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Abstract

Ambiguous findings have been reported in previous studies concerning the relationships between resting metabolic rate (RMR), effects of
exercise, and race in postmenopausal women. The purposes of this study were (1) to determine the effect of exercise training on RMR in
postmenopausal women and (2) to determine whether this effect is different by race. We analyzed data from 24 African American (AA)
(age, 56.3 £ 5.0 years) and 23 Caucasian (CA) (age, 58.6 £ 6.1 years) women. RMR was measured by indirect calorimetry after an
overnight fast. Subjects completed tests of maximal exercise with metabolic measurements, waist to hip ratio, and body composition. At the
completion of all tests, each subject was randomly assigned to either the exercise training or the control group. Aerobic exercise was
performed 3 to 4 days per week for 6 months. Intensity was set at 70% to 85% maximal heart rate for 45 to 60 minutes per session. Both AA
and CA exercise groups had a significant decrease (P < .05) in body weight (kilograms), percent body fat, and body mass index (BMI) and
an increase in aerobic capacity, whereas the control groups did not change. There were no race effects. AA women exhibited significantly
lower values than CA women for measured RMR (P < .05). The RMR (kilojoules) of the AA women (both control and exercise groups)
decreased over time (P < .05), whereas the RMR of the CA women did not change. Adjusting RMR for BMI or for changes in lean body
mass and fat mass did not alter these results. In conclusion, this 6-month endurance-training program did not affect RMR in these
postmenopausal women, as RMR did not change in CA women, but decreased significantly over time in both groups of AA women. The
factors that contribute to these findings should be the focus of future studies.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction prevalence of obesity has been found to be higher in minority
women [11], as nearly 50% of African American (AA)
women are overweight compared with 33% of Caucasian
(CA) women [13]. The excess weight in AA women has been
associated with more medical problems, especially diabetes,
compared with their CA counterparts [14,15]. Several studies
have suggested that ethnicity may independently affect
RMR [16-18], and it is generally accepted that AA women
have lower RMR values than CA women [13,16-24].

We have previously found RMR to be higher in CA
compared with AA premenopausal women, and fitness levels
as well as lean body mass (LBM) were found to be
significant predictors of RMR in both races [16]. Exercise
training may attenuate the age-related decrease in RMR.

Resting metabolic rate (RMR) represents the largest
fraction of an individual’s daily energy expenditure,
accounting for approximately 60% to 75% of the daily total
energy expenditure [1]. Aging is associated with a
progressive decline in RMR [2-6] partially due to dimin-
ished fat-free mass (FFM) [6-8].

A decline in RMR is cause for concern because a low
RMR is a significant predictor of subsequent weight regain in
formerly obese subjects [7,9]. Recent data have indicated
obesity to be one of the nation’s most serious health problems
[10,11], affecting 1 in every 3 Americans [12]. The
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Both cross-sectional and intervention studies report that
RMR may increase through endurance training in young men
and women [25-31]. Some exercise intervention studies have
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also shown endurance training to increase RMR in older
individuals in the absence of changes in FFM [29]. However,
women have been poorly represented, as evidenced by
the small numbers of women [29]. Furthermore, not all
studies show an increase in RMR with endurance training.
Pochlman et al [32] found no change in daily energy
expenditure in young, nonobese, sedentary women after
6 months of exercise training after adjusting RMR for FFM.

The results suggest exercise training may affect
RMR differently in women compared with men. Because
RMR decreases and body weight increases after menopause,
investigating potential mediators of RMR is especially
relevant in postmenopausal women. Furthermore, even less
is known about the effects exercise training may have on
RMR in postmenopausal AA women. Considering the low
RMR and high levels of obesity in this population, the
potential for increasing RMR through exercise training
needs to be investigated.

Therefore, the purpose of this study was 2-fold. First, we
determined whether exercise training has an effect on RMR in
postmenopausal women. The second purpose was to deter-
mine whether there were different responses in RMR due
to training between AA and CA postmenopausal women.

