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Abstract 

 

Purpose: There has been renewed interest in examining the relationship between specific 

components of energy expenditure and the overall influence on energy intake (EI). The 

purpose of this cross-sectional analysis was to determine the strongest metabolic and 

anthropometric predictors of EI. It was hypothesized that resting metabolic rate (RMR) 

and skeletal muscle mass would be the strongest predictors of EI in a sample of 

overweight and obese adolescents.  

Methods: 304 post-pubertal adolescents (90 boys, 217 girls) aged 16.1 (±1.4) years with 

body mass index at or above the 95
th

 percentile for age and sex OR at or above the 85
th

 

percentile plus an additional diabetes risk factor were measured for body weight, RMR 

(kcal/day) by indirect calorimetry, body composition by magnetic resonance imaging (fat 

free mass [FFM], skeletal muscle mass, fat mass [FM], and %body fat), and EI (kcal/day) 

using 3-day food records.  

Results: Body weight, RMR, FFM, skeletal muscle mass, and FM were all significantly 

correlated with EI (p<0.005). After adjusting the model for age, sex, height, and physical 

activity only FFM (β =21.9, p=0.007) and skeletal muscle mass (β =25.8, p=0.02) 

remained as significant predictors of EI. FFM and skeletal muscle mass also predicted 

dietary protein and fat intake (p<0.05), but not carbohydrate intake. 

Conclusions: With skeletal muscle mass being the best predictor of EI, our results 

support the hypothesis that the magnitude of the body’s lean tissue is related to absolute 

levels of EI in a sample of inactive adolescents with obesity.  

Key Words: Body composition, fat free mass, energy intake, adolescent obesity, 

magnetic resonance imaging, 
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1.Introduction 

Energy balance and energy homeostasis are theoretical concepts that provide a 

heuristic approach to understand feeding—one of the most integrated of all animal 

behaviors—and to further help guide an explanation of human obesity (Cameron and 

Doucet 2007). In practice, however, at the individual level humans do not balance energy 

intake and energy expenditure on a day-to-day basis (Dulloo et al. 2012), which results in 

a daily standard deviation of approximately 0.5% body weight (Garrow 1995). This 

deviation is due to the continuous use of energy over the course of the day combined with 

the episodic nature of feeding; therein there are a plethora of peripheral peptide and 

hormone signals released by the gastrointestinal tract (e.g. CCK, PYY3-36, GLP-1, etc.) 

and signals from adipose tissue (e.g. the adipokines leptin and adiponectin) that serve to 

adjust intake to changing demands. Although the cross-talk of peripheral tissues and 

organs with specific brain centers has been described in great detail in relation to appetite 

and body weight regulation (Berthoud 2004; Morton et al. 2006), there are still many 

questions that remain unanswered. To be sure, in the controlled setting of the laboratory 

and without exogenous pharmacologic administration of appetite hormones, very small 

effects or null findings are commonplace when trying to elucidate the role that these 

common appetite signals have in hunger, satiety, and energy balance in humans (Doucet 

and Cameron 2007; Gibbons et al. 2013; King et al. 2015; Sysko et al. 2013).  

The recently developed concept of a “Dual Intervention Point Model” by 

Speakman et al. (2011) describes two distinct intervention points—low and high levels of 

body fatness—where between these points body fat plays a minimal role in the regulation 

of food intake (Speakman et al. 2011). Outside of these intervention points it is 
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understood that at the low(ered) end of body fatness leptin signaling stimulates food 

intake and reduces energy expenditure, whereas, the opposite effects on feeding and 

energy expenditure are noted with high(er) body fatness, albeit to a lesser extent. Thus, 

under the circumstances described above, the drive for food may be better described by 

an equal but opposite drive to balance the energy used for the physiologic and metabolic 

activity of normal body functioning. In an effort to describe why, in a similar food 

environment, some individuals become obese while others do not, Speakman posits that 

there may be signals that are deficient—specifically protein or micronutrients—which 

compel overconsumption at the individual level (Speakman 2014). Indeed, relative to 

carbohydrates, fats, and ethanol, dietary protein has been shown to produce the greatest 

effect on satiety and diet-induced thermogenesis in humans (Veldhorst et al. 2008), but it 

remains unclear and speculative whether we consume food to leverage a minimal level of 

protein. Correspondingly, in light of the literature showing no consistent relationship 

between physical activity energy expenditure and energy intake (Blundell et al. 2015; 

