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Abstract
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It is controversial whether weight loss reduces resting energy expenditure (REE) to a different
magnitude in black and white women. This study was to determine whether changes in REE with
weight loss were different between black and white postmenopausal women, and whether changes
in body composition (including regional lean and fat mass) were associated with REE changes within
each race. Black (n= 26) and white (n= 65) women (age= 58.2±5.4 years, 25< BMI< 40 kg·m−2)
completed a 20-week weight loss intervention. Body weight, lean and fat mass (total body, limb and
trunk) via dual energy X-ray absorptiometry, and REE via indirect calorimetry were measured before
and after the intervention. We found that baseline REE positively correlated with body weight, lean
and fat mass (total, limb, and trunk) in white women only (p< 0.05 for all). The intervention decreased
absolute REE in both races similarly (1279±162 to 1204±169 kcal·day−1 in blacks; 1315±200 to
1209±185 kcal·day−1 in whites). REE remained decreased after adjusting for changes in total or limb
lean mass in black (1302 to 1182 kcal·day−1, p= 0.043; 1298 to 1144 kcal·day−1, p= 0.006,
respectively), but not in white, women. Changes in REE correlated with changes in body weight
(partial r = 0.277) and fat mass (partial r= 0.295, 0.275, and 0.254 for total, limb, and trunk,
respectively; p< 0.05) independent of baseline REE in white women. Therefore, with weight loss,
REE decreased in proportion to the amount of fat and lean mass lost in white, but not black, women.
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INTRODUCTION
Non-Hispanic black women are more likely to be obese compared with non-Hispanic white
women (1). Since obesity is the result of an extended period of energy surplus, one potential
factor responsible for the higher prevalence of obesity in blacks could be lower energy
expenditure. Resting energy expenditure (REE) represents the largest fraction (50–70%) of an
individual’s total daily energy expenditure (2), and in some cases, a low REE predicts weight
gain (3;4). The majority of data support a lower REE in black than white women after adjusting
for body size and the total amount of lean and fat mass(5–13).
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Loss of body weight with energy restriction consistently results in a lower REE (14–19);
however, whether reductions in REE with weight loss are similar in blacks and whites is
controversial. One study showed that weight loss decreased REE to a greater extent in black
than white women, after adjustment for initial REE and changes in lean mass and fat mass
(15). In contrast, two other studies found that REE of black women remained proportionately
lower than that of white women (16;17). Another study in postmenopausal women showed
that after a small amount of weight loss (2–3 kg) induced by aerobic exercise training, REE
decreased in black women, but was unchanged in white women (20). It is important to elucidate
this in that REE can potentially affect body weight and black women tend to lose less weight
than white women given the same weight loss treatments (15;21–24).
It is suggested that lean mass distribution may contribute to the racial difference in REE. Hunter
et al. reported a 7.5% lower REE in black than white women after adjusting for lean mass;
however, this difference disappeared after adjusting for trunk lean mass (25). Gallagher et al.
using MRI quantified the mass of selected high metabolic rate organs (including liver, kidneys,
spleen, heart and brain), and determined that half of the observed difference in REE between
black and white men and women after adjustment for age, fat, and fat-free mass, was explained
by differences in the mass of these high metabolic rate organs (26). However, there is no
information regarding whether any different changes in regional lean mass (trunk and limb)
contribute to any potential racial difference in REE changes with weight loss.
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Moreover, the changes in REE with weight loss may be associated with different factors for
women of different races. For example, in white women, changes in REE were related to their
initial weight; while in blacks, they were not related (15). Therefore, the purpose of this study
was to determine whether there were differences between black and white postmenopausal
women in the magnitude of changes in REE in response to weight loss. We also examined
whether initial body composition and changes in body composition (including regional lean
and fat mass) were associated with weight loss-induced REE changes within each race.