2. Methods and materials
2.1. Human subjects

Subjects for this study included 47 [33] healthy
postmenopausal women volunteers (24 AA and 23 CA)
aged between 45 and 70 years. To be eligible, women had to
be postmenopausal, defined as amenorrhea >6 months or
older than 55 years with no bleeding for 6 months;
sedentary for a minimum of 3 months before participation
(“sedentary” was defined as no more than 1 day per week of
participation in aerobic exercise activity lasting 20 minutes
or more); and in generally good health and able to exercise
at the rate described in our protocol.

Subjects were excluded if they had moderate to severe
hypertension, defined as blood pressure greater than 160/
100 mm Hg at entry; diabetes; history of thyroid disease or
use of thyroid hormones; history of deep vein thrombosis,
pulmonary embolism, cardiovascular disease, or familial
hypercoagulability and if they were current cigarette
smokers. Women taking hormone replacement therapy
(HRT) were included in the study. There were 5 AA women
and 6 CA women on HRT.

All subjects volunteered to participate in the study and
provided written informed consent before participation. The
study protocol was approved by the George Washington
University Medical Center Institutional Review Board.

2.2. Design

This was a randomized longitudinal study examining the
effects of a 6-month, moderate to vigorous-intensity, and
cardiovascular exercise program on RMR in AA and CA

postmenopausal women. After undergoing baseline tests
(maximum oxygen consumption [VO,max], RMR, and
body fat), women were randomly assigned to one of
2 groups: exercise or control. Three AA women in the
control group and 2 in the exercise group were taking HRT,
and 3 CA women in each group were taking HRT. The
exercise group participated in a 6-month supervised exercise
program, whereas the control group was instructed to
maintain their current lifestyle.

3. Testing procedures

3.1. Resting metabolic rate measurements

Subjects were instructed to report to the laboratory within
60 minutes of waking and after a 12-hour fast. After
30 minutes of quiet supine rest in a dimly lit room, RMR
was measured for 30 minutes through indirect calorimetry
(Deltatrac II Metabolic Monitor, Sensormedics, Yorba
Linda, CA) by using a ventilated hood system. The
coefficient of variation for RMR measurements using this
system in our laboratory is less than 4.0%. All women on
HRT were tested on days when they were taking both
hormones. For the exercise groups, the post-RMR was
measured after 48 hours of the last exercise training session.
Predicted metabolic rates were determined by using the
Harris-Benedict equation.

3.2. Anthropometric measurements

After the RMR measurement, body composition was
determined by an air displacement plethysmograph (BOD
POD, LMI, Concord, CA). The BOD POD consists of a
dual-chambered plethysmograph that provides a densito-
metric means of body composition analysis whereby the
subject is tested in the front chamber and instrumentation is
located in the back of a fiberglass capsule. The BOD POD
has been proven to be highly reliable, with test-retest
coefficients of variation similar to hydrostatic weighing, and
valid, correlating well with hydrostatic weighing (» = 0.96)
[34]. For the AA groups, the Schutte et al equation [35] was
used to predict fat mass and LBM. Height and weight were
measured on a standard scale to determine body mass. BMI
was calculated as weight (kilograms)/height (meters)?.

3.3. Maximal exercise test

Maximal exercise testing was conducted by using a
modified Bruce protocol on a motorized treadmill with
continuous electrocardiographic (ECG) monitoring. Twelve-
lead ECGs, blood pressure, and ratings of perceived
exertion were recorded during each exercise stage. Subjects
breathed through a nonrebreathing 2-way valve, and expired
air was analyzed for volume and percent expired oxygen
and carbon dioxide with an automated, computerized,
metabolic system (Quinton Q-Plex, Quinton, Bothell,
WA). The system was calibrated with known volumes and
gases before each test. Data were evaluated in 20-second
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averages, and maximal (or peak) oxygen uptake (VO,peak)
was defined as the highest 20-second value attained
provided 2 of the following criteria were met: a maximal
heart rate (MHR) within 10 beats per minute of age-
predicted MHR, a plateau in VO, with an increase in
workload (an increase of <2.0 mL - kg~' - min~'), rating
of perceived exertion of 18 or higher, and/or a respiratory
exchange ratio of 1.05 or higher.

