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of covariance, it was also reported to be higher for young resis-

tance-trained men than for young sedentary sex-matched control

subjects (25), but not young resistance-trained women (26).

These data support the theory that there are increased energy

requirements during resistance training that are due, in part, to

an increased rate of metabolic activity of lean tissue.

One factor that contributes to the resistance training-induced

increase in metabolic activity observed in lean tissue may be an

increase in protein turnover associated with increased muscle-

protein synthesis (30) and muscle-tissue damage and repair (31).

We measured a 5% increase in mean whole-body protein turn-

over in resistance-trained subjects (Campbell et al, unpublished

observations, 1 993). Because protein turnover is estimated to ac-

count for �20% of RMR (28), the 5% increase after resistance

training would effectively increase RMR by only � 1%. Ballor

and Poehlman (26) have outlined many additional mechanisms

that may contribute to the increased RMR, including increased

food flux, increased activity of various enzymatic reactions, the

replenishment of glycogen stores, the repair of exercise-induced

trauma, and the increased concentration of metabolic hormones.

Because the RMR measurements of our subjects were obtained

20 mm postprandial, differences in substrate (food) utilization

cannot be ruled out completely. However, the quantity and nu-

trient content of the beverages that were provided to each subject

were the same for both RMR measurements and the RER was

similar during both the baseline and postresistance training RMR

measurements (Table 4), which suggests similar fuel utilization.

The metabolic response to continued ingestion of meals with a

higher protein content is greater than for meals with a lower

protein content, but takes several hours to be manifest ( 14). In

this study, the amount of protein intake (the suggested RDA vs

two times the suggested RDA) did not influence long-term en-

ergy requirements, but this negative finding must be accepted

given the possibility of a statistical Type II error. The 19% in-

crease in mean fasting cortisol concentration may have been par-

tially responsible for the observed increase in whole-body protein

turnover and suggests an increased tissue catabolism (32). The

other metabolic hormones measured (insulin, glucagon, total T4,

and T2 uptake) were unchanged with resistance training (Ta-

ble 5).

The balance between energy intake and energy expenditure

during baseline and week 12 of resistance training is shown in

Figure 2 for the 10 subjects for whom complete data sets were

available. The other energy expenditure was calculated by sub-

tracting the daily energy expenditure that was due to RMR and

the estimated cost of the resistance exercise from the total energy

intake and includes the energy costs of the additional thermic

effect of feeding (above the small thermic response accounted

for in the RMR by taking the measurements in the immediate

postprandial state) and daily nonresistance exercise. Mean energy

intake in these 10 subjects was increased by 16 ld . kg ‘ ‘ d ‘ from

baseline to training week 12. Sixty-eight percent of this increase

was due to the measured increase in RMR (5.5 Id ‘ kg’ ‘ dt) and

the estimated energy cost of the resistance exercise (5.4

U - kg � . d t) The remaining 32% of the increased RMR (5.5

kJ ‘ kg ‘ ‘ d t) occurred in the other energy expenditure compart-

ment, although the baseline and postresistance-training values for

other energy expenditure were not statistically different. Factors

that contributed to this portion of the increased energy intake may

include 1) the increased energy cost of consuming additional

food, 2) a continued postexercise increase in metabolic rate, 3)

an increase in the energy cost of resistance exercise as the train-

FIG 2. Increased total energy intake and expenditure in older persons

during resistance training (n = 10). Values on top of the stacked bars
represent the total energy intake necessary to maintain body weight (BW)

before and after I 2 wk of resistance training. Resting metabolic rates
(RMRs) were measured in each subject by indirect calorimetry. The en-

ergy expenditure during resistance exercise was measured by indirect
calorimetry in 5 men during a pilot study, and assumed to be similar in
all I 0 study subjects. The other energy expenditure represents the portion
of the energy expenditure that was not due to RMR or resistance exercise

and includes the additional thermic effect of feeding and the energy cost
of nonresistance exercise daily activity. It was calculated by subtracting
the daily energy expenditure due to RMR and resistance exercise from

the total energy intake. *Significant increase with resistance training, P
< 0.05.

ing load is increased, and 4) a change in nonresistance training

daily activity. An additional 2.1 U . kg � . d � in other energy

expenditure is estimated to have occurred in association with

the decrease in body fat. Therefore, the net impact of the

12-wk, 3 d/wk, resistance-training program on these 10 older

men and women was to induce an average 1 8 k.J ‘ kg � . d � in-

crease in energy expenditure. These data support the use of re-

sistance training as an adjunct to exercise-based weight-control

programs.

Some of the increased energy intake required for weight main-

tenance may have been needed because the baseline energy re-

quirements were underestimated. The mean baseline energy in-

take of our subjects (128 ± 3 kJkg_t .d_t) was similar to the

energy intake recommended for older adults in the current RDAs

(126 Id ‘ kg � ‘ d t) Roberts et al (4) recently concluded by using

doubly labeled water to measure daily total energy expenditure

that the total energy expenditure of healthy older men is 140 ± 6

ki . kg ‘ . d �. They suggest that the current RDA for energy may

be underestimated mainly due to an underestimation of the

amount of energy expended for daily activity. Although no sig-

nificant change or trend in daily body weights occurred during

the baseline period, small deficits in energy intake may not be

manifest by body-weight changes during this relatively short

time. Because most of the increased energy intake was accounted

for by the increased RMR, the estimated energy cost of the re-

sistance exercise, and the possible other factors listed above, we

feel that the baseline energy needs of our subjects were not sig-

nificantly underestimated.

