
ABSTRACT 

 

Measured Resting Energy Expenditure Using a Fixed Function Indirect Calorimeter 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 obese adults utilizes 

indirect calorimetry for calculating caloric targets for weight loss (1). Even though rates appear 

to be leveling off (2), childhood obesity is one of the major public health concerns of our time 

and much attention is currently being given to understanding the obese state. Resting energy 

expenditure (REE) makes up 60-70% of total energy expenditure and plays a major role in 

determining an individuals’ daily energy needs and metabolism.  In the clinical setting, indirect 

calorimetry is often unavailable, thus predictive equations are typically used to help set caloric 

goals for weight loss.  

The first objective was to compare measured resting energy expenditure (MREE) using a 

portable indirect calorimeter with five predictive equations used to determine energy needs for 

children participating in the East Carolina University’s Healthy Weight Clinic. The investigators 

also wanted to determine which of these equations are best to use in an obese pediatric 

population in the clinical setting.  Results indicate that there is a significant (p< 0.05) and strong 

correlation between MREE and these five predictive equations; however, there are also 



significant discrepancies.  Overall, the Harris Benedict equation demonstrates the 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 leptin may contribute to 

weight change in an obese pediatric population.   It was also proposed that there may be validity 

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 in obese youth 

aged 7-18 years.  In older obese youth (Tanner Stage 5)  it appears that those with a lower 

baseline fat mass and higher adjusted MREE to fat mass, may have more success with decline in 

BMI z score.  Also, leptin and fat mass significantly (p < 0.05) and negatively correlated 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 today’s youth 

are considered obese – or above the 95th percentile BMI for age and gender (6). Despite reports 

that rates are leveling off (2), childhood obesity is still a great concern in the medical and 

nutrition communities as it is associated with co morbidities such as hypertension, 

hyperlipidemia and type 2 diabetes.(7).  Two decades ago, type 2 diabetes was almost unheard 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 an adolescent is 

obese in his/her teen years, there is a 70-80% chance that the same youth will be an obese adult. 

(9). Currently, overweight and obesity in the United States accounts for over $78 billion dollars 

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 (11). Some studies 

have shown that there is a 30-40% link between childhood obesity and genetic influences as 

inherited from parents- such as body composition, resting energy expenditure, (REE), and 

hormonal influences on metabolism such as thyroid function (5). However this indicates as much 

as 50-60% of childhood obesity may be explained by environmental influences. Thus it is seems 

that there is an interaction between genetic and environmental factors that impact the 

development of obesity in our youth.    
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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 (through either 

low REE and/or physical activity), or a mixture of both (11)  This project focuses on the energy 

expenditure aspect of obesity, particularly REE.  REE accounts for approximately 60-70% of 

total energy expenditure (12). In the clinical setting, REE is typically calculated using predictive 

equations so as to help determine caloric targets for weight loss in an obese patient.  Thus while 

utilizing equations developed to account for height, weight, age, and physical activity factors, the 

clinician can then address the other side of the “balance” equation and recommend appropriate 

energy intake for weight maintenance or weight loss. The American Dietetic Association  (ADA) 

promotes measuring REE via indirect calorimetry in the obese adult population as the “gold 

standard” for determining goals for energy intake for weight loss.(1) A central hypothesis of 

this project is that MREE is a predictor of weight loss in an obese pediatric population.   

Many studies have established the relationship between measured REE (MREE) and predicting 

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 what equation predicts 

with most accuracy. (14, 15, 16)   Our preliminary data using an obese pediatric population 

indicates a correlation between MREE and a commonly used predictive equation- the Harris 

Benedict equation (Henes S et al, 2008 unpublished).  However, as ours and other data suggest, 
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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 efforts, especially in children. The 

current literature has begun to investigate hand held calorimetry compared to predictive 

equations, however only published results have been shown in obese women (20).  This 

particular study concluded that there was a significant difference between MREE and predictive 

equations and that further research was needed in utilizing hand held indirect calorimetry. Thus 

one aspect of this project is to demonstrate that using a fixed function indirect calorimeter is a 

necessary clinical tool in accurately determining caloric targets for weight loss 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 estimated with equations or 

measured via indirect calorimetry- to help determine the appropriate energy intake goals for 

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 MORBIDLY OBESE PEDIATRIC 

POPULATION?  

As noted previously, there are various predictive equations that are utilized in the clinical 

setting to estimate REE and determine caloric targets for weight loss with obese patients.  

Although there have been several studies investigating and comparing these various equations 

used in obese children, there still remains controversy.  Predictive equations such as the Shofield 

have been developed using a pediatric population and some studies indicate this as a valid 
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equation for use in an obese pediatric population (21) The WHO equations are also often utilized 

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 (IOM) equation for 

determining energy needs in an obese pediatric population (1).  One of the most recent studies 

compared 43 predictive equations  in 121 obese adolescents and noted the most commonly used 

Shofield equation significantly over-estimated REE, the Lazzer equation provided a fair 

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.  As many 

authors also state, it may be appropriate to use different equations based on gender and racial 

differences.   

 In healthy adults, the Harris Benedict has long been considered the ‘gold standard’ in 

determining energy needs, while the more current Mifflin-St Jeor equation has been 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 the most commonly used 

equations overestimate REE, and that the Harris Benedict equation was one that showed no 

significant difference between measured and predicted REE.  Thus this project takes the 

approach of using fixed function indirect calorimeter to measure REE in the clinical setting and 

comparing this with 5 commonly used predictive equations:  the ADA recommended IOM, the 

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 



5 
 

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, particularly the ADA 

recommended IOM equations. 

 

DOES MREE AFFECT RATES OF WEIGHT LOSS IN AN OBESE PEDIATRIC 

POPULATION RECEIVING TREATMENT AT A PEDIATRIC HEALTHY 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) and fat free mass 

(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 major determinant 

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 LBM alone is a best predictor 

of REE in obese children.  Butte et al (26) have also shown in addition to body weight, FFM, 

FM, gender and Tanner stage (pubertal status) also have significant influences on REE. Our 

preliminary data demonstrates obese children with similar body weights may have different 

MREE. Can this difference be explained by differences in body composition?   

An interesting study by Delaney and associates (27) investigated predictors of change 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 (r2 = .217, P<.00001) in 

addition to total daily energy expenditure (TDEE), the thermic effect of food (TEF) and 

Respiratory Quotient (RQ).  Another study investigated predictors of long term weight 
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maintenance in adults (28).  Ninety-two overweight men and women were studied over a 2 yr 

time.  Ninety-two overweight men and women were studied over a 2 yr time period after a 

weight loss program. There was a negative correlation with baseline MREE and percent 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 of the best 

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 MAKE COMPARISONS 

AND TO TEST THE HYPOTHESIS THAT MREE IS A PREDICTOR OF WEIGHT LOSS IN 

THIS POPULATION?     

MREE via indirect calorimetry provides the number of calories per day (kcal/day) an 

individual needs at rest.  To determine the individual’s total energy needs (TEE), an activity 

factor takes into account the typical daily activity of the individual.  This is important in various 

disease states- such as obesity to help determine an individual’s energy needs for weight 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 difficult to “tease” out 

the various influences on an individuals’ REE (nature vs. nurture); however the individual 

variances, particularly body composition has been the focus of much research.  As early as the 

1920s experiments have determined a relationship between REE and body mass of an individual.  

Later studies then indicated that indexing REE to fat free mass (FFM),which includes skeletal 
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muscle, was a more accurate method to determine intergender differences in REE (i.e. men have 

more FFM than women).  (30)  This concept of “normalizing” MREE to some factor has become 

important in research so as to account for confounders such as gender, age, and ethnicity.  Ways 

to normalize MREE would include kcal/ kg FFM, kcal/kg body weight (and/or BMI),  and 

kcal/kg fat mass.  Thus the research question becomes:  Is it important to normalize MREE so 

as to make comparisons in obese children and to test the hypothesis that MREE is a 

predictor of weight loss in these obese children? The literature suggests that since skeletal 

muscle comprises approximately 40-50% body mass of most individuals and  contributes to 

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 obese children.  

Tershakovek A and associates (32) studied 203 obese African American and white children aged 

5-17yrs.  The average age was 10 years old, and pubertal status was divided as Tanner Stage 1 = 

prepubertal; Tanner Stage >2= peripubertal-pubertal.  REE was measured via indirect 

calorimetry with metabolic cart and body composition was assessed using Dual Energy X-Ray 

Absorptiometry (DEXA).  FFM was defined as lean tissue mass and bone mass, and lean tissue 

mass was equal to skeletal muscle and organ tissue.  The study investigated the following as 

potential independent factors predicting REE:  age, gender, ethnicity, FFM- (whole body, trunk 

region, limbs), and fat mass (FM).  The authors separately investigated trunk  FFM to better 

assess the potential effect of more metabolically active organ tissues (located in the trunk region)  

vs. skeletal muscle (less metabolically active) on REE.  The rationale for investigating limb FFM 

was to “tease out” gender and ethnic differences.  Various studies have shown that males 

typically have a higher MREE than females and whites have higher MREE than African 
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Americans (AA).  (26,33).  The investigators postulated that longer limbs (more skeletal muscle) 

and a shorter trunk region (less mass in metabolically active tissue) in AA may partially account 

for racial  differences in MREE.  Multiple regression was used in three predictive models:  each 

included age, ethnicity, gender, fat mass as independent variables for MREE, while separately 

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 interesting finding is 

that MREE decreased with age in children 5-17 years of age.  The authors postulated that this 

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 as bone growth.  Lastly , the 

study confirmed that independent of body composition, MREE was higher in boys than girls. In 

a recent review , Muller M et al. (34) discuss the body of literature that show how up to 80% of 

the variance in energy intake and energy expenditure is explained by body composition- to 

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 approximately 85% 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 considered.   

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 LOSS IN AN OBESE 

PEDIATRIC POPULATION AS RELATED TO MREE? 
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Butte and associates (26) demonstrate that gender is an independent factor affecting REE, 

where obese Hispanic boys aged 5-19 have higher MREE than their female counterparts.  It is 

also known that boys and males in general, have a greater proportion of fat free mass than 

females, and accounts for higher energy expenditure and requirements. (35).  Not many studies 

have investigated specific gender differences in weight loss in an obese pediatric population.  

Lazzer and colleagues (36) reported significant weight loss in obese adolescents, aged 12-16 (n= 

26) after an intensive 9-month dietary and physical activity program.  The authors note that 

exercise preserved fat free mass but not metabolic rate (MREE) in these children.  Interestingly, 

the boys had a higher baseline MREE than the girls, and less of a decrease in MREE after the 

weight loss program.  Also, the boys had similar baseline fat-free mass as the girls, as but with 

less FFM loss and more total weight loss than the girls.  However, the focus on the study was not 

gender differences, as much as it was on changes in MREE after weight loss.  Other studies 

suggest that a higher baseline MREE and less loss of FFM predict less weight regain after weight 

loss in adults  (28, 37).  A recent review by Sweeting (35) on childhood obesity suggests that 

there are gender differences in the way boys and girls respond to societal influences in an 

obesogenic environment, to consequences of being obese, and responses to interventions and 

treatments.  The author suggests the current literature does not focus specifically on gender 

differences, but should be an area of further study in addressing childhood obesity.  Thus, 

considering biological and psychosocial differences between boys and girls, 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 MREE which will 

predict success of weight loss in an obese pediatric population receiving treatment at a pediatric 

Healthy Weight Clinic.   