Donnelly et al. 2014; Martins et al. 2015) there has been a renewed interest in examining 

the relationship between other components of energy expenditure—particularly resting 

metabolic rate (RMR) and fat free mass (FFM)—and the overall influence on energy 

intake (Blundell et al. 2012b; Dulloo et al. 2015). It is well-accepted that the largest 

contributor to total energy expenditure is RMR, accounting for approximately 50-70% of 

the variance (Johnstone et al. 2005); by convention, FFM and fat mass (FM) account for 

approximately 60% and 6%, respectively, of that variance (Johnstone et al. 2005). 

Furthermore, a breakdown of contributions of energy expenditure arising from FFM have 

been estimated to be 20% brain, 20% liver, 11% heart, 9% gastrointestinal tract, and 20% 
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from skeletal muscle (Elia 1992). In a recent 12 week study of appetite control in 41 

overweight and obese men and women, a relationship between energy intake and energy 

expenditure was indeed found, whereby RMR (Caudwell et al. 2012) and to a lesser 

extent FFM (Blundell et al. 2012a) (but not FM), were significant predictors of daily 

energy intake and self-determined meal size. Although these findings made steps to 

confirm the hypothesis that individual changes in energy intake are related in changes in 

energy expenditure, because body composition was determined with air displacement 

plethysmography, it remained unclear which component of FFM contributed to the 

largest variance in energy intake. 

The purpose of this study was to examine the cross-sectional relationships 

between RMR, FFM, skeletal muscle mass, FM, and self-reported daily food intake in 

sedentary overweight/obese adolescents. It was hypothesized that RMR and skeletal 

muscle mass would contribute to the physiological demand for energy and would thus be 

the strongest predictors of energy intake; a secondary hypothesis was that a relationship 

would exist between measures of skeletal muscle mass and self-selected protein intake. 

2. Materials and Methods 

 

2.1 Subjects 

Participants were physically inactive, overweight or obese adolescents (n=304; 90 

boys, 217 girls) aged 14-18 years (16.1 yrs±1.4), who volunteered for the Healthy Eating 

Aerobic and Resistance Training in Youth (HEARTY) trial conducted in Ottawa 

(Alberga et al. 2012; Sigal et al. 2014). This study was a secondary analysis of data from 

the HEARTY trial, which examined effects of exercise training on percent body fat 

measured by magnetic resonance imaging (MRI) (see (Alberga et al. 2012)). The main 
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inclusion criteria were: sedentary post-pubertal (Tanner stages IV-V) adolescents aged 

14-18 years with BMI>95
th

 percentile for age/sex AND/OR ≥ 85
th

 percentile for age/sex 

with an additional diabetes or cardiovascular disease risk factor (i.e. impaired glucose 

tolerance, fasting triglycerides>1.7 mmol/L, fasting plasma insulin>105 pmol/L, total 

cholesterol/HDL-C>90th percentile, or first degree relative with type 2 diabetes), waist 

circumference ≥ 75
th

 percentile for age and sex. Exclusion criteria were regular or 

structured exercise or sport activities done more than twice a week for more than 20 

minutes during the previous four months, diabetes mellitus, use of any performance 

enhancing medication, significant weight change (increase or decrease of ≥ 5% during 

the two months before enrollment), pregnancy at the start of the study, or intention to 

become pregnant in the next year, activity restrictions due to disease (unstable cardiac or 

pulmonary disease or significant arthritis), other illness (eating disorders/clinical 

depression) judged by the participant or study physician to make participation in this 

study inadvisable, and individuals planning to be away for more than 4 weeks during the 

summer.  

