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ABSTRACT

LEMMER, J. T., F. M. IVEY, A. S. RYAN, G. F. MARTEL, D. E. HURLBUT, J. E. METTER, J. L. FOZARD, J. L. FLEG, and B. F.
HURLEY. Effect of strength training on resting metabolic rate and physical activity: age and gender compaisbnSci. Sports

Exerc, Vol. 33, No. 4, 2001, pp. 532-54Purpose: The purpose of this study was to compare age and gender effects of strength
training (ST) on resting metabolic rate (RMR), energy expenditure of physical activity (EEPA), and body compblgtitods: RMR

and EEPA were measured before and after 24 wk of ST in 10 young men (20-30 yr), 9 young women (20-30 yr), 11 older men (65-75
yr), and 10 older women (65-75 yrRresults: When all subjects were pooled together, absolute RMR significantly increased by 7%
(5928 + 1225 vs 6328+ 1336 kJ-df, P < 0.001). Furthermore, ST increased absolute RMR by 7% in both young (630458 vs

6719+ 1617 kJ-d', P < 0.01) and older (5614 916 vs 5999+ 973 kJ-d", P < 0.05) subjects, with no significant interaction between

the two age groups. In contrast, there was a significant gexdéne interaction P < 0.05) for absolute RMR with men increasing

RMR by 9% (6645+ 1073 vs 7237+ 1150 kJ-d, P < 0.001), whereas women showed no significant increase (31884 vs 5366

+ 692 kJ-c*, P = 0.108). When RMR was adjusted for fat-free mass (FFM) using ANCOVA, with all subjects pooled together, there
was still a significant increase in RMR with ST. Additionally, there was still a gender effest 0.05) and no significant age effect

(P = NS), with only the men still showing a significant elevation in RMR. Moreover, EEPA and TEE estimated with a Tritrac
accelerometer and TEE estimated by the Stanford Seven-Day Physical Activity Recall Questionnaire did not change in response to ST
for any group.Conclusions:In conclusion, changes in absolute and relative RMR in response to ST are influenced by gender but not
age. In contrast to what has been suggested previously, changes in body composition in response to ST are not due to changes in
physical activity outside of trainindey Words: RESISTANCE TRAINING, WEIGHT TRAINING, METABOLIC EFFECTS

with advancing age, resulting from declines in rest- RMR have shown mixed results, whether men (4,19,35,36)

ing metabolic rate (RMR; 17,34), energy expenditure and women (8,25,30,32) were studied separately or com-
of physical activity (EEPA,; 1,16), and the thermic effect of bined (3,6,20). Furthermore, none of these investigations
feeding (28). These age-related changes in TEE can prediscompared the gender responses of RMR with ST. Most
pose the elderly to increased adiposity (5). Because RMR (3,6,19,25,32), but not all studies (20,30), have demon-
and EEPA account for90% of TEE, any intervention that  strated an increase in RMR in older individuals in response
can increase these two components of energy expenditurdo ST. In contrast, investigations in young individuals have
could be useful in restoring energy balance and preventingfound a consistent lack of change in RMR with ST
the increase in adiposity in the elderly. Because strength (4,8,20,35,36). The only study we could find that compared
training (ST) has already been reported to be important for age responses of RMR to ST showed no change in RMR for
the prevention of sarcopenia (12,13) and falls (27) in the either young (age= 26 yr) or older (age= 70 yr) individ-
elderly and because of its potential to increase fat free massuals (20). However, this could be related to the fact that the
(FFM), which is associated with an increase in RMR among subjects did not increase FFM in response to ST. No gender
the elderly (18), it may be an ideal intervention for increas- comparisons were reported in that study (20).

There is a decline in total energy expenditure (TEE) Investigators who have examined the effect of ST on

ing RMR and EEPA. Increases in EEPA (11, 15) and TEE (6) outside of
training have been reported in response to ST. These re-