10 
 

IS ETHNICITY A PREDICTOR OF SUCCESS WITH WEIGHT LOSS IN AN OBESE 

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 African-American (AA) 

women than in white women (2). The literature indicates that AA individuals have a lower 

MREE than whites and this difference in energy expenditure has been an area of research in 

terms of explaining weight gain in this population (38).  The general consensus is that a lower 

MREE in the AA adult population is most likely due to a smaller mass of less metabolically 

active organs and does not explain the prevalence of obesity in this racial group; however the 

literature is less clear in explaining racial differences in childhood obesity.  Sun and associates 

(2001) studied 92 AA and white children, boys and girls (mean age 8 yrs.) over a 2 yr time 

period.  The objectives were to investigate changes in FM, FFM, REE and Tanner Stage in these 

2 populations of children, and to determine if there were racial differences in MREE.  The 

authors determined that after adjusting for age, Tanner stage, FM, and lean mass (LM), these AA 

children had a significantly lower MREE compared to the white children, and this difference 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 looking at obese 

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 that both FFM and 

ethnicity were determinants of MREE in this population, after adjusting for body size and 

composition.  Delaney and associates (27) found similar results when looking at a mixed 

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 FFM, that the AA 
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children had a lower MREE and that these AA children expended less energy than the whites in 

physical activity. The most recent study to explore racial differences in MREE 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 girls, but fat oxidation 

was also lower in this population. They did not observe the same results with the AA and white 

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 AA girls to gain 

weight and experience obesity. 

Note that most of these studies investigate healthy weight children, or a mix of obese and 

lean children. Tershakovek and colleagues (32) are one of the few to investigate only obese AA 

and white children and adolescents, aged 5-17 yrs.(n= 203).  They demonstrated that MREE was 

lower in AA vs. whites, in girls vs. boys (regardless of race), and that MREE declined with age.  

A conclusion of this study was that a higher bone density in these obese AA children partially 

explained differences in MREE.  Another conclusion was that the lower REE of AA children 

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 by differences in 

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 hypothesize that 

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.  

 



12 
 

IS THERE A RELATIONSHIP BETWEEN PLASMA LEPTIN LEVELS AND MREE IN 

OBESE CHILDREN PARTICIPATING IN A PEDIATRIC HEALTHY WEIGHT CLINIC?     

Leptin has been well established in the literature as a long-term regulator of energy 

balance (42).  The hormone is secreted primarily by adipose tissue and with normal functioning 

indicates a state of positive energy balance and regulates appetite to decrease intake. Leptin also 

increases activity of the sympathetic nervous system thus increasing energy expenditure of 

adipose tissue.  In the obese state, leptin appears to lose its ability to decrease energy intake and 

increase energy expenditure.  This is often termed ‘leptin resistance’, whereby serum 

concentrations of leptin are elevated without the common effects of decreased appetite and 

limiting food intake.  Much of the literature agrees that elevated leptin levels correlates to the 

increase in fat mass present in obesity; however, this only partly explains the variability in leptin 

concentrations. (43).  Research has been dedicated to explain possible relationships of leptin to 

other metabolic factors such as central vs. peripheral adiposity, energy expenditure and 

metabolic markers for cardiovascular disease.  Liuzzi and associates (43) investigated this using 

400 male and female obese adult patients with BMI 30-82.  The results indicated that women had 

significantly higher plasma leptin levels even when adjusting for kg of fat mass.  Leptin was 

positively correlated with BMI (r = 0.55, P=0,01)), although the authors noted intersubject 

variability.  Thus patients with leptin values of 100ng/ml or higher may have BMI ranging from 

35 to 82.  Gender, BMI and percentage of fat mass accounted for approximately 55% of 

variability in leptin concentrations.  Interestingly, independent of fat mass and gender, leptin 

concentrations were inversely correlated with MREE when expressed as an absolute 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 relationship between 

plasma leptin levels  and predicting future weight gain in obese children aged 7-18 yrs.  The 

researchers measured baseline fasting leptin and insulin levels in 68 obese children- male, female 

, Caucasion and African American.  BMI and BMI z score were also calculated.  All 

measurements were again determined after a 2 ½ yr follow-up period.  Gender specific multiple 

linear regression was used to determine the longitudinal relationship between changes in BMI z-

score, insulin and leptin levels.  A strong positive correlation was found between plasma leptin 

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 changes in BMI z-score in 

girls. Further, basal leptin measurements explained 18% of the increase in BMI over a 2 ½ yr 

period. (p, 0.0006) .  Recently (46), Reinehr R and associates postulated that leptin levels were 

negatively associated with degree of weight loss in obese children participating in a lifestyle 

intervention.  The investigators studied 248 obese subjects 8-14 yrs, who participated in an 8 

week intervention program based on physical activity, nutrition education and behavior therapy.  

The findings indicated that baseline leptin concentrations were significantly correlated with BMI, 

pubertal stage, gender, waist circumference, and insulin.  There was a significant negative 

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 is needed to 

determine a relationship in obese children. 

 

WHAT ARE THE ACTIONS OF LEPTIN ON PERIPHERAL TISSUES WHICH MAY 

AFFECT MREE IN OBESE CHILDREN?      

It is well know that leptin acts centrally to decrease food intake and to increase energy 

expenditure, most directly via the hypothalamus. More recent studies, however,  indicate that 

leptin receptors exist on peripheral tissues  to include the liver, skeletal muscle, and 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 skeletal muscle.  Another 

important point relevant to leptin and its action is the interplay between this hormone and others 

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. Given skeletal 

muscle comprises approximately 40% of total body weight, leptin’s peripheral action in skeletal 

muscle metabolism may have an overall effect on fuel homeostasis and weight regulation..  It is 

not unreasonable then to propose that leptin-stimulated free fatty acid regulation may then 

provide a peripheral mechanism by which MREE is affected by plasma leptin levels.  Given the 

interplay between insulin action on skeletal muscle and leptin, perhaps both insulin resistance 

and leptin resistance, which are common states in obesity, may have a deleterious affect on 

skeletal muscle metabolism, thus MREE. Elevated insulin levels may promote the uptake of 

TAG and FFA into skeletal muscle; however inhibits the utilization of these as fuel sources.  

Leptin’s action may serve to promote utilization of these as fuel; however as the state of leptin 
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resistance increases in obesity, its function to essentially increase energy expenditure in skeletal 

muscle metabolism may then begin to falter.  The issue becomes more complex in attempting to 

tease out the effects of  one hormonal function on the other.  That is to question how elevated 

leptin levels as marked by increased adipose tissue affect insulin resistance; and how may 

elevated insulin levels as marked in the state of obesity contribute to leptin’s action or 

dysfunction in attenuating the storage of fuels in skeletal muscle.  More research is needed in this 

area to investigate the interactions of these two hormones in regulation of  fatty acid oxidation 

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 to investigate 

this phenomenon.  The investigators isolated adipocytes from both lean and obese rats, cultured 

with recombinant leptin and performed glycerol and free fatty acid (ffa) assays.  The ob/ob 

adipocytes were used as a control since these contain defective leptin receptors, and as expected, 

there was no effect on FFA or glycerol release in this model.  However, in the ‘healthy’ 

adipocytes, leptin significantly lowered the mRNA of leptin, and fatty acid synthase (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 adipocytes but without a proportional 

release of FFA.  This supports the idea that FFA are oxidized within the adipocyte rather than 

released to the liver.  As the authors noted, further investigation is needed to shed light on 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 expenditure leptin 

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

adipocyte to promote upregulation of FFA oxidation.  

 

RESTATEMENT OF HYPOTHESIS 

The primary hypothesis is that measured resting energy expenditure (MREE), as 

determined by a fixed function calorimeter in the primary care setting, is a predictor of weight 

loss in an obese pediatric population. Additionally, we propose taking into account fat mass as 

well as FFM when normalizing MREE.  We further hypothesize that rates of weight loss will be 

determined based on gender and racial differences, independent of body composition.  Our last 

hypothesis is that metabolic markers of obesity, such as leptin, will factor into rates of weight 

loss in an obese pediatric population while peripheral actions on tissues such as skeletal muscle 

may affect metabolic homeostasis and energy expenditure.   

The central hypothesis of this proposal is that measured REE (MREE) is a predictor 

of weight loss in an obese pediatric population and a necessary measurement 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). Results indicate that 

measurements are comparable, and the fixed function calorimeter is less complex, less expensive 

and more practical to use in the clinical setting.  Our preliminary data suggests that although 

there is a strong correlation between PREE and MREE, there is great variability between 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 PREE equations 

such as the Harris Benedict, Shoefield , Mifflin St Jeor , WHO and the IOM equations in 

obese children  

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

pediatric population when indirect calorimetry is not available in the clinical 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 success of weight loss in 

obese children whereby those with a higher baseline MREE will be more successful with weight 

loss as defined by change in BMI z score. There are various well known contributors to MREE 

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 ‘metabolism’ and REE.  In 

adult studies, REE has often been ‘normalized’ to fat free mass (FFM); however no current 

studies, to our knowledge, address this issue in children; particularly obese children.  Thus Aim 2 

explores the rationale for ‘normalizing’MREE to factors such as body weight, FFM, and 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 undergoing 

treatment in a 3-6 month healthy weight program? 

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

total body weight, FFM and or FM be considered?   

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

obese pediatric population? 

 



18 
 

METHODOLOGICAL CONSIDERATIONS 

 

USE OF INDIRECT CALORIMETRY IN THE CLINICAL SETTING: 

Total energy expenditure (TEE) is the amount of energy required to carry out metabolic 

processes within the body, both synthesis and breakdown, and to the cellular level.  There are 

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 and is the energy 

required to maintain normal regulatory balance and body functions at rest (11).  REE is often 

considered the ‘metabolism’ of an individual- which is scientifically defined as the heat 

generated for cellular processes needed for the body.  This unit of measure is called the “calorie” 

which is equivalent to the amount of heat needed to raise the temperature of 1 gram of water 1 

degree Celsius.  This is normally expressed as a Kilocalorie (1000 calories) and how we refer to 

metabolic processes in the human body. There are two main ways to determine this energy in 

humans- direct and indirect calorimetry.  Direct calorimetry utilizes a specially constructed 

chamber that measures the amount of heat liberated from the body.    Air temperature remains 

constant and heat from the subject’s body warms an existing water bath  equal to rate of heat 

generated from the body.   This is difficult to perform and is not practical in the day to day living 

of human subjects. Indirect calorimetry utilizes the science that 95% of energy expended in the 

body is derived from reactions with oxygen.  Typically, regardless of type of food ingested, the 

energy liberated per liter of oxygen used in the body is about 4.825 kilocalories (or Calories).   

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

with a metabolic cart, and in the clinical setting using a portable indirect calorimeter.  
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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 known as REE.  The 

metabolic cart used in the research setting, is a 30-45 minute test,  whereas a hand held; or 

portable calorimeter can be conducted in 10-15 minutes.  There are several studies that have 

validated such portable calorimeters to a research standard such as a metabolic cart (3, 4, 20,53).   