Most of the sample (71%) was Caucasian; 11% were African-Canadian, 3% 

Hispanic, 3% Asian, 3% Arabic, 5% mixed race, 2% First Nations, and 2% categorized 

as “other.” The educational level of parents of most participants was high, with 78% of 

mothers and 67% of fathers having completed some university or community college. A 

parent or guardian was asked to co-sign the consent form of any participant below the age 

of 16 years. This study received approval from the Research Ethics Boards at the 

Children’s Hospital of Eastern Ontario (protocol #05/04E) and the Ottawa Hospital 

Research Institute (protocol #2004219-01H). 

Page 6 of 27

https://mc06.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism



D
raft

7 

 

2.2. Design and Procedure 

For the baseline assessments the research coordinator performed a complete 

medical, drug, and physical activity history as well as a physical examination. Clinical 

interviews were also performed to assess history of dieting, eating disorders, pubertal 

growth and development, and sedentary activities. If the potential participant reported 

any history of eating disorder (e.g. uncontrolled binging, binging and purging, anorexia) 

or clinical depression, they were excluded from the study. All participants and the 

individuals in their households most involved in food preparation attended an initial visit 

with the dietitian to discuss weight and diet history, fast food consumption and current 

eating habits. All participants received one-on-one counseling by a registered dietitian 

and the dietician worked with the participants to set achievable goals to promote healthy 

eating. Participants also attended a two-hour small group (n=12) session covering various 

topics: barriers in achieving healthful eating and solutions to overcome them, taste panels 

of fruits and vegetables, label reading, healthful snacks, and healthier eating at fast food 

outlets (see (Alberga et al. 2012) for more details). Body weight, height, waist 

circumference, body composition and RMR were also measured.  

2.3 Measurements 

2.3.1. Anthropometrics  

Height and weight were recorded with a manual stadiometer and scale, 

respectively, with participants wearing light clothing and no shoes. Waist circumference 

was measured at a level midway between the lowest rib and the top of the iliac crest, as 

previously described (Alberga et al. 2012). Body composition was assessed by MRI with 

a 1.5-T system (EchoSpeed, signal 11 version; GE Medical Systems). Participants lay 
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prone for whole-body cross sectional images using protocols by Ross and colleagues 

(Ross et al. 1992). The MRIs were analyzed using a Slice-OMatic
TM

 software, version 

4.3; Tomovision, Magog, Canada. FFM is defined as total lean tissue mass, which 

includes all fat-free skeletal muscle, organs, intestines, and bones, without adipose tissue. 

Total skeletal muscle mass is defined by fat-free skeletal muscle due to the absence of 

intramuscular fat included in the calculation. Visceral adipose tissue is the fat 

surrounding the internal organs, whereas, subcutaneous adipose tissue lies immediately 

below the dermis of the skin. 

2.3.2. Energy Intake: Estimated 3-Day Food Logs 

Under the supervision of a registered dietitian, energy intake was assessed using 

3-day self-reported food logs. This method of assessing energy intake is called estimated 

food records, and is similar to the weighed food record approach except that 

quantification of food and drink is estimated and not weighed. Regarding the reliability of 

this measure, in a recent paper examining the magnitude of EI misreporting it was 

determined that there was no significant difference between the medians of percentage of 

misreporters when comparing three of the main methods of self-reported food intake:  24 

hour recall, 3-and 7-day food logs, and weighed food records (underestimation of EI was 

13.4%, 12.2%, and 18.0%, respectively) (Poslusna et al. 2009). Furthermore, looking at 

the literature we can see agreement between 3- and 7-day food logs (12% under-reporting 

