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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over in resistance-trained subjects (Campbell et al, unpublished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, 1993). 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 min 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 T,,
and T, 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 kJ-kg™'-d™' from
baseline to training week 12. Sixty-eight percent of this increase
was due to the measured increase in RMR (5.5kJ-kg™'-d™') and
the estimated energy cost of the resistance exercise (5.4
kJ-kg™'-d™"). The remaining 32% of the increased RMR (5.5
kJ-kg™'-d™") 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 I) 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-
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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 12 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 10 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 kJ-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 18 kJ-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 kJ-kg™'-d™') was similar to the
energy intake recommended for older adults in the current RDAs
(126 kJ-kg™'-d™"). 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
kJ-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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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 (16) 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 min-
eral mass). The lack of change in metabolically active tissue mass
was confirmed by the absence of a detectable change in BCM
(estimated from measurements of “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

TABLE 6

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.

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.

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

Body composition

Reference (study subjects)

Training protocol

Measurements

Results

This study (12 RT women and
men, aged 56-80 y)

33 (15 RT women,
aged 68 + 2 y)
33 (15 NRT aerobically fit
women, aged 65 *+ 2 y)
36 (9 older RT men,
aged 63 = | y)
36 (6 young RT men,
aged23 * 2y)
34 (7 RT men, aged 52-69 y)

35 (19 RT women and men,
aged 70-79 y)

35 (12 NRT women and men,
aged 70-79 y)

12 wk, 3 d/wk, 3 sevd,
80% IRM

24 wk, 3 d/wk, 3 sets/d,
80% IRM
NRT control

12 wk, 3 d/wk, 3 sets/d,
10 reps/set

12 wk, 3 d/wk, 3 sets/d
10 reps/set

13 wk, 3 d/wk, 1-2
sets/d, 90% 3RM

26 wk, 3 d/wk. | sevd,
8-12 reps/set

NRT control

Hydrodensitometry,
TBW, *K-potassium
scan

Dual-energy radiography

Dual-energy radiography

Skinfold thicknesses

Skinfold thicknesses

Hydrodensitometry

Skinfold thicknesses

Skinfold thicknesses

Unchanged BW, increased
FFM, decreased fat mass,
increased TBW, unchanged
protein + mineral mass,
unchanged BCM

Unchanged BW, increased
LTM, decreased body fat %

Unchanged body composition

Increased BW, increased
LBM, decreased body fat %
Unchanged BW, increased
LLBM, decreased body fat %
Unchanged BW, unchanged
FFM, decreased body fat %
Unchanged BW, unchanged
LBM, decreased sum of 7
skinfold thicknesses
Unchanged body composition

" RT, resistance-trained; 1RM. 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.

€T0Z ‘9T AInr uo 1sanb Aq 610 uonunu usle woiy papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

RESISTANCE TRAINING IN

References

10.

20.

. WHO/FAO/UNU. Energy and protein requirements. WHO Tech

Rep Ser 1985:724.

. National Research Council. Recommended dietary allowances. 10th

ed. Washington, DC: National Academy Press, 1989.

. Keys A, Taylor HL. Grande F. Basal metabolism and age of adult

man. Metabolism 1973;22:579-87.

. Roberts SB. Young VR, Fuss P, et al. What are the dietary energy

needs of elderly adults? Int J Obes 1992:16:969-76.

. Vaughan L, Zurlo F. Ravussin E. Aging and energy expenditure.

Am J Clin Nutr 1991:53:821-5.

. Tzankoff S, Norris A. Effect of muscle mass decrease on age-related

BMR changes. J Appl Physiol 1977:43:1001-6.

. Silver AJ. Anorexia of aging. Ann Intern Med 1988:109:890-904.
. Frontera WR, Meredith CN, O'Reilly KP, Knuttgen HG, Evans WJ.

Strength conditioning in older men: skeletal muscle hypertrophy and
improved function. J Appl Physiol 1988:64:1038-44.

. Fiatarone MA, Marks EC. Ryan ND, Meredith CN, Lipsitz LA,

Evans WJ. High-intensity strength training in nonagenarians. JAMA
1990:263:3029-34.

Brown AB. McCartney N. Sala DG. Positive adaptations to weight-
lifting training in the elderly. J Appl Physiol 1990:69:1725-33.

. Charette SL. McEvoy L. Pyka G. et al. Muscle hypertrophy response

to resistance training in older women. J Appl Physiol 1991;70:1912~
6

. Meredith CN, Frontera WR, O’Reilly KP, Evans WJ. Body com-

position in elderly men: effect of dietary modification during
strength training. J Am Geriatr Soc 1992;40:155-62.

. McArdle WD, Katch FI, Katch VL. Exercise physiology: energy.

nutrition, and human performance. 3rd ed. Philadelphia: Lea and
Febiger. 1991.

. Robinson SM, Jaccard C, Persaud C, Jackson AA, Jequier E, Schutz

Y. Protein turnover and thermogenesis in response to high-protein
and high-carbohydrate feeding in men. Am J Clin Nutr 1990;52:72-
80.

