1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Int J Obes (Lond). Author manuscript; available in PMC 2014 August 01.

Published in final edited form as:
Int J Obes (Lond). 2014 February ; 38(2): 243-251. doi:10.1038/ij0.2013.85.

-, HHS Public Access
«

Body Composition and Energy Expenditure Predict Ad-Libitum
Food and Macronutrient Intake in Humans

Christopher M Weise, MD, Maximilian G Hohenadel, MD, Jonathan Krakoff, MD, and
Susanne B Votruba, PhD?
Obesity and Diabetes Clinical Research Section, NIDDK-NIH, DHHS, Phoenix, AZ, USA

Abstract

Background—Obesity is the result of chronic positive energy balance. The mechanisms
underlying the regulation of energy homeostasis and food intake are not understood. Despite large
increases in fat mass (FM), recent evidence indicates that fat-free mass (FFM) rather than FM is
positively associated with intake in humans.

Methods—In 184 humans (73F/111M; age 34.5+8.8y; % body fat [PFAT] 31.6+8.1%) we
investigated the relationship of FFM index (FFMI kg*m?2), FM index (FMI kg*m?2;), and 24-hour
energy expenditure (EE, n=127) with ad-libitum food intake using a 3d vending machine
paradigm. Mean daily calories (CAL), and macronutrient intake (PRO, CHO, FAT) were
determined and used to calculate the relative caloric contribution of each (%PRO, %CHO, %FAT)
and percent of caloric intake over weight maintaining energy needs (%WMEN).

Results—FFMI was positively associated with CAL (p<0.0001), PRO (p=0.0001), CHO
(p=0.0075), and FAT (p<0.0001). This remained significant after adjusting for FMI. Total EE
predicted CAL and macronutrient intake (all p<0.0001). FMI was positively associated with CAL
(p=0.019), PRO (p=0.025) and FAT (p=0.0008). In models with both FFMI and FMI, FMI was
negatively associated with CAL (p=0.019) and PRO (p=0.033). Both FFMI and FMI were
negatively associated with %CHO and positively associated with %FAT (all p<0.001). EE and
FFMI (adjusted for FMI) were positively (EE p=0.0085; FFMI p=0.0018) and FMI negatively
(p=0.0018; adjusted for FFMI) associated with %WMEN.

Conclusion—Food and macronutrient intake is predicted by FFMI and to a lesser degree by

FMI. FFM and FM may have opposing effects on energy homeostasis.
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1. Introduction

The obesity epidemic is an ongoing and increasing problem in western societies, with a
current prevalence of more than 35% in the United States (1). In 2008, annual health costs
attributed to obesity exceeded 140 billion USD (2). Excessive overweight is associated with
an increased risk of numerous diseases including cardio- and cerebrovascular disease,
diabetes mellitus, certain types of cancer (3;4) and neurodegenerative diseases (5;6).
Considering the overall health impact of obesity, further insight into the complex system
regulating energy homeostasis and food intake is warranted.

Several mechanisms contributing to the regulation of energy homeostasis have been
identified. Adipose tissue itself provides a humoral signal of an individual’s long term
energy stores by releasing the adipokin leptin with increasing amounts of body fat tissue
(7;8). Other factors contributing to the regulation of appetite and food intake include a
variety of gastrointestinal hormones (e.g. ghrelin, PYY, GLP-1, CKK), central peptides (e.g.
orexin, NPY) and neural mechanisms (e.g. vagal and hypothalamic signaling), forming the
so called gut-brain axis (9).

To achieve energy balance, sensing of energy intake needs to be connected to metabolic
rate. Energy expenditure itself is closely related to body size and a large part of its variance
(approximately 80%) is explained by fat-free mass (FFM) (10). FFM consists of all non-fat
tissues (i.e. skeletal muscle, bones and parenchymal organs) and increases with increased
adiposity primarily accounting for the increased energy needs of overweight and obese
individuals (11). A recent study by Blundell et al. demonstrated positive associations
between FFM, but not fat mass (FM) or BMI with self determined meal size (12).
Additionally, Caudwell et al (13) confirmed that RMR is correlated with meal size, energy
intake, and hunger ratings in overweight and obese adults.