(Taren et al. 1999) vs. 17% under-reporting (Velthuis-te Wierik et al. 1995)), for 

example, thus while there is indeed a large variability not only in day-to-day feeding at 

the individual level and large variability at the inter-individual level as well, we argue 

that this is within an acceptable tolerance of variability with a sample size as large as the 
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HEARTY sample. Adolescents were asked to complete their 3-day food logs in real time, 

right after eating, over two weekdays and one weekend day prior to the visit with the 

dietitian. Participants were instructed to record the quantity of all food and beverages 

consumed or by weight and to record methods of food preparation, brand names and 

ingredients of foods, and recipes of mixed dishes when possible. Completed food logs 

were discussed between the participant and the dietitian during the in-person visit for 

clarification of food details and amounts. Participants were counseled on appropriate 

portion sizes using food models supplied with a handout that described in detail how to 

measure food portions and if they did not have access to measuring tools (cups, spoons, 

etc.), they were advised to following the Canadian Diabetes Association’s Handy Portion 

Guide included in the handout (www.diabetes.ca/Files/plan%20your%20portions.pdf). In 

order to increase accuracy in the 3-day food logs participants also attended one group 

nutrition session in which they learned to navigate food labels and fast food menus. The 

food logs were analyzed with food composition analysis software (The Food Processor 

SQL 2006, ESHA Research, Salem, OR) to determine total energy intake (average daily 

kcal) and separate macronutrient intake (grams) for carbohydrate, protein and fat for each 

participant. In most cases the days recorded were consecutive, including one weekend 

day and two week days; to be clear, some of the weekday reporting included non-

consecutive days. Intake of each nutrient class was averaged across the 3 days for 

analysis.  

2.3.3. Energy Expenditure 

Resting metabolic rate (RMR) was measured using an automated metabolic system 

(MOXUS Modular Metabolic System, AEI Technologies, Naperville, IL, USA) for a 20-
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minute data collection period. A plexiglass hood was placed over the paticipant’s head 

through which fresh air was drawn for 30 minutes. The first and last 5 minutes of 

measurement were discarded, and the values of VO2 and VCO2 for the middle 20 

minutes were averaged for the calculation of the rate of RMR. The Weir formula was 

used for the calculation of RMR (Weir 1949). In order to control for background physical 

activity, participants were required to wear pedometers (Yamax DIGIWALKER SW-700, 

Yamax Corporation, Tokyo, Japan) for one week during the same baseline testing session 

at which the food diaries were collected. Participants were also required to accompany 

the pedometer measurement with the recording of physical activities using the Past Day 

Physical Activity recall, which is a valid self-report measure of physical activity in youth 

(including obese youth) (Weston et al. 1997). The pedometer and the Past Day Physical 

Activity recall created a physical activity score that measured average physical activity 

and intensity, as described previously (Goldfield et al. 2012). 

2.4. Analytic Plan 

Baseline characteristics were summarized as means with standard deviation for 

continuous data and frequencies with percentages for categorical data. Linear regression 

analyses with parameter estimates were performed to examine the independent 

associations between energy intake (dependent variables: mean total kcal and 

macronutrient composition) and metabolic/anthropometric characteristics (independent 

variables: RMR, FFM and skeletal muscle mass, body weight, BMI, FM, %body fat, 

visceral adipose tissue, and subcutaneous adipose tissue). Results were presented as 

unadjusted and adjusted parameter estimates adjusted for age, gender, height, and 

physical activity levels according to Dulloo et al. (2010) (Dulloo et al. 2010). 
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Standardized β-coefficients were employed to show the relationship between mean 3-day 

energy intake, RMR, FFM, total skeletal muscle mass, and FM. Statistical analyses were 

conducted with SAS version 9.3, Cary, NC, and a two-tailed p-value≤0.05 was 

considered statistically significant.  