4. Exercise program

At the completion of all tests, each subject was randomly
assigned to either the exercise training or the control group.
The exercise-training group entered the supervised exercise
program, whereas the control subjects were asked to
maintain their current behaviors throughout the 6-month
study period.

Exercise was prescribed according to published guide-
lines [36]. The exercise group participated in supervised
group exercise a minimum of 3 to 4 days per week. Subjects
were provided with heart rate monitors (Polar Electro, Port
Washington, NY) to ensure adherence to the prescribed
intensity, and a daily diary, which included the date, activity,
duration of exercise, and heart rate during exercise, was kept
by the investigators. Exercise included treadmill walking/
jogging, stationary cycling, and rowing. Intensity was
calculated by using the straight percentage of MHR method
and was set at 70% to 85% (~60%-80% VO,peak). Exercise
duration was gradually increased during the first 8 weeks
until subjects were exercising for 45 to 60 minutes per
session. All subjects were instructed to maintain current
dietary patterns during the entire study. Subjects were also
instructed to maintain their current vitamin/supplement/
hormone therapy regimen (if any) throughout the study
period. They were told to report the use of any new
prescription or over-the-counter medications.
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5. Statistics

All group values are reported as means + SEM. To
evaluate the effect of the 6-month training program and if
AA women responded differently to training compared with
CA women, a 3-way training group (exercise vs control) by
race (AA vs CA) by time (pre vs post) analysis of variance
with repeated measures was used. To more appropriately
evaluate the effect on RMR, a 3-way training group by race
by time analysis of covariance (ANCOVA) was conducted
adjusting for LBM. We used the LBM both before and after
exercise training as covariates in the ANCOVA. We also
conducted a 3-way training group by race by time ANCOVA
adjusting for changes in LBM and fat mass and for baseline
BMI. We used the change in LBM, change in fat mass, and
the baseline BMI as covariates in the model. Finally, we
conducted a 3-way training group by race by time ANCOVA
on RMR expressed as kilojoules per LBM using the
baseline BMI as a covariate. We used baseline BMI as a
covariate in these analyses because there were substantial
differences in baseline BMI between the AA and the CA
women randomized to the training group. Significance was
set at the P < .05 level.

6. Results

Between-group means are presented in Table 1. A
significant (P < .05) training group by time interaction
was found in both AA and CA women in the exercise group
for several anthropometric variables. Those in the exercise
group had a significant decrease (P < .05) in body weight
(kilograms), fat mass, percent body fat, and BMI, whereas
those in the control group did not change. There were
no race effects or any 3-way interactions for any of
these variables. In contrast, exercise training did not
affect LBM, even when adjusted for changes in fat mass,

Table 1
Anthropometric and maximal exercise data
AA CA
Control (n = 12) Exercise (n = 12) Control (n = 13) Exercise (n = 10)
+ + + +

