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ABSTRACT 

The objective of this exploratory study was to describe changes in body composition and resting energy expenditure 
(REE) in adult women during weight reduction. A total of 69 client records were collected retrospectively from a 25 
week commercial weight loss program that restricted calories to 90% of measured REE. Data analyzed included total 
body mass (TBM), fat mass (FM) and fat-free mass (FFM) from air displacement plethysmography; measured REE 
from indirect calorimetry; and predicted REE from linear regression. From baseline to week 25, there were significant 
declines in TBM (95.0 ± 24.1 kg to 87.2 ± 22.9 kg; P < 0.001) and FM (47.5 ± 18.5 kg to 39.9 ± 17.6 kg; P < 0.001). 
During the same time period, FFM remained unchanged (47.5 ± 7.3 kg to 47.2 ± 7.0 kg; P ≥ 0.05). REE was signify- 
cantly lower at weeks 13 (6595.2 ± 1312.1 kJ) and 25 (6608.2 ± 1404.6 kJ) compared to baseline (7117.4 ± 1471.5 kJ) 
(P < 0.001); however, REE at weeks 13 and 25 were similar (P ≥ 0.05). At weeks 13 and 25, predicted REE (6992.7 ± 
1065.7 and 6939.2 ± 1056.0 kJ, respectively) was significantly higher than measured REE (6595.2 ± 1312.1 and 6608.2 
± 1404.6 kJ, respectively) (P < 0.001). The results of this study suggest that significant reduction in TBM is possible 
without the loss of FFM and that metabolic adaptation may occur during the process. 
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1. Introduction 

Obesity continues to be a major health threat in the Uni- 
ted States. Results from the National Health and Nutri- 
tion Examination Survey (NHANES) 2007-2008 indicate 
68% of adults are overweight or obese [1]. Not surprise- 
ingly, the majority of Americans are concerned about their 
weight, with 54% actively engaged in weight reduction 
[2]. 

Overweight and obese individuals use a variety of stra- 
tegies for weight loss. Those most commonly identified in- 
clude reducing caloric intake, altering the types of food 
eaten and participating in physical activity [2]. Previous 
research indicates that these methods can be effective in 
reducing total body mass (TBM) [3,4]. While much of 
TBM loss is from fat mass (FM), there is a significant re- 
duction in fat-free mass (FFM) as well [5,6]. Furthermo- 
re, resting energy expenditure (REE) may be lowered as 
a consequence of caloric restriction and body composi- 
tion changes [7-9]. 

Target Metabolism is a commercial weight loss com- 
pany operating in the Midwestern United States. The goal 
of its structured 25-week program is to reduce TBM, 
through FM loss, with a combination of individualized 

REE-based caloric restriction (target of 90% REE) and 
cognitive behavior therapy. Target Metabolism obtains 
serial measurements of body composition by air displace- 
ment plethysmography and REE by indirect calorimetry 
from all clients. These technology-based assessments pro- 
vide a unique opportunity to investigate changes during 
the weight loss process. The purpose of the current study 
was to conduct an exploratory analysis of changes in body 
composition and REE in adult women during weight re- 
duction. 

2. Experimental Methods 

2.1. Samples 

The study utilized previously collected data from the co- 
mmercial weight loss program. Data from 69 female cli-
ents, aged 18 - 70, who had completed the 25-week pro- 
gram were included in the analysis. 

2.2. Data Collected 

All information was obtained retrospectively from client 
records in a de-identified form following approval from 
the sponsoring agency’s Institutional Review Board. At 
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entry into the program (baseline), TBM and body com- 
position (including FFM, FM and percent body fat) were 
assessed using air displacement plethysmography (Bod 
Pod S/T, Life Measurement, Inc., Concord, CA), and REE 
was determined by indirect calorimetry (ReeVue indirect 
calorimeter, Korr Medical Technologies, Salt Lake City, 
UT) using the method of Weir [10]. During the program, 
TBM and body composition were measured at two-week 
intervals. At weeks 13 and 25, REE was reassessed with 
adjustments of daily caloric intake to maintain 90% REE. 
Clients’ age and height were obtained from a medical hi- 
story questionnaire. 