0195-9131/01/3304-0532/$3.00/0 sponses may depend on age (11, 15, 36) and gender (30), but
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ST (22, 23, 31-33). However, the possibility that the dif- The test was terminated when the subjects could no longer
ferences in body composition responses to ST betweencontinue or when cardiac abnormalities were demonstrated
genders or age groups can be explained by differential on the ECG tracing. Concurrently with the GXT,OgmaX
responses in RMR or EEPA has not been explored. There-was determined from the measurement of the fractional
fore, to better understand how ST affects factors that influ- concentrations of @and CQ. To achieve a true Yo mas
ence body composition, the purpose of this study was to subjects had to meet two of the following criteria: 1) plateau
determine the effect of 24 wk of whole body ST on RMR, in VO,, 2) respiratory quotient (RER} 1.1, or 3) heart rate
EEPA, and body composition in groups of young and older within 10 beats of their age predicted maximum.
men and women. Body composition. FFM and fat mass were measured
using a Lunar DPXL dual energy x-ray absorptiometer
METHODS (DEXA), as previou_sly described (33)._ These measures
were used to determine whether any training effects on the
Subjects. Forty-six subjects volunteered to participate main variables were due to changes in body composition.
in this study after being screened via a telephone interview, Subjects were instructed to refrain from eating or drinking
medical history, physical activity questionnaire, and a thor- after midnight the night before the test. The DEXA was
ough physical examination to rule out any obvious signs of calibrated daily according to the Lunar User's Manual by
cardiovascular, musculoskeletal, and metabolic disorders.using a known calibration standard. Scanning accuracy was
Subjects were divided into each of the following four assured by scanning a phantom of 41% oil and 59% water
groups: young men (20-30 yr), young women (20—-30 yr), on a monthly basis.
older men (65—75 yr), and older women (65-75 yr). Subjects  Resting metabolic rate (RMR). RMR was measured
were nonsmokers, physically inactive for the last 6 months, as described previously (19). Concentrations of,@ad O,
and were not currently taking any cardiovascular, antihy- were measured using the ventilated hood technique with a
pertensive, or metabolic medications, with the exception of SensorMedics ¥, 229 metabolic system (SensorMedics
two older women on hormone replacement therapy and Corp., Yorba Linda, CA). These gas concentrations were
three young women on oral contraceptives. then used to determine 24 h RMR using the equation of
One older man, one older woman, three young men, andWeir (9). Subjects were instructed to: 1) fast and drink only
one young woman dropped out of the study before comple- water for 12 h before testing, 2) wear comfortable clothing,
tion of the study for reasons unrelated to the study. The netand 3) report to the lab for testing at 7 a.m. Subjects were
result was that 10 young men, 9 young women, 11 older also instructed to keep physical activity to a minimum the
men, and 10 older women completed the 24 wk of ST. morning of the test by dressing slowly and not taking a
Additionally, one older male was not included in the anal- shower before testing. Once subjects reported for testing,
ysis of RMR because he was diagnosed as diabetic duringthe test was explained to them in detail. They were in-
the study, as well as 1 older man, 1 young man, and 2 youngstructed to lie on the bed as still as possible for 60 min. The
women were not included in this analysis due to missing first 15 min were used as an acclimatization period to the
RMR or body composition data. Thus, 9 young and older testing environment. After the first 15 min, the ventilated
men, 7 young women, and 10 older women were included in hood was placed on the subject, and another 15-min accli-
the final analysis for changes in RMR in response to ST. matization period allowed. During this second 15-min pe-
Lastly, due to missing data at one or more time points, 3 riod, the flow rate in the ventilated hood was adjusted to
young men, 2 young women, 1 older man, and 2 older maintain the fraction of expired Cetween 0.5 and 1.0%.
women were not included in analysis of physical activity The last 30 min of the test comprised the collection period.
monitoring (PAM) and Physical Activity Recall Question- Twenty-four-hour RMR was calculated from the average of
naire (PAQ) response to training. This left 7 young men and the O, and CQ concentrations collected during the last 30
women, 10 older men, and 8 older women. min. RMR after training was conducted between 24 and
Before their participation in this study, subjects had all 48 h after the last ST session with a mean time~&5 h
the procedures and risks explained to them and signed aafter the last training session. Both before and after training,
written informed consent. All procedures in the study were the young women were tested during days 5-10 of the
approved by the Institutional Review Boards at the Univer- follicular phase of their menstrual cycle. If subjects had a
sity of Maryland, College Park, University of Maryland RER greater than 0.90, they were asked to repeat the test.
Medical School, Baltimore, and the Johns Hopkins Bayview The temperature of the room was maintained at-28.3°C.
Medical Center. Physical activity monitoring (PAM). Estimates of
Graded exercise test (GXT) and aerobic capacity EEPA and TEE were obtained with a Tritrac R3D (Hemo-
(VO,max)- TO screen for signs of coronary heart disease, to kinetics, Madison, WI) PAM. The subjects wore the PAM
better characterize the subjects, and to confirm that theyfor 4 consecutive days, 2 weekdays, and 2 weekend days,
were physically inactive, a GXT and Mmax test were over their nondominant hip as previously described (21,24).
performed using a constant speed and incremental gradeThe nondominant hip was determined by kicking prefer-
treadmill exercise protocol. The GXT was performed using ence. To avoid any possible effects of a ST session on the
a standard 12-lead ECG and allowed for the assessment oPAM, subjects started wearing the PAM after their training
any covert signs and symptoms of cardiovascular diseasesession on Friday and did not train on the following
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Monday. EEPA was calculated from the physical activity = Before testing, subjects performed a light 3-min warm-up
