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Abstract

It has been hypothesized that the increased risk of obesity among African Americans may be
partially explained by low energy expenditure (EE) and impaired fat oxidation. Twelve White
adults without obesity were pair-matched by age, sex and body mass index (BMI) to a sample of
12 African Americans. Resting EE (REE), 24-h EE, 24-h RQ, Sleep EE, Sleep RQ and
spontaneous physical activity were measured in a respiratory chamber; and free-living total daily
EE (TDEE) and physical activity EE were measured using doubly labeled water. There were no
race differences in age, body composition, 24-h RQ, sleep RQ, or spontaneous or free-living
physical activity; however, Whites had significantly higher REE (p=0.02), 24-h EE (p=0.02),
Sleep EE (p=0.005); but not TDEE (p=0.30) compared to African Americans after adjustment for
FFM. African Americans may have a higher risk for obesity because of lower energy expenditure.

African Americans experience higher obesity rates than Whites, especially among women.
Low 24-h or resting energy expenditure (REE) and low fat oxidation rates [high respiratory
quotient (RQ)] have been associated with weight gain [1-4]. It has been hypothesized that
the increased risk of obesity among African Americans may be explained, in part, by lower
levels of energy expenditure and fat oxidation. There is evidence that African Americans
have lower REE compared to Whites, after adjustment for body composition [5]. Evidence
for race differences in RQ is less robust. There was no difference in fasting RQ between
African Americans and Whites in the CARDIA study [6]; however, other studies have
reported higher RQ in African Americans compared to Whites [7].

The objective of this study was to compare measures of energy expenditure, substrate
oxidation and physical activity among African American and White adults without obesity.

Subjects and Methods

Healthy men and women without obesity (BMI 18.5-27.5 kg/m?) aged 20-35 years
participated in the InSight study. The total sample includes 12 African Americans, 72
Whites, and 6 individuals of “other” races. The present sample consists of 12 African
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Americans (4 men) and a pair-matched [sex, age, and BMI] sub-sample of 12 Whites. All
procedures were approved by Pennington Biomedical Research Center’s Institutional
Review Board, and participants provided informed consent.

Height and weight were measured using standard procedures. Body fat percentage was
measured using dual-energy x-ray absorptiometry (DXA; QDR 4500A, Hologic, Inc.,
Marlborough, MA), and multiplied by weight to determine fat mass (FM; kg). Fat-free mass
(FFM; kg) was computed by subtracting FM from weight. Further, we estimated soft-tissue
lean body mass (LBM) by subtracting bone mineral content (kg) from FFM.

Measurements of 24-h EE, 24-h RQ, Sleep EE, and Sleep RQ were performed in a
respiratory chamber as previously described [8]. Energy expenditure and substrate oxidation
parameters, including 24-h RQ and 24-h oxidation rates of fat, carbohydrate, and protein
were calculated from O, consumption, CO, production and nitrogen excretion [9]. Sleep EE
and Sleep RQ were computed for a 3-hour period (2:00 am to 5:00 am), and Sleep EE was
extrapolated to 24 hours. Non-fasting REE was estimated from measurements of EE and a
microwave activity detection using data from 30 minutes after entry to 11 pm. Activity
counts and EE are averaged in 15-minute intervals, and then plotted as average EE vs
average activity. The Y-intercept was used as an estimate of REE. Spontaneous physical
activity in the chamber was estimated using three methods. First, spontaneous physical
activity EE (SPAEE; kcal/day) was estimated by the following formula: (slope of the
regression line between EE and activity as described above X ((sum of the 15-min averages
of activity)/96) X 100). Second, the physical activity level (PALcH) was computed as 24-h
EE/Sleep EE. Third, physical activity EE (PAEEcH) was calculated as 0.9 X 24-h EE —
Sleep EE.

Free-living total daily EE (TDEE) was measured over two weeks using doubly labeled water
as previously described [10]. Free-living physical activity was estimated using three
methods. First, the physical activity level (PALg ) was computed as TDEE/Sleep EE.
Second, physical activity EE (PAEEg| ) was calculated as 0.9 X TDEE — Sleep EE, which
assumes a 10% thermic effect of feeding (TEF). Third, we expressed physical activity as the
residual value of the regression between measured TDEE and Sleep EE, which we termed
activity-related energy expenditure (AREE).

Independent-samples t-tests were used to determine differences between Whites and African
Americans. Race differences in energy expenditure were also determined using general
linear models, adjusting for FFM.

The mean values for age and BMI were 27.0 y (SD 4.3 'y) and 22.9 kg/m? (SD 2.9 kg/m?),
respectively. There were no significant differences in age, BMI, FM or FFM between Whites
and African Americans. Without adjustment for FFM, there were no significant race
differences in REE, 24-h EE, sleep EE or TDEE, 24-h RQ or Sleep RQ. There were also no
race differences in spontaneous physical activity in the chamber (PALcy, AEEcH, and
SPAEEn) or in free-living physical activity (PALg, AEEF_ and AREE). After adjustment
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for FFM, African Americans had significantly lower REE (6928 vs 7363 kJ/d; p=0.02), 24-h
EE (7271 vs 7644 k/d; p=0.02), and sleep EE (5881 vs 6321 kJ/d; p=0.005); but not TDEE
(9682 vs 10 264 kJ/d; p=0.30) compared to Whites (Figure 1).

Figure 2 presents proportions of 24-h EE derived from the oxidation of protein, carbohydrate
and fat. Although overall 24 h EE was significantly lower in African Americans, there were
no differences the energy expended through oxidation of the major macro-nutrients (all
p>0.05).

In sensitivity analyses where we replaced FFM with LBM, or additionally included FM in
the models, the results were unchanged. Further, when adjusting for extremity lean mass
(arms + legs), the results remained significant; however, when we adjusted for trunk lean
mass, the results were no longer significant. When we restricted the analysis to women, the
results remained unchanged with the exception that the difference in REE was of similar
magnitude but no longer statistically significant (p=0.09).

Discussion

Our results demonstrate that in adults without obesity carefully matched on age, sex and
BMI, African Americans have lower levels of some measures of energy expenditure but
similar substrate oxidation rates compared to Whites. Further, there were no race differences
in free-living energy expenditure or physical activity levels. All participants in this study
were non-obese; however, it is unknown whether they will develop obesity in the future.
Given the equivocal evidence about the role of RQ in weight gain, combined with the lack of
evidence for differences in RQ between Whites and African Americans, it is unlikely that
differences in RQ explain any significant fraction of the observed race differences in obesity.

In conclusion, we observed that African Americans had lower levels of REE, 24-h EE and
Sleep EE, which could put them at higher risk for obesity. Longitudinal studies of bi-racial
cohorts are required to better understand the role of racial differences in associations among
energy expenditure, substrate oxidation and the development of obesity.
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Figure 1.
Measurements of energy expenditure in African Americans (black bars) and Whites (white

bars). Means are presented as least squares means from general linear models, adjusted for
differences in fat-free mass. Error bars represent standard errors.*p<0.02 between groups.
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Twenty-four-hour energy expenditure (total height of the columns) and proportions of 24-h
oxidation of protein, carbohydrate, and fat between African American and White subjects.
Means are presented as least squares means from general linear models, adjusted for
differences in fat-free mass. Error bars represent standard errors for each macronutrient.
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