We investigated the relationship of body composition with ad-libitum food intake in a
sample of 184 individuals of mixed ethnic backgrounds with a wide range of adiposity. In a
subsample of 127 individuals we further investigated the relationship between 24h energy
expenditure (assessed via indirect calorimetry in a metabolic chamber) and energy intake.
Food intake was assessed in a clinical research unit environment, using a 3 day vending
machine paradigm as an objective and reproducible measure of ad-libitum food intake (14).
Outcome measures included mean daily caloric intake (CAL), mean daily macronutrient
intake [i.e. protein (PRO), carbohydrates (CHO) and fat (FAT)] and the percentages of
caloric intake derived from each individual macronutrient (i.e. %PRO, %CHO, %FAT).
Based on each individual’s calculated weight maintenance energy needs we also analyzed
how much the study volunteers overate (%WMEN) while having free access to the vending
machines.

2. Subjects and Methods
2.1. Subjects

All subjects were healthy as determined by medical history, physical examination, and
laboratory testing. Subjects were admitted to our metabolic unit and were fed a standard
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weight maintaining diet (daily kcal: 20% protein; 50% carbohydrates, 30% fat) for 3
consecutive days prior to testing. Each individual’s weight maintenance energy needs
(WMEN) were calculated based on body weight and gender as previously described (15).
Body composition (percentage body fat, PFAT) was assessed by dual energy x-ray
absorptiomery (DXA; DPX-1; Lunar Corp, Madison, WI); PFAT values were standardized
by regressing them back to original underwater weighing data and were used to calculate
fat-free mass index (FFMI; FFM kg * height m™2) and fat mass index (FMI; FM kg * height
m~2) (16).

In a subsample of 127 individuals, twenty four hour energy expenditure (EE) was measured
in a metabolic chamber, as previously described (10). During the measurement, physical
activity was recorded by a radar system.

Glucose tolerance was assessed by a 75-g oral glucose tolerance test according to the criteria
of the World Health Organization. Only non-diabetic subjects participated in this study.
While on the research unit, physical activity was restricted to light activities (e.g. playing
pool, television, arts, crafts) during the entire time course of the study.

2.2. Ad libitum energy intake using a computerized vending machine system

Measurement of ad libitum food intake was performed as previously described (14;17). In
brief, food preferences were determined based on a Food Preferences Questionnaire (FPQ).
Individuals rated each food by using a 9-point Likert scale with 1 = dislike extremely; 5 =
neutral; 9 = like extremely; we also included the possibility to rate pleasantness of food
items as unknown. During the 3 days of food intake assessment on the metabolic ward,
subjects self-selected all food items using a computer-operated vending machine system.
Each day vending machines were individually stacked with 40 food items and subjects had
23.5h ad-libitum access to the machines, as previously described. All subjects were asked to
eat whenever and whatever they desired and to prepare and consume all foods only in a
separate eating area. The weights of the consumed foods were used to calculate daily energy
intake (kcal/d) and intake of individual macronutrients. This was done by using the CBORD
Professional Diet Analyzer Program (CBORD, Inc., Ithaca, NY) and the Food Processor
database (ESHA version 10.0.0, ESHA Research, Salem, OR) modified to reflect the
nutrient content of specific food items as indicated by the manufacturer. Calories derived
from each individual macronutrient intake were calculated as 4 kcal/gram protein and
carbohydrates and 9 kcal/gram fat.

2.3. Statistical Analysis

SAS Software (SAS Institute Inc, version 9.2, Cary, NC) was used for statistical analyses of
body composition, energy expenditure and food intake data. General linear models (GLM)
were employed to determine associations between body composition variables, BMI, body
weight, 24h EE, and measures of food intake. All models were in agreement with underlying
statistical assumptions (i.e. normal distribution of multivariate residuals). Average daily
energy intake (mean kcal/d; CAL), mean daily intake of macronutrients (mean g/d; protein
(PRO), carbohydrates (CHO) and fat (FAT)), their percentage contribution to CAL [%PRO
((PRO*4/CAL)*100), %CHO ((CHO*4/CAL)*100), %FAT ((FAT*9/CAL)*100) and
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percentages weight maintenance energy needs (%WMEN; [mean daily energy consumed/
WMEN] * 100) were used as dependent variables. First, all food intake variables were
analyzed entering age, gender and ethnicity as confounding covariates and either FFMI or
FMI as independent covariates of interest, thus investigating associations with FFMI and
FMI individually. Next, both FFMI and FMI were entered in the same statistical model to
investigate independent associations with food intake parameters. Associations of total body
weight and BMI with CAL (with and without adjustment for total FFM and FFMI) were
analyzed similarly. The relationship between 24h EE and food intake was addressed in two
different analyses. In the first analysis, associations of food intake with total 24h EE
(adjusted for physical activity only) were determined. In the second analysis we analyzed
associations of food intake with unexplained variance of 24h EE by adjusting for age,
gender, ethnicity, FM and FFM. Importantly, in this subsample of 127 individuals, no
statistically significant differences were observed between the original sample and the sub-
sample regarding the subjects main characteristics (i.e. age, gender, ethnicity, FFM, FM,
FFMI, FMI, height, total body weight, BMI, measures of food intake).