 In this project, the KORR ReeVue indirect calorimeter was used in the clinical 

setting.  The criteria included patients referred to the East Carolina University’s Pediatric 

Healthy Weight Clinic aged 7-18 yrs.  The specifications were that the patient was 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 the test, unable to sit still 

(i.e.  fidgeting), and on any medications that could potentially alter metabolism (to 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) conducted the 

procedure with explanation to the patient.  Briefly, the patient wore nose clips, and breathed 

through the disposable tubing while keeping a tight seal around the mouthpiece.  The patient sat 

comfortably in a chair and remained calm and still during the procedure.  The patient acclimated 

to testing during the first three minutes, and then display calories were written down by the RD 

from 3-10 minutes.  The final reading at 10 minutes (the average of minute 3 through minute 10) 

was used as the MREE, and utilized in making appropriate caloric targets for weight loss, 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 measuring REE in ‘real 

time’ at a Healthy Weight Clinic, measurement of body composition was not a component of the 

patient’s typical first visit.  One aspect of this project is to utilize clinical approaches in 

answering our research question, which is: does MREE predict success of weight loss in an 

obese pediatric population.  Outright, accounting for body composition is not a necessity.  

However, as the project evolved, there appeared a strong relationship between MREE and body 

weight (as expected) and the question of normalizing MREE to body weight came into play  

whereby addressing body composition became more of a factor.  Since at the outset, body 

composition measurements were not performed in the patients studied, a clinical tool was 

utilized to estimate each subject’s body composition utilizing an equation for body surface area 

(BSA).  In pharmacology, equations such as the Mostellar Equation are often used to determine 

BSA in dosing medications, and based on being fat or water soluble.  (54). A report by ThanhVu 

(55), Pharmacologist with the Cross Cancer Institute recommends the use of the Mostellar 

equation (compared to others), and discusses with references utilization of this equation in 

various populations- to include children and the obese.  Thus, an online calculator : 

http://www.halls.md/body-surface-area/bsa.htm (56) which used the Mostellar equation  was 

utilized to input each patient’s height, weight, age and gender , and determine BSA and lean 

body weight (LBW).  It is from this calculation that fat mass and percent body fat was calculated 

as such.  LBW (kg) was subtracted from total body weight (TBW, kg) to give fat mass.  This was 

then divided by TBW to give percent fat of each patient.  Others (57) have also determined fat 

mass via this method/calculation, while determining LBW with bioelectrical impedance.  
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CHAPTER 2:   MEASURED RESTING ENERGY EXPENDITURE IN OBESE YOUTH 

USING THE REEVUE FIXED FUNCTION CALORIMETER IN A PEDIATRIC HEALTHY 

WEIGHT CLINIC COMPARED WITH 5 COMMONLY USED PREDICTIVE EQUATIONS  
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1  East Carolina University Pediatric Healthy Weight Research and Treatment Center,  

 2 The Department of Exercise and Sports Science, 3 The Department of Family Medicine, Brody 

School of Medicine, East Carolina University.  East Carolina University, Greenville, North 

Carolina.   

 

Abstract: The American Dietetic Association (ADA) standard of care for obese adults utilizes 

indirect calorimetry for calculating caloric targets for weight loss (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 (AAP) and the ADA 

have continued to address this disease state with evidence-based recommendations (1,58).  

Currently, the ADA recommends using the Institutes of Medicine (IOM) equations to estimate 

caloric needs for obese children when indirect calorimetry is not available.  The purpose of this 

paper is to compare measured resting energy expenditure (MREE) of obese youth with the use of 

a portable indirect calorimeter in the clinical setting with five commonly used predictive 

equations.   
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 Resting energy expenditure was measured via a portable indirect calorimeter.  MREE 

was determined in obese youth aged 7-18 years who were referred to the East Carolina 

University Healthy Weight Clinic and who were greater than the 85th percentile BMI for age and 

gender.   

 Results indicate that there is a significant (p< 0.05)  and strong correlation between 

MREE and these predictive equations; however, there are also significant discrepancies.  While 

there appears to be no significant racial differences between MREE and PREE equations, there is 

more variability between MREE and these equations among non- Caucasian .  There is a 

significant difference (p <0.05)  in gender whereby, there is a greater mean 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 difference in energy 

expenditure (kcal/day) when compared to MREE.  These data add to a growing body of literature 

that suggests indirect calorimetry is a more accurate means to determining caloric 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 between these commonly used 

predictive equations, particularly the IOM equations, and measured energy needs using 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 has led to recommendations 

from the AAP and ADA in prevention and treatment of this epidemic (1,58).  Currently, the 

ADA recommends using indirect calorimetry to determine resting energy expenditure (REE) in 

an obese population; however, particularly in the pediatric clinical setting this measurement is 

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

obesity, most clinicians use a variety of predictive equations.  Many predictive equations 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 population; particularly in 

morbidly obese children( >99thpercentile BMI for age and gender).  There is some data 

comparing commonly used predictive equations in an adult population with measured resting 

energy expenditure (MREE)  using a hand held indirect calorimeter in the clinical setting (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 pediatric population.  In Spears 

and associates’ study, the subjects were women older than 25 years of age, and with a BMI > 25, 

or overweight.  The findings indicated the usefulness of a portable indirect calorimeter in 

determining MREE in this population and that there was a significant discrepancy between 

predicted and measured REE.  The investigators concluded that further research was needed to 

investigate measured REE with the use of such devices and compare with predictive equations.  

Thus, the present study investigates the relationship and differences between REE measured in 

the clinical setting using the ReeVue portable calorimeter and five commonly used predictive 

equations: the Institutes of Medicine for children 3-18 yrs (IOM) , the Shofield, the World 

Health Organization (WHO), the Mifflin St Joer, and the Harris Benedict equations.  The current 
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study aspires to add to a growing  body of literature that indicates the usefulness of measuring 

energy expenditure in the clinical setting , specifically in an obese pediatric population.  

Additionally, the investigators hope to contribute data to help determine most appropriate 

predictive equation(s) to use with this population when indirect calorimetry is unavailable in the 

clinical setting.   

 

METHODS:   

 

SUBJECTS:  Youth aged 7-18 referred to the East Carolina Pediatric Healthy Weight 

Clinic, who were > the 85th percentile BMI for age and gender, who were fasting, and who were 

able to perform indirect calorimetry.  Patients who fidgeted during testing, were unable to 

complete the test, or who were taking medications that could potentially alter metabolic rate 

were excluded.   

INDIRECT CALORIMETRY:  The KORR ReeVue portable indirect calorimeter. 

(http://www.korr.com/products/reevue.htm).(59) was set up in a clinic exam room designated for 

the sole purpose of testing.  Calibrated to room standard, temperature, pressure, dry STDP.  Each 

patient was provided a new and separate disposable tubing, mouthpiece and nose clip.  Testing 

was performed for ten minutes.  The patient sat calmly and still in the quiet room, breathing as 

they would normally breathe into a mouthpiece, with a nose clip in place to prevent air escaping 

through the nose.  Readings were recorded by the pediatric registered dietitian  (RD) at every 30 

second interval, beginning at 3 minutes.  The final reading was taken at 10 minutes, which was 

the average from minute 3 to minute 10 (the first three minutes of testing were discarded).   
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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 (ht in 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 (wt in kg) + 6.3 (ht in cm) – 5 x age + 5 

Females: REE (kcal/day) = 10 (wt in kg) + 6.3 (ht in 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 (ht in 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 Expenditure (TEE):   

 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.  Statistical analyses were  

performed using SPSS (61) using  Pearson correlation for comparing MREE to each predictive 

equation.  A 2-tailed significance paired sample T-test was also used to compare means.   

 

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

12.18 yrs, and mean BMI 37.39 (SE ± 1.07), > 99th Percentile BMI for age and gender.  The 

mean average MREE (kcal/day) was 1977.13 (SE ± 49.97).  Table 1 presents descriptive data as 

well as  the mean average for each predictive equation.  There was a strong and significant            

( p<0.001) correlation between MREE and all predictive equations. There was also a statistically 

significant difference (p<0.001) between the absolute means of  these predictive equations and 

MREE (Figure 1).  The smallest and only non-significant absolute mean difference was seen 

between MREE and the Harris Benedict equation (197.93 kcal/day  SE ± 23.26) and the largest 

difference between MREE and the IOM equation (763.75  SE ± 76.62).  When comparing 

MREE to all predictive equations by gender, there was a significantly (p<0.05) greater absolute 
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mean difference between MREE and predictive equations in boys vs. girls.  This difference was 

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

(Kcal/day) 
Std Error  

(SE) 
Pearson 

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 Equations: Harris Benedict, 
Mifflin St Jeor, Shofield, WHO, and IOM. ( N= 80) 
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Figure 2:  Absolute Differences Between MREE and Predictive Equations by Gender: 
Harris Benedict, Mifflin St Jeor, Shofield, WHO, IOM. (N=80) 

* Significant difference between genders (p<0.05) 
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Figure 3:  Absolute Differences Between MREE and Predictive Equations 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 weight loss in an obese 

population.  In the present study, REE was measured in obese youth and in the clinical setting 

with a portable indirect calorimeter. This measured REE was then compared to several 

commonly used predictive equations.  To our knowledge, this is the first data to explore these 

relationships while utilizing indirect calorimetry in the clinical setting 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 strong positive 

relationship between MREE and various predictive equations, there is also a significant 

discrepancy.  In the clinical setting, even a few hundred calorie difference can make a significant 

impact in terms of setting caloric targets for weight loss.  Our data indicates the smallest mean 

difference between MREE and predictive REE was with the Harris Benedict equation (197 kcal); 

where as the largest absolute difference between MREE and REE was using the IOM equation  

(763kcal). It is also important to note that when comparing mean differences between MREE and 

all predictive equations used, the Harris Benedict was the only equation to not be significantly 

different from MREE.  Using a Caucasian female 16 yr old patient,  the following 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, - 1000kcal/day) 



33 
 

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 expenditure and predicted energy 

expenditure.  This could potentially indicate weight gain for an individual over time.  Thus, this 

simple example indicates not only the usefulness of measuring REE in the clinical setting, it 

demonstrates the various discrepancies, and a gross over- estimation of energy needs in 

predictive equations.   

 While some investigators (21) have found that the Shofield equations are suitable for use 

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 energy expenditure when 

compared to indirect calorimetry.  Regardless, much of the literature is mixed and most agree 

that in general predictive equations typically over-estimate energy needs in 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 to fat mass 

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 Lazzer (23) have 

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 develop predictive 

equations using an obese pediatric population.   Thus consensus has not been reached in terms of 

the ‘best’ predictive equation to use and the general recommendation is becoming to utilize 

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

 The current study finds that there are significant differences by gender when 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 general, predictive equations 

tend to over-estimate energy needs in obese boys more consistently than when compared with 

girls  ( i.e. 250-350kcal).  However , there appears more variability between predictive equations 

and MREE in girls (150-350kcal/day).  As stated earlier, variability in MREE could 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 difference between 

Caucasian and African American (non white) subjects.  This is somewhat surprising as several 

investigators have indicated that African American healthy and overweight 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 developed using a healthy weight 

Caucasian population, one might expect to see these differences reflected when comparing 

MREE to these predictive equations. While some investigators have developed predictive 

equations to account for fat free mass (FFM), a major factor in determining REE, (14,16); recent 

findings state that they fair no better when compared to indirect calorimetry (24).  Further 
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investigation may be warranted to assess if predictive equations should be utilized to account for 

race.   