counts using proprietary formulas of Hemokinetics. TEE on a cycle ergometer, along with supervised stretching of all
was calculated from the sum of the EEPA plus RMR derived the major muscle groups. The test started with a light 5-rep-
from predication equations used by the Tritrac R3D. For the etition warm-up, after which a resistance was chosen that
two time points where data were available, the estimates ofwas estimated to be just below the subject’s 1-RM strength.
physical activity and the measured RMR were combined to The subject was instructed to lift the weight one time. If the
make a TEE score. TEE estimated by the Tritrac has beensubject was able to lift the resistance through the full range
shown to have very high positive correlations with oxygen of motion, the resistance was increased and another attempt
consumption during level, ambulatory walking (29), and was made after a rest 660 s. This process was continued
with TEE measured in a whole room calorimeter (7). Sub- until the subject could no longer lift the prescribed resis-
jects were also instructed to wear the PAM throughout the tance. The highest weight lifted was recorded as the 1-RM
day, except when sleeping or when the instrument might getvalue. A similar process was conducted for the 5-RM test
wet. except that the subject was asked to lift the weight for five
A second PAM was given to the subjects, who were repetitions instead of one.
instructed to place this PAM in their car during the testing ~ Whole body strength training (ST) program. Sub-
period. This was done because the PAM cannot distinguishjects underwent a whole body ST program for 3 d?vir
between the motion of a person or a car; thus, this secondan average of 24 wk. Training occurred on Keiser K-300
PAM allowed for the removal of any effects of vehicular air-powered exercise equipment, which allows for easy
travel on the subject’'s PAM. They were also given a diary modulation of the resistance within an exercise set. Training
that divided each day into 5-min segments. The subjectsincluded exercises that trained all the major muscle groups
were instructed to record any time during the day that they of the body. Lower body exercises included unilateral leg
did not wear the PAM, as well as any times they were in a press, leg curl, and leg extension, whereas the upper body
car without the second PAM. Physical activity monitoring muscle groups were trained using the chest press, lat pull-
was conducted at the beginning, middle, and end of the down, military press, upper back, and triceps machines. The
whole body ST program. biceps were trained unilaterally using free weight dumbbells
Physical Activity Recall Questionnaire (PAQ). with biceps curls, whereas the abdominal muscles were
When the subjects returned the PAM after 4 d, they were exercised with both the Keiser abdominal machine and
administered the Stanford Seven-Day PAQ, as previously abdominal crunches.
described (26). The 7-d period included the 4 days that To minimize the risk of staleness and boredom during the
subjects wore the PAM. The PAQ was also administered at study, a modified periodization program was employed dur-
the beginning, middle, and end of the ST program. This ing this study. The ST program was divided into two 12-wk
questionnaire provided another estimate of TEE in these periods. During the first 12 wk of training, subjects per-
subjects. formed one set on all the upper body exercises and two sets
One-repetition maximum (10RM) strength test. of the lower body exercises. After a light warm-up-a80%
To assess the effectiveness of the ST program, 1-RM testingof their 1 RM, all exercises, except the biceps curls, started
was conducted before and after training. Before performing at a 5-RM resistance. After the fourth or fifth repetition, the
the 1-RM test, all subjects underwent six familiarization ses- resistance was reduced just enough to perform one or two
sions on the Keiser K-300 air resistance equipment (Fresno,additional repetitions. This process was repeated for all
CA) using a light resistance. These sessions were conductedubsequent repetitions until 15 continuous repetitions were
to orient the subjects to the machines and to learn propercompleted without altering the cadence of the repetitions.
lifting technique. Moreover, this procedure helps control for This procedure allowed subjects to exert near-maximal ef-
the large increases in strength that occur during the initial fort on all repetitions in an individualized fashion. The
stages of training due to motor unit recruitment efficiency concentric phase of each repetition was performed s
and skill acquisition, as well as to prevent injury and muscle and the eccentric in-3 s.
soreness after the strength test. During the second 12 wk of training, subjects gradually
The 1-RM test was performed on the following Keiser increased the resistance, after a warm-up at 50% of their 1
K-300 exercise equipment: leg press, leg extension, chestRM, until failure to complete a repetition occurred. This
press, lat pull-down, shoulder press, triceps pushdown. Ad-resulted in~15 RM, including the warm-up repetitions.
ditionally, the biceps were tested with free weights by using During the second half of training, not all exercises were
a biceps curl. Leg strength on both leg machines was testedperformed during every training session. On Mondays, sub-
unilaterally, but the summed values were used in the anal- jects performed one set of the chest press, lat pull-down, and
ysis. In addition to the 1-RM test, a 5-RM test was per- shoulder press exercises and two sets of the three leg exer-
formed on each of the above machines, along with the leg cises. On Wednesdays, subjects performed one set of all
curl, upper back, and abdominal machines. Where appro-upper and lower body exercises. On Fridays, the ST session
priate, straps and/or belts were used to stabilize subjects toconsisted of one set of triceps, upper back, abdominal, and
minimize recruitment of outside muscle groups. Strength biceps curls and two sets of the leg exercises. Biceps curls
tests were conducted by the same investigator before andand abdominal crunches were performed in the same man-
after training. ner as during the first 12 wk of training. Abdominal
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TABLE 1. Physical characteristics in young and older men and women before and after 24 wk of strength training.