3. Results  

Participant characteristics are reported in Table 1. Results obtained from general 

linear models are summarized in Table 2 and illustrated in Figure 1. Linear regression 

analyses demonstrated that RMR, FFM, skeletal muscle mass, FM, and body weight were 

all significantly correlated with energy intake (p<0.05) (see Table 2, panel A). After 

adjusting the model for age, sex, height, and physical activity only FFM (β =21.9 

p=0.007) and skeletal muscle mass (β =25.8, p=0.02) remained as significant predictors 

of energy intake (see Table 2, panel B). Scatter plots with standardized β-coefficients 

(Figure 1) show the relationship between mean 3-day energy intake and FM (β =1.55, 

p=0.41), RMR (β=0.18, p=0.11), and total skeletal tissue (β=25.2 p=0.002). Examining 

the adjusted (age, sex, height, and physical activity) relationship between 

anthropometrics and specific macronutrient intake (see Table 2), significant positive 

relationships were found between protein and fat intake and FFM (p=0.0005 and 

p=0.004, respectively), total skeletal muscle (p=0.003 and p=0.02, respectively), RMR 

(p=0.03 and p=0.02, respectively), body weight (p=0.02 and p=0.001, respectively), and 

BMI (p=0.04 and p=0.003, respectively). No significant findings were noted for 

carbohydrate intake. 

4. Discussion 
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 We investigated the relationship between components of metabolism as measured 

by indirect calorimetry and body composition as measured by MRI and mean 3-day self-

reported energy intake in 304 inactive overweight or obese adolescent males and females. 

Our primary hypothesis was partially confirmed in that skeletal muscle mass was the 

strongest predictor of energy intake even after adjustment for age, sex, height, and 

physical activity levels, whereas RMR was not significantly related to energy intake 

under these same adjustments (Figure 1). Our secondary hypothesis was confirmed in 

that several anthropometric variables (primarily skeletal muscle mass and FFM), 

excluding fat mass or specific fat depots, were positively related to both dietary protein 

and fat intake (Table 2). 

Previous research has found a strong correlation between RMR and FFM in adults 

over a broad range of body weights and activity levels, but similarly robust data have not 

been collected in youth or adolescents (Cunningham 1991). It is less clear how 

differences in body composition may predict energy intake either at an individual meal or 

over the course of days to weeks. An appetite mechanism driven by the demands for the 

growth of lean tissue in the developing child was discussed in great detail over two 

decades ago (Millward 1995; Webster 1993). These hypotheses gained traction with the 

idea of a ‘proteinstat’ when Dulloo et al. (1996) re-examined data from the Minnesota 

Semi-Starvation Experiment (Keys et al. 1950). They found during the ad libitum re-

feeding phase after semi-starvation that there was chronic hyperphagia continuing past 

the catch-up of baseline adiposity and lasting until basal levels of FFM were regained 

(Dulloo et al. 1996). In our sample of physically inactive overweight and obese 

adolescent males and females we indeed found that skeletal muscle mass and FFM 
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predicted energy intake. For each 1 kg increase in those tissues, there were increases in 

average daily caloric intake of 22 kcal and 26 kcal, respectively (see Table 2). Our 

findings are in agreement with those found in a study of active lean adolescents (n=1450, 

mean age 14 years) showing overall FFM (estimated with bioelectric impedance and air 

displacement plethysmography) was positively related to energy intake (Cuenca-Garcia 

et al. 2014), but differed from those in a study of approximately 500 boys and girls (aged 

11-14 years) which showed no relationship between FFM (estimated using bioelectric 

impedance) and energy intake (Fulton et al. 2009). A strength of our study is that we 

measured body composition with MRI, which is a more accurate measure than bioelectric 

impedance or air displacement plethysmography, which were used in the two 

abovementioned studies. MRI is the most powerful and comprehensive imaging tool for 

FM and FFM quantification in part because bioelectric impedance and air displacement 

plethysmography are indirect techniques, which only estimate total and/or regional fat, 

and unlike MRI cannot differentiate between visceral adipose tissue and subcutaneous 

adipose tissue, nor can they accurately partition FFM from lean soft tissue (Hu et al. 