In general it appears that with this obese pediatric population, the Harris Benedict 

equation best predicts energy needs when compared to a portable indirect calorimeter for use in 

the clinical setting.  Although, this may be surprising, as the equation was developed using a 

healthy weight, Caucasian, adult population; the equation does account for age, gender, height 

and weight.  Most pediatric equations have been developed to also account for the growth needs 

within a specific age population (i.e. 3-10 yrs of age, 10-18 yrs of age).  Perhaps in an obese 

pediatric population, and in this case a mostly morbidly obese population, energy needs for 

growth may be counter-productive in determining caloric targets for weight loss. Hence there is a 

propensity for the studied predictive equations to over-estimate energy needs. The Harris 

Benedict equation does not account for needs for growth, so perhaps is a logical predictive 

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 indirect calorimeter in the 

clinical setting with an obese pediatric population and compare this measured resting energy 

expenditure with the specific predictive equations named, particularly the IOM.  The findings 

indicate that although a strong correlation with MREE, predictive equations tend to over-

estimate energy needs in an obese pediatric population.  These data support recommendations to 

utilize portable indirect calorimetry in the clinical setting to determine energy needs, and adds to 

a growing body of literature needed to demonstrate the usefulness of this clinical tool.    

 

 



36 
 

ACKNOWLEDGEMENTS:  Kathryn Kolasa, PhD,  RD;  Suzanne Lazorick, MD;  Ms. Cara 

Jenkins, MPH,  RD, LDN; Ms Marie Harvin, MPH, RD, LDN, Ms. Keeley Pratt, PhD, LMFT, 

Ms. Jessica Wood, MA, LMFT; Ms. Marina Stanton, MA. A special thank you to the children 

and families participating in the Pediatric Healthy Weight Clinic of East Carolina University, 

Greenville, North Carolina.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

  

CHAPTER 3: MEASURED RESTING ENERGY EXPENDITURE USING A HAND HELD 

INDIRECT CALORIMETER IN THE CLINICAL SETTING AS A PREDICTOR OF 

SUCCESS WITH WEIGHT LOSS IN AN OBESE PEDIATRIC POPULATION AFTER 3-6 

MONTH FOLLOWUP AT A HEALTHY WEIGHT CLINIC. 
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Hickner PhD 2,  Joseph Houmard, PhD 2.   
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 2 The Department of Exercise and Sports Science, 3 The Department of Family Medicine, Brody 
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Carolina.   

 

ABSTRACT:  The literature has established measured resting energy expenditure (MREE) as a 

predictor of weight gain in adults (62) whereby a lower adjusted REE predicts greater weight 

gain over time in obese individuals.  It is also known that heavier individuals tend to lose more 

weight and have a higher MREE. Body weight and  body composition, particularly fat free mass 

(FFM) and skeletal muscle are major determinants of REE ( 31); however, recent literature 

suggests that fat mass is also a contributor to REE particularly in obese subjects (34).  Very few 

studies have investigated MREE as a predictor of weight loss, and none have studied this in an 

obese pediatric population.  The purpose of the current study was to test the hypothesis that a 

higher baseline MREE in obese youth will lead to greater success with weight change as 
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determined by BMI  z score.  The investigators also explored the relationship between metabolic 

factors such as leptin with MREE and if a relationship exists how this may affect weight status 

change.    

 Resting energy expenditure was measured via a portable indirect calorimeter.  MREE 

was determined in obese youth aged 7-18 years who were referred to the East Carolina 

University Healthy Weight Clinic and who were greater than the 85th percentile BMI for age and 

gender.   

The results indicated that MREE was not a significant predictor of success with weight 

change in youth aged 7-18yrs of age.  Tanner stage and lean body were significant (p < 0.05) 

predictors in this age category.  The results also suggest that when divided into two groups, those 

with a higher baseline HOMA (6.01 ±  0.92) tended to decline in BMI z score when compared to 

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 between baseline 

fat mass and change in BMI z score (Pearson correlation -0.527) (Table 3)  There was also a 

strong, negative correlation between baseline percent fat and change in BMI z score  (Pearson 

correlation -0.525) (Table 3).   When divided into groups, there was a significant difference  

between groups (p<0.05) in baseline leptin, fat mass and MREE normalized to fat mass. Those 

that decreased BMI z score (n=9) had the following baseline values:  leptin (ug/L, n=6)  19.8 ± 

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 (ug/L)   51.58 ± 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 leptin, fat mass, and percent fat 
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predicted change in BMI z score.  Those in this pubertal category and who had a lower baseline 

fat mass and lower leptin concentration declined in BMI z score.  Also, those Tanner stage youth 

who had a higher energy expenditure (kcal/kg), when MREE was normalized to fat mass, tended 

to decline in BMI z score.  These data suggest there needs to be further exploration of the role of 

baseline leptin and its relationship to fat mass and MREE normalized to fat mass as predictors of 

change in weight status in this pubertal stage.  

 

INTRODUCTION:  MREE via indirect calorimetry provides the number of calories per day 

(kcal/day) an individual needs at rest to maintain body mass.  To determine the individual’s total 

energy needs (TEE), an activity factor takes into account the typical daily activity of the 

individual.  This is important in various disease states- such as obesity to help determine an 

individual’s energy needs for weight 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 difficult to “tease” out the various influences on an individuals’ REE (nature vs. 

nurture); however the individual variances, particularly body composition has been the focus of 

much research.  As early as the 1920s experiments have determined a relationship between REE 

and body mass of an individual.  Later studies then indicated that indexing REE to fat free mass 

(FFM),which includes skeletal muscle, was a more accurate method to determine intergender 

differences in REE (i.e. men have more FFM than women).  (30)  This concept of “normalizing” 

MREE to some factor has become important in research so as to account for confounders such as 

gender, age, and ethnicity.  Ways to normalize MREE would include kcal/ kg FFM, kcal/kg body 

weight (and/or BMI),  and kcal/kg fat mass. The 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).  Most 

of these studies utilize the adult population.  Very few studies have explored the relevance of 

adjusting REE in children, let alone obese children.  Tershakovek A and associates (32) found 

that fat mass was an independent contributor to REE in obese  children, and a recent review by 

Muller et al (34) indicates that the variability in REE as contributed by fat mass increases with 

increased adiposity.  The authors also state that the effect of fat mass on REE is determined by 

fat depots, fat cell size and liquid droplet structure (34). and indicate that more research is needed 

in this area.  Another study (63) explores a statistical model for normalizing REE to body mass 

and composition in children; but this has not been utilized in practical terms and in the clinical 

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 mechanisms 

by which fat mass exerts its effects on metabolism is still unknown. However the hormone leptin 

has been proposed as a potential feedback signal from fat to skeletal muscle whereby exerting a 

thermic effect  via uncoupling proteins (52, 64) and increased substrate cycling between 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 of 

success with weight loss in  an obese pediatric population undergoing treatment in the clinical 

setting; 2. to help determine the relevance of adjusting MREE to body weight and composition in 

terms of predicting outcomes in change in BMI z score and change in body weight after 3-6 

month follow-up in a healthy weight clinic; and 3.  to determine the relationship between  

baseline plasma leptin, fat mass and MREE and  potential effects on success with weight loss as 

related to MREE in an obese pediatric population.  
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METHODS:    

SUBJECTS: Youth aged 7-18 referred to the East Carolina Pediatric Healthy Weight 

Clinic, who were > the 85th percentile BMI for age and gender, who were fasting, and who were 

able to perform indirect calorimetry.  Patients who fidgeted during testing, were unable to 

complete the test, or who were taking medications that could potentially alter metabolic rate 

were excluded. Baseline and follow up (3-6 months) height, weight, BMI and BMI z score were 

measured and calculated for each patient.  Tanner stage was determined by the clinic MD.  All 

measurements were recorded in the patient’s electronic medical record.   

LABORATORY TESTING: Blood was drawn at the Healthy Weight Clinic lab or a nearby 

affiliate lab from fasting subjects.  Baseline leptin, insulin, cholesterol, glucose and thyroid 

function were measured at Pitt County Memorial Hospital (PCMH) Clinical Laboratories 

Greenville , NC using standardized procedures. 

TANNER STAGE:  Tanner 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.htm) (59)   The device was set up in a clinic exam room 

designated for the sole purpose of testing.  Calibrated to room STDP.  Each patient was provided 

a new and separate disposable tubing, mouthpiece and nose clip.  Testing was performed for ten 

minutes, or until accurate reading provided.  The patient sat calmly and still in the quiet room, 

breathing as would normally with nose clip and mouthpiece.  MREE (kcal/day) was indicated at 

the final reading taken at 10 minutes, which was the average of minute 3 to minute 10 , whereby 

the first 3 minutes of testing were discarded.   
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CALCULATION OF BODY SURFACE AREA AND BODY COMPOSITION:  A clinical 

tool was utilized to estimate each subject’s body composition utilizing an equation for body 

surface area (BSA).  In pharmacology, equations such as the Mostellar Equation are often used 

to determine BSA in dosing medications, and based on being fat or water soluble.  (54).  A report 

by ThanhVu (55), Pharmacologist with the Cross Cancer Institute recommends the use of the 

Mostellar equation (compared to others), and discusses with references utilization of this 

equation in various populations- to include children and the obese.  Thus, an online calculator: 

http://www.halls.md/body-surface-area/bsa.htm (56) which used the Mostellar equation  was 

utilized to input each patient’s height, weight, age and gender , and determine BSA and lean 

body weight (LBW).  It is from this calculation that fat mass and percent body fat was calculated 

as such:  LBW (kg) was subtracted from total body weight (TBW, kg) to give fat mass.  This was 

then divided by TBW to give percent fat of each patient.  Others (57) have also determined fat 

mass via this method/calculation.   

THE PATIENT EXPERIENCE AT ECU’S  HEALTHY WEIGHT CLINIC:  At the initial 

visit, the fasting patient performed indirect calorimetry and had blood drawn from the clinic 

laboratory. The total initial visit (total 2-3hours) consisted of approximately an hour with the 

clinic MD addressing medical concerns, approximately an hour with a Registered Dietitian (RD) 

discussion nutrition history and goals, and as needed, addressing psychosocial aspects of the 

family with Medical Family therapy (MFT).  The RD  counseled subjects and their families 

utilizing the Medical Nutrition Therapy (MNT) Protocol developed by Pitt County, NC dietitians 

for helping children achieve a healthy weight.  A detailed dietary intake and nutrition history was 

obtained and the counseling style was modeled after motivational interviewing.  Nutrition goals 

were developed and tailored to the families’ individual needs and stage of readiness to change.  
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Additionally, the initial visit typically focused on decreasing sugar sweetened beverages, using a 

‘stoplight’ approach for incorporating healthier foods and grocery shopping, as well as utilizing 

the AAP’s expert guidelines in a “Top 10 Tips for Helping Families and Children Achieve a 

Healthy Weight” handout.  The MD not only addressed the medical concerns of the family, 

he/she promoted health behavior changes by targeting reduction in TV/sedentary time, and 

promoting physical activity with a pedometer given to the patient (and family members 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 appropriate.  If the subject and 

family were at a stage of readiness, a focus of the follow-up visit was portion 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 lifestyle changes 

such as with increased physical activity, step counts with the pedometer, and decreased 

TV/screen time.   