Percent of protein (%PRO) was not normally distributed. Thus, analyses were repeated with
normally distributed log transformed values. However, results were similar in terms of
significance so for consistency, we reported results from untransformed data. Associations
were graphically illustrated by plotting the dependent variables (i.e. measures of food
intake) against the adjusted residuals of the covariate of interest. Correlation coefficients and
significance levels were determined by Pearson correlation or Spearman’s ranked
correlation whenever appropriate.

Characteristics of the study population, including anthropometric and food intake data as
well as sex differences, are summarized in Table 1.

3.1 Individual associations of FFMI and FMI with food intake

Results obtained by general linear models (GLM) are summarized in Tables 2 and 3 and
illustrated in Figures 1 and 2 (i.e. correlations of residualized FFMI and FMI with measures
of food intake). Adjusted for age, gender and ethnicity, FFMI was positively associated with
CAL, PRO, FAT (all p<0.0001) and mean CHO (p=0.0075). Adjusted for age, gender and
ethnicity, FMI was positively associated (p=0.019) with CAL. FMI was furthermore
strongly positively associated with FAT (p=0.0008) and to a lesser degree with PRO
(p=0.025) but not with CHO. Both FFMI and FMI were negatively associated with %CHO
(FFMI p=0.0007; FMI p=0.0005) and positively associated with %FAT (FFMI p=0.0008;
FMI p=0.0003) but neither with %PRO. There were no significant associations of either
FFMI or FMI with %WMEN. We also categorized our sample as either Native American or
non-native and found no significant effect of this covariate for the relationships between
body composition variables, energy expenditure and caloric intake or overconsumption.
Interestingly, we did find a significant ethnicgroup*FFMI interaction term in models
analyzing caloric intake and overeating (CAL, p=0.0061; %WMEN p=0.012).
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3.2 Independent associations of FFMI and FMI with food intake

Results are summarized in Tables 2 and 3 and illustrated in Figure 3 (i.e. correlations of
residualized FFMI and FMI with measures of food intake).

After adjustment for age, gender, ethnicity and FMI, highly significant positive associations
were observed between FFMI and CAL (p<0.0001) and with PRO, CHO and FAT (all
p=0.0002). FMI on the other hand, when accounting for age, gender, ethnicity and FFMI,
was negatively associated with CAL (p=0.019), protein intake (p=0.033) and CHO
(p=0.0067) but not with FAT. When adjusted for each other, neither FFMI nor FMI were
associated with %PRO, %CHO and %FAT. On the other hand, %WMEN was positively
associated with FFMI and negatively associated with FMI (both p=0.0018).

3.3 Associations of 24 hour energy expenditure with food intake

Results are summarized in Table 2 and illustrated in Figure 4. As expected, total FFM and
FFMI correlated strongly with 24h energy expenditure (EE; FFM: r=0.89; FFMI r=0.78;
both p<0.0001).

EE (adjusted for physical activity only) was strongly positively associated with CAL and
intake of individual macronutrients (all p<0.0001). EE was also negatively associated with
%CHO (p=0.029) and positively associated with %FAT (p=0.009) and %WMEN
(p=0.0085) but not %PRO. After adjustment for age, gender, ethnicity, FFM and FM, EE
associations with CAL (p<0.0001), PRO (p=0.0003), CHO (p=0.0002), FAT (p=0.0005) and
%WMEN (p=0.0002), but not %CHO and %FAT, remained significant.