2011). Although we did not find any relationship between FM (including visceral adipose 

tissue and subcutaneous adipose tissue) and energy intake (see Table 2, panel B) this 

does not imply that adipose tissue has no role in appetite, as adipokines have clearly been 

shown to impact feeding behavior in animals and humans (Ahima 2006). Furthermore, an 

example of the cross-talk between adipokines and myokines (Trayhurn et al. 2011), 

where leptin has recently been shown to influence skeletal muscle mass by inhibiting 

myofibrillar protein degradation in the mouse (Sainz et al. 2009), is worth noting. Taken 

together, we demonstrate that, similar to several other studies of adults (Blundell et al. 
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2012b; Caudwell et al. 2013; Kien and Ugrasbul 2004) and a limited number of studies in 

youth and adolescents (Cuenca-Garcia et al. 2014; Weise et al. 2014), the positive 

relationship between metabolically active FFM and energy intake may indeed reflect a 

physiological demand for energy. Notwithstanding, the lack of association of FM and 

energy intake is not evidence of a lack of functional roles in the signaling of energy 

homeostasis.  

Examining the secondary hypothesis that FFM or specifically skeletal muscle mass 

would be related to protein intake, we did indeed find a significant positive relationship 

in our sample of overweight/obese adolescents (Table 2). This relationship does not, 

however, provide direct evidence for the existence of a proteinstat nor does it prove that 

there are myokines driving appetite and feeding behaviour. The recently developed 

concept of a “Dual Intervention Point Model” by Speakman et al. (2011) describes two 

distinct intervention points—low and high levels of body fatness—where between these 

points body fat plays a minimal role in the regulation of food intake (Speakman et al. 

2011). Outside of these intervention points it is understood that at the low(ered) end of 

body fatness leptin signaling stimulates food intake and reduces energy expenditure, 

whereas, the opposite effects on feeding and energy expenditure are noted with high(er) 

body fatness, albeit to a lesser extent. Thus, under the circumstances described above, the 

drive for food may be better described by an equal but opposite drive to balance the 

energy used for the physiologic and metabolic activity of normal body functioning. In an 

effort to describe why, in a similar food environment, some individuals become obese 

while others do not, Speakman posits that there may be signals that are deficient—

specifically protein or micronutrients—which compel overconsumption at the individual 
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level (Speakman 2014). The mechanisms and the afferent signals for a proteinstat remain 

unknown although it is likely that the answer could be found by experimentally 

examining amino acid net flow from the free pool into skeletal muscle protein (Millward 

1995). If the net flow of amino acids into skeletal muscle protein is greater than ingested 

dietary protein one would conclude that hunger and appetite would be stimulated by a 

sensor-afferent pathway. One candidate for the central sensing of dietary protein has 

recently been discovered in a mouse model where the authors describe a role for the fat 

mass and obesity associated gene (FTO) in the coupling of amino acid levels to 

mammalian target of rapamycin complex 1 signaling (Gulati et al. 2013), suggesting a 

possible target for future research on potential nutrient sensing mechanisms.  

As with any measure of self-reported feeding there is the potential of dietary 

underreporting (Karelis et al. 2010) and this cannot be discounted as a limitation, but it 

has been shown that youth and adolescents underreport to a lesser degree than adults 

(Champagne et al. 1998). The fact that our sample consisted of males and females with 

overweight or obesity also requires further caution when interpreting the energy intake 

data, as it is well documented that obese underreport more than lean adults (Briefel et al. 