 

STATISTICAL ANALYSIS:  Data are presented as mean ± SE.  Statistical analyses were  

performed using SPSS (61.)  Linear regression was performed for outcome measures BMI z 

score and weight change over time.  Independent samples t-test was performed to compare mean 

values.  Pearson correlation was performed to explore relationships between continuous 

variables.  Significance was p< 0.05 

 

RESULTS:  When analyzing all subjects (n=80), there was a significant (p=0.001) positive 

relationship between MREE and body weight, lean body mass (LBM) and fat mass (FM) .  
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MREE and adjusted MREE (to kg body weight, LMB, FM)  were not  significant predictors of 

weight change as measured by BMI z score and change in weight in kg from baseline to follow-

up.  Tanner Stage and lean body weight were significant predictors of change in BMI z score (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 increased vs. those 

whose BMI  z score declined were significant with respect to mean LnHOMA ( p=0.039) and 

approached significance with mean HOMA  (p= 0.096).  Gainers had a lower mean HOMA 

 and LnHOMA  vs. those that declined in BMI z score (see Table 1)   There were no significant 

differences in body weight (kg) between BMI z score losers or gainers.    

Although not quite statistically significant (p= 0.061), there was a lower mean MREE  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 normalizing MREE to kg 

body weight (See Table 1) 

When exploring gender differences, there was a difference (p=0.003) in mean LBW  

between boys (58.05 kg LBW ± 2.51) and girls (49.6kg LBW ± 1.43) but no differences in mean 

body weight and fat mass.  There was also a significant (p=0.001) higher difference in baseline 

MREE between boys (2171 calories/day ± 87.44) and girls (1833 calories/day ± 48.94).  There 

were no gender differences with regard to baseline mean leptin or mean HOMA concentrations 

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 differences in mean LBW; 

however, there was a significant difference (p=0.046) in baseline mean body wt between non- 

Caucasian (103.15kg ± 4.40) and whites (87.83 kg ± 5.43).  There was also a significant 
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difference (p=0.030) in mean fat mass between non-Caucasian (49.42 kg fat mass ± 4.36.) and 

Caucasian (33.72 kg fat mass ± 3.21).  There were no racial differences in baseline mean MREE, 

mean HOMA, or in mean change in BMI z-score and mean change in weight (kg).  Although not 

statistically significant there was difference (0.097) in baseline mean leptin 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 1-4  and Tanner 

Stage 5 whereby pubertal stages 1-4 increased in BMI z score and Stage 5 was the 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 well as percent fat 

(p=0.030), and a negative correlation with baseline leptin concentration (p= 0.08; Table 3).    

There was not a difference between those that declined BMI z score ( n= 6)  and those that 

increased in BMI z score  (n= 5) in terms of MREE,  or MREE normalized to LBW.  There was, 

however, a significant difference (p=0.033) between groups.  The mean MREE/fat mass of those 

that increased BMI z score was  34.70 ±  5.60 calories/ kg fat mass  while those that decreased 

BMI z score had a mean MREE/fat mass of 54.72 ± 6.28 calories/ kg (See Table 4).    There was 

also a significant difference (p= 0.037) in baseline mean fat mass: those that had 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) between the groups 

(BMI z score increase: 56.5  ±  6.13) vs. (BMI z score decreased: 38.72 ±  2.53) .  A significant 

difference in baseline leptin (p=0.041) was evident between  those that declined in BMI score  

who had a lower baseline leptin concentration (19.8  ±  4.76 ug/L) compared to those that  

increased BMI z score ( leptin =51.58 ±  13.6 ug/L) (Table 4). 
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   Table 1: Differences in Baseline MREE, Body Composition, and HOMA between Gainers and  
   Losers: BMI z Score and Weight (kg)  
 

 
 

BMI z score       Mean Values 
(± SE) 

Weight 
Change (kg) 

    Mean Values 
(± SE) 

Body Weight 
(kg) 

Gainer: 30 
Loser: 50 

93.83± 6.41 
97.67± 4.07 

Gainer: 59 
Loser:  21 

91.56 ± 4.01*  
109.33± 6.29  

 
Lean Body 
Weight (kg) 

Gainer: 30 
Loser: 50 

50.73± 2.24 
54.21± 1.76 

Gainer: 59 
Loser:  21 

49.83 ± 2.90*  
     61.73 ± 1.37 

 
MREE 

(kcal/day) 
Gainer: 30 
Loser: 50 

1967.13± 81.70 
1983.12± 63.79 

 

Gainer: 59 
Loser:   21 

1921.27 ± 54.06 
2134.05 ± 109.99 

(p = 0.061) 
MREE/body 
weight (kg) 

Gainer: 30  
Loser: 50 

      22.24 ± 0.82 
       21.08± 0.58 
 

Gainer: 59 
Loser:   21 

22.07 ± 0.58* 
19.9 ±  0.73 

 
MREE/Fat 
Mass (kg) 

Gainer: 30 
Loser: 50 

63.48± 5.40 
54.84± 3.58 

Gainer: 59 
Loser:   21 

61.07 ± 3.76 
48.95 ± 4.05 
(p= 0.075) 

HOMA Gainer: 26 
Loser:  43 

3.85 ± 0.65 
6.01 ± 0.92 
(p= 0.081) 

Gainer: 51 
Loser: 18 

4.70 ± 0.67 
6.32± 1.49 

LnHOMA Gainer: 26 
Loser:  43 

1.09 ± 0.14*  
1.48 ±0.11 

Gainer: 51 
Loser: 18 

1.28 ± 0.10 
1.55± 0.19 

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

Gender Mean Values 
 (± SE) 

Race Mean Values 
(± SE) 

Body Weight 
(kg) 

Boys: 34 
Girls: 46 

102.57± 6.17 
91.54± 3.90 

Non-Caucasian: 52 
Caucasian: 23 

103.15 ± 4.40*  
87.83 ± 5.43 

Lean Body 
Weight (kg) 

Boys: 34 
Girls: 46 

58.05 ± 2.51* 
49.6 ± 1.43 

Non-Caucasian: 52 
Caucasian: 23 

53.92± 1.62 
52.58± 2.98 

MREE 
(kcal/day) 

Boys: 34 
Girls: 46 

2171 ± 87.44*  
1833 ± 48.94 

Non- Caucasian:52 
Caucasian:23 

2052.52± 57.61 
1885.17±105.76 

Fat Mass (kg) Boys: 34 
Girls: 46 

45.64± 6.39 
41.82± 3.31 

Non-Caucasian:52 
Caucasian: 23 

49.42 ± 4.36*  
33.72 ± 3.21 

Leptin Boys: 23 
Girls: 29 

25.34± 4.05 
32.66± 3.39 

Non-Caucasian: 34 
Caucasian: 14 

33.90 ± 3.35 
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) 

 

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

 Parameter  Pearson Correlation p -Value 

Fat Mass (kg) -0.527 0.030*  

Percent fat -0.525 0.030*  

Leptin ((uugg//LL)) -0.549 0.080 

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

 
 
 
 
 
 
 
 
 
 
 
 
 

*p <0.05 
 
 
 
 

Parameter Decrease (n=9) Increase (n= 8) 

Leptin* ((uugg//LL)) 19.8 ± 4.76 
(n=6) 

51.58 ± 13.67 
(n=5) 

Fat Mass (kg)* 41.23 ±  4.84 77.48 ± 15.94  
  

Percent Fat* 38.72  ±  2.53 56.5 ±  6.13 

MREE  
 (kcal/kg fat mass)* 

54.7 ± 6.28   34.70 ±  5.60 
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Table 5:  Differences in Baseline MREE and Body Composition by Group: Decrease or 
Increase in BMI Z Score (Tanner Stage 5) 

*p <0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Parameter Decrease (n=9) 
(SE) 

Increase (n= 8) 
(SE) 

MREE (kcal/day) 2083 ± 181.70 2214± 113.75 

Weight (kg) 104.41 ± 7.78 131.76 ± 12.33 

LBW (kg)  63.18 ± 4.35 52.5 ± 6.00 

BMI*  34.52 ± 1.59 48.31 ± 5.56 
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DISCUSSION:  The authors of this study investigated MREE in an obese pediatric population as 

a predictor of success with weight loss while undergoing treatment at a healthy weight clinic. It 

explores the hypothesis that a higher baseline MREE will contribute to more success with weight 

loss over time as measured by BMI z score and change in weight.  In this study, MREE was not a 

predictor of weight change in obese youth aged 7-18 after 3-6 months of treatment at a healthy 

weight clinic.  Predictors of change in BMI z-score were tanner stage and pre-intervention lean 

body weight (LBW) whereby on average, those in Tanner Stage 5 lost z score; while the majority 

in Tanner stages 1-4 gained z score (See Figure 1). Also, those with a higher LBW were more 

likely to lose BMI z-score and body weight.  BMI z-score is a measurement that normalizes for 

age and gender, such that comparisons can be made among children.  It is not surprising that 

LBW, which includes skeletal muscle mass, bone mass and organ mass,  is a predictor of success 

of BMI z-score and weight change.  Others (67) have found that LBW accounts for 60-70% of 

the variance MREE.   In the current study, there was a significant (p<0.05) relationship between 

MREE and body weight, LBW and Fat mass (FM).   In a linear regression model, each variable 

was a significant (p <0.05) contributor to MREE; however in a multiple regression model body 

weight remained the only significant predictor (p=0.036) of MREE.  

 In agreement with others (26, 67), the present study demonstrates gender differences such 

that boys have a significantly higher baseline MREE and LBW than girls. An interesting finding 

with this investigation is that, while African American (AA) obese children had a significantly 

higher baseline body weight compared to their Caucasian  ( C ) counterparts, there were no racial 

differences in MREE.  These AA children also had higher baseline fat mass and leptin levels, 

perhaps suggesting more leptin resistance within in this population.  Similar baseline MREE 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 similar baseline 

MREE in our group may be that in this particular sample size, and in ages ranged from 7-18 yrs, 

there was no significant difference in LBW between the races ( See Table 2). 

Another interesting finding is that there was a close to significant (p=0.081) relationship 

between BMI z-score gainers and losers and HOMA. When analyzing date from all subjects, it 

appears that the losers had a higher baseline HOMA when compared to the gainers (see Table 1). 

This is similar to the findings of Cummings D and associates (69).  The mechanisms are unclear 

as to why those with a greater insulin resistance would be more successful with weight loss; 

however, there may be an interplay between transcription factors present in adipose tissue (i.e. 

FOXC2), and perhaps proteins in the insulin signaling cascade which may affect energy 

expenditure (69,70).   

 In exploring differences between Tanner Stages, Tanner Stage 5 subjects on average were 

the only group to decrease in BMI z score (see Figure 1).  Tanner Stage 5 subjects were also the 

only one as a group to lose BMI z-score and body weight; the difference in MREE is significant 

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 composition, it appears fat 

mass is more significantly related to change in BMI z score than LBW. (Tables 4 and 5).  This 

was explored further when investigating Tanner Stage 5 subjects only. 

 When evaluating Tanner Stage 5 subjects, significant negative correlations (p <0.05) 

were noted between change in BMI z score from baseline to follow-up and FM as well as percent 

body fat.  A close to significant (p=0.09) negative correlation was found between change in BMI 

z-score and baseline leptin concentrations (Table 3).   These data support the connection others 
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have found between fat mass and leptin; where by it has been shown that greater fat mass lends 

itself to greater leptin concentrations (48).  This finding would also be in agreement with a 

recently published study by Reinehr T et al (46) which indicates that leptin concentration is a 

predictor of overweight reduction in obese children participating in a lifestyle intervention.  The 

main findings of Reinehr’s study  was that baseline leptin concentrations were  correlated with 

gender, degree of overweight, and pubertal stage in obese children and significantly and 

negatively correlated with degree of weight loss.   