RESEARCH METHODS AND PROCEDURES
Participants

NIH-PA Author Manuscript

Participants in this study were postmenopausal women who volunteered to participate in a
randomized clinical trial designed to determine whether the intensity of aerobic exercise affects
the loss of abdominal adipose tissue under conditions of equal energy deficit
(ClinicalTrials.gov identifier: NCT00664729). All women were recruited from the Piedmont
Triad area of North Carolina and were enrolled in the study based on the following inclusion/
exclusion criteria: 1) postmenopausal (age = 50–70 years, and at least one year without
menses), 2) overweight or obese (BMI = 25–40 kg·m−2 and waist girth > 88 cm), 3) nonsmoking, 4) not on hormone therapy, 5) sedentary (<15 min of exercise, 2 times/wk) in the
past 6 months, and 6) weight-stable (< 5% weight change) for at least 6 months prior to
enrollment. The study was approved by the Wake Forest University School of Medicine
Institutional Review Board and all women signed an informed consent form to participate in
the study according to the guidelines for human research.
Initial screening included a medical history review, physical examination, fasting blood profile,
and 12-lead resting electrocardiogram. Participants with evidence of untreated hypertension
(blood pressure >160/90 mmHg), hypertriglyceridemia (triglycerides > 400 mg/dl), insulindependent diabetes, active cancer, liver, renal or hematological disease, hyper- or
hypothyroidism, or other medical disorders were excluded. On a second screening visit, the
participants underwent a graded exercise test to exclude those with an abnormal cardiovascular
response to exercise. The maximal heart rate achieved during the graded exercise test was used
in the determination of the appropriate exercise intensity.
Obesity (Silver Spring). Author manuscript; available in PMC 2010 July 1.
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A total of 112 eligible (28 black and 84 white) women were randomly assigned to participate
in either a hypocaloric diet only (n=34), a diet plus low-intensity exercise (n=40), or a diet plus
high-intensity exercise (n=38) intervention for a period of 20 weeks. Race was ascertained
based on self-report. We report here data from women who completed the intervention and
had REE and body composition measured at both baseline and post-intervention. The reasons
for not completing the study include family or life situation (n=11), adverse event not related
to the study intervention (n=2), diet incompatibility (n=3), and not responding to contact (n=1).
One woman missed the post-intervention REE measurement and three women did not have a
satisfactory REE test at baseline or after intervention (see criteria in Methods). The final sample
included 26 black and 65 white women (27, 35, and 29 in the diet only, diet plus low-intensity
exercise, and diet plus high-intensity exercise groups, respectively).
Study intervention
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Upon entry into the study, all women completed a 4-day food record which was used as an
initial measure of dietary intake. Individual energy needs were calculated from REE directly
measured via indirect calorimetry, and applying an activity factor based on each woman’s
description of her daily activities (1.2–1.3 for sedentary lifestyle). The calorie deficits of all
women were adjusted to ~2800 kcal·week−1 (~400 kcal·day−1). The deficits for the diet only
group resulted totally from reduction in dietary intake, whereas deficits for the diet plus exercise
groups resulted from both dietary intake restriction (~2400 kcal·week−1) and exercise energy
expenditure.
All women were given food for their lunch and dinner, which was prepared and provided by
the Wake Forest University General Clinical Research Center metabolic kitchen. These meals
were prepared individually after women chose from a hypocaloric menu designed by the
registered dietitian to provide a balanced, healthy diet. Calorie make-up of the diet was
approximately 25% from fat, 15% from protein, and 60% from carbohydrate. Women
purchased and prepared their breakfast meal from the same menu in consultation with the
dietitian. They were allowed two free days per month, where they were given guidelines for
diet intake and asked to report their intake on those days. They were also provided with a daily
calcium supplement (1000 mg/day). Non-caloric, non-caffeinated beverages were allowed ad
libitum. All women were asked to keep a log of everything they ate or drank. The records were
monitored weekly by the dietitian to verify compliance to the diet. The average daily calorie
intake recorded by participants was 100.2±1.5% (mean ± SD) of the provided calorie level.
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The exercise prescription involved center-based treadmill walking three times/week at a target
heart rate calculated from the Karvonen equation [(HRR × (intensity))+ resting heart rate]
(27), where heart rate reserve (HRR) is maximal heart rate, obtained from each subject’s graded
exercise test, minus resting heart rate. The duration and intensity of the exercise prescription
progressed from 15–20 min at 45–50% of HRR during the first week to 55 min at 45–50%
HRR for the low-intensity exercise group and 30 min at 70–75% HRR for the high-intensity
exercise group. Participants attended 91.3 ± 8.3% of the exercise sessions.
Measurements
Body composition—Before and after the 20-week intervention, height and weight were
measured with shoes and jackets or outer garments removed; lean body mass, fat mass, percent
body fat, as well as limb and trunk lean and fat mass were measured by dual energy X-ray
absorptiometry (DXA) (Hologic Delphi QDR, Bedford, MA). Regions of interest were
predefined as a template overlay provided by the manufacturer’s software and could be adjusted
to match the participant’s anatomy. Trunk was separated from arms, legs, and head. Limb mass
included mass of both arms and legs. The coefficient of variance for body composition

Obesity (Silver Spring). Author manuscript; available in PMC 2010 July 1.

