
Body Composition and Energy Metabolism Following Roux-en-Y
Gastric Bypass Surgery

Robyn A. Tamboli1, H. Ayesha Hossain2, Pamela A. Marks1, Aaron W. Eckhauser1, John A.
Rathmacher3, Sharon E. Phillips4, Maciej S. Buchowski5, Kong Y. Chen6, and Naji N.
Abumrad1

1Department of Surgery, Vanderbilt University School of Medicine, Nashville, Tennessee, USA
2Department of Ophthalmology, Case Western Reserve University School of Medicine,
Cleveland, Ohio, USA
3Department of Animal Science, Iowa State University, Ames, Iowa, USA
4Department of Biostatistics, Vanderbilt University School of Medicine, Nashville, Tennessee,
USA
5Department of Medicine, Vanderbilt University School of Medicine, Nashville, Tennessee, USA
6Clinical Endocrinology Branch, National Institute of Diabetes and Digestive and Kidney
Diseases, National Institutes of Health, Bethesda, Maryland, USA

Abstract
Roux-en-Y gastric bypass (RYGB) surgery has become an accepted treatment for excessive
obesity. We conducted a longitudinal study to assess regional body composition, muscle
proteolysis, and energy expenditure before RYGB, and 6 and 12 months after RYGB. Whole-body
and regional fat mass (FM) and lean mass (LM) were assessed via dual-energy X-ray
absorptiometry (DXA), and myofibrillar protein degradation was estimated by urinary 3-
methylhistidine (3-MeH) in 29 subjects. Energy expenditure and substrate oxidation were also
determined using a whole-room, indirect calorimeter in 12 of these subjects. LM loss constituted
27.8 ± 10.2% of total weight loss achieved 12 months postoperatively, with the majority of LM
loss (18 ± 6% of initial LM) occurring in the first 6 months following RYGB. During this period,
the trunk region contributed 66% of whole-body LM loss. LM loss occurred in the first 6 months
after RYGB despite decreased muscle protein breakdown, as indicated by a decrease in 3-MeH
concentrations and muscle fractional breakdown rates. Sleep energy expenditure (SEE) decreased
from 2,092 ± 342 kcal/d at baseline to 1,495 ± 190 kcal/day at 6 months after RYGB (P < 0.0001).
Changes in both LM and FM had an effect on the reduction in SEE (P < 0.001 and P = 0.005,
respectively). These studies suggest that loss of LM after RYGB is significant and strategies to
maintain LM after surgery should be explored.

INTRODUCTION
Weight loss, even moderate amounts, is an established means to improve or ameliorate
numerous obesity-related disease risk factors (1). Lifestyle interventions (diet, exercise, and
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behavioral therapy) for weight loss are challenging modalities, especially in the excessive
obese population, and weight recidivism is frequent (2). As a result, surgical approaches to
weight loss are now considered acceptable means for long-term treatment of obesity. One of
the most predominant bariatric surgical procedures in the United States is Roux-en-Y gastric
bypass (RYGB). Weight loss due to RYGB is a consequence of calorie restriction and
nutrient malabsorption and results in ~60% excess body weight loss (3).

A recent systematic review of the literature by Chaston et al. reported that fat-free mass
(FFM) loss comprised 31.3% of the weight loss subsequent to RYGB (4). FFM consists of
skeletal muscle, organs, bone, and connective tissue (5). Skeletal muscle and organs
(nonbone lean mass (LM)) are the most metabolically active components of FFM and are
the major determinants of resting energy expenditure (REE) (5). REE decreases after RYGB
(6–10), and some studies suggest that a decrease in REE after weight loss can be accounted
for solely by FFM loss (7–9). Das et al. determined that fat mass (FM) also contributed to
the reduced REE expenditure after RYGB (9).