Age (y) 549 + 1.6 577 £ 1.6 59.1 £15 58.0 + 1.8

Pre Post Pre Post Pre Post Pre Post
Body weight (kg) 774 £ 401 785 + 425 747 + 543 728 £ 543*% 737 +£4.07 737+ 430 674 +276 644 £ 2.83*
Lean body mass (kg)T 455+ 15 45316 43714 437+1.6 417 £ 14 418+ 16 406 £1.6 407 £ 1.7
Fat mass (kg) 30.6 £33 319 +33 311 + 3.1 289 £ 32% 300 £ 3.1 300 £32 269 +34 236+ 3.5%
% Body fat 39.1 £ 23 406 £20 397 +25 37.7£29%¥ 423 +£22 412+19 393+£12 361 + 2.0*
BMI (kg/m?) 284+ 1.6 288+ 17 282 +21 275 £ 2.1*% 271 +14 271 +£14 246+ 1.1 23.6 £ 1.4%
Waist-hip ratio .80 £ .02 81 £ .02 .84 £ .03 .83 £ .03 .84 £ .03 83 £ .03 77 £ .03 77 £ .02
Voomax (mL - kg ' - min™") 255+ 1.1 253+ 12 245422 283 +24% 265+ 14 264+14 287+19 349 £ 2.8*
MHR (bpm) 167 £ 3.2 165 £ 3.4 166 + 4.7 167 £ 4.1 165 + 3.7 163 £ 4.0 162 + 4.2 166 + 3.7
MRQ 1.18 + .02 1.16 £ .02 1.16 + .02 1.18 + .03 1.19 + .03 1.20 + .02 1.21 £ .04 1.25 + .03

Values are mean = SE. MRQ indicates maximal respiratory quotient.

* P < .05 (significant changes with exercise and significantly different from the control group).
T Race effect: CA women exhibited lower values than AA women (P < .05).
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Table 2
Resting metabolic rate
AA CA
Control (n = 12) Exercise (n = 12) Control (n = 13) Exercise (n = 10)
Pre Post Pre Post Pre Post Pre Post
Predicted 6033.2 £ 157.0 6087.6 = 169.9 5853.1 £ 207.6 5794.5 + 204.7 5798.7 £ 178.3 5794.5 £+ 185.8 5568.4 + 129.3 5463.7 + 119.3
RMR (kJ)*
RMR (kD) 5133.1 + 151.98 4923.6 + 190.9 5229.3 + 226.9 4932.5 + 328.2 5296.3 + 271.3 5208.3 + 304.7 5241.8 + 199.7 51952 + 241.1
RMR adjusted 4893.9 + 141.9 4551.0 + 138.5 5262.8 £ 135.2 4990.6 + 131.8 5225.1 + 128.5 5112.0 + 125.6 5639.62 + 157.0 5698.2 + 153.2
for LBM
(kD™
RMR adjusted 112.6 + 4.1 107.6 + 4.1 1184 + 39 110.5 + 3.8 125.1 £ 3.8 1222 £ 43 1314 £ 43 131.0 £ 43
for pre BMI
(kJ/LBM)"*
RQ' 81 + .01 81 + .01 81 + .01 85 + .01 87 + .01 86 + .02 84 + .01 86 + .02

Values are mean + SE.
* P < .05 (change with exercise).

fp<.05 (race effect: CA women exhibited higher values than AA women).

# P < .05 (race by exercise training effect).

waist-to-hip ratio, MHR, or maximal respiratory quotient
(RQ) regardless of race. However, LBM was higher in AA
women (P < .05).

Aerobic capacity, represented by VO,max, increased
significantly (P < .05) in both AA and CA women in
the exercise training group, with no change in the control
group. There was no race effect or any race by time or
3-way interactions.

There was a significant race effect for all measured RMR
variables (P <.05), with AA women exhibiting significantly
lower values than CA women (Table 2). Furthermore,
expressing RMR as kilojoules of energy expenditure, we
found a significant race by time interaction, as the values
for AA women (both the control and exercise group)
decreased significantly after the 6-month period (mean of
both AA groups combined: pre 5028.3 + 97.1 vs post
4731.0 = 100.0, P <.05), whereas those for the CA women
did not change (mean of both CA groups combined: pre
5384.2 £ 100.4 vs post 5346.5 £ 102.9). Adjusting RMR
for baseline BMI or for changes in fat mass and LBM did
not alter these results. In addition, expressing RMR as
kilojoules per kilogram and kilojoules per LBM, we found
the resting energy expenditure of AA women (combined
mean of the exercise and control group) to decrease
significantly (P < .05) after the 6-month period, whereas
those of the CA women did not change.

There was also a race effect for resting RQ (P <.05). CA
women exhibited a higher RQ, but there was no effect of
training on RQ and no significant interactions.