2.3. Statistical Procedures 

Data were analyzed using SPSS, version 17.0 (SPSS Inc., 
Chicago, IL). The level of significance was set at P ≤ 
0.05. One participant was missing REE at week 25; to 
coplete the data set, her REE from week 13 was carried 
forward to week 25. Repeated measures analysis of va- 
riance (ANOVA) was used to compare absolute values and 
changes in TBM, FFM, FM, percent body fat, and REE 
at baseline, week 13 and week 25. Mauchly’s test of sp- 
hericity was utilized to assess assumptions of repeated 
measures ANOVA. Linear regression analysis was em- 
ployed to develop a predictive equation for REE based 
on measurements of FFM, FM and age at baseline. Using 
this equation, predicted REEs were calculated from mea- 
surements of FFM and FM at weeks 13 and 25. Paired t- 
test was then used to compare predicted and measured 
REE at these two time points. 

3. Results 

Data from 69 females were included in the analysis. On 
average, subjects were 44.5 ± 11.1 years old and 165.1 ± 
6.1 cm at program entry. Table 1 provides additional in- 
formation on body composition and REE of subjects at 
baseline and at weeks 13 and 25. 

TBM was significantly lower at weeks 13 (89.7 ± 23.2 
kg, 5.6%) and 25 (87.2 ± 22.9 kg, 8.4%) compared to 
baseline (95.0 ± 24.1 kg) (P < 0.001). Average TBM was 

also significantly lower at week 25 compared to week 13 
(2.8%; P < 0.001). 

There was no significant difference in FFM at baseline 
(47.5 ± 7.3 kg) and weeks 13 (47.3 ± 7.1 kg, 0.4%) and 
25 (47.2 ± 7.0 kg, 0.6%) (P > 0.05). In contrast, FM at 
weeks 13 (42.5 ± 17.9 kg, 10.5%) and 25 (39.9 ± 17.6 kg, 
16.6%) was significantly lower than baseline (47.5 ± 
18.5 kg) (P < 0.001). FM at week 25 was also signifi-
cantly lower than week 13 (6.1%, P < 0.001). These 
changes to FM led to significant reductions in body fat 
percentage at weeks 13 (47.4% ± 7.7%) and 25 (45.8% ± 
7.7%) compared to baseline (50.0% ± 7.8%). Percent 
body fat was also significantly lower at week 25 com-
pared to week 13 (1.6%, P < 0.001). 

Measured REE was significantly lower at weeks 13 
(6595.2 ± 1312.1 kJ, 7.3%) and 25 (6608.2 ± 1404.6 kJ, 
7.3%) compared to baseline (95.0 ± 24.1 kg) (P < 0.001). 
Measured REE at weeks 13 and 25 was not significantly 
different (P ≥ 0.05). At baseline, subjects’ measured REE 
was significantly correlated with age (r = –0.255, n = 69, 
P = 0.017), FFM (r = 0.728, n = 69, P < 0.001) and FM 
(r = 0.612, n = 69, P < 0.001). An equation was devel-
oped to predict REE in subjects at weeks 13 and 25. REE 
= 422.8 + 24.4 (FFM in kg) + 4.8 (FM in kg) – 3.2 (age 
in years). Using this equation, predicted REE was signifi- 
cantly greater than measured REE at weeks 13 (6992.7 ± 
1065.7 kJ versus 6595.2 ± 1312.1 kJ) and 25 (6339.2 ± 
1056.0 kJ versus 6608.2 ± 1404.6 kJ) (P < 0.001). 

4. Discussion and Conclusions 

4.1. Discussion 

Subjects consuming a calorie-restricted diet, targeted at 
90% of REE, had a significant decline in TBM during the 
25-week program. These results are comparable to those 
obtained in previous studies of similar durations and po- 
pulations. In a study by Kerksick et al. [11] that explored 
the effects of resistance-based exercise and macronutrient 
composition in pre-menopausal obese women, subjects 
who consumed a calorie-restricted diet containing 5021 
kJ with exercise, lost an average of 4 kg over 14 weeks. 

 
Table 1. Body composition and resting energy expenditure. 