3.4 Associations of total body weight and BMI with caloric intake

Both total body weight and BMI were significantly and positively associated with CAL
(p=0.0003 and p=0.0012). However, when adjusted for FFM (i.e. total body weight adjusted
for total FFM and BMI adjusted for FFMI) neither total body weight nor BMI were
negatively associated with CAL (data not shown), while FFM and FFMI remained
significantly and positively associated with caloric intake (FFM adjusted for total body
weight: p=0.0051; FFMI adjusted for BMI p=0.0007).

4. Discussion

We investigated the relationship between measures of body composition and ad-libitum food
intake in 184 healthy individuals. FFMI was positively associated with mean daily caloric
intake (CAL) and mean daily intake of protein (PRO), carbohydrates (CHO), and fat (FAT).
Additionally, we found significant positive associations of FMI with CAL, PRO and FAT.
These positive associations seemed to be entirely explained by FFMI, as in models with both
FFMI and FMI, FMI was negatively associated with CAL and CHO. In contrast, all positive
associations of FFMI with CAL and intake of individual macronutrients remained highly
significant after adjustment for FMI. Both FFMI and FMI were associated with increased
energy intake based on fat (%FAT) and reduced energy intake based on carbohydrates
(%CHO). FFMI adjusted for FMI was also positively associated with how much individuals
overate relative to their weight maintenance energy needs (% WMEN), while FMI was
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negatively associated with %WMEN after adjusting for FFMI. We also found a significant
effect of ethnicity on the interaction between FFMI and CAL and %WMEN. The
directionality of the relationship, however, was the same in both Native Americans and non-
natives and was actually slightly weaker in the Native Americans. In a subsample of 127
individuals with 24 hour measurement of energy expenditure (EE), we demonstrated that
total EE and the unexplained variance of EE (i.e. after adjusting for age, sex, ethnicity, FFM,
FM), is positively associated with food and macronutrient intake and also %WMEN.
Associations of total EE with %CHO and %FAT were similar to the observations made with
FFMI and FMI.

Similar to the recent studies (12;13), our results indicate that FFM predicts food intake in
humans. We also found that BMI (and total body weight) is a positive predictor of ad-
libitum food intake in humans even though these associations were entirely explained by
FFMI. That BMI was positively associated with food intake in our study may be due to our
larger sample size with larger variances in weight and BMI. When separating total body
mass into FFM and FM it becomes evident that food intake largely depends on FFM
independent of FM. It is well known that FFM and not FM is the major determinant of RMR
and EE (10;11). Thus, as proposed by Blundell et al., this positive relationship between food
intake and FFM most likely reflects a physiological response to the increased energy needs
in individuals with higher FFM in order to preserve body mass. Fat mass, when adjusted for
FFM, was a negative determinant of food intake, and this would seem to be consistent with
adipose tissue’s primary biological function of storing energy. When sufficient energy is
stored, the relative amount of adipose tissue might provide signals to decrease energy intake.
However, at least in our analysis, it is clear that FFM is a more powerful driver of caloric
intake.

Higher FFM was associated with increased intake of all macronutrients. It has been
proposed by Millward et al (18) that dietary protein intake is the key to maintaining a stable
whole body protein mass (protein-stat mechanism). We did not observe differences in
strength between the associations of FFMI with protein, carbohydrate and fat intake (tested
by fisher-z transformation of correlation coefficients; data not shown). Indeed, higher FFMI
and to a greater degree FMI were associated with increased caloric intake due to relatively
higher proportion of fat versus carbohydrate intake, indicating a preference of heavier
subjects for high-fat foods compared with carbohydrate dense foods. This is consistent with
a large study of 508 male and 1293 female obese subjects seeking weight loss treatment
showing a positive relationship between baseline fat intake and BMI, although men seemed
to prefer high-fat/high-protein foods while females tended to consume more high-fat/high-
carbohydrate foods (19). Similar findings had been reported in a study of weight-discordant
monozygotic twins, demonstrating a higher fat-preference for obese versus their lean
siblings, indicating that the increased caloric intake which may have lead to and is needed to
maintain the increased weight is primarily due to preference for high-fat foods (20).