Young Men (N = 10) Young Women (N =9) Older Men (N = 11) Older Women (N = 10)

Before After Before After Before After Before After

Training Training Training Training Training Training Training Training
Age 25+2 — 26 = 1 — 69 +3 — 68 +3 —
Height (cm) 1777 — 168 = 4 — 173+ 6 — 162 =7 —
Vopmax (MLekg~"-min~") 43+3 — 32+8 — 24+ 6 — 19+3 —
Total body mass (kg) 84.4 = 16.5 84.6 = 15.6 64.7 =12.9 67.2 =137 80.8 = 9.6 81.1 x93 69.9 = 6.7 M11=72
Fat free mass (kg) 629 =71 649 =7.1* 42954 448 = 6.2* 56.5 = 3.4 57.5 = 3.1* 41134 42.0 = 31"
Fat mass (kg) 219120 19.7 £10.2 21877 224177 24369 23.6 £ 6.7 28845 29156
Percent body fat 24284 223=*73 320=55 324x54 29549 28.6 = 5.1t 414.0=37 40.6 = 4.7

All values are mean = SD.
Significantly different than before training, * P < 0.05, T P = 0.051 for older men.

crunches were performed on all training days. During both that subjects in all groups were aerobically untrained.
phases of training, the beginning and ending weights were Young subjects (men and women combined) had signifi-
recorded in order to assess the increases in muscularcantly higher '\Ozmaxvalues than the older subjectB K
strength that were occurring. All subjects were given 2—3 0.05). In addition,'\ozmaxvalues were significantly greater
min of rest between sets throughout the entire ST program.in young men compared with the young womdn €

All subjects were asked to maintain their current dietary 0.001).
habits and body weight throughout the training program.  No significant age by gender or age by gender by time
Compliance was checked with weekly measurement of body interactions existed among groups for total body mass.
weight. All ST sessions were monitored by at least two However, each of the four groups did increase FFM signif-
exercise physiologists. icantly in response to STP(< 0.05). Additionally, there

Statistical analysis. Age and gender responses to ST was an age effectP( < 0.05), but no gender effect for
for EEPA were assessed using &2 X 3 (ageX gender changes in FFM with ST. Young subjects showed a signif-
X time) repeated measures ANOVA, because this variableicantly greater increase in FFM compared with older sub-
was assessed at the beginning, middle, and end of the STjects (2.0 kg vs 1.0 kg, respectivel,< 0.05). In contrast,
program. Age and gender responses to ST for body com-changes in fat mass were effect by genderq( 0.05), but
position, RMR, and 1-RM strength were analyzed using a 2 not by age, with men showing a significant reduction in fat
X 2 X 2 (age X gender X time) repeated-measures mass P < 0.05), whereas women showed no charige=(
ANOVA, because these variables were only assessed befor®.451). Additionally, there was a reductioR & 0.051) in
and after training. To control for the effects of body com- percent body fat in the older men. There was no effect of
position, RMR was normalized for FFM using the tradi- either age or gender on changes in percent body fat with ST.
tional ratio method (RMR-kg FFMdY) as well as with 1-RM strength tests. All groups showed significant
ANCOVA. Planned comparisons were performed among increases in 1-RM strength for all exercises (Table 2Pall
individual groups using Tukey's HSD or pairdetests. < 0.05). Changes in 1-RM strength for the leg press and
Correlations for the changes in RMR, EEPA, and body chest press were analyzed separately for any effects of age
composition were conducted using Pearson product corre-and/or gender. These exercises were chosen because they
lations. Unless otherwise reported, values are means employ the largest muscle groups in the lower and upper
standard deviations, and significance was set aPthe0.05 body, respectively. Changes in leg press 1-RM strength
level. showed significant increases for both age<{ 0.001) and

A post hocsample size calculation was performed using gender P < 0.001) groups. However, combined young
an « = 0.05 andB = 0.80 to determine the number of subjectsincreased 1-RM strength greater than older subjects
subjects needed to detect an effect size of 600kJTthe (31% vs 23%P < 0.001). Similarly, the chest press showed
results showed that 13 people per age and gender group arsignificant increases with ST, but in contrast to the changes
needed to detect this change in RMR. This effect size wasin leg press strength, these changes showed an effect of age
chosen because it is similar to the change in RMR observed(P < 0.05) and gende(< 0.05). Young subjects increased
in previous ST studies (6,19), and it represents a caloric chest press 1-RM strength significantly more (28%) than
equivalent associated with~7 kilograms of body weight  older subjects (16%® < 0.001), and men increased signif-
per year and is the-amount of change in RMR in the icantly more than women, despite lower relative changes in

current investigation. men (21% vs 23%P < 0.01). The changes in 1-RM
strength being influenced by age was in accordance with the
RESULTS finding of a previous study from our lab using a unilateral

knee extension ST program (14); however, the effect of
Physical characteristics. Table 1 shows the physical gender in response to whole body ST in the present was a
characteristics for all four groups. The young women were new finding.
significantly shorter than the young mean € 0.05), and the RMR. Changes in absolute RMR in response to the ST
older women were significantly shorter than both groups of program are presented in Table 3 and Figure 1. When all
men @ < 0.001). \DZmaXvalues for all four groups verified  subjects were pooled together, there was a 7% increase in
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TABLE 2. Changes in 1 RM strength in young and older men and women with 24 wk of ST.