1997; Hirvonen et al. 1997) and adolescents (Bratteby et al. 1998) and females 

underreport more than males (Dwyer et al. 2003). For large-scale studies, however, food 

logs (involving weighing, or as in the current study, quantifying with household 

measures) have been considered the most accurate and feasible method of dietary 

assessment (Barrett-Connor 1991; Hill and Davies 2001), especially due to the high costs 

associated with isolating participants in a ward in order to establish very controlled 

feeding conditions. The cross-sectional nature of the study limits the ability to make 
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causal inferences with respect to metabolic and anthropometric predictors of energy 

intake variables. We also cannot discount the role that diabetes risk factors as inclusion 

criteria may have had on energy intake; the role of nutrient sensing, particularly with 

elevated glycemia and insulinemia, may have acted as an extraneous variable influencing 

appetite and energy intake (Hamr et al. 2015). A major strength of the present study is 

that body composition was measured with MRI, which allowed for the accurate 

assessment not only of FM and total FFM, but also skeletal muscle mass. We were able 

to show that higher skeletal muscle mass was associated with increased dietary energy 

consumption. In contrast, previous studies in which body composition was assessed with 

air displacement plethysmography (Blundell et al. 2012a; Caudwell et al. 2013; Cuenca-

Garcia et al. 2014), were unable to differentiate skeletal muscle mass from other lean 

tissue. The fact that 32% of North American youth are either overweight or obese (Ogden 

et al. 2014; Roberts et al. 2012) indicates that there is still a need to understand not only 

the behavioral factors involved in the act of eating, but also the physiological signals that 

promote feeding and overconsumption. In the current study we found that skeletal muscle 

mass was the best predictor of energy intake, supporting the hypothesis that the body’s 

lean tissue is related to absolute levels of energy intake in a sample of overweight or 

obese adolescents. In a recent review examining whether physical activity-induced 

energy expenditure predicts energy intake in children and adolescents (Thivel et al. 

2013), the conclusion was that the energy expended from activities ranging from passive 

video gaming to moderate to vigorous exercise likely did not drive energy intake, but 

overconsumption and weight gain may be promoted via other pathways (e.g. short sleep 

duration (Hjorth et al. 2014), low dietary calcium intake (Tremblay 2008), pollutants 
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(Pelletier et al. 2003), etc.). Indeed, school-based physical activity interventions have 

consistently shown that physical activity energy expenditure does not reliably impact 

energy intake nor overall body weight or fatness (Fremeaux et al. 2011; Harris et al. 

2009; Metcalf et al. 2008). Such conclusions highlight the need to further examine the 

relationship between skeletal muscle mass and energy intake in the context of energy 

balance and body weight regulation.  
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Table 1. Descriptive characteristics of the Healthy Eating Aerobic and Resistance 

Training in Youth (HEARTY) sample. 

Characteristic Mean (SD) 

Anthropometric  

   Height (cm) 168 (7.4) 

   Weight (kg) 98 (16.9) 

   Body Mass Index (kg/m
2
) 34.6 (4.5) 

   Total % Body Fat 49.5 (5.6) 

   Total Fat (kg) 47.6 (10.8) 

   Fat Free Mass (kg) 48 (8.4) 

   Total Skeletal Muscle (kg) 24.7 (5.4) 

Energy Intake  

   Total caloric intake (kcal/day) 2187 (639) 

   Protein (g) 84 (27) 

   Carbohydrates (g) 280 (88) 

   Fat (g) 84 (32) 

Energy Expenditure  

   Resting Metabolic Rate (kcal/day) 2025 (414) 

Note: SD=standard deviation; MRI=magnetic resonance imaging; kcal=kilocalories; 

cm=centimeters; kg=kilograms; g=grams
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Table 2. Linear regression analysis demonstrating the independent associations between subjects’ characteristics (independent 

variables) and energy intake (dependent variables), presented unadjusted and adjusted for age, sex, height, and physical activity. 