Wang et al.

Page 4

assessment (lean, fat mass and bone mineral content) using this method is between 1–3%(28;
29).
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Resting energy expenditure—REE was measured before and after the 20-week
intervention using indirect calorimetry following 12 or more hours of fasting. For the postintervention measurement, there was no effort to stabilize body weight prior to the test.
Participants were instructed not to participate in heavy physical activity 24 hours prior to the
measurement. They were allowed to breathe freely through a face mask, while expired air was
collected through a one-way valve and analyzed using a MedGraphics CCM/D metabolic cart
(MedGraphics Inc., Minneapolis, MN). REE was calculated from each determination of
VO2 and VCO2 using Weir’s equation (30). Participants rested quietly for 15–30 minutes
before the collection of data and for an additional 30 minutes during which data were collected.
During the measurement, steady state was defined as ±5% in oxygen consumed. For those in
the exercise groups, REE was measured at least 48 hours after the previous exercise session.
Statistics
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Statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, NC).
Descriptive statistics were calculated. Analysis of variance was used to compare baseline and
the changes from baseline to post-intervention between races. In comparisons of REE between
races, body composition measures were used as covariates. Analysis of variance with repeated
measures including race and race × time interaction was used to compare means at postintervention to means at baseline. Treatment group × race or treatment group × time interactions
for body composition measure and REE were examined within black and white women.
Multiple regression was used to determine correlates of REE changes. An alpha level of 0.05
was selected to denote statistical significance.