Young Men (N = 10) Young Women (N = 9) Older Men (N = 11) Older Women (N = 10)
Before After Before After Before After Before After
Training Training Training Training Training Training Training Training
Chest press (kg) 72 =17 89 + 23t 36 +4 47 = 8t 46 + 6 54 = 71 27+5 31 + 41
Lat Pull-down (kg) 75+18 92 =21t 368 45 + 8t 514 63 + 81 29+5 36 + 51
Shoulder press (kg) 57 =14 71 = 20t 33+4 37 = 5t 387 45 = 71 26+3 28 = 4*
Triceps push-down (kg) 81+25 110 + 33t 44 + 8 58 = 12t 52+ 8 68 = 10t 31 +6 39 + 51
Biceps curl (kg) 35+10 47 =121 14 x4 24 + 4 275 35 + 4% 15=2 20 = 3t
Leg extension (kg) 160 = 53 200 = 567 146 + 33 185 + 48t 157 + 24 203 + 301 92 = 21 117 + 25¢
Leg press (kg) 697 + 84 871 = 112t 439 =100 600 = 153 537 £ 77 635 + 781 350 = 92 446 = 83t

All values are mean = SD
Significantly different than before training, * P < 0.05, t+ P < 0.01.

absolute RMR in response to ST (59281226 vs 6328+ gender, there was still a significant gendertime interac-
1337 kJ-d, P < 0.001) with no interaction between the four tion (P < 0.05). As with the absolute RMR, the adjusted
individual groups. When changes in absolute RMR were RMR was significantly elevated in men in response to BT (
examined for the effects of age and gender, there was a< 0.05), whereas women showed no significant increase. In
training by gender interactio?(< 0.05) but no training by~ addition, the individual groups of young and older women
age P = 0.966) or training by age by gender effe&t € showed no significant increase in RMR. However, in con-
0.582). Planned comparisons showed that when both youngtrast to the change in absolute RMR with ST, neither indi-
and older subjects were pooled across gender absolute RMRvidual group of young or older men showed an increase in
increased by 7% for each group (63821458 vs 6719+ adjusted RMR.

1617 kJ-d for the young; 5614+ 916 vs 5999+ 973 kJ-d* When RMR was expressed in the traditional ratio method
for the older subject®? < 0.01 for both groups). In contrast, of kJ-kg* of FFM-d* (Table 3), there was a significant
there was an effect of gender on absolute RNPR<J0.05), increase in RMR for all groups combinel & 0.05), with

which was the result of a 9% increase in absolute RMR for no interaction among any of the four groups. Additionally,
the men (6645~ 1073 vs 7237+ 1150 kJ-d', P < 0.001), there was no interaction between age or gender with time for
compared with no significant increases in women (5370 changes in RMR when expressed as a ratio of RMR to FFM
884 vs 5366+ 692 kJ-d', P = 0.108). (kJ-kg* of FFM-day").

When groups were analyzed individually, significant in- There was a trend for a differential change in RER be-
creases in absolute RMR were also observed in the youngtween the gender®(= 0.06) but no effect of age. This trend
men (7091+ 1316 vs 7726+ 1386 kJ-d, P < 0.01), and was the result of a nonsignificant decline in RER in men
older men (6198+ 517 vs 6747+ 593 kJ-d', P < 0.01). (0.87* 0.04 vs 0.84+ 0.06) and nonsignificant increase in
These changes represent increases of 9% for each groupRER in women (0.86= 0.06 vs 0.88+ 0.06) as a result of
Neither young women (528F 932 vs 5423+ 703 kJ-d', ST.

P = 0.362) nor older women (5088 890 vs 5325+ 719 A significant relationship was demonstrated between
kJ-d*, P = 0.209) showed significant increases in absolute training-induced changes in absolute RMR and FFM for
or relative RMR in response to ST. men (r= 0.511,P < 0.05) but not for women (= 0.016,

When RMR was corrected for FFM (adjusted RMR) inan P = 0.95). This differential association between changes in
ANCOVA model, there was still a significant increase in FFM and RMR for men and women, along with our previ-
RMR in response to ST for all groups combin&d< 0.05), ous finding that absolute and relative RMR changed only for
but there were no significant interactions among the groups.the men in response to ST, even though both men and
When the adjusted RMR was analyzed for effects of age andwomen showed similar increases in FFM, indicates a clear

TABLE 3. Changes in resting metabolic rate (RMR) in young and older men and women with 24 wk of ST.