There is a paucity of literature detailing the nature of LM losses incurred with RYGB. The
regional distribution of LM and FM changes with RYGB has only been described in a small
cohort of adolescents (11), which constitutes a special sub-population of RYGB patients.
Furthermore, tissue protein breakdown has not been investigated after RYGB. A reduced
protein turnover has been described after gastroplasty (12); however, restrictive procedures
result in less LM loss than RYGB (4). Thus, the objective of our study was to explore
temporal and regional changes in body tissue composition and to measure myofibrillar
protein breakdown at 6 and 12 months after RYGB. We also report longitudinal changes in
whole-body tissue composition after RYGB and the association with energy expenditure.

METHODS AND PROCEDURES
Subjects

Our study population consisted of 29 subjects with extreme obesity who were approved and
scheduled for RYGB and were between the ages of 18 and 65 years. Exclusion criteria
included a history of type 1 diabetes, current use of oral anticoagulants, intercurrent
infection, a prior gastric operation, or a positive pregnancy test. The study protocol was
approved by the Vanderbilt Institutional Review Board, and informed consent was obtained
from each subject.

Study protocol
Each patient was admitted to the Vanderbilt Clinical Research Center three times:
preoperatively, 6 months postoperatively, and 12 months postoperatively. Subjects were not
under any dietary restrictions prior to the preoperative study. Oral antidiabetic medications
and long-acting insulin were discontinued 5 days before each study visit, and short-term
insulin therapy was initiated. Postoperatively, each patient was counseled by a bariatric
registered dietitian to consume a balanced, postgastrectomy diet of 900–1,000 kcal/day and
was encouraged to exercise. At each visit, subjects underwent a history and physical
examination, and anthropometric and body composition measurements. A 24-h urine
collection was obtained from each subject and was maintained at 4 °C until long-term
storage at −80 °C. Twelve of these subjects also participated in a 24-h metabolic study in a
whole-room indirect calorimeter after a supervised overnight fast.

Anthropometric measurements
Weight was measured on the same digital scale (Seca, Hamburg, Germany) to the nearest
0.1 kg. Height was measured with a wall-mounted stadiometer (Perspective Enterprises,
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Portage, MI) to the nearest 0.5 cm. To resolve difficulties in locating the true waist due to
differences in muscle tone and the presence of a pannus, waist circumference was measured
as the minimum diameter between the iliac crest and the rib cage. Hip circumference was
taken at the widest point near the level of the femoral greater trochanter. All measurements
were obtained by the same investigator.

Body composition
Body composition was measured by dual-energy X-ray absorptiometry (DXA) using narrow
fan-beam technology (Lunar Prodigy, enCore software version 10.5; GE Medical Systems,
Madison, WI). The mean coefficients of variation from two scans in 72 subjects (>50% with
a BMI >30 kg/m2) are 0.96 ± 0.76% for FM and 0.74 ± 0.91% for LM. Half-body scans
were performed for the right side from which whole-body composition was extrapolated (13,
14). FM and nonbone LM were determined for the whole body and for the regions of
interests: extremities (arms and legs), trunk, and abdomen. Extremity and trunk regions were
defined via existing software parameters. The abdominal region was manually defined,
using the top of the external iliac crest as the lower limit and half the distance from there to
the acromion as the upper limit. The DXA was calibrated daily using a manufacturer-
provided phantom. All DXA measurements and analyses were conducted in concert by the
same two investigators.

Energy expenditure and substrate oxidation
Energy expenditure and substrate oxidation were measured using a whole-room indirect
calorimeter as previously described (15). Total energy expenditure (TEE) was defined as the
total energy spent during the approximately 24-h stay in the room calorimeter. Sleep energy
expenditure (SEE, kcal/min) was delineated as the period of time spent lying on mattress at
night between 12:00 and 4:00 am without any significant movement determined by the force
platform and calculated by an automatic algorithm in data processing. SEE was extrapolated
to 24 h to obtain total SEE, which is a proxy for total REE but is measured over an extended
period (~4 h). Total respiratory quotient (RQ) was calculated as the average minute-by-
minute ratio of CO2 production to O2 consumption measured during the room calorimeter
stay. Sleep RQ was calculated as the average minute-by-minute RQ measured during sleep.
Substrate oxidation was calculated from the VO2 and RQ over 1-min intervals during the
~24-h stay (16). Total urine nitrogen concentration was used to determine 24-h protein
oxidation.