RESULTS
Women in the study were an average of 58.2±5.4 years old and 13.1±10.1 years
postmenopausal. At baseline, there were no differences in age (p= 0.527), body weight (p=
0.820), body composition (p= 0.878, 0.755, 0.334, 0.173, 0.736, 0.328, 0.818, 0.459, 0.692,
for BMI, total fat and lean mass, percent body fat, limb fat and lean mass, trunk fat and lean
mass, trunk to limb lean mass ratio, respectively), or REE (p= 0.521) among the treatment
groups. The proportion of black women in the diet only, diet plus low-intensity exercise, and
diet plus high-intensity exercise groups was not different (Chi-square p= 0.233).
Body composition at baseline and changes with intervention (Table 1)
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Table 1 includes body weight and composition measures at baseline and post-intervention and
their changes by race. Since there were no treatment group differences in body weight or
composition at baseline or changes with intervention, we do not present data by treatment
group. At baseline, black women were heavier and had a higher BMI (p< 0.05). They had
significantly more total lean and fat mass and more limb lean and fat mass than white women
(p< 0.05). A lower trunk to limb lean mass ratio in black than white women was also found.
Total % body fat, and trunk lean and fat mass were not different between the two races.
However, after adjustment for body weight, black women had more limb lean mass (adjusted
mean: 23.4 vs. 22.4 kg, p= 0.006) and less trunk lean mass (24.8 vs. 26.0 kg, p= 0.002) than
white women.
The weight loss intervention significantly decreased body weight, BMI, % body fat, lean and
fat mass (total, limb, and trunk) in both races (Table 1; p< 0.0001). However, the magnitude
of decrease in body weight, BMI, % fat, fat mass (total and trunk) was greater in white than
black women (p≤ 0.05). After adjusting for initial body weight, the decreases in the above
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measures (p< 0.01 for all) as well as limb fat mass (p < 0.01) and trunk lean mass (p= 0.046)
were greater in white women. The trunk to lean mass ratio, however, did not change in white
(p> 0.05), but showed a trend to increase in black women (p= 0.071).
Resting energy expenditure (Figure 1 and Figure 2
As with the body composition measures, REE at baseline and changes in REE with weight loss
were not different by treatment group. At baseline, black and white women had a similar
absolute REE. However, after adjusting REE for total or limb lean mass, or total lean mass and
trunk to limb lean mass ratio, black women showed a 7–9% lower REE than white women (p=
0.017, 0.003, and 0.035, respectively; Figure 1). REE adjusted for body weight, fat mass (total,
limb, or trunk), or trunk lean mass was not different between races (p > 0.05 for all).
Additionally, adjusting for limb lean mass together with body weight, REE of black women
was lower than white women (adjusted mean: 1219 vs. 1340 kcal·day−1, p= 0.004), while
adjusting for total lean mass together with body weight, REE was not different between the
two races (1263 vs. 1322 kcal·day−1, p > 0.05).
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The weight loss intervention significantly decreased absolute REE in both races (1279±162 to
1204±169 kcal·day−1 in blacks, p= 0.022; 1315±200 to 1209±185 kcal·day−1 in whites; p<
0.001; REE decreased in 71 of the 91 women, and changes in REE ranged from −403 to 386
kcal·day−1) but the magnitude of this decrease was not different between black and white
women. In black women, REE remained decreased after adjusting for changes in total or limb
lean mass, or changes in total lean mass and trunk to limb lean mass ratio (p= 0.043, 0.006,
0.025, respectively; Figure 2a), but remained unchanged after adjusting for changes in body
weight and fat mass (total, limb, or trunk). There was no weight loss-induced change in REE
in white women after adjusting for changes in weight, lean or fat mass (total, limb, or trunk),
or total lean mass and trunk to limb lean mass ratio (Figure 2b).
Correlates of resting energy expenditure and its change after weight loss
At baseline, REE correlated with body weight (r= 0.58, p< 0.001), lean mass (total, limb, and
trunk) (r= 0.68, 0.66, and 0.65, respectively; p < 0.001) and fat mass (total, limb, and trunk)
(r= 0.35, p= 0.004; r= 0.26, p= 0.041; r= 0.36, p= 0.003) in white women. Thus, white women
who were heavier and had more lean and fat mass had higher REE. However, in black women,
there were no significant correlations between REE and any of the body composition measures
at baseline (r= 0.23, 0.13, 0.12, 0.14, 0.24, 0.17, 0.25, respectively; p> 0.05).
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Changes in REE with weight loss were inversely related to baseline REE in both races (r=
−0.440, p= 0.025 for blacks; r= −0.473, p< 0.001 for whites). We also determined whether
changes in body composition as a result of the interventions were associated with changes in
REE. In white women, independent of baseline REE, changes in REE correlated with changes
in body weight (partial r= 0.277, p< 0.05) and fat mass (partial r= 0.295, 0.275, and 0.254 for
total, limb, and trunk fat mass, respectively; p< 0.05), but not lean mass (partial r= 0.19 and
0.14, for total and limb lean mass, respectively; p> 0.05). Thus, the more body weight or fat
mass lost, the greater REE decreased in white women. In addition, changes in REE correlated
with changes in trunk lean mass independent of baseline REE in white women in the diet plus
high-intensity exercise group (partial r= 0.43, p= 0.039). In contrast, in black women, a trend
for a significant inverse relationship was found for changes in REE and limb lean mass (partial
r= −0.359, p = 0.078). A trend for a significant treatment group interaction was also found for
changes in REE and lean body mass (p= 0.058) with an inverse relationship in black women
in the diet only group (r= −0.81, p= 0.009), independent of baseline REE. Similar results were
found without adjusting for baseline REE.
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This study adds additional information to the literature regarding whether there are racial
differences in the changes in REE with weight loss in women and whether body composition
contributes to any racial differences in baseline REE and its changes with weight loss. Our
results showed in response to a weight loss intervention, REE decreased by the same absolute
magnitude in black and white women. However, after adjustment for changes in total or limb
lean mass, REE was not altered by weight loss in whites. Moreover, in white women, changes
in REE were related to changes in fat mass (total body, limb, or trunk); while in black women,
changes in REE were not related to changes in almost all body composition measures. At
baseline, REE was correlated with body weight, total and regional fat and lean mass in white
women, but not in black women. Our data suggest that REE and its changes with weight loss
are associated with body weight and body composition in white women, but not in black