Young Men (N = 9) Young Women (N=17) Older Men (N = 9) Older Women (N = 10)
Before Atter Before After Before After Before Atter
Training Training Training Training Training Training Training Training
RMR
kj-d? 7091 + 1316 7726 = 13861 5287 + 932 5423 + 703 6198 + 517 6747 + 593* 5088 + 890 5325 =719
kJ - kg FFM - d " 112+9 118 = 10* 124 = 11 123 = 11 110+ 6 118 + 7* 125 + 24 127 + 18
RER 0.87 = 0.051 0.83 = 0.082 0.87 = 0.067 0.88 = 0.065 0.88 = 0.028 0.86 = 0.028 0.86 = 0.055 0.88 = 0.065
Young Men and Women Older Men and Women Young and Older Men Young and Older Women
(N = 16) (N=19) (N=18) (N =17)
RMR
k- d™? 6302 = 1,458 6719 = 1,617t 5614 = 916 5999 + 973t 6645 + 1073 7237 = 1150t 5170 = 884 5366 * 692
kJ - kg FFM - d " 118 =12 121 =11 118 =19 123 =15 111+8 118 + 8t 125+ 20 125 + 16
RER 0.87 = 0.057 0.85 = 0.079 0.87 = 0.045 0.87 = 0.050 0.88 = 0.041 0.84 = 0.062 0.86 = 0.059 0.88 = 0.063

All values are mean = SD.
Significantly different from before training, * P < 0.05, + P < 0.01.
1 After controlling for FFM, RMR was significantly greater than baseline at P < 0.05.
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FIGURE 1—Change in RMR in response to 24 wk of whole-body ST with subjects grouped as men (A), women (B), young (C), and older (Bplid
lines represent the change in RMR for each individual subject, whereas thelashed linerepresents the mean change in RMR for each group.

difference in gender responses for RMR in response to ST.gender. Changes in physical activity and TEE were not signif-
When all subjects were pooled together, changes in RERicantly correlated to any of the changes in body composition.
were positively correlated with changes in fat mass=(r PAQ. The Stanford Seven-Day PAQ also did not reveal
0.430,P < 0.01) and percent body fat £ 0.457,P < 0.01). any changes in TEE in response to ST when all subjects were
When these correlations were analyzed by age and genderpooled together, as well as when analyzed by individual groups
RER remained significantly correlated to changes in fat or by age and gender (Table 4). Changes in TEE as assessed by
mass for young subjects € 0.530,P < 0.05) and for men  the Stanford Seven-Day PAQ were not significantly correlated
(r = 0.492,P < 0.05). Additionally, changes in RER were to any of the changes in body composition.

significantly correlated to changes in percent body fat in  EEPA estimated from the PAM was significantly corre-
young subjects (= 0.623,P < 0.01) and in men (= 0.617, lated to the TEE estimated from the PAQ at baseline (r

P < 0.05). 0.542,P < 0.001) and after training @ 0.416,P < 0.05).

PAM. Changes in the estimated measures of EEPA and TEE estimated from the PAM was significantly correlated
TEE measured with the PAM are presented in Table 4. In with TEE estimated by the PAQ at baseline<(10.710,P <
response to the 24 wk of whole body ST, there was no change0.001), mid-training (r= 0.623, P < 0.001), and after
in EEPA outside of the ST sessions whether all subjects weretraining (r = 0.577,P < 0.001. These correlation suggest
pooled together or analyzed as separate age and gender groupthat the two methods of estimating energy expenditure are
In addition, there was no interaction between age and genderassessing similar outcomes.
for changes in EEPA and TEE in response to ST. Estimated
TEE from the PAM also did not change significantly in re- DISCUSSION
sponse to ST program for all groups together or for any group
individually. When estimates of physical activity from the The results of this study show for the first time that
PAM were combined with the measured RMR and an index of changes in RMR in response to ST is affected by gender and
TEE created, there was still no significant change in TEE not by age. When young and older men were pooled as a
estimated from the PAM from before to after training (data not group, there was a significant increase in RMR with train-
shown). In addition, there was no change in TEE as estimateding, whereas young and older women showed no change. In
from the PAM when subjects were pooled together by age andaddition, there was an increase in RMR in response to ST
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TABLE 4. Changes in physical activity in young and older men and women with ST.