 When investigating differences between BMI z score gainers and losers, there was not a 

significant difference between the two groups in MREE (kcal/day), baseline kg body weight, or 

baseline LBW.  Those in Tanner Stage 5 who had a lower baseline BMI declined in BMI z-score 

(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 fat, MREE/FM, 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 between the groups, nor did it 

seem to predict change in weight or BMI z score.  This could perhaps be a ‘growth effect’ 

whereby in older children the proportion of LBW to total body mass is less than in younger 

children when growth is occurring. This is also perhaps the result of a larger proportion of fat 

mass in these older children.  Others (67) have noted that with age, LBW decreases, as does 

MREE.  Perhaps in Tanner Stage 5, and in obese children, it is the ratio of  skeletal muscle mass 

to fat mass decreases, and with an increased fat mass, the overall ratio of LBW  to total body 

mass is decreased. As noted in Table 1, when investigating the difference in MREE/kg fat mass 

in all subjects, there was not a significant difference between those that increased BMI score and 
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those that declined in BMI z score. It appears that it is in older youth, adjusting MREE to fat 

mass may be more important in helping to predict success with weight change status.   

 In the current study, it appears that in Tanner Stage 5 youth, those with a lower baseline 

leptin declined in BMI z Score as compared to those with a higher baseline leptin (Table 4) 

Leptin is a hormone that acts centrally and peripherally in the body.  The main function of Leptin 

is to decrease appetite and increase REE via centrally mediated mechanisms (48). In recent years 

it has been found that leptin also acts peripherally on tissues such as adipose and skeletal muscle 

(34, 65). Leptin resistance is the concept that high levels of leptin do not have the expected  

appetite suppressant and thermic effect and if often considered a common metabolic dysfunction 

seen in the obese state.  (48).  It appears in the current study, in older children, higher levels of 

leptin are negatively associated with BMI z score and weight change.  This is similar to what 

Reinehr and associates (46) found in their study with lifestyle intervention and obese 

adolescents.  There are a few proposed mechanisms by which leptin may act to affect weight 

change in the obese.  In line with the concept of leptin resistance, perhaps on the central level 

leptin may not perform normally on the hypothalamic-pituitary-adrenal axis in decreasing 

appetite,.   Wang et al (52) reported that leptin also may act on adipose tissue.   These researchers 

found that in healthy rat tissue, leptin stimulated lipolysis within adipose tissue by evidence of 

release of glycerol, and increased mRNA of enzymes such as CPT-1 and acyl CoA oxidase, 

while down regulating fatty acid synthase.  When compared to the ob/ob zucker rat, known as a 

model for ‘leptin resistance’ where the leptin receptor is defective, this lipolysis in adipose did 

not occur. Thus, perhaps in human adipose, when leptin resistance is present, lipolysis within 

adipose tissue is blunted, which in turn may contribute to overall outcomes of less weight loss.  

Finally- Solinas et al (65) demonstrate that leptin has an effect on skeletal muscle thermogenesis.  
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This interesting study postures that leptin mediates a cycle between de novo lipogenesis 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 ‘protect’ skeletal 

muscle from excessive fat storage.  In the case of obesity, where leptin resistance may occur, 

perhaps there is dysfunction in this mechanism such that via defective leptin receptors, or 

PI3/AMPK signaling, skeletal muscle thermogenesis is geared more towards 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 demonstrate 

MREE utilized in the clinical setting, in ‘real time’.  These data could be used as an indication 

that further study by randomized clinical trial may be needed to explore the use of indirect 

calorimetry in obese youth, particularly in those that are nearing adulthood.  Also in older obese 

youth, further exploration of the importance of baseline leptin and body composition, particularly 

FM, and the relationship to MREE and metabolic dysfunction  is also warranted  

 Taken together the literature and the data presented in this study suggest that while 

MREE may not be a predictor of weight change status in obese youth aged 7-18, it may be a 

predictor in  older obese youth, Tanner Stage 5.   While lean body weight may be important in 

affecting MREE and outcomes related to change in weight, the metabolic affects of fat 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 resting energy expenditure 

and quite possibly to metabolic defects, which in turn affect success with weight change as 

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 organizations as the American 

Academy of Pediatrics(AAP) and the American Dietetic Association (ADA) have turned much 

of their attention to developing evidence based guidelines for prevention and treatment of this 

disease state (1, 58).  A call for both mechanistic and clinical research in the field of childhood 

obesity has been made in the scientific and medical communities.  One of the main impetuses for 

the current research described in this dissertation was to contribute findings of clinical work with 

an obese pediatric population, particularly in the area of measured resting energy expenditure 

(MREE) and outcomes after participation in a healthy weight clinic.   

 Chapter 1 discusses the importance of MREE in determining caloric targets for weight 

loss in obese  adults and children in clinical and research settings (26, 67).  The ADA has 

proclimated that measuring REE with indirect calorimetry in the clinical setting is the gold 

standard in the adult population, and has also considered this ‘ideal’ in the obese pediatric 

population (1).  Current literature is beginning to shed light on the usefulness of indirect 

calorimetry with obese adults in the clinical setting (20, 68); however, there is currently very 

limited literature with obese youth.  To our knowledge there is no literature that utilizes indirect 

calorimetry in the clinical setting with obese youth to compare this measurement with predictive 

equations or to describe outcomes of MREE while undergoing treatment in a ‘real world’ setting 

such as a healthy weight clinic.  

 The studies discussed in Chapters 2 and 3 describe the clinical outcomes of utilizing 

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 calorimeter to 5 commonly 

used predictive equations that estimate REE and TEE.  Several studies have demonstrated that 

predictive equations used for obese youth may compare to indirect calorimetry in the research 

setting, yet there is a significant discrepancy between predictive and measured REE (18,24).  The 

literature is also still inconclusive as to the ‘best’ equation to use in an obese pediatric 

population.  No studies have addressed the use of a fixed function calorimeter in comparison to 

these equations used in the clinical setting.  Chapter 2 describes the differences between MREE 

using a portable device and 5 equations often used to calculate TEE and to set caloric targets for 

weight loss in obese youth. One unique aspect of this study is that it compares the ‘gold 

standard’ of predictive equations for obese youth as recommended by the ADA to other 

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 closely compares to the 

Harris Benedict equation (an adult ‘gold standard”). Furthermore, we wanted to explore the ‘gold 

standard’ for obese adults, the Mifflin St Jeor equation, with youth who were , as a whole, 

considered “morbidly obese’ (as measured by being well above the 99th percentile BMI for age 

and gender). The average BMI for the youth investigated was 39 kg/m2, which is considered 

morbidly obese in an adult population.  Given that several studies provide testimony to the fact 

that often predictive equations over-estimate (and under- estimate) energy needs in obese youth 

(18,24), the goal of Chapter 2 was to explore this in the ‘real world’ clinical setting with 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 equations, although 

significantly correlated with MREE, do also significantly deviate from MREE.  The majority of 
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the predictive equations compared over-estimated the TEE of the obese pediatric population 

studied.  In particular, the largest mean difference was seen between MREE and the IOM 

predictive equation for - boys and girls, with a mean absolute difference in energy expenditure of 

over 700 kcal/day. The overall smallest absolute mean difference was noted between MREE and 

the Harris Benedict equation (197kcal).  Thus, in an obese pediatric population, the more 

‘accurate’ predictive equation appears to be the Harris Benedict equation.  However, the term 

‘accurate’ is used loosely here, since even a 200 kcal difference in determining energy needs for 

weight loss can translate into a recommendation that leads to 1-2 pounds per month weight gain.  

As shown in the practical, real life example of comparing energy needs of a subject using all 

equations and MREE, there is room for error to either over- or under- predict energy needs.  

Particularly in obese youth it is very important to not over-predict needs- as shown with the use 

of the IOM equation, because that could potentially lead to a 1-2 pound weight gain over time.  .  

  An important consideration when utilizing the common predictive equations for obese 

youth  (WHO, Shofield, IOM) is that these equations were initially developed with healthy 

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 metabolically less active 

compared to skeletal muscle.  Another point to make is that the Harris Benedict equation was 

developed using healthy weight white males during the early 1900’s (75).  Although obese youth 

may have a higher ratio of fat mass than adult men, the Harris Benedict equation accounts for 

height, kg body weight age and gender.  As the literature indicates, there is a strong 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 needs for growth may not 

have to be taken into account 

 Other results presented in chapter 2 include gender differences such that there was more 

variability in girls when comparing predictive equations and MREE.  The variability in 

differences between MREE and each predictive equation among females could be due to various 

factors to include body composition, genetic influences, and race.   Interestingly, all equations 

tended to significantly overestimate REE in boys.  Predictive equations account for age, gender, 

height and weight, with the assumption that boys have a different body composition than girls 

(i.e. more skeletal muscle); hence, the reasoning for separate equations for boys and girls.  

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 weight child/adolescent 

from which many of these equations have been developed.  Another consideration is that 

predictive equations for children, in general, often account for the growth needs of development.  

The dichotomy in childhood obesity is that energy needs must consider meeting ‘nutrient’ needs 

for growing and developing youth, but our goal is actually for weight loss in obese individuals. 

Perhaps this is an explanation for the Harris Benedict, or an adult equation, more closely 

matching measured REE in this obese pediatric population.  When looking at differences in 

MREE and predictive equations by race, there does not appear to be a significant difference 

between Caucasian and African American (non white) subjects.  This is somewhat surprising as 

several investigates have indicated that African American healthy and overweight 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 developed using a healthy 
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weight Caucasian population, one might expect to see these differences reflected when 

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 compare a clinical tool for 

measuring REE in obese youth to this specific subset of predictive equations: two commonly 

used pediatric equations (WHO and Shofield), two adult equations (Harris Benedict- gold 

standard for healthy adults; and Mifflin St Joer, ADA recommended for obese adults), and the 

ADA recommended IOM equations for youth (boys and girls).  It is important to note also that 

although TEE is utilized to calculate caloric targets for weight loss: all equations, including the 

IOM which is based on TEE rather than REE, can be compared using the same activity factor.  In 

this particular population an activity factor of “1” was used to denote the sedentary lifestyle of all 

participants.  The IOM equation incorporates a physical activity factor in its calculation for TEE, 

while all other equations predict REE and then an activity factor is utilized to calculate TEE. 

Thus Chapter 2 demonstrates that when using the same activity factor to ultimately calculate 

TEE, the Harris Benedict equation most closely matches REE in obese youth as measured with 

indirect calorimetry.  Most equations (WHO, Shoefield, IOM) over-estimated energy needs in 

this population; with the IOM equation grossly over-predicting.  The Mifflin St Jeor, 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 have developed 

predictive equations to account for fat free mass (FFM), a major factor in determining REE, ( 

14,16), recent findings state that they fair no better when compared to indirect calorimetry (24).  
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Further investigation may be warranted to assess if predictive equations should be utilized to 

account for race.  The study described in Chapter 2 contributes unique data regarding REE in an 

obese pediatric population as measured with a portable indirect calorimeter in the clinical setting.  