Biochemical analyses
The 24-h urine samples were assayed for 3-methylhistidine (3-MeH), 1-MeH, and nitrogen.
Excreted 3-MeH is a marker of myofibrillar protein breakdown (17), and 1-MeH serves as
an indicator of dietary meat intake that could confound the 3-MeH data (18). Subjects were
not instructed to maintain a meat-free diet. Urinary MeH levels were determined in duplicate
using modification of a gas chromatography-mass spectrometry method previously reported
(19). The daily fractional breakdown rate of muscle was calculated as the ratio of 3-MeH in
the urine to the muscle precursor pool (0.6 μmol/g lean tissue) (17). Total urine nitrogen
was measured using the Antek 9000 NS Analyzer (Antek Instruments, Houston, TX).

Statistical analyses
Study data were collected and managed using REDCap, a research electronic data capture
tool hosted at Vanderbilt (20). Data are expressed as the mean ± s.d. Using previously
published data (10), a sample size of 29 subjects would allow detection of a 3% change in
LM, and a sample size of 12 would allow detection of an 11% change in SEE (α = 5 and
90% power) (21). Pairwise comparisons were made with the Wilcoxon signed ranks due to
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non-normally distributed data. A Holm adjustment was employed in the case of multiple
comparisons. Differences in regional LM and FM losses were analyzed with the Kruskal–
Wallis test. Mixed-model regression analysis was performed to determine the relationship
between SEE and body composition. All statistical analyses were performed in R2.6.2
(http://www.r-project.org).

RESULTS
Baseline characteristics and anthropometric measurements

Our study population of 29 subjects with extreme obesity (BMI >40.0 kg/m2) predominately
consisted of white females (72%) (Table 1). Approximately half of the subjects (45%) had a
clinical diagnosis of type 2 diabetes preoperatively. One year after RYGB, subjects lost an
average of 44.3 ± 10.2 kg of body weight, with ~80% of this weight loss occurring in the
first 6 months (Table 2). This cohort of RYGB patients resided at the lower range of obesity
class I (BMI = 30.0–34.9 kg/m2) 12 months postoperatively. The 25% reduction in waist
circumference and 6% reduction in waist-to-hip ratio observed at 12 months after RYGB
also primarily occurred in the first 6 months.

Whole-body composition
At baseline, the whole-body tissue mass in these obese subjects was equally distributed
between FM and LM (Figure 1a). RYGB resulted in a decrease in percent body fat from
50.7 ± 5.0% to 38.4 ± 9.4% throughout the year subsequent to surgery (P < 0.0001). FM loss
contributed 31.5 ± 7.9 kg of total body weight loss during this time (Figure 1b), or a 50.3 ±
13.3% reduction in FM (Table 3). Despite a steady increase in percent LM, overall LM
declined by 12.2 ± 5.4 kg or 19.4 ± 7.3% of initial LM (Figure 1b and Table 3). LM loss
contributed to 27.8 ± 10.2% of total weight loss during the 1-year follow-up. This loss of
LM occurred almost entirely during the first 6 months after RYGB (Figure 1b and Table 3);
LM loss constituted 32.5 ± 10.6% of weight loss during this time. Although all subjects lost
LM in the first 6 months, the response in the second 6 months was variable: 16 subjects lost
LM (2.4 ± 1.9 kg); 12 subjects gained LM (1.2 ± 1.2 kg); and one subject maintained her
LM.