Our body-composition results (Table 3) are in general agree-

ment with previously published results from resistance-training

studies in elderly people that used whole-body resistance-training

protocols (the subjects performed both upper- and lower-body

resistance exercises). Many studies have shown that resistance
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‘ RT, resistance-trained; I RM, one repetition maximum; TBW, total body water; BW, body weight; FFM, fat-free mass; BCM, body cell mass;

LTM, lean tissue mass; NRT, non-RT: LBM, lean body mass, 3RM, three reptition maximum.

training is an effective way to decrease body-fat mass (33-36)

(Table 6). Whether resistance training increases FFM in older

adults is much less clearly defined. In this study, contrary to our

hypotheses, we did not consistently observe resistance training-

induced changes in FFM when measured by several body-com-

position methods. FFM did not change with resistance training

when estimated from body density alone (a change of 0.6 ± 0.5

kg), yet increased significantly when estimated from TBW alone

(a change of 2.2 ± 0.5 kg, P < 0.05). In theory, body density

and TBW should give similar values for FFM (16), assuming

that fat mass does not contain any water. However, Siri ( I 6) has

cautioned that the true physiologic changes in body composition

will not be accurately quantified using body density alone when

changes occur in other tissues in addition to fat (ie, changes

within the FFM compartment), such as when muscle mass is

gained during resistance training (37). The combined body den-

sity and body water method increases the likelihood of detecting

physiologic body-composition changes that are due to resistance

training and allows for these changes to be partitioned into fat

mass, water mass, and protein plus mineral mass (an improved

measure of metabolically active tissue, compared with FFM) (16,

38). Our results show that although FFM increased after resis-

tance training in these weight-stable elderly subjects, the in-

creased FFM was mainly due to an increase in body water with

no change in metabolically active tissue mass (protein plus mm-

eral mass). The lack ofchange in metabolically active tissue mass

was confirmed by the absence of a detectable change in BCM

(estimated from measurements of �#{176}K).

The resistance training-induced increase in FFM (as as-

sessed by either dual energy radiography or measurements of

skinfold thicknesses) in older adults reported by Nichols et al

(33) and Craig et al (36) (Table 6) may also have been the result

of increases in TBW. In agreement with our results, TBW has

been shown to also increase during resistance training in pre-

viously untrained young men (39). Although the reports of

Koffler et al (34) and Hagberg et al (35) (Table 6) showed no

significant change in FFM or lean body mass, respectively,

there is an implication of an increase in this compartment be-

cause their subjects had a decrease in body fat while maintain-

ing body weight. The increase in TBW without a significant

change in protein plus mineral mass or BCM suggests that a

significant change in FFM composition has occurred in asso-

ciation with resistance training. This change may reflect an in-

crease in extracellular fluid volume or an increase in the water

content of muscle tissue, possibly because of an increase in

muscle glycogen stores.

In summary, our data show resistance training to be an effec-

tive way for healthy older adults to increase their energy expen-

diture. This increase results from the combined influences of an

increase in energy expenditure associated with performing the

exercise, an increase in RMR, and increases in energy expendi-

ture from other factors as well. The increase in RMR is due to

an increase in the metabolic activity of lean tissue and not an

increase in the amount of lean tissue mass. With resistance train-

ing, energy and nutrient intakes may be increased, while body

weight is maintained and fat mass decreased. Resistance training

appears to be an effective and safe adjunct to exercise-based

weight control and fat-loss programs for older adults. U

This study would not have been possible without the dedication and

cooperation of each of the study volunteers. We also acknowledge the

devotion and hard work of the staff members of the Metabolic Research

Unit, the Nutrient Evaluation Laboratory, the Metabolic Nutrition Lab-
oratory, and the Physiology Laboratory at the HNRCA. We are grateful

to the Keiser Sports Health Equipment Company. Fresno, CA, for the

generous donation of the resistance-training equipment used during this

study.

TABLE 6

Body-composition changes in older men and women during whole-body resistance training’

Reference (study subjects) Training protocol

Body composition

Measurements Results

This study (12 RT women and 12 wk, 3 d/wk, 3 setid, Hydrodensitometry, Unchanged BW, increased
men, aged 56-80 y) 80% IRM TBW, �‘K-potassium

scan

FFM, decreased fat mass,
increased TBW, unchanged

protein + mineral mass,

unchanged BCM

33 ( 15 RT women, 24 wk, 3 d/wk, 3 sets/d, Dual-energy radiography Unchanged BW, increased
aged 68 ± 2 y) 80% IRM LTM, decreased body fat %

33 (15 NRT aerobically fit NRT control Dual-energy radiography Unchanged body composition

women, aged 65 ± 2 y)
36 (9 older RT men, 12 wk, 3 d/wk, 3 sets/d, Skinfold thicknesses Increased BW, increased

aged 63 ± I y) 10 reps/set LBM, decreased body fat %
36 (6 young RT men, 12 wk, 3 d/wk, 3 sets/d Skinfold thicknesses Unchanged BW, increased

aged 23 ± 2 y) 10 reps/set LBM, decreased body fat %
34 (7 RT men, aged 52-69 y) 13 wk, 3 d/wk, I -2

sets/d, 90% 3RM

Hydrodensitometry Unchanged BW, unchanged

FFM, decreased body fat %

35 (19 RT women and men, 26 wk, 3 d/wk, 1 setid, Skinfold thicknesses Unchanged BW, unchanged
aged 70-79 y) 8- 12 reps/set LBM, decreased sum of 7

skinfold thicknesses

35 (12 NRT women and men, NRT control Skinfold thicknesses Unchanged body composition
aged 70-79 y)
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