7. Discussion

There were 2 main findings from this study. First,
6 months of exercise training did not affect RMR in these
postmenopausal women despite a substantial training-
induced increase in VO,max. Second, although RMR was
unaffected in CA women, RMR decreased significantly over

time in AA women, regardless of whether they received
training or not. These changes were accompanied by similar
changes in body weight, LBM, fat mass, percent body fat,
and BMI in both AA and CA women. Consequently,
exercise training had no effect on the decrease in RMR
observed over time in the AA women.

Our findings seem in contrast to some of the available
literature on the effects of exercise training on RMR.
Several cross-sectional studies have shown higher RMR in
exercise-trained compared with sedentary individuals
[5,37,38]. Some longitudinal studies have shown similar
results, but most of these studies involved primarily men or
premenopausal women. For instance, Lawson et al [28]
found that a 10-week jogging program increased RMR in
6 lean sedentary women aged 22 to 35 years without
changes in body weight or body composition. The increased
RMR may have been related to the increased energy intake
seen throughout the study to maintain body weight. Poehl-
man and Danforth [29] found similar changes in older
individuals after an 8-week exercise training program.
Endurance training elevated RMR by 10% in the absence
of changes in FFM. They also reported an increase in food
intake to maintain energy balance, and a higher rate of
norepinephrine appearance.

A recent report showed [32] that absolute RMR
increased in resistance-trained young women, but when
adjusted for FFM, this change was not significant. There
was no change in absolute or relative (adjusted for FFM)
RMR as an effect of endurance training. Thus, our data are
different from those of the above studies, probably because
of the difference in the subject populations tested.

Exercise training does not appear to have any chronic,
long-term effect on sleeping metabolic rate [39-44]. Also,
exercise intervention studies [30,31,45] that measured RMR
after the last training period (=36 h) or sleeping metabolic
rate show no clear long-term effect of exercise on RMR,
especially after adjustment for FFM. Our data support these
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findings, as we observed either no change or slight
decreases in RMR regardless of adjustments for changes
in FFM and fat mass. Furthermore, we did not find a
significant group by training interaction, demonstrating that
exercise training did not affect RMR in our study.

The women in our study did not increase RMR despite a
training volume of more than 3768 kJ/wk and despite
showing a substantial improvement in VO,max. Because
Vo,max is positively related to RMR in both pre- and
postmenopausal women [5], and a training volume of
3768 kJ/wk increased RMR in older individuals [29], this
was an unexpected finding. However, the women in our
study lost weight in response to training, whereas the
women in previous studies increased their energy intake to
maintain energy balance. Thus, a small decrease in RMR as
a result of the weight loss might be expected in our study.
However, FFM did not change in our study, although fat
mass decreased, which may partially explain our findings. It
is possible that exercise training affects postmenopausal
women differently than premenopausal women. In contrast
to our findings, Svendsen et al [46] showed that a combined
diet and exercise program in postmenopausal women
produced an 11% increase in RMR despite a 10-kg weight
loss. A closer examination of their data, however, revealed
that they expressed RMR per kilogram of body weight. Our
data show that when expressed per kilogram of body
weight, RMR increased by 4% in the exercise group,
whereas it decreased by 2% in the control group (the CA
women). This difference was significant (P < .05) and
similar to the difference between exercise and control groups
in the study by Svendsen et al [46] (6% vs 7%). Con-
sequently, exercise training appears to maintain or slightly
increase RMR depending on how RMR is expressed, even
in the presence of weight loss in CA women.

We have also previously shown that RMR (adjusted for
body weight) of AA women was significantly lower (9%)
than that of CA women [16]. Similarly, obese AA women
have been found to have a 5% lower RMR than CA women,
and this difference increased to 8% when adjusted for LMB
[17]. In contrast, others have found no differences in RMR
between obese postmenopausal AA and CA women when
RMR was adjusted for LBM [47].