It also attempts to continue to elucidate the ‘best’ predictive equation to determine 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 the validity of portable 

indirect calorimetry in the clinical setting using both adults and youth (4, 53.), more research is 

needed, particularly in an obese and severely obese pediatric population. Additional research is 

also needed to build upon the literature of measuring REE in the clinical setting using a handheld 

portable device and comparing this to predictive equations. Both a strength and limitation of  this 

current investigation is that data were collected in ‘real time’ and was intended as measurement 

of REE in the clinical setting rather than as a randomized clinical trial in  a research setting 

where a metabolic cart would be used.  As mentioned, further research will be needed in this area 

to strengthen the validity and reproducibility of indirect calorimetry use in the 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.  The overarching 

hypothesis was that MREE would be a predictor of success with weight change in this 

population, such that a higher baseline MREE would signify more weight loss after follow-up.  It 

was also hypothesized that leptin, a metabolic marker related to fat mass in the obese would 

negatively correlate with MREE and      with weight change status because of  leptin resistance.  

It has been established in the literature that factors such as low MREE (62) and high 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, contributes to success with 
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weight loss as measured by BMI z-score change and change in absolute weight.  Adjusting 

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 change in BMI z score status in 

obese youth aged 7-18 yrs of age.  We also wanted to answer the question if it was useful to 

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 could potentially 

related to success with weight change status.  The results indicate that, overall, MREE does not 

predict success with weight loss in obese youth aged 7-18 who participate in a healthy weight 

clinic.  When analyzing the total sample of 80 subjects, the predictors of weight change as 

measured by BMI z score were lean body weight (LBW), and Tanner Stage.  Older youth 

(Tanner Stage 5), and those youth with more LBW, had a tendency to lose BMI z-score. In some 

ways this is not surprising as those in Tanner Stage 5 also had higher baseline MREE and a 

higher LBW compared to the other Tanner Stage 1-4 youth.  The results indicate that in terms of 

mean change in BMI z-score from baseline to follow-up, the Tanner Stage 5 group lost BMI  z-

score.  One may assume, given a higher LBW in this group, that  this would contribute to the 

higher MREE, since the literature indicates that  LBW includes skeletal muscle which accounts 

for 50-60% of the variation in REE (31,67); however, although LBW significantly correlated 

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 in MREE, there 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 can not be ignored 

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 a difference (p= 0.09, 

although not statistically significant) in HOMA,  such that BMI z score losers tended to have  a 

higher baseline HOMA. There was a significant difference in LnHOMA between the two groups 

(Chapter 3, Table 1)  This is in agreement with Cummings D et al (69).  The investigators found 

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 baseline HOMA , or 

were more insulin resistant responded better to dietary changes (i.e. decreased sugar sweetened 

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 transcription factors 

present in adipose (i.e. FOXC2), may affect energy expenditure such that those with higher 

insulin resistance have greater weight loss after carbohydrate dietary modifications. It is 

important to note that all subjects in the present study did receive nutrition counseling at baseline 

on dietary modification such as decreased sweetened beverage intake. Perhaps this finding is 

more related to a behavior modification of decreased sweetened beverages.  At baseline, many 

subjects were consuming a large amount of sugar beverages which may have resulted in elevated 

HOMA values.  Perhaps, it is that after 3-6 months of decreased consumption of sweetened 

beverages contributed to a change in weight status, or a decline in BMI z score. This would need 

to be explored further, and further investigation would be needed to determine any relationship 

between dietary modification, baseline HOMA, and baseline MREE as related to change in BMI 

z score.   

 Since there appeared to be a significant difference in many variables with Tanner Stage 5 

subjects (n= 17)  compared to the other Tanner stages, further analysis was done in this group. 

One of the most interesting findings in this group, was that although there were no differences in 
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MREE between those that decreased vs. those that  increased BMI z-score,  there was a 

difference (p <0.05) in MREE/FM.  Another unexpected finding in this group , that is different 

when comparing to all subjects, is that FM and percent body fat  were negatively correlated (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 change and baseline 

leptin., such that those with a lower baseline leptin lost BMI score. The significant variables 

when comparing BMI z-score gainers and losers were FM, percent body fat, MREE/FM, and 

baseline leptin (p<0.05 for all variables).  It is important to note that there was not a significant 

difference in LBW between gainers and losers.   This finding indicates that in Tanner Stage 5 

youth, LBW does not appear to be predictor of weight change status; however, those with a 

lower baseline fat mass, and a higher calorie/kg fat mass ratio were more likely to decrease BMI 

z score.   

  The relationship between increased fat mass and higher baseline leptin levels in this 

group is not surprising given the established relationship between the two (71).  What is striking, 

is that even ‘lower’ baseline leptin levels are much greater than expected levels for age:  for 

example, a ‘normal’ average leptin for a 13 year old male is about 3.0 ng/ml (72), whereas, in 

this sample a 13 year old male had leptin levels of approximately 41 ng/ml.  The ‘reference 

range’ (from 5th->95th) - for adult males is 0.7-5.3 ng/ml at a BMI of 22kg/m2 (74). The highest 

BMI on the adult leptin value chart is 35kg/m2, giving a range from 8.7-70.3 (5th->95th). 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 the 50th percentile for BMI, and 

over 10 times the ‘normal’ leptin value for a healthy weight youth.   



65 
 

 Conclusions from analysis of the Tanner Stage 5 group indicate that fat mass is strongly 

negatively related to both BMI z score change and weight change, such that those with higher fat 

mass are less likely to have success with weight loss.   A possible explanation is that with higher 

fat mass, leptin levels were also higher resulting from leptin resistance.  Fat mass does indeed 

have its own resting metabolic effect (34).  The ‘thermic affect’ of fat may be attributed to what 

is known as ‘mass dependent secreting activity’- or the secretion of hormones such as leptin 

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 counterparts (34).  It is 

recognized that this higher REE is likely due to both a higher LBW and fat mass combined.  In 

the present study it is noted that there is a significant difference in MREE between Tanner Stage 

5 youth and those in other Tanner Stages.  There is also a significant difference in body weight 

between these two groups (Tanner 1-4 vs. Tanner 5),; but the Tanner Stage 5 group also had a 

significantly higher LBW and FM.  Thus it is feasible that both LBW and FM contribute to the 

higher MREE.   

 The ‘metabolic effects’ of adipose tissue, or perhaps better stated as ‘dysfunction’ of fat 

metabolism, may be better demonstrated when focusing on the Tanner Stage 5 youth.  It is this 

group as a whole that tended to lose BMI z-score and weight. There may be several reasons for 

this observation.  One may be that in Tanner Stages 1-4 there is a potential ‘conflict’ between the 

goals of a Healthy Weight program for weight loss in a population that is still ‘growing ‘in terms 

of bone, organ tissue and skeletal muscle.  The ‘natural metabolic drive’ in the developing child 

is to gain weight in terms of body mass. Unfortunately, in the studied population these youth are 

already at a BMI with excess fat mass comparable to morbidly obese adults. Another explanation 

for more ‘success’ with weight loss (change in BMI z score) in the older group may also be 
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behavioral.  In working with obese youth and lifestyle changes as defined by dietary and physical 

activity modification, the younger the child, the more dependent on the parent for environmental 

changes (i.e. access to high caloric foods).  By the teen years, or Tanner Stage 5, there may be 

more ‘choice’ involved to make changes and these youth may be at a developmental stage to 

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 correlated with changes in BMI z score 

and weight, whereas LBW appeared to have less effect in terms of contributing to MREE and 

changes in weight.  One explanation may be that in Tanner Stage 5, these youth are most 

metabolically closest to adult-hood, such that ‘growth’ as defined by metabolically active tissue 

with increased organ mass, and skeletal muscle (i.e. LBW) has slowed. Thus, as far as growth 

and development, there is more potential contribution from fat mass at this pubertal stage. In 

terms of adipose tissue metabolism, Muller et al (34) bring up the point that it is important 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. visceral vs. subcutaneous; 

abdominal vs. gluteal).  Fat cell size and structure have implications with regard to mitochondrial 

oxidative metabolism which affects rates of lipolysis and energy expenditure (73).  As one can 

ascertain, the metabolic consequences of excess fat, and in this case morbid obesity have yet to 

be truly be explained, and further exploration with studies that utilize detailed body composition 

analyses and cellular morphology are indicated for future research.  

 The mechanisms involved in fat mass and its effect on energy metabolism are still largely 

unknown; however leptin has been considered a prime ‘candidate’ (34).  As discussed in Chapter 

3, leptin’s main function is to decrease appetite and increase REE via centrally mediated 
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mechanisms (48).   The concept of leptin resistance such that high levels of leptin do not have 

the expected appetite suppressant and thermic effect is noted in obesity (48).   The investigation 

as described in Chapter 3 demonstrates that, in older children (Tanner Stage 5), higher levels of 

leptin are negatively associated with BMI z-score and weight change.  This is similar to what 

Reinehr and associates (46) found in their study with lifestyle intervention of obese adolescents. 

There are a few proposed mechanisms by which leptin may act affect weight change in the 

obese.  In recent years it has been found that leptin also acts peripherally on tissues such as 

adipose and skeletal muscle (34,65). In line with the concept of leptin resistance, perhaps on the 

central level,  leptin may not perform normally on the hypothalamic-pituitary-adrenal axis in 

decreasing appetite.   Wang et al (52) reported that leptin may also act on adipose tissue.   These 

researchers found that in healthy rat tissue, leptin stimulated lipolysis within adipose tissue, and 

increased mRNA of enzymes such as CPT-1 and acylcoA oxidase, while down regulating fatty 

acid synthase.  When compared to the ob/ob zucker rat, known as a model for ‘leptin resistance’ 

where the leptin receptor is defective, this lipolysis in adipose did not occur. Thus, perhaps in 

human adipose, when leptin resistance is present, lipolysis within adipose tissue is blunted which 

in turn, may contribute to overall outcomes of less weight loss.  Finally, Solinas et al (65) 

demonstrate that leptin has an effect on skeletal muscle thermogenesis.  This interesting study 

proposes that leptin mediates a cycle between de novo lipogenesis 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 ‘protect’ skeletal muscle from excessive fat 

storage.  In the case of obesity, where leptin resistance may occur, perhaps there is dysfunction 

in this mechanism such that via defective leptin receptors, or PI3/AMPK signaling, skeletal 
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muscle thermogenesis is geared more towards lipid storage; hence decreasing the thermogenic 

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’ setting, or in these terms as 

related to outcome measures such as change in BMI z-score or weight.  This investigation is 

predicated on the hypothesis that MREE would be a predictor of success with weight loss in this 

population upon participation in a healthy weight clinic where lifestyle changes were taught.   

 Even while rates of childhood obesity are leveling out, the long term metabolic, social, 

and health consequences continue to be of great concern in the medical and scientific 

communities.  The current project set out to investigate outcomes in the clinical and ‘real world’  

setting with regard to MREE in an obese pediatric population participating in a healthy weight 

program in a rural southern community.  The overarching hypothesis stated that those youth who 

had a higher baseline MREE would have more success with weight loss after follow-up with 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 combined group of all 80 

subjects, MREE was not an independent predictor of weight change.   

 There were some important findings; however. It was determined that Tanner Stage and 

pubertal maturity was an independent predictor of weight change, and in particular there were 

different metabolic characteristics in the Tanner Stage 5 group.  If one factors the relationship 

between fat mass and leptin, perhaps the most concise statement to describe the unique finding is 

baseline leptin concentration is negatively associated with change in BMI z score and weight 

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

investigation.   