women. In addition, our results support that the REE difference between black and white
women is more strongly associated with lean mass distribution, than with the total amount of
lean mass.
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Compared to white women of similar body weight, black women have more muscle mass and
less higher metabolic rate organ mass (17;31–33). Although black women were heavier in our
study, our results agree with this in that after adjustment for body weight, black women had
more limb lean mass but less trunk lean mass. Previous studies also show that black women
have lower REE after adjustment for body size or the amount of lean and fat mass(5). This
difference in REE may be partly due to their different lean mass distribution(17;25;26);
specifically, the lower trunk lean mass (which contains the high metabolic rate organs) in black
women contributes to a lower REE compared to white women.
In our study, adjusting for trunk lean mass did not make a difference in the comparison of REE
between the two races; however, limb lean mass seemed to play a role. We found absolute REE
was not different between races, but REE of black women was lower compared to white women
after adjusting for total or limb lean mass. To take into account the different body weight of
black and white women in our study, we adjusted REE for limb lean mass together with body
weight and REE of black women was lower. In contrast, adjusting for total lean mass together
with body weight, REE was not different between the two races. These findings suggest that
the amount of limb lean mass is a more important factor than total lean mass in its contribution
to the REE difference in black and white women. Thus, the lower REE in black, compared to
white, women may be partly due to a greater limb lean mass in black women.
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Although there are numerous studies comparing REE between black and white women, there
is surprisingly little information regarding racial differences in the relationships between REE
and body composition. We found higher REE was associated with greater body weight, lean
mass and fat mass in white women. This was not found in black women. Moreover, with weight
loss, the change in REE was associated with changes in body weight and fat mass independent
of baseline REE in white women. Those who lost more body weight or fat mass, had greater
REE reduction. In black women, however, changes in REE were not related to changes in body
weight nor fat mass. Thus, it appears that REE is more associated with body size in white than
black women. There may be biological factors that are responsible for this racial difference in
the associations of REE and body composition.
Our findings regarding REE changes with weight loss also support that declines in REE with
weight loss are accounted for by body size (especially declines in fat mass) in white women,
but not in black women. In white women, after adjustment for changes in body weight, fat
mass, or lean mass, REE after the intervention was not different from baseline. In black women,
however, post-intervention REE was lower than baseline after adjustment for changes in lean
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mass (total or limb or total together with trunk to limb lean mass ratio). Thus, REE decreased
disproportion to the reduction in lean mass in black women. Previous studies have used pooled
data from black and white participants and found REE adjusted for changes in lean and fat
mass either unchanged (16;17) or decreased (14;34) after weight loss. The difference between
the two races we found could be one reason why blacks lose less weight than whites with the
same interventions (15;21–24). This may also put black women at a higher risk for regaining
weight.
Of note, lean mass is a more metabolically active tissue and is the best predictor of REE for
most individuals. However, our data in obese women show that fat mass is more strongly
associated with REE. In white women, this is demonstrated by the finding that REE changes
with weight loss were related to changes in total and regional fat mass, but not lean mass. In
black women, this is demonstrated by the finding that, adjustment for total or regional fat mass
eliminated the weight loss-induced decrease in REE, but adjustment for total or limb lean mass
did not affect the reduction in REE with weight loss. The relationship in white women between
REE changes and fat mass changes also tended to be independent of lean body mass changes
(partial r= 0.224, p= 0.075). Our data are not alone. One previous study also found that fat
mass explained more variance in REE than lean mass in obese women (15).
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Several considerations are important in drawing conclusions from our study. In accessing body
composition using DXA, it is assumed that lean tissue has fixed water content. There is
evidence that obesity is associated with higher hydration levels in lean tissue (35). Thus, the
water content in lean mass above that is assumed by DXA will be considered as fat, resulting
in an underestimation of lean mass. Because this error is likely to happen to most obese women,
its influence on the relationship between REE and body composition should be small. Another
issue is that all women had equal absolute energy deficit at the beginning of interventions.
Therefore, they had various degree of energy deficit relative to their own energy needs.
Although there was no effort to stabilize body weight prior to the post-intervention REE
measurement, it is possible a few women may no longer be in negative energy balance.
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In summary, the major finding of this study is that body size and composition is an important
contributor to REE in white women. Although the small sample size of black women limits
our ability to draw affirmative conclusions for black women, this study suggests that body size
and composition in blacks may not be as important a factor for REE as in white women. With
weight loss, white women decreased their REE in proportion to the amount of fat and lean
mass lost, but black women decreased their REE to a greater extent than expected from their
decreased body size. This could be one reason why blacks lose less weight than whites with
the same interventions. In addition, our data also support that lean mass distribution is more
important than total amount of lean mass in explaining the REE difference between black and
white women.
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Figure 1.
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Resting energy expenditure (REE) in black (n=26) and white (n=65) women at baseline
(unadjusted and adjusted for total lean mass together with trunk to limb lean mass ratio). The
unadjusted REE was similar between black and white women; REE adjusted for total lean mass
together with trunk to limb lean mass ratio was lower in black, compared to white, women.
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Figure 2.