. Lohman TG. Roche AF, Martorell R, eds. Anthropometric standard-

ization reference manual. Champaign, IL: Human Kinetics Books,
1988.

. Sirt W. Body composition from fluid spaces and density: analysis

of methods. In: Techniques for measuring body composition. Wash-
ington, DC: National Academy of Sciences, 1961:223-44.

. Wilmore JH. A simplified method for determination of residual lung

volumes. J Appl Physiol 1969:27:96-100.

. Schloerb P, Friis-Hansen B, Edelman I, Solomon A, Moore F. The

measurement of total body water in the human subject by deuterium
oxide dilution. J Clin Invest 1950;29:1296-310.

. Lukaski H. Johnson P. A simple, inexpensive method of determining

total body water using a tracer dose of deuterium oxide and infrared
absorption of biological fluids. Am J Clin Nutr 1985;41:363-70.
Davis J, Lamb D, Burgess W, Bartoli W. Accumulation of deuterium
oxide in body fluids after ingestion of deuterium oxide-labeled bev-
erages. J Appl Physiol 1987;63:2060-6.

. Schoeller D, Jones P. Measurement of total body water by isotope

dilution: a unified approach to calculations. In: Ellis K, Yasumura

[
[

23.

24.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

ELDERLY PEOPLE 175

S. Morgan W, eds. In vivo body composition studies. London: The
Institute of Physical Sciences in Medicine, 1987:131-7.

. Shipp CC. Maletskos CJ. Dawson-Hughes B. Measurement of *’cal-

cium retention with a whole-body counter. Calcif Tissue Int
1987:41:307-12.

Cohn S, Vartsky D, Yasumura S, et al. Compartmental body com-
position based on total-body nitrogen, potassium, and calcium. Am
J Physiol 1980:239:E524-30.

Pratley R, Nicklas B, Rubin M, et al. Strength training increases
resting metabolic rate and norepinephrine levels in healthy 50- to
65-y-old men. J Appl Physiol 1994.76:133-7.

. Poehlman ET, Gardner AW, Ades PA_ et al. Resting energy metab-

olism and cardiovascular disease risk in resistance-trained and
aerobically trained males. Metabolism 1992:41:1351-60.

Ballor DL, Poehlman ET. Resting metabolic rate and coronary-
heart-disease risk factors in aerobically and resistance-trained
women. Am J Clin Nutr 1992;56:968-74.

Broeder CE, Burrhus KA, Svanevik LS, Wilmore JH. The effects of
either high-intensity resistance or endurance training on resting met-
abolic rate. Am J Clin Nutr 1992:55:802-10.

Welle S. Nair KS. Relationship of resting metabolic rate to body
composition and protein turnover. Am J Physiol 1990;258:E990-8.
Poehiman ET, Melby CL, Badylak SF. Relation of age and physical
exercise status on metabolic rate in younger and older healthy men.
J Gerontol 1991:46(2):B54-8.

Yarasheski K. Zachwieja J. Bier D. Acute effects of resistance ex-
ercise on muscle protein synthesis rate in young and elderly men
and women. Am J Physiol 1993;265:E210-4.

Evans WJ. Exercise and protein metabolism. In: Simopoulos A,
Pavlou K, eds. World review of nutrition and dietetics. Basel. Swit-
zerland: Karger. 1993:21-33.

Florini J. Hormonal control of muscle growth. Muscle Nerve
1987;10:577-98.

Nichols JF, Omizo DK, Peterson KK, Nelson KP. Efficacy of heavy-
resistance training for active women over sixty: muscular strength,
body composition, and program adherence. J Am Geriatr Soc
1993:41:205-10.

Koffler K. Menkes A, Redmond R Whitehead, Pratley R, Hurley B.
Strength training accelerates gastrointestinal transit in middle-aged
and older men. Med Sci Sports Exerc 1992:24:415-9.

Hagberg JM, Graves JE, Limacher M, et al. Cardiovascular re-
sponses of 70- to 79-yr-old men and women to exercise training. J
Appl Physiol 1989:66:2589-94.

Craig B, Everhart J, Brown R. The influence of high-resistance train-
ing on glucose tolerance in young and elderly subjects. Mech Ageing
Dev 1989:49:147-57.

Womersley J, Durnin J, Boddy K. Mahaffy M. Influence of muscular
development, obesity, and age on the fat-free mass of adults. J Appl
Physiol 1976:41:223-9.

Goran M1, Poehlman ET. Endurance training does not enhance total
energy expenditure in healthy elderly persons. Am J Physiol
1992:263:E950-7.

Yarasheski KE. Campbell JA, Smith K. Rennie MJ. Holloszy JO.
Bier DM. Effect of growth hormone and resistance exercise on mus-
cle growth in young men. Am J Physiol 1992;262:E261-7.

€T0Z ‘9T AInr uo 1sanb Aq 610 uonunu usle woiy papeojumoq


http://ajcn.nutrition.org/