Regional body composition
The regional distribution of changes in FM and LM resulting from RYGB were also
analyzed (Figure 2 and Table 3). Overall, the trunk region accounted for more whole-body
weight loss than the extremities (57 ± 10% vs. 41 ± 12%, respectively; P < 0.0001). FM loss
in the extremities and trunk occurred both in the first (P < 0.0001) and second 6 months (P <
0.0001) after RYGB, and LM loss in both regions occurred primarily in the first 6 months (P
< 0.0001). The change in LM in the extremities reached significance in the second 6 months
after RYGB (P = 0.0006), even though the average change in LM was a decrement of 0.6 ±
1.1 kg or 2.3 ± 5.5% (Table 3). LM loss from the trunk accounted for ~66% of whole-body
LM loss 6 months after RYGB. During this period, LM loss in the trunk region also incurred
a greater proportional loss in LM compared to the extremities (22 ± 11% vs. 14 ± 12%,
respectively; P = 0.009). Percent FM loss during this same time frame was comparable
between the trunk and extremities (39 ± 14% vs. 35 ± 13%, respectively; P = 0.082).

The trunk region was further divided into the abdominal region and nonabdominal trunk
region. The nonabdominal trunk region accounted for ~45% of whole-body LM loss in the
first 6 months after RYGB. Percent LM loss 6 months after RYGB in the nonabdominal
trunk region was greater than the abdominal region (23 ± 13% vs. 20 ± 9%, respectively; P
= 0.053). FM loss exhibited the opposite tendency, with the abdominal region experiencing
a larger proportional decrease in FM than the non-abdominal trunk region (42 ± 11% vs. 37
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± 17%, respectively; P = 0.030). During the year after RYGB, the losses of LM and FM
were similar among the trunk, extremities, abdomen, and nonabdominal trunk regions (P =
0.121 and 0.312, respectively). Overall, the greatest regional percentage of LM loss occurred
in the nonabdominal trunk (24 ± 14%), and the greatest percentage of FM loss occurred in
the abdomen (56 ± 16%).

Estimates of muscle proteolysis
Daily urinary excretion of 3-MeH (a measure of myofibrillar protein breakdown) (Figure 3a)
decreased from baseline at 6 months after RYGB (P < 0.0001) and increased thereafter (P =
0.003). When daily 3-MeH excretion was expressed relative to LM (Figure 3b), the same
trends were observed, except 12-month postoperative levels had returned to baseline. The
daily fractional breakdown rate of muscle tissue decreased at 6 months after RYGB (P =
0.045) and then returned to preoperative levels by 12 months after RYGB (P = 0.003). To
ensure that the measured 3-MeH was from degraded muscle and not dietary meat intake,
urinary 1-MeH was also determined. Although the 3-MeH:1-MeH ratio declined over time
(0.60 ± 0.80, 0.49 ± 0.55, and 0.38 ± 0.40), the changes during the first and second 6 months
after RYGB were not significant (P = 0.142 and 0.721, respectively).

Energy expenditure
In a group of 12 subjects, both TEE and SEE (Table 4) decreased 6 months following
RYGB (P = 0.003 and 0.006, respectively), with no further changes in the subsequent 6
months (P ≥ 0.444). The decrease in TEE at 12 months after RYGB was 790 ± 334 kcal/day,
and SEE declined by 563 ± 208 kcal/day. In the mixed-model regression analysis, the
intercept model showed a decrease in SEE from baseline to 12 months (P < 0.0001). When
body composition changes were entered into the model, the change in SEE was not
independent of the changes in body composition. The change in LM and FM were
significant contributors to changes in SEE (P < 0.001 and P = 0.005, respectively). For every
1 kg of LM lost, SEE decreased by 18.6 kcal/day, and for every 1 kg of FM lost, SEE
decreased by 8.5 kcal/day.

Substrate oxidation
All measures of RQ (total, sleep, and nonprotein) in 12 subjects were decreased (P < 0.02)
12 months after RYGB (Table 4). At 6 months after RYGB, total RQ was marginally lower
than baseline (P = 0.049). Accordingly, carbohydrate oxidation rates (g/kg·day) were
decreased 6 months after surgery (P = 0.048), and remained stable during the second 6
months after RYGB. Fat oxidation exhibited a corresponding increase after RYGB, but did
not attain significance until 1 year (P = 0.003). Energy derived from fat increased from 27 to
45% at 12 months after RYGB (P = 0.073), and energy from carbohydrates decreased from
64 to 38% (P = 0.003). Protein oxidation increased at 12 months (P = 0.003) as did percent
energy from protein (12–16%, P = 0.015).