Resting energy expenditure (REE) at baseline compared to after weight loss, unadjusted and
adjusted for changes in total lean mass together with trunk to limb lean mass ratio, in black
(n=26; Figure 2a) and white (n=65; Figure 2b) women. In black women, REE (unadjusted and
adjusted) decreased with weight loss. In white women, unadjusted REE decreased with weight
loss; REE adjusted for total lean mass together with trunk to limb lean mass ratio was
unchanged.
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Body composition at baseline, post-intervention, and changes after intervention by race.
Black (n=26)

White (n=65)

ANOVA p value

94.6(10.4)

88.3(11.0)

0.013

83.7(9.0)

75.5(9.9)

< 0.001

−10.9(5.3)

−12.8(3.9)

0.052

Baseline

34.7(3.5)

32.9(3.6)

0.030

Post-intervention

30.8(3.1)

28.1(3.3)

0.001

Change

−4.0(1.9)

−4.8(1.4)

0.030

41.7(6.6)

38.2(6.9)

0.029

Body weight, kg
Baseline
Post-intervention
Change
Body mass index, kg·m−2

Body composition--Total body
Fat mass, kg
Baseline

NIH-PA Author Manuscript

Post-intervention

34.6(5.5)

29.6(6.3)

0.001

Change

−7.0(4.3)

−8.6(4.0)

0.039

54.3(5.0)

51.4(5.7)

0.027

Lean mass, kg
Baseline
Post-intervention

50.8(4.9)

47.7(5.4)

0.014

Change

−3.4(2.3)

−3.7(1.7)

0.643

43.2(2.8)

42.4(3.6)

0.292

% body fat
Baseline
Post-intervention

40.4(3.2)

38.0(4.3)

0.012

Change

−2.9(2.6)

−4.4(1.8)

0.001

Baseline

20.6(3.3)

18.4(3.8)

0.013

Post-intervention

17.3(2.8)

14.5(3.3)

< 0.001

Change

−3.3(2.1)

−3.9(1.3)

0.101

Baseline

24.4(2.5)

21.9(2.9)

< 0.001

Post-intervention

22.5(2.4)

20.3(2.7)

0.001

Change

−1.9(1.3)

−1.6(0.9)

0.340

19.9(4.1)

18.7(3.9)

0.190

Body composition—Limb
Fat mass, kg

Lean mass, kg

NIH-PA Author Manuscript

Body composition—Trunk
Fat mass, kg
Baseline
Post-intervention

16.3(3.6)

14.1(3.7)

0.013

Change

−3.7(2.5)

−4.6(1.6)

0.030

25.7(2.6)

25.6(2.9)

0.814

Lean mass, kg
Baseline
Post-intervention

24.3(2.6)

23.7(2.7)

0.347

Change

−1.5(1.3)

−1.9(1.1)

0.110

Trunk to lean mass ratio
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Black (n=26)

White (n=65)

Baseline

1.06(0.07)

1.17(0.09)

<0.001

Post-intervention

1.08(0.07)

1.17(0.08)

<0.001

0.0006(0.06)

0.02(0.06)

0.094

Change

ANOVA p value

Values are mean(SD). Trunk to lean mass ratio tended to increase in black women (p= 0.071), but did not change in white
women. All other post-intervention values in each race were significantly decreased from their baseline (p< 0.0001).
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