 

 Panel A Unadjusted 

  Energy Intake (kcal) Protein (grams) Fat (grams) Carbohydrate (grams) 

Baseline 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Fat Free Mass (kg) 21.1 (4.2) <0.0001 1.3 (0.2) <0.0001 0.9 (0.2) <0.0001 1.8 (0.6) 0.003 

Total Skeletal Muscle (kg) 31.4 (6.6) <0.0001 1.9 (0.3) <0.0001 1.4 (0.3) <0.0001 2.8 (0.9) 0.003 

RMR (kcal/day) 0.3 (0.09) 0.0003 0.02 (0) <0.0001 0.02 (0) 0.0001 0.02 (0.01) 0.08 

Body Weight (kg) 8.0 (2.1) 0.0002 0.5 (0.09) <0.0001 0.5 (0.1) <0.0001 0.4 (0.3) 0.16 

BMI (kg/m
2
) 18.7 (8.2) 0.02 1.1 (0.3) 0.0008 1.5 (0.4) 0.0002 0.1 (1.1) 0.92 

Fat Mass (kg) 5.8 (3.4) 0.09 0.3 (0.1) 0.02 0.5 (0.2) 0.003 -0.07 (0.5) 0.89 

% body fat -12.8 (6.7) 0.05 -0.8 (0.3) 0.004 -0.2 (0.3) 0.62 -2.2 (0.9) 0.02 

SAT  (kg) 4.5 (3.9) 0.25 0.3 (0.2) 0.08 0.5 (0.2) 0.02 -0.2 (0.5) 0.68 

VAT (kg) 241.2 (67.5) 0.0004 12.4 (2.8) <0.0001 13.7 (3.3) <0.0001 16.4 (9.5) 0.08 
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Table 2. 
continued

 

Panel B Adjusted (age, gender, height, and physical activity) 

  Energy Intake (kcal) Protein (grams) Fat (grams) Carbohydrate (grams) 

Baseline 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Parameter 

estimate 

(SE) P-value 

Fat Free Mass (kg) 21.9 (8.1) 0.007 1.1 (0.3) 0.0006 1.1 (0.4) 0.007 2.1 (1.2) 0.07 

Total Skeletal Muscle (kg) 25.8 (11.0) 0.02 1.3 (0.4) 0.003 1.2 (0.6) 0.03 2.6 (1.6) 0.09 

RMR (kcal/day) 0.2 (0.1) 0.12 0.01 (0.0) 0.02 0.01 (0.01) 0.02 0.01 (0.02) 0.71 

Body Weight (kg) 4.6 (2.9) 0.12 0.3 (0.1) 0.02 0.4 (0.2) 0.002 -0.2 (0.4) 0.69 

BMI (kg/m
2
) 10.7 (8.3) 0.2 0.7 (0.3) 0.04 1.2 (0.4) 0.004 -0.6 (1.2) 0.58 

Fat Mass (kg) 1.6 (3.8) 0.67 0.1 (0.1) 0.44 0.4 (0.2) 0.03 -0.6 (0.5) 0.24 

% body fat -6.2 (7.2) 0.4 -0.2 (0.3) 0.43 0.3 (0.4) 0.48 -2.0 (1.0) 0.048 

SAT  (kg) 0.5 (4.2) 0.9 0.1 (0.2) 0.57 0.4 (0.2) 0.09 -0.8 (0.6) 0.19 

VAT (kg) 137.0 (77.4) 0.08 4.1 (3.2) 0.2 10.0 (3.9) 0.01 6.8 (10.9) 0.54 

 

Note: The parameter estimate (i.e. the slope coefficient) indicates the amount by which energy intake (Calories, kcal) increases per 

unit increase in the independent variable. For example, for each 1kg increase in fat free mass the energy intake goes up by 21.9kcal. 

RMR=resting metabolic rate; kcal=kilocalories; kg=kilograms; SAT=subcutaneous adipose tissue; and VAT=visceral adipose tissue; 

BMI, body mass index
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9. Figure Legends 

Figure 1. Scatter plots with standardized β-coefficients showing the relationship between 

mean 3 day energy intake, fat mass (FM), total skeletal muscle, and resting metabolic rate 

(RMR).  
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