 Baseline Week 13 Week 25 

Total body mass (kilograms) 95.0 ± 24.1a 89.7 ± 23.2b 87.2 ± 22.9c 

Fat-free mass (kilograms) 47.5 ± 7.3a 47.3 ± 7.1b 47.2 ± 7.0a 

Fat mass (kilograms) 47.5 ± 18.5a 42.5 ± 17.9b 39.9 ± 17.6c 

Body fat (percent) 50.0 ± 7.8a 47.4 ± 7.7b 45.8 ± 7.7c 

Resting energy expenditure (kilojoules) 7117.4 ± 1471.5a 6595.2 ± 1312.1b 6608.2 ± 1404.6a 

Values shown are means ± SD. For each variable, values not sharing the same letters were significantly different. P < 0.001. 
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Redman et al. [12], comparing the effects of a 25% en-
ergy deficit from diet or from a combination of diet and 
aerobic exercise in overweight adults, observed an 8 kg 
reduction in TBM in both groups over six months. Franz 
et al. [3], in a systematic review of randomized weight 
loss trials in adults with at least one year of following up, 
reported a mean weight loss of 5 - 8.5 kg in the first six 
months among studies employing calorie-restricted diets 
and/or weight loss drugs. Together, these studies illustra- 
te that caloric restriction, whether applied uniformly or ca- 
lculated individually, can be an effective strategy for TBM 
reduction. Adaptation of energy expenditure during wei- 
ght reduction is common; however, the decline of REE in 
the current study (13.5 kcal/kg TBM loss) was less than 
observed in previous studies of calorie-restricted diets 
(19.31 - 52.6 kcal/kg TBM loss) [13]. The observed dis- 
crepancy between measured and predicted REE lends su- 
pport to reports of metabolic adaptation by Redman et al. 
[9] and Tremblay & Chaput [14] and highlight the bene- 
fit of measuring rather than estimating energy expendi- 
ture during weight loss. In the current study, adjustment 
of target caloric intake to reflect changes in body compo- 
sition and metabolic adaptation during the program may 
have prevented plateaus of TBM and FM often observed 
with caloric restriction [8,14]. 

In the current study, reduction in TBM was due to loss 
in FM, with no significant decline in FFM. These find-
ings are in contrast with previous weight loss studies. Ke- 
rsick [11] noted a significant decline in FFM over a 14- 
week period using a calorie-restricted diet with varying 
macronutrient composition and resistance-based exercise. 
Redman [12] also observed significant loss of FFM with 
a calorie-restricted diet in the presence or absence of aero- 
bic exercise. The reason for FFM maintenance in the 
current study may be related to the program’s caloric 
target of 90% REE. In a systematic review of changes in 
REE during weight loss, Schwartz and Doucet [13] re- 
ported that greater caloric restriction led to greater de- 
cline in energy expenditure. Furthermore, the decline in 
energy expenditure was associated with loss of FFM. 
These findings suggest the protection of FFM in the pre- 
sent study is linked to the modest caloric restriction and/ 
or the limited reduction in REE during weight loss. 

While the study provides insight into changes in body 
composition and REE during weight loss, there are a nu- 
mber of limitations in the methodology. First, only indi- 
viduals who had previously enrolled in the commercial 
weight loss program were included in the study, raising 
the potential for selection bias. A second constraint was 
related to lack of documentation for caloric intake and 
physical activity. Although clients reported and discussed 
caloric intake and physical activity with staff throughout 
the program, the information was not available for analysis. 
As a result, the current study could not assess the impact 

of these factors on body composition and REE. Finally, 
the study did not provide estimates of long-term weight 
loss success. Unless clients chose to extend enrollment, 
they had no contact with staff after completion of the 25- 
week program. For these reasons, results of this study 
should be viewed as exploratory in nature. 

4.2. Conclusion 

Findings from this retrospective study indicate that sig-
nificant decline in TBM is possible without loss of FFM 
and that metabolic adaptation may occur during weight 
reduction. Metabolic adaptation is a common occurrence 
during weight reduction, potentially slowing TBM and 
FM loss. In the current study, the use of serial REE meas- 
urements to guide target calories may have contributed to 
the continued loss of TBM and FM during the 25 week 
program. Furthermore, while the factor(s) responsible for 
maintenance of FFM during weight reduction cannot be 
definitively identified, the research indicates that presser- 
vation of FFM is related, directly or indirectly, to mode- 
rate caloric restriction and limited reduction in REE. From a 
practical perspective, maintaining FFM may limit de- 
creases in muscle strength and aerobic capacity that often 
accompany weight loss [15,16]. In light of the current 
findings, the multifaceted relationship of body composi- 
tion and energy metabolism is a critical topic for future 
research. 
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