Our current data are consistent with those of most
previous studies showing that AA women have lower RMR
than CA women [17,23,47,48]. However, the only other
study on postmenopausal women showed no difference in
RMR, when adjusted for LBM, between AA and CA
women. Our data still showed that RMR was lower in AA
women even after adjusting for LBM. This may indicate
that AA LBM is not as metabolically active as that of their
CA counterparts, which would be consistent with a higher
bone density in AA women [49-51]. A higher bone density
would make bone a proportionally greater part of LBM,
which could account for the apparently lower metabolic
activity of LBM in AA women. Suminski et al [52] found
differences in skeletal muscle oxidative metabolism be-

tween AA and CA men, consistent with a lower RMR.
However, although lower RMR is a common finding in the
AA population, the effect of exercise training has not been
previously investigated.

To our knowledge, no other studies have examined the
effects of endurance training on RMR in postmenopausal
AA women, nor have differences between CA and AA
endurance-trained women been evaluated. Therefore, the
decrease in RMR after the 6-month period in AA
postmenopausal women was an unexpected new finding.
Because AA women exhibit lower RMR to start with,
which has been identified as early as childhood [48,53-56],
our current findings may partially help explain the high
levels of obesity in this population.

The implications of our results suggest that the impact of
exercise training and physical activity are similar in AA and
CA postmenopausal women. Both improved VO,max, lost
body weight, and reduced relative body fat as a result of the
training program. These changes are important because they
may potentially improve insulin sensitivity and protect
against the development of type 2 diabetes mellitus
[10,14,15]. Consequently, both AA and CA postmenopausal
women should be encouraged to exercise, but should not
expect the exercise to affect their RMR. That RMR
decreased over time in the AA group may suggest a need
for other lifestyle interventions in addition to exercise
training in this population. However, our finding needs to be
viewed with caution because both the AA control group and
the exercise training group exhibited a similar decrease in
RMR and we did not find a significant 3-way interaction.
Furthermore, the initial body weight was higher in the AA
training group than in the CA training group, which may
have affected our results. However, whether or not we
adjusted for changes in FFM, fat mass, and baseline BMI,
the decrease in RMR was significantly greater in AA women
compared with either group of CA women. It is unlikely that
HRT use affected our findings because the number of
women on HRT was similar among the groups. These data
may suggest a possible seasonal variation in RMR in AA
women, not evident in CA women, or some other unknown
effect on RMR. This needs to be further investigated in
future studies.

We can only speculate on potential contributors to the
differential training response we observed. Leptin [47,57]
may play a possible role in the energy expenditure of AA
postmenopausal women; however, leptin levels were not
measured in our study. Leptin interacts with brain pathways,
particularly in the hypothalamus, to reduce food intake and
control energy expenditure and body weight [58] and may
play a possible contributing role in the energy expenditure
of AA postmenopausal women [59]. Leptin and FFM
explained interindividual variation in sleeping metabolic
rate, measured in 25 healthy volunteers, during an overnight
stay in a respiratory chamber [60]. Thus, it is possible that
training-induced changes in leptin may play a role, but this
remains to be investigated.
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The presence of lower RMR in AA women has been
viewed as a manifestation of their genetic predisposition to
obesity [22]. Recently, Walston et al [61] showed that
genetic variability contributes to RMR. The RMR in Arg64
f3 adrenoreceptor allele homozygotes was significantly
lower than in Trp64 homozygotes. However, it is unknown
if such gene differences exist between AA and CA
postmenopausal women. A recent study by Kimm et al
[22] found that uncoupling proteins contribute to RMR and
these uncoupling proteins were different between AA and
CA young women, suggesting a genetic link to the lower
RMR found in AA women. However, it is unknown if
such differences also contribute to the differential response
to exercise training.

In conclusion, this 6-month endurance-training program
did not affect RMR in these postmenopausal women. In
fact, RMR was decreased in both the control and exercise
groups of AA women over the 6-month period, whereas the
exercise program did not affect RMR in CA postmeno-
pausal women. The factors that contribute to these findings
should be the focus of future studies.
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