DISCUSSION
With the increasing popularity of bariatric surgery as a means for weight loss, it is
imperative to understand the impact of the rapid weight loss incurred with this procedure.
Our finding that LM accounted for 27.7% of total weight loss achieved 1 year after RYGB is
slightly higher than reports of 21.2% (9), 24.8% (7), and ~20% (22) of weight loss from LM.
The 31.3% contribution of FFM to weight loss after RYGB cited by Chaston et al. was
derived from four studies, the majority of which examined early postoperative time points
(4). Indeed, we observed a 32.7% contribution of LM to total weight loss in the first 6
months after RYGB. This figure is in agreement with one study that reported a 33.5%
contribution of LM to overall weight loss 6 months after RYGB (7), but discordant with the
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22.9% described by another group (8). Of the aforementioned studies, ours was the only one
to use DXA, a three compartmental model of body composition analysis. DXA does not
distinguish between water loss and LM loss (23), although the effect of hydration status on
tissue estimation errors was deemed minimal (24). Several studies have concluded that
measurement of FM and LM by DXA corresponds well with other techniques during periods
of moderate weight loss (25, 26), whereas others disagree (27); comparison of different body
composition techniques after bariatric surgery has not been reported.

Inge et al. performed DXA measurements on five adolescents before and 1 year after RYGB
(11). They determined that 17% of tissue mass lost in the trunk consisted of LM. In our
study cohort, LM loss in the trunk comprised 36% of total trunk tissue loss (Table 3). This
disparity could be due to differences in sample size, or that our study population is ~25 years
older. Less preservation of LM after dramatic weight loss in an older population is plausible
given the established loss of lean tissue with aging. Interestingly, our data show that LM
reduction in the trunk accounted for 66% of whole-body LM loss. The use of DXA for
estimates of regional tissue mass measurements has not been extensively validated, and the
arrangement of bones and high bone content of certain regions may interfere with accurate
tissue mass measurements (23). However, none of the other commonly used methods for
body composition are capable of such determinations. Other methods of regional body
composition, such as magnetic resonance imaging, are cost and size prohibitive.

The mechanism(s) of accelerated LM loss in the first 6 months following gastric bypass
surgery in comparison to the second 6 months remains unclear. We measured urinary 3-
MeH as a marker of myofibrillar breakdown. 3-MeH is an amino acid formed from the
methylation of histidine in actin and myosin chains. Once released from muscle protein
stores, 3-MeH cannot be reutilized for protein synthesis and is excreted in the urine (17).
Contrary to expectations during LM loss, the 3-MeH data suggest that muscle breakdown is
decreased 6 months after gastric bypass. These findings are similar to what had been
reported in response to prolonged fasting (28). During periods of malnourishment, rates of
protein turnover are diminished and attributed to decreases in both rates of whole-body
protein synthesis and degradation (29). From 6 to 12 months after RYGB, the rate of protein
degradation was diminished and returned to preoperative levels, coincident with attenuation
of LM loss. This pattern of decreased and then increased myofibrillar proteolysis is similar
to the progression of protein breakdown in response to starvation with protein synthesis
inhibition in the rat (30). In contrast to our findings in RYGB, protein breakdown was
reduced 3 months after vertical banded gastroplasty and remained depressed at 12 months
(12). Regardless, the compensatory protein sparing mechanism invoked after RYGB does
not appear to counter-balance the LM losses.

