREE was not an independent predictor of weight change.

There were some important findings; however. It was determined thatrTstage and
pubertal maturity was an independent predictor of weight change, and in pathieoéawere
different metabolic characteristics in the Tanner Stage 5 group. If ooesfdut relationship
between fat mass and leptin, perhaps the most concise statement to descrilogiéhignaimg is
baseline leptin concentration is negatively associated with change iz Bddre and weight

change in older obese youth. A limitation to this study is that the samglefsianner Stage 5
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youth was small (n=17). Further study is needed to expand upon the results indicated in thi
investigation.

In terms of MREE and the exploration of the usefulness in adjusting to body weight , f
mass and percent body fat, it appears that perhaps fat mass, not LBW maydelspceess
with weight change in older youth; although the metabolic factor may be ntetereo the
higher leptin levels that tend to go along with higher ratios of fat mass. Impootasitisions in
Chapter 3 are that in older youth, those with a lower baseline leptin concentration and lowe
baseline fat mass were more likely to decline in BMI z score. Also MitiEfaalized to FM in
this group indicated that those with a higher kcal/kg FM tended were mosetbkaédcrease in
BMI z score. This indicates that perhaps in older youth it may be beneficialsi BHREE to
fat mass to help predict success with weight change status. This also datesiisat it may be
important to take into account fat mass in older obese youth when determining resentg.
These data also suggest that baseline leptin levels may be a predictagiifoange status in
Tanner Stage 5 youth. Further investigation is needed, and , as statedadarlitation to this
study is that the sample size in this group was small, and further investigatequired to
expand upon these results.

Another important finding resulting from this project is the ability to reportigeand
usefulness of indirect calorimetry in the clinical setting using an obesatpe population,
particularly in morbidly obese youth. As stated previously, the ADA has encdufregase of
indirect calorimetry to determine caloric targets for weight loskerobese. To date, there is no
literature that describes the use of this clinical tool in obese children andchtland as
compared to commonly used predictive equations. Not only does this research contribute a

unique finding in terms of MREE measured in the clinical setting using an obeatipedi

69



population, it adds to a growing and needed body of literature that reports the usefulness
indirect calorimetry used in the clinical setting.

This investigation prompts further research in obese youth in a variety of Waysuld
be beneficial to add to the existing literature in terms of validating indiséatimetry in this
population as compared to the research setting using a metabolic cart, and pehhagomirol
group of lean subjects. Also further research is needed to determine within gsabgautity in
this population, as recommended by Cooper and associates (4). The current stpohngss
further research particularly in an older obese population (Tanner Stageveuld be
beneficial to investigate this population in terms of body composition using DEXA ,for
example, and further exploring relationships between leptin concentration sebmhMREE.

As suggested by Muller M and associates (34) further exploration into fbolisin as
related to REE utilizing detailed body composition and cell morphology in this populaiidd w
also help elucidate mechanisms involved in metabolic dysregulation that not aislydehe
obese state in a pediatric population, but that which may have implications fassswtite
weight loss. Also as previously stated the intent of this project was to repongBras
developed in the clinical setting and in the medical home of these pediatricgakerther
research is needed in this realm as a randomized clinical trial, and withr@ gomiip such as
healthy weight youth for comparison. This investigation may be utilizedpsrgboard of
sorts to propel further research with obese youth in the clinical settingremdres participating

in a healthy weight program.
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In conclusion the important findings of this project are as follows: Firsisumieg
resting energy expenditure (MREE) in the clinical setting via indoalcrimetry is particularly
important in older youth- Tanner Stage 5. In this age group, it appears that adjuREEgtH
fat mass may help predict weight change status in this population- such teawithoa lower
baseline fat mass may have more success with decline in BMI z score. A sadorgli§ that
when indirect calorimetry is not available in the clinical setting, thefdreslictive equation to
use in obese youth > 9®ercentile BMI for age and gender is the Harris Benedict equation.
Finally, based on the results in this project, both leptin and insulin appear to be involved in
predicting success with weight change status in obese youth. The mechaieded to leptin

and insulin in influencing MREE and metabolic dysregulation need to be further ekplore
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[] Yes, there have been amendments, revisions or mod ifications to the consent document since
the last continuing review. Attach the UMCIRB revi  sion form for any revision that is being
considered for approval along with this continuing review. List the title or reference for each the
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0
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voluntary or initiated by the investigator.

Describe any difficulties in participant enrollment , specifically if the enrollment goals have not

been reached as originally outlined. Describe the impact this will have on the study. Availability of
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X There have been no locally occurring serious adve  rse events or events resulting in

unanticipated risks to participants or others since the last review.
[] Yes, there have been locally occurring serious adve  rse events or events resulting in
unanticipated risks to participants or others since the last review. Attach an Adverse Event
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events that have previously been reported should be listed by referring to the study participant
code/number, date of event, type of event, and date ~ submitted to the IRB office.

X] There have been no protocol deviations/violations for this research study since the last
review.

[] Yes, there have been protocol deviations/violations for this research study since the last
review. Attach a Protocol Deviation Form forany p  reviously unreported protocol
deviations/violations. Any protocol deviations/ vio lations that have previously been reported
should be listed by referring to the study particip ant code/number, date of event, type of event,
and date submitted to the IRB office.

XI There have been no regulatory auditing activities o r monitoring visits by a sponsor,

institutional officials or outside agency since the last review.
[ Yes, there have been regulatory auditing activities or monitoring visits by a sponsor,
institutional officials or outside agency since the last review. Attach a report of these activitiesi  f

the outcome was unfavorable or unacceptable. List the auditor/monitor (sponsor, institution,
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X There has been no analysis or reports by a datam  onitoring committee since the last review.