The reason why FFMI (adjusted for FMI) and EE are associated not only with mean caloric
intake but also with %WMEN, thus indicating a propensity to overeat is not clear. In a food
scarce environment, the drive to overeat may represent a protective biological mechanism to
prevent an individual from subsequent food scarcity. In today’s obesogenic environment,
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where palatable and high-caloric foods are readily available at any time, this propensity
might result in a chronic positive energy balance. FMI, when adjusted for FFMI, was
negatively associated with food intake and with %WMEN. Adipose tissue could promote
negative energy balance via several mechanisms. Leptin is released by adipocytes, with
plasma concentrations rising proportionally to adipose tissue mass (7). Leptin may act
primarily in signaling starvation rather than mediating satiety (21;22). However leptin
administration has been shown to decrease food intake in animals (23) and humans (24).
However, it is not clear whether leptin could explain the negative association of FMI with
food intake when accounting for FFMI. Apart from leptin other adipocyte-derived hormones
have been discussed as potential modulators of energy balance. These include the adipokines
adiponectin and resistin, estrogens and glucocorticoids. The individual functions of these
hormones and their effect on food intake still remain to be established (25). Nevertheless,
this is a particularly interesting finding in this analysis that warrants further research
suggesting that FFMI is not just sensing energy needs but somehow may also underpin the
drive to overeat.

While there is a general lack of knowledge on how increases in FFM and associated
increases in total energy needs result in increased energy intake, there is no clear biological
mechanism known that could explain the associations of FFM with food intake.

Skeletal muscle tissue accounts for ~50% of a healthy individual’s FFM and approximately
30-40% of total body weight. Emerging evidence indicates that skeletal muscle tissue has
endocrine functions. Myokines (e.g. mysostatin, IL-6, IGF-1) are secreted in response to
physical activity and muscle contraction and might have important roles in the
pathophysiology of diseases that are associated with sedentary behavior (e.g. type 2
diabetes, cardiovascular diseases, cancer) (26). It is possible, therefore, that some of the
cytokines released by muscle tissue may actually decrease food intake. However, exercise
induced increases in 11-6 have been linked to reduced appetite (27), thus not yet providing a
plausible mechanism for the positive associations of FFM with food intake. Human
behavior, including food intake, is ultimately regulated by the central nervous system and
also organs and tissues that comprise FFM need to be centrally controlled and represented.
In order to survive, integration of behavioral actions (i.e. food intake) with internal needs
(i.e. energy needs) is mandatory. Our group recently showed in a sample of 76 largely obese
subjects, that FFM but not FM is strongly negatively associated with gray matter volume of
brain regions that are believed to be involved in the regulation of homeostatic and
autonomic bodily functions including food intake (28). This could potentially represent a
central adaptive mechanism in response to increases in FFM and associated increases in total
energy needs. While some of the regions that were associated with FFM (even after
adjustment for FM) were implicated in decision-making and inhibitory control, these
changes itself might perpetuate unhealthy eating behaviors, thus possibly contributing to a
chronic positive energy balance.

Several limitations must be acknowledged. Most of our subjects overate during the three
days of ad-libitum food intake measurement, which in part could be attributed to the rather
mundane environment of a research facility. However, while the mean intake on the vending
machines is 155+45% of WMEN in this cohort, the range is actually 53.7 —298.7% of
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WMEN. Metabolic parameters, particularly adipokines, hunger and satiety hormones (e.g.
leptin, ghrelin, PYY, PP, GLP-1, CKY) that might have explained some of the variance in
food intake were not considered in this study. Nevertheless, in a subsample of our study
population (n=69) plasma ghrelin concentrations were negatively associated with body mass
and adiposity as recently published (17) and no independent associations with FFMI have
been observed (data not shown). Total caloric intake and macronutrient content was
calculated based on the information provided by the manufacturer of the individual foods
and there is variation in the accuracy of food product labels (29). For the longitudinal
analysis of future fat gain, no information is available on these individual’s eating habits and
physical activity levels between the observation time points. Although FFM is also elevated
in body builders and athletes, results of this study should be seen in the context of obesity
and sedentary behavior. FFM and FM are different biological compartments but do co-vary
strongly. Thus a cautious interpretation of these results is required, particularly when
adjustments were made for the respective other compartment. We report results from a large
number of statistical tests, however no adjustments for multiple comparisons have been
made because of the strong interrelatedness of food intake variables and measures of body
composition/energy expenditure, thus adding to the limitations of this study.