Low protein turnover rates during a 3-week, low-energy diet (~500 kcal/day) in obese
subjects can be offset by adequate dietary protein intake (50 g/day) (31). A prospective
study revealed that RYGB subjects self-reported insufficient protein intake related to protein
intolerance 1 year after surgery (32). Nonetheless, protein malnutrition (hypoalbuminuria)
after RYGB appears rare (33) and related to postoperative complications (34, 35) or a Roux
limb length >150 cm (36). Although dietary protein intake was not recorded in our study,
patients receive dietetic counseling to consume 70 g/day protein, and albumin levels were
normal after RYGB (3.6 ± 0.2 g/ dl; range 3.2–4.7 g/dl), indicating no clinical protein
malnutrition. Participants in a hypocaloric diet program who maintained a higher amount of
protein intake incurred less LM loss (37). Similar prospective randomized studies have not
been conducted in the bariatric surgery population; thus, it is presently unclear whether
inadequate protein consumption and/or absorption contributes to LM loss after RYGB.
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The first 6 months after RYGB are characterized by a reduction in carbohydrate oxidation;
this has been proposed to drive the metabolic response to fasting, i.e., increased protein
oxidation and lipolysis (38). Our data do not show a significant increase in protein or fat
oxidation until 12 months after surgery, although the increase in fat oxidation occurred
mostly in the first 6 months after RYGB without a major change in the second 6 months.
Considering the most substantial changes in diet and weight occur in the first 6 months after
surgery, a larger sample size might reveal earlier changes in these variables. The detectable
change in carbohydrate oxidation in our 12 subjects suggests that this is a more robust effect
of RYGB on substrate metabolism than protein oxidation.

One strength of our study is the use of the whole-room indirect calorimeter to measure
energy expenditure and substrate oxidation, allowing for measurements over a long time
period during free movement (15). Several studies, including the present work, have
described a reduced REE after RYGB (6–10). There is controversy as to whether decreases
in REE are larger than expected with respect to tissue losses (7–9). Our data support the
contribution of LM loss changes in REE, and further suggest that a reduced FM also
contributes to the reduced SEE following RYGB, although, on a per kg basis, LM loss has a
greater effect on the reduction of SEE. TEE was also reduced in our subjects after RYGB,
which, in addition to SEE, accounts for energy expended during activity. Physical activity
measured in free living with Actical accelerometers (Respironics, Bend, OR) did not change
1 year after RYGB (data not shown). A recent observational study by Faria et al. suggests
that subjects with weight regain 2 years after RYGB have a lower REE (39), indicating that
elevating REE after RYGB might enhance weight loss. Physical activity may be an effective
means to increase LM and thus REE after RYGB (40); however, exercise intervention
studies following RGYB are lacking.

It is not known how LM loss affects anthropometric and metabolic outcomes after bariatric
surgery; larger studies are needed to make such assessments. Although substantial weight
loss is achieved with surgery, patients often remain overweight or obese. Further research is
warranted to determine whether minimizing lean tissue mass loss, especially in the trunk
region, during the first 6 months following gastric bypass might improve clinical outcomes.
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Figure 1.
Whole-body fat and lean tissue before and after gastric bypass surgery. (a) Percent body fat
(closed circles) and lean (open squares) tissue and (b) fat (closed circles) and lean (open
squares) tissue mass at baseline (time 0 months), and at 6 and 12 months after surgery.
Values are mean ± s.d. *P < 0.0001, baseline vs. 6 months and 6 months vs. 12 months.
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Figure 2.
Changes in regional fat and lean tissue mass after gastric bypass surgery. Data are expressed
as mean ± s.d. for fat (closed circles) and lean (open squares) tissue mass in the (a)
extremities, (b) trunk, (c) abdomen, and (d) nonabdominal trunk at baseline (time 0 months),
and at 6 and 12 months after surgery. *P < 0.0001 and #P = 0.006, baseline vs. 6 months and
6 months vs. 12 months.
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Figure 3.
Estimates of muscle tissue breakdown with Roux-en-Y gastric bypass surgery. (a) 24-h 3-
methylhistidine (3-MeH) levels, (b) amount of 3-MeH per kg of lean mass, and (c)
fractional breakdown rate of muscle at baseline (time 0 months), and at 6 and 12 months
after surgery. Data are expressed as mean ± s.d. *P < 0.005, **P < 0.0001, and #P < 0.05,
baseline vs. 6 months and 6 months vs. 12 months.
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table 1

Subject characteristics

Age (years) 43.8 ± 9.6

Gender (male/female) 4/25

Race (AA/white) 5/24

Diabetes (yes/no) 13/16

BMI (kg/m2) 46.3 ± 5.5

Values are mean ± s.d.