[ ] There has been an analysis or report by a data mo  nitoring committee since the last review.
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[ ] There have been no publications or presentations generated from the local investigator
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review.
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[] There are additional comments or information that may be pertinent to the review of this
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CONFLICT OF INTEREST
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form.

82



REQUIRED ATTACHMENTS FOR CONTINUING REVIEW

***Note: To determine whether a research study shou Id go to the full committee for review and
approval or if the study can be approved by expedit  ed review, see |nstructions .

Full Committee Review:
2 copies of protocol
2 copies of publications/presentations
20 copies of continuing review form
20 copies of ALL consents/assents
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Expedited Review:
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***Consent Documents

1) Continuing participant enrollment: Attach one cl ean copy (no notes, no highlighting, no
stamps or no signatures) of the current consent doc ument. This clean copy of the
consent document will be stamped and returned to th e investigator with the current
approval period. This stamped consent document should be the only form used to
consent participants. All previous versions of this consent document are considered
invalid and may not be used to consent participants

2) Closed to participant enroliment: Attach one co py of the current consent document.
Note: A stamped consent document with the new appr  oval period will not be sent the
investigator.
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CLOSURE OF A RESEARCH STUDY

e Each section should be completed regardless of whet her this form is being submitted for
continuing review or closure of a research study

e No consent documents are necessary.

e A copy of the protocol or protocol summary is not r equired.
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eligible for continuing review suing expedited review because it is research involving materials (data, documents, records, or
specimens) that have been collected, or will be collected solely for nonresearch purposes (such as medical treatment or diagnosis).
(NOTE: Some research in this category may be exempt from the HHS regulations for the protection of human subjects. 45 CFR
46.101(b)(4). This listing refers only to research that is not exempt.). The Chairperson (or designee) deemed this Pitt Memorial
Hospital Foundation sponsored study no more than minimal risk requiring a continuing review in 12 months. Changes to this
approved research may not be initiated without UMCIRB review except when necessary to eliminate an apparent immediate hazard
to the participant. All unanticipated problems-involving risks to participants and others must be promptly reported to the UMCIRB.
The investigator must submit a continuing review/closure application to the UMCIRB prior to the date of study expiration. The
investigator must adhere to all reporting requirements for this study.

The above referenced research study has been given approval for the period of 10/6/09 to 10/5/10. The approval includes the
following items:

Continuing Review Form (dated 9/10/09)

Informed consent: parent (version 9/17/07)

Minor Assent

The Chairperson (or designee)' does not have a conflict of interest on this study.

The UMCIRB applies 45 CFR 46, Subparts A-D, to all research reviewed by the UMCIRB regardless of the funding source.
21 CFR 50 and 21 CFR 56 are applied to all research studies under the Food and Drug Administration regulation. The
UMCIRB follows applicable International Conference on Harmonisation Good Clinical Practice guidelines.

IRB00000705 East Carolina U IRB #1 (Biomedical) IORG0000418 UMCIRB #07-0618
IRB00003781 East Carolina U IRB #2 (Behavioral/SS) IORG0000418 Page 1of1
IRB00004973 East Carolina U IRB #4 (Behavioral/SS Summer) IORG0000418
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APPENDIX 3

Chapter 3 Index.  Tanner Staging

A. General: L Girls
--Approach to the
W Tanner Stage of Pubic Hair Breasts
~Manaain Stage develop
P_g_grobl em Health Stage 1 Early Preadolescent Preadolescent
Behaviors in adolescence
Adolescents (10-13 years)
—Health Stage 2 Sparse, straight small mound
Smng and Stage 3 Middle Dark, curl bigger; no contour
Prevention adolescence separation
Guidelines for (12-14 years)
Teens Stage 4 Coarse, curly, Secondary mound
- abundant of areola
Stage 5 Late Triangle; medial nipple projects;
Adolescence thigh areola part of
(14-17 years) breast
I. Boys
Tanner | Stage of Pubic Penis Testes
Stage develop. Hair
Stage 1 | Early None Preadolescent | preadolescent
adolescence
(10.5-14
years)
Stage 2 Scanty Slight larger
increase
Stage 3 | Middle Darker, Longer larger
adolescence | curls
(12.5-15
years)
Stage 4 adult, Larger scrotum dark
coarse,
curly
Stage 5 | Late adult - Adult adult
adolescence | thighs
(14-16 years)

Middle Adolescence (Stages 3 and 4): acceleration of weight and growth
as well as above secondary sex characteristics. Pubic hair first, then

axillary, then facial hair.

e Female: menarche (average age 12 years) - can occur in Stages 1
and 2; usually 3 and 4 factors affecting: nutrition, genetic - age of
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mother’s menarche.

e Male: gynecomastia also appears during middle adolescence: up to
70% of normal males.

Should Tanner 1 boys be allowed to play football with Tanner 5s?
Controversial. Dr Landry of Madison Wisconsin says that there is no
problem. However some literature states that adolescents that have gone
through puberty recently are at higher risk of injury. (Clinical Journal of Sport
Medicine 1995;5:167-70) Also study of strength, flexibility and maturity
correlate better with Tanner staging than with chronological age. (AJDC
1989;143:560-3)

All agree that we worry about these mismatches in sports.

http://www.mcg.edu/pediatrics/CCNotebook/chapter3/tanner.htm
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