Accelerometer Questionnaire
Physical
Activity Physical Activity Total Energy Total Energy
(kd - d=7) (counts - d~7) Expenditure (kJ - d=7) Expenditure (kJ - d=7)

Young men (N = 7)

Before training 2213 + 733 177,747 = 46,635 10,801 = 1,640 13,123 + 3,587

Mid training 1959 + 997 154,708 = 70,905 10,667 = 1,658 12,861 + 2,325

After training 2239 = 1004 170,831 = 46,793 10,947 = 2,005 12,886 = 2,761
Young women (N = 7)

Before training 1577 = 941 161,952 + 75,021 8177 + 1336 10,328 = 2,445

Mid training 1413 = 482 146,477 = 50,553 8081 + 815 10,183 = 1,540

After training 1366 + 472 140,031 + 42,881 8060 + 898 11,072 = 2,882
Older men (N = 10)

Before training 1657 = 537 136,064 = 49,983 8875 = 671 12,686 + 2,277

Mid training 1457 + 564 117,641 = 48,523 8764 + 889 13,061 = 2,437

After training 1544 = 565 129,080 = 49,968 8723 = 972 12,357 + 1,733
Older women (N = 8)

Before training 1174 = 249 113,620 = 24,442 7085 + 365 11,024 = 2,240

Mid training 1157 + 231 109,667 = 24,113 7128 + 363 11,164 = 1,467

After training 1036 + 311 99,319 + 30,081 6977 + 451 11,767 + 2,563

All values are means = SD.
None of these differences were significant.

when all groups were combined. Furthermore, when RMR attributed their increase in RMR above that which could be
was corrected for FFM there was still a significant gender accounted for by increased FFM to an increase in sympa-
effect, with men having a ST-induced significant increase in thetic nervous system activity (19), which conversely was
RMR, whereas women still showed no change. Our finding not demonstrated by Ryan et al. (25). Unfortunately, sym-
that older men and women, when pooled together, can pathetic nervous system activity was not measured in the
increase RMR in response to ST is not new (3,6,19,25,32), current study. This difference between men and women is
but the finding that this change is not significantly different consistent with previous studies that have shown RMR is
from young men and women, pooled together, has not beenlower in women compared with men, even after correcting
reported previously. In addition, contrary to what has been for FFM, and may be related to differences in sympathetic
suggested previously (11,15), ST does not cause an increasaervous system activity (2,10,18).
in EEPA outside of the training sessions in healthy, seden- Our finding that young men and women, when pooled
tary young and older men and women. together, can increase absolute RMR in response to ST is in
The finding that an increase in RMR is still present in opposition with previous findings in this age group
men after correcting for FFM is in agreement with previous (4,8,20,35,36). The discrepancy between the present study
reports by Pratley et al. (19) and Campbell et al. (6) but in and previous studies could be related to differential changes
opposition to the finding of Ryan et al. (25) in women. The in FFM between studies, because the increase in RMR in
elevation in RMR above that which can be explained by these young men and women disappeared after correcting
increased FFM in men suggests that there is an increase irfor changes in FFM. The current study showed an increase
the metabolic activity of FFM after ST in men. However, in FFM of ~2 kg in these young men and women, which is
this finding is no longer present after correcting for FFM similar to changes in some studies involving young men and
when young and older men are analyzed separately, perhapsvomen (4,8,36) but is greater than changes in others
due to the reduced statistical power from the smaller sample(20,35). This could indicate that the change in RMR in
size in each group. One possible explanation for ST-inducedyoung men and women, when pooled together, isn't related
elevations in RMR above that which can be accounted for to changes in FFM but to some underlying metabolic adap-
by changes in FFM is an increase in sympathetic nervoustation. However, even though the young men showed sim-
system activity (19). ilar increases in FFM as the young women in the present
The result that young and older men significantly in- study, the significant 7% increase (417 kJ-dn absolute
creased RMR by 9% (592 kJ*J| whereas young and older RMR for young men and women combined resulted largely
women showed no significant increase in response to ST isfrom the significant 9% increase (635 k3)dn the young
a new finding. The lack of a change in RMR for the women men. When examined separately, the change value for
is consistent with previous studies in both young (8) and young women did not reach significance for absolute and
older (30) women but is in contrast to other studies in relative RMR, whereas the young men showed a significant
women (25,32). Nevertheless, because both men andelevation in absolute, but not relative RMR, further indicat-
women had similar increases in FFM-1.5 and 1.4 kg), it ing that the increase in the pooled young group was prob-
was expected that both men and women would have signif-ably the result of the increased RMR in the young men.
icant increases in RMR. However, this was not what we Additionally, the absence of a significant increase in relative
found. One possible explanation for RMR increasing in RMR in the young men indicates that the increase in abso-
men, but not in women, are differences in sympathetic lute RMR is only related to the increased FFM in the young
nervous system activity responses to ST. Pratley et al. (19)men after training.
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Although the lack of an increase in absolute RMR in the  The finding that ST does not enhance EEPA in the young
young women is consistent with a previous report (8), the men and women is consistent with previous findings in
increase in RMR for the young men conflicts with previous young men (36) and some previous studies in older men and
studies (4,35,36). However, this study was longer than any women (6,30) but conflicts with others (11,15). Campbell et
of these previous studies, thus, a training period of at leastal. (6) showed an increase in TEE in response to ST, but this
24 wk might be needed to induce an elevation in RMR in increase was the result of an increased RMR and the energy
young men. Why this longer period of training is needed to cost of the ST sessions, suggesting that EEPA outside of the
induce an increase in young men is not readily apparent. ST sessions did not change with training. It is not clear why
However, this study was designed such that during the the present study did not show an increase in EEPA outside
initial 12 wk of training each repetition was close to a Of the ST sessions, whereas two other studies did (11,15).
maximal effort (initial resistance 5 RM and then 1-2 repe- However, the older subjects in the study by Nelson et al.
titions to failure with decreasing weight until a total of 15 (15) were of a slightly younger age than the men and women
repetitions was performed, followed by 12 wk of increasing in the current study, and the training program was 52 wk in
resistance at each repetition until a 15 RM is completed. The duration compared with the 24 wk in the current study.
previous studies in young men used three sets varying from Therefore, it is possible that a training program longer than
6 to 12 RM (4), three sets of 15 RM (36), and resistance 24 WK is_neet_jed to elicit increas_es_ir_n EEPA outsi(_je of the
dependent on body weight (35). Thus, it is unclear whether ST Sessions in healthy, elderly individuals. The difference
the level of resistance training volume or other factors might Petween this study and that of Fiatarone et al. (11) probably
explain the difference observed between the present study€Sults from the use of frail subjects in this previous study.
and others. It does appear, however, that the elevation inBecause their subje(_:ts were extremely frail, the increase in
RMR in young men is the result of increased muscle mass, muscular strength with ST could have allowed the subjects