Conclusions

We show that in humans, fat-free mass and 24 hour energy expenditure are positively
associated with ad-libitum food intake and intake of individual macronutrients. We
furthermore show that 24-hour energy expenditure and fat-free mass (adjusted for fat mass)
are positively associated with overeating. Overall, these findings indicate that FFM
primarily promotes positive and FM (after adjustment for FFM) negative energy balance. In
this scenario, FFM-related increases in energy expenditure must be compensated by
increased caloric intake via peripheral or central mechanisms. As humans are prone to
positive energy balance, in our food rich environment, this sensing of increased energy
requirements also leads to overconsumption.
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Figure 1.
Associations of fat-free mass index (FFMI kg*m~2), adjusted for age, gender, ethnicity with

food and macronutrient intake; CAL, mean daily caloric intake; PRO, mean daily protein
intake; CHO, mean daily carbohydrate intake; FAT, mean daily fat intake; %WMEN,
percentage weight maintenance energy needs; %PRO, relative caloric contribution of
protein; %CHO, relative caloric contribution of carbohydrates; %FAT, relative caloric
contribution of fat; rg indicates Spearman’s ranked correlation. Circles indicate female
gender, diamonds indicate male gender.
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Figure 2.
Associations of fat mass index (FMI kg*m~2) adjusted for age, gender and ethnicity with

food and macronutrient intake; CAL, mean daily caloric intake; PRO, mean daily protein
intake; CHO, mean daily carbohydrate intake; FAT, mean daily fat intake; %WMEN,
percentage weight maintenance energy needs; %PRO, relative caloric contribution of
protein; %CHO, relative caloric contribution of carbohydrates; %FAT, relative caloric
contribution of fat; rg indicates Spearman’s ranked correlation. Circles indicate female
gender, diamonds indicate male gender.
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Figure 3.
Left column illustrates associations of fat-free mass index (FFMI kg*m~2") adjusted for fat

mass index, age, gender, and ethnicity with food and macronutrient intake. Right column
illustrates associations of fat mass index (FMI kg*m~2) adjusted for fat-free mass index,
age, gender, ethnicity with food and macronutrient intake; CAL, mean daily caloric intake;
PRO, mean daily protein intake; CHO, mean daily carbohydrate intake; FAT, mean daily fat
intake; %WMEN, percentage weight maintenance energy needs; rg indicates Spearman’s
ranked correlation coefficient. Circles indicate female gender, diamonds indicate male
gender.
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Figure4.
Left column illustrates associations of total 24h energy expenditure (24h EE) with mean

daily caloric intake (CAL) and overconsumption (%WMEN, percentage weight maintenance
energy needs). Right column illustrates associations of 24h EE adjusted for age, gender,
ethnicity, fat-free mass and fat mass (i.e. unexplained variance of 24h EE) with CAL and
%WMEN. Circles indicate female gender, diamonds indicate male gender. * p values and
correlation coefficients were calculated accounting for physical activity.
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Table 1
Characteristics of study population
n (female/male)* Total sample (n=184) Female (n=73) Male (n=111)
Ethnicity (AJAA/H/CINA)* 1/4/6/52/121 0/2/0/18/53 1/2/6/34/68
Age (years) 34.5(8.8) 34.4 (£9.3) 34.5 (£8.6)
Weight (kg) 94.4(+23.1) 91.1(+23.7) 96,6 (+22.5)
Height (cm) 169.5(+8.5) 161.7 (+5.1) 174.7 (£5.9)
PFAT (%) 31.6(+8.1) 38.3 (£5.9) 27.2 (6.2)
FFM (kg) 63.8(+13.5) 55.1 (+10.8) 69.3 (+12.2)
FM (kg) 30.7(+13.1) 36.0 (+13.7) 27.3 (+11.4)
FEMI (kg*m-2) 22.1(+3.7) 21.1 (+3.9) 22.7 (+3.5)
FMI (kg*m-2) 10.8(+5.0) 13.8 (¢5.3) 8.9 (+3.6)
BMI (kg*m-2) 32.9(+7.9) 34.8 (+8.9) 31.6 (+6.8)
Mean Caloric Intake (kcal) 4369(%+1390) 3639(+1260) 4849(+1260)
Mean Protein Intake (g) 144.1(+47.6) 122.5(+41.9) 158.3(+45.8)
Mean Carbohydrate Intake (g) 545.8(x175.8) 454.6(+158.7)  605.8(+160.5)
Mean Fat Intake (g) 190.4(+69.6) 159.1(+65.6)  211.0(+64.6)
Percentage WMEN (%) 155.2(+45.3) 138.2(+47.6) 166.3(+40.2)