 In terms of MREE and the exploration of the usefulness in adjusting to body weight , fat 

mass and percent body fat, it appears that perhaps fat mass, not LBW may help predict success 

with weight change in older youth; although the metabolic factor may be more related to the 

higher leptin levels that tend to go along with higher ratios of fat mass.  Important conclusions in 

Chapter 3 are that in older youth, those with a lower baseline leptin concentration and lower 

baseline fat mass  were more likely to decline in BMI z score.  Also MREE normalized to FM in 

this group indicated that those with a higher kcal/kg FM tended were more likely to decrease in 

BMI z score. This indicates that perhaps in older youth it may be beneficial to adjust MREE to 

fat mass to help predict success with weight change status. This also demonstrates that it may be 

important to take into account fat mass in older obese youth when determining energy needs.  

These data also suggest that baseline leptin levels may be a predictor of weight change status in 

Tanner Stage 5 youth.  Further investigation is needed, and  , as stated earlier, a limitation to this 

study  is that the sample size in this group was small, and further investigation is required to 

expand upon these results.   

 Another important finding resulting from this project is the ability to report the use and 

usefulness of indirect calorimetry in the clinical setting using an obese pediatric population, 

particularly in morbidly obese youth.    As stated previously, the ADA has encouraged the use of 

indirect calorimetry to determine caloric targets for weight loss in the obese.  To date, there is no 

literature that describes the use of this clinical tool in obese children and adolescent and 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 obese pediatric 
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population, it adds to a growing and needed body of literature that reports the usefulness of  

indirect calorimetry used in the clinical setting.  

. This investigation prompts further research in obese youth in a variety of ways.  It would 

be beneficial to add to the existing literature in terms of validating indirect calorimetry in this 

population as compared to the research setting using a metabolic cart, and perhaps with a control 

group of lean subjects.  Also further research is needed to determine within subject variability in 

this population, as recommended by Cooper and associates (4).  The current study also prompts 

further research particularly in an older obese population (Tanner Stage 5).  It would be 

beneficial to investigate this population  in terms of body composition using DEXA ,for 

example, and further exploring relationships between leptin concentration, fat mass and MREE.   

 As suggested by Muller M and associates (34) further exploration into fat metabolism  as 

related to REE utilizing detailed body composition and cell morphology in this population would 

also help elucidate mechanisms involved in metabolic dysregulation that not only leads to the 

obese state in a pediatric population, but that which may have implications for success with 

weight loss. Also as previously stated the intent of this project was to report findings as 

developed in the clinical setting and in the medical home of these pediatric patients.  Further 

research is needed in this realm as a randomized clinical trial, and with a control group such as 

healthy weight youth for comparison.  This investigation may be utilized as a springboard of 

sorts to propel further research with obese youth in the clinical setting and who are participating 

in a healthy weight program.   
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 In conclusion the important findings of this project are as follows:  First, measuring 

resting energy expenditure (MREE) in the clinical setting via indirect calorimetry is particularly 

important in older youth- Tanner Stage 5.  In this age group, it appears that adjusting MREE to 

fat mass may help predict weight change status in this population- such that those with a lower 

baseline fat mass may have more success with decline in BMI z score.  A second finding is that 

when indirect calorimetry is not available in the clinical setting, the best predictive equation to 

use in obese youth > 99th percentile 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 mechanisms related to leptin 

and insulin in influencing MREE and metabolic dysregulation need to be further explored.    
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last continuing review?    yes   no  If yes, describe.        
 
SOURCE OF FUNDING:  
 

  No source of funding exists for this research  
  Institution or Department Sponsor, Name: Pitt Memorial Hospital Foundation 
  Government Agency, Name :      
  Private Agency, Name :      

 
Fund number for IRB fee collection (applies to cont inuing review of all for-profit, private industry 
or pharmaceutical company sponsored projects):   
Fund  Organization  Account  Program  Activity (option al) 

            73059             
  
 
CHECK ALL INSTITUTIONS OR SITES WHERE THIS RESEARCH  STUDY WILL BE CONDUCTED:  
 

 East Carolina University   Beaufort County Hospital    
 Pitt County Memorial Hospital, Inc   Carteret General Hospital 
  Heritage Hospital     Boice-Willis Clinic 
  Other  Pediatric and Family Practice Clinics in Pitt County. 

 
AMENDMENTS / REVISIONS / MODIFICATIONS 
 

 There have been no amendments, revisions or modifi cations to the research protocol since the 
last review.  

 Yes, there have been amendments, revisions or modi fications since the last continuing review.  
Attach the UMCIRB revision form for any revision th at is being considered for approval along with 
this continuing review.  List the title or reference each item including ver sion and UMCIRB 
approval date.       
 

  There have been no amendments, revisions or modif ications to the consent document since 
the last review. 
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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 
item including version date and UMCIRB approval dat e.        
 

  This is not a grant funded study.  
  There have been no amendments, revisions or modif ications to the grant since the last review. 
  Yes, there have been amendments, revisions or mod ifications to the grant since the last 

continuing review.  
Attach a copy of the updated grant application with  changes outlined or highlighted.    
 
PARTICIPANT ACTIVITY  
Sample size proposed in the research at all sites    Open Enrollment- for all new obese patients seen 
for Medical Nutrition Therapy in the pediatric and family practices in Pitt County- approx n~ 300. 
Total number of participants enrolled at all resear ch sites to date    
 0 
 
Total number of participants enrolled at this site since the research was initially approved 
 0 
Total number of participants enrolled at this site since the last continuing review  
 0 
 
Total number of participants completing all aspects  of research at this site since the last review 
 0 
Total number of participants involved in the follow -up portion of the research at this site 
 0 
Total number of participants remaining in the activ e portion of the research   
 0 
 
Total number of deaths at this site during the acti ve or follow-up portion of this research to date
 0 
 Is this research study followed by a Data Monitori ng committee     

 yes    no 
 
Total number of participants locally withdrawn prio r to research completion   
 0 
 
Provide specific details regarding all participant withdrawals from the research study, whether 
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 
Follow-up with the Community Dietitian (KIDPOWER), and patients lost to follow-up,  may limit utilization 
of the 7-visit Medical Nutrition Therapy Protocol 
 
If you have exceeded the sample size initially prop osed for this research study, provide a 
rationale.  Not Applicable 
 
MONITORING AND ONGOING ACTIVITIES 
 

  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 
Reporting Form for any previously unreported seriou s adverse events. Applicable serious adverse 
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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.        
 

  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 for any 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.        
 

   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 activities i f 
the outcome was unfavorable or unacceptable.  List the auditor/monitor (sponsor, institution, 
federal agency) and date of the activity.         
 

  There has been no analysis or reports by a data m onitoring committee since the last review. 
  There has been an analysis or report by a data mo nitoring committee since the last review.  

Attach the report to the continuing review form if not previously submitted.  If this report has been 
previously submitted to the UMCIRB, list that date.  
 

  There have been no publications or presentations generated from the local investigator 
involved in this research since the last review.  

  There have been publications or presentations gen erated from the local investigator involved 
in this research since the last review. List all pu blications or presentation resulting from 
information generated by this research, generated b y local investigators or sponsors.  Attach the 
published materials to the continuing review form.   
 

  There have been no new developments generated by this research that have an impact on the 
assessment of potential risks or benefits for parti cipation in this research study since the last 
review.  

  There have been new developments generated by thi s research that have an impact on the 
assessment of potential risks or benefits for parti cipation in this research study since the last 
review.  Describe these new developments.       
 

  There are no additional comments or information t hat may be pertinent to the review of this 
research. 

  There are additional comments or information that  may be pertinent to the review of this 
research.        
 
 
 
 
 
 
 
CONFLICT OF INTEREST 
 

  There are no potential conflicts of interest invo lving any member of the research team since 
the last review. 

  There is now a potential or actual conflict of in terest involving a member of the research team 
since the last review.  Complete and attach an upda ted UMCIRB Conflict of Interest disclosure 
form.   
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REQUIRED ATTACHMENTS FOR CONTINUING REVIEW 
 
***Note: To determine whether a research study shou ld go to the full committee for review and 
approval or if the study can be approved by expedit ed review, see Instructions .  
 
Full Committee Review:  

• 2 copies of protocol 
• 2 copies of publications/presentations 
• 20 copies of continuing review form 
• 20 copies of ALL consents/assents 
• 20 copies of protocol summary 

**These should be collated into individual packets with 2 of the packets containing the protocol 
and any publications/presentation information. 
 
Expedited Review:  

• 1 copy of protocol 
• 1 copy of continuing review form 
• 1 copy of ALL consents/assents 
• 1 copy of protocol summary 
• 1 copy of publications/presentations 

 
 
 
***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 enrollment:  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.  

 
***HIPAA Authorizations and Waivers of Authorizatio n do not expire and, therefore, do not need to 
be resubmitted to the UMCIRB office.  
 
 
 
 
 
 
 
 
 
 
CLOSURE OF A RESEARCH STUDY  
 
• Each section should be completed regardless of whet her this form is being submitted for 

continuing review or closure of a research study  
• No consent documents are necessary.  
• A copy of the protocol or protocol summary is not r equired.  
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ACTION REQUESTED 
 

  Renew—continued participant enrollment  
  Renew—no additional participant enrollment with f ollow-up for enrolled participants only, 

utilizing research related interventions conducted solely for gathering protocol related 
information 

  Renew—no additional participant enrollment with l ong-term follow-up for enrolled participants 
only, utilizing follow-up interventions considered standard of practice that creates no research 
related burden for participants 

  Renew—no additional participant enrollment; data an alysis and interpretation only 
  Terminate—research completed with no additional p articipant enrollment or collection of 

follow-up information.  Provide rationale for study  termination:        
 
 
 
 
 
 

Principal Investigator Signature                                               Print                                   Date 
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APPENDIX 3 

 

Chapter 3 Index  

A. General: 
--Approach to the 
Adolescent 
Patient 
--Managing 
Problem Health 
Behaviors in 
Adolescents 
--Health 
Screening and 
Prevention 
Guidelines for 
Teens 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tanner Staging 

I. Girls 

Tanner 
Stage  

Stage of 
develop  

Pubic Hair  Breasts  

Stage 1 Early 
adolescence 
(10-13 years) 

Preadolescent Preadolescent 

Stage 2   Sparse, straight small mound 
Stage 3 Middle 

adolescence 
(12-14 years) 

Dark, curl bigger; no contour 
separation 

Stage 4   Coarse, curly, 
abundant 

Secondary mound 
of areola  

Stage 5 Late 
Adolescence 
(14-17 years) 

Triangle; medial 
thigh 

nipple projects; 
areola part of 
breast 

I. Boys 

Tanner 
Stage  

Stage of 
develop.  

Pubic 
Hair  

Penis  Testes  

Stage 1 Early 
adolescence 
(10.5-14 
years) 

None Preadolescent preadolescent 

Stage 2   Scanty Slight 
increase 

larger 

Stage 3 Middle 
adolescence 
(12.5-15 
years) 

Darker, 
curls 

Longer larger 

Stage 4   adult, 
coarse, 
curly 

Larger scrotum dark 

Stage 5 Late 
adolescence 
(14-16 years) 

adult - 
thighs 

Adult adult 

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. 

• 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.  
• 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 

Next Page 
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