because the increased RMR was no longer present aftef® @mbulate more freely, leading to an increase in EEPA

controlling for FFM. outside of the training sessions. This was supported by their
Factors were examined that might explain why some findings that several subjects went from wheelchairs to

people increased RMR (responders) and others showed nd/valkers, walkers to canes, and canes to no assistance. In the

change or a decrease in RMR (nonresponders). When mencurrent study, the subjects were inactive, but free-living, so

were pooled across both age groups, two of the three who@nY increases in strength might not have translated into

showed a decrease in RMR also showed a decline in FFM_mcre_ased physical activity, because all subjects were very
mobile at the start of the study.

g{lgp/lr)e ew()r:ig;eissekrr?s\?vr?htgv;id ar::ggﬁs |r_1r:](?;ailsb%dyc/onr1]z-iss The correlations between EEPA estimated by PAM and
' bp : TEE estimated by PAQ showed moderate but significant

trr?St todthz men Wh9 |Elc:r|\e/:|ase<(jj ?Mle,swr;]ere %nly ldOf %5 relationships before and after training, and no relationship at
showed a decrease in , 810 3 0 showed a reduction,,;q training. The lack of a stronger correlation is probably

in TBM. In the women, there was a similar trend for changes due to the fact that this analysis was correlating slightly

in body composition in responder§ and nonrespond(_ers. Fordifferent measures of energy expenditure (physical activity
example, 4 of 6 women who experienced a decrease in RMR s gy \whereas a much stronger significant relationship
showed a decrease in either FFM or TBM, whereas only 3,55 ohserved at all time points for TEE estimated by PAQ
of 11 women who increased RMR in response to ST also \g paM. However, the correlations between these two mea-
showed a decrease in either FFM or TBM. Furthermore, the g ,re5 were probably slightly underestimated due to the TEE
overall correlation between absolute RMR and FFM for ¢4 the PAQ being basedno7 d of physical activity,
women did not reach statistical significance. whereas the TEE from the PAM was estimatedfré d of
One of the aims of this study was to determine whether physical activity. Nevertheless, the significant relationships
any of the changes in metabolic parameters related to RMRpetween the two instruments further support our finding that
were associated with changes in body composition. The physical activity didn’t change in response to ST, because
only variable that showed any significant relationship t0 pgth instruments showed no change with training.
changes in body composition with ST was the change in | conclusion, this study showed for the first time that
RER. Interestingly, the young and older men pooled to- changesin RMR in response to ST are influenced by gender
gether were the only group to show a significant decrease input not age. The similar RMR response between the young
fat mass, as well as a trend for a decline in RER. The and older subjects was related to similar increases in FFM in
positive correlations between reductions in RER and fat response to training. Additionally, this study showed that
mass and percent body fat in conjunction with the signifi- young and older men and women do not show an increase
cant reductions in fat mass and the trend for a reduction inin EEPA outside of the ST sessions. This suggests that
RER in the young and older men suggests that ST may changes in body composition reported in previous studies
decrease fat mass through increased fat utilization. Thisare most likely related to metabolic adaptations in response
finding in men extends the results of previous studies that to the ST program itself. Furthermore, the significant cor-
show that ST can have a positive effect on body composition relation between changes in RER and changes in fat mass
(31-33) and that ST-induced reductions in fat mass may beand percent body fat in men, in conjunction with a signifi-
related to increases in fat oxidation (32). cant reduction in fat mass and a trend for a reduction in
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RER, provides further support for the hypothesis that ST to Brian Tracy, Ken Wilund, Autumn Powell, Bob Harper, Kevin

might induce changes in fat mass through increased fat
oxidation.
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