All results apart from*are presented as mean + SD;

A Asian; AA African American; H Hispanic; C Caucasian; NA Native American
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Table 2

Associations of food and macrocronutrient intake with anthropometric measures and energy expenditure

B T P

Mean Caloric I ntake (kcal)
FFMI kg*m=2 102.8 417  <0.0001
FMI kg*m=2 50.7 2.38 0.019
FFMI(adj.) kg*m™2 2024 416  <0.0001
FMi(adj) kg*m=2  -965 -2.36  0.019
24h EE kcal 1.62 6.93  <0.0001
24h EE(adj.) kcal 203 411  <0.0001
Mean Protein I ntake (g)
FFMI kg*m—2 3.2 391 0.0001
FMI kg*m=2 1.6 2.26 0.025
FFMI(adj.) kg*m™ 63  3.83  0.0002
FMI(adj.) kg*m=2 -3.0 -214 0.033
24h EE kcal 0.049 531 <0.0001
24h EE(adj.) keal 007 370  0.0003
Mean Carbohydrate I ntake (g)
FFMI kg*m=2 8.7 2.70 0.0075
FMI kg*m=2 2.7 0.98 0.33
FFMI(adj) kg*m=2 238 375  0.0002
FMI(adj.) kg*m=2  -14.6 -2.75  0.0067
24h EE kcal 0.17 5.48  <0.0001
24h EE(adj.) kcal 025 381  0.0002
Mean Fat I ntake (g)
FFMI kg*m—2 6.1 491 <0.0001
FMI kg*m~—2 3.6 341 0.0008
FFMI(adj.) kg*m=2 9.2 3.74  0.0002
FMI(adj.) kg*m=2 -30 -1.48 0.14
24h EE kcal 0.08 7.12  <0.0001
24h EE(adj.) keal 009 356  0.0005

All associations were analyzed using general linear models; B indicates the estimated increase/decrease of each food intake measures (i.e. kcal or

g), attributable to one unit increase of anthropometric variables(i.e. 1 kg*m_z) or energy expenditure (i.e. 1 kcal); FFMI fat free mass index; FMI
fat mass index; 24h EE 24 hour energy expenditure; All models are described in detail in the methods section;
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Table 3

Associations of food and macronutrient intake (expressed as percentages) with body composition variables
and energy expenditure
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B T P
Percentage WMEN (%)
FFMI kg*m=2 0.7 0.82 0.41
FMI kg*m=2 -0.6 -082 041
FFMI(adj.) kg*m=2 5.4 3.18  0.0018
FMI(adj.) kg*m=2 -45 -318 0.0018
24h EE kcal 0.023 267 0.0085
24h EE(adj.) kcal 0.07 389  0.0002

Percentage Protein I ntake (%)

FFMI kg*m=2 -0.02 -0.38 0.70
FMI kg*m=2 -0.02 -0.33 0.74
FFMI(adj.) kg*m=2 -0.02 -0.19  0.85
FMi(adj) kg*m=2 =000 -0.00 0.9
24h EE kcal -0.00 -0.79 0.43
24h EE(adj.) kcal 000 007 094
Percentage Carbohydrate | ntake (%)
FFMI kg*m—2 -0.42 -3.45 0.0007
FMI kg*m~2 -0.36 =357 0.0005
FFMI(adj.) kg*m™2 -0.18 -0.73 047
FMI(adj.) kg*m=2 -0.23 -115 025
24h EE kcal -0.003 -2.21 0.029
24h EE(adj.) kcal -0.002 -0.50  0.62
Percentage Fat | ntake (%)
FFMI kg*m=2 0.36 3.43  0.0008
FMI kg*m=2 0.33 3.71  0.0003
FFMI(adj.) kg*m=2  0.10 0.47 0.64
FMI(adj.) kg*m=2 0025 143 0.15
24h EE kcal 0.003 265  0.009

24h EE(adj.) kcal

1duasnuen Joyiny

All associations were analyzed using general linear models; 3 indicates the estimated increase/decrease of percental food intake measures,

attributable to one unit increase of body compositin variables (i.e. 1 kg*m‘z) or energy expenditure (i.e. 1 kcal); FFMI fat free mass index; FMI fat
mass index; 24h EE 24 hour energy expenditure; All models are described in detail in the methods section;
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