AA, African-American.
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table 2

Anthropometric measurements

Measurement Baseline 6 Months 12 Months

Weight (kg) 128.5 ± 16.1 92.9 ± 13.3* 84.2 ± 13.3*

BMI (kg/m2) 46.3 ± 5.5 33.5 ± 4.8* 30.4 ± 4.7*

Waist circumferencea(cm) 127.3 ± 11.5 102.7 ± 12.4* 95.6 ± 10.4*

Waist-to-hip ratioa 0.89 ± 0.08 0.85 ± 0.08* 0.84 ± 0.07

Data are mean ± s.d.

a
n = 26.

*
P < 0.0003; baseline vs. 6 months and 6 months vs. 12 months.
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table 3

Percent changes in fat and lean tissue mass after gastric bypass surgery

Region 0–6 Months 6–12 Months 0–12 Months

Whole body

   Fat −38 ± 9 −21 ± 13 50 ± 13

(−62, −21) (−45, 2) (−79, −29)

   Lean −18 ± 6 −1 ± 5 −19 ± 7

(−29, −6) (−13, 11) (−35, −4)

Extremities

   Fat −35 ± 13 −20 ± 12 −47 ± 15

(−59, 21) (−39, 7) (−74, 4)

   Lean −14 ± 12 −2 ± 5 −17 ± 11

(26, 40) (−13, 16) (−29, 33)

Trunk

   Fat −39 ± 14 −23 ± 17 −53 ± 16

(−67, −7) (57, 7) (−84, −29)

   Lean −22 ± 11 −0.2 ± 7 −22 ± 12

(−38, −0.5) (−15, 17) (−45, 2)

Abdomen

   Fat −42 ± 11 −25 ± 19 −56 ± 16

(−67, −26) (−62, 13) (−87, −26)

   Lean −20 ± 9 2 ± 9 −18 ± 12

(−38, 0.6) (−12, 22) (−40, 5)

Nonabdominal trunk

   Fat −37 ± 17 −22 ± 17 −50 ± 17

(−69, 13) (−55, 4) (−83, −24)

   Lean −23 ± 13 −1 ± 8 −24 ± 14

(−46, 3) (−17, 14) (−50, 4)

Data are percent tissue mass change during the indicated time periods, and are expressed as mean ± s.d. (minimum, maximum).
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table 4

Energy metabolism and substrate oxidation

Measurement Baseline 6 Months 12 Months

Total EE (kcal/day) 2,768 ± 474 2,010 ± 260* 1,987 ± 228

Sleep EE (kcal/day) 2,092 ± 342 1,495 ± 190* 1,513 ± 192

Total RQ 0.89 ± 0.04 0.84 ± 0.04** 0.82 ± 0.04

Sleep RQ 0.90 ± 0.06 0.86 ± 0.05 0.81 ± 0.05†

Nonprotein RQ 0.92 ± 0.06 0.85 ± 0.05 0.84 ± 0.06†

Carbohydrate oxidation (g/kg·day) 3.2 ± 0.8 2.3 ± 0.7** 2.2 ± 0.9

Fat oxidation (g/kg·day) 0.6 ± 0.4 1.0 ± 0.3 1.1 ± 0.5†

Protein oxidation (g/kg·day) 0.6 ± 0.1 0.6 ± 0.2 0.8 ± 0.3†

Data are mean ± s.d.

EE, energy expenditure; RQ, respiratory quotient.

*
P < 0.02 and

**
P = 0.049 for baseline vs. 6 months and

†
P ≤ 0.006 for baseline vs. 12 months.
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