. The New England
Journal of Medicine

©Copyright, 1994, by the Massachusetts Medical Society

Volume 330

JUNE 23, 1994

Number 25

EXERCISE TRAINING AND NUTRITIONAL SUPPLEMENTATION FOR PHYSICAL FRAILTY
IN VERY ELDERLY PEOPLE

Maria A. Fiatarong, M.D., EveLyn F. O’Nemnr, C.T.R.S., Nancy DovrLe Ryan, D.T.,
Karen M. CrLements, M.P.H., Guipo R. Sovrarkes, Pu.D., Miriam E. NeLson, Pu.D.,
Susan B. RoBerTs, PH.D., JoserH J. KEHAYIAS, PH.D., LEwis A. Lipesrrz, M.D.,
AND WiLriaM J. Evans, Pu.D.

Abstract Background. Although disuse of skeletal
muscle and undernutrition are often cited as potentially
reversible causes of frailty in elderly people, the efficacy of
interventions targeted specifically at these deficits has not
been carefully studied.

Methods. We conducted a randomized, placebo-con-
trolled trial comparing progressive resistance exercise
training, multinutrient supplementation, both interventions,
and neither in 100 frail nursing home residents over a 10-
week period.

Results. The mean (=SE) age of the 63 women and
37 men enrolled in the study was 87.1=0.6 years (range,
72 to 98); 94 percent of the subjects completed the study.
Muscle strength increased by 113=8 percent in the sub-
jects who underwent exercise training, as compared with
3+9 percent in the nonexercising subjects (P<0.001).
Gait velocity increased by 11.8+3.8 percent in the exer-

HE decline in muscle strength and mass during

aging'” has been linked to physical frailty, falls,
functional decline, and impaired mobility in very eld-
erly people.”” Although many factors, including
chronic illness, a sedentary lifestyle, nutritional defi-
ciencies, and aging itself, may contribute to muscle
weakness and loss of skeletal-muscle mass in people of
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cisers but declined by 1.0=3.8 percent in the nonexer-
cisers (P = 0.02). Stair-climbing power also improved in
the exercisers as compared with the nonexercisers (by
28.4+6.6 percent vs. 3.6+6.7 percent, P = 0.01), as did
the level of spontaneous physical activity. Cross-sectional
thigh-muscle area increased by 2.7+1.8 percent in the
exercisers but declined by 1.8+2.0 percent in the nonex-
ercisers (P = 0.11). The nutritional supplement had no ef-
fect on any primary outcome measure. Total energy intake
was significantly increased only in the exercising subjects
who also received nutritional supplementation.

Conclusions. High-intensity resistance exercise train-
ing is a feasible and effective means of counteracting mus-
cle weakness and physical frailty in very elderly people. In
contrast, multinutrient supplementation without concomi-
tant exercise does not reduce muscle weakness or phys-
ical frailty. (N Engl J Med 1994;330:1769-75.)

advanced age,"'" currently only skeletal-muscle dis-

use'""'? and undernutrition'*'* are potentially prevent-
able or reversible with targeted interventions.

Muscle dysfunction associated with malnutrition
may improve with nutritional supplementation in
younger patients.'®'” Even in healthy elderly men, a
multinutrient supplement augmented muscle hyper-
trophy, althoagh not muscle strength, during a resist-
ance training regimen similar to the one described
here.'®

We hypothesized that physical frailty is partially
mediated by skeletal-muscle disuse and marginal nu-
tritional intake, and should therefore be reduced by
interventions designed to reverse these deficits.

METHODS
Study Design

Detailed descriptions of the rationale and design of the Boston
FICSIT (Frailty and Injuries: Cooperative Studies of Intervention
Techniques) study'® and the entire FICSIT trial™ have been pub-
lished elsewhere. Briefly, the Boston FICSIT study was a random-
ized, placebo-controlled, 10-week clinical trial in which the subjects
were assigned to receive lower-extremity resistance training, a mul-
tinutrient supplement, both treatments, or a placebo activity and
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supplement The study was approved by the human investigations

review committees at New England Medical Center and the He- .

brew Rehabilitation Center for Aged, and written mformed consent
was obtained from each subject.

Study Population

Volunteers were recruited from the residents of a 725-bed facility
providing long-term care of the elderly. The criteria for inclusion
were residential status, an age over 70 years, and the ablhty to
walk 6 m. Subjects were excluded if they had severe cognitive
impairment, rapidly progressive or terminal illness; -acute illness
or unstable chronic illness, myocardial infarction, . fracture of a
lower extremity within the six months before.the idy, or nsulm-
dependent diabetes mellitus; if they were on a weigh

or undergoing resistance training at the time of .enrollment; or 11'

tests of muscle strength revealed a musculoskeletal or cal
lar abnormality.

Interventions
Resistance Training

Subjects assigned to exercise training underwent a rcg:men of’

high-intensity progressive resistance training®! of the hip and knee

extensors 3 days per week for 10 weeks. These muscle groups were
- chosen because of their'i lmportance in functional activities.”” For
*-éach muscle group, the resistance was set at 80 percent of the one-
repetition maximum (the maximal load that could be lifted' fully one

only).? To maintain the i intensity of the stimulus, the load was
inéreased at each training session, as: tolerated by the subject.
Strength testing was repeated every two weeks to establish 4’ niew
‘base-line value.
Training sessions lasted 45 minutes and were scparatcd by one
: day of rest. Each repetition lasted six to nine seconds, with a one- to
two-second rest between repetitions and a two-minute rest between
""the three sets of eight lifts. All exercise sessions were supervised
1nd1v1dually by a single exercise tramcr, who was a certified thera-
peutic recreation specialist.

The knee extensors were trained with the use of ‘the UNEX T1
chair (J.A, Preston, Clifton, N.J.). The hip extensors were frained i in
the first 53 subjects with the use of a wall-mounted: cal :
system (G.E. Miller, New York). In the other 47 subjects
leg press (Keiser Sports Health Eqmpment Fresno, Calif.) was
used in placc of the cable-pulley system, since it allowed for ett :

positioning of the subject. There were no dtﬂ‘erenccs at bas or

in treatment outcomes between subjects trained on thcse two ma-
chines. ,

Placebo Activities

All subjects not randomly assigned to resistance ttammg cngagcd_ ,

in three activities of their choice offered by the recreational- ~therapy

service of the facility. No resistance training was allowed; but dero:
bic or flexibility exercises were permitted. Typical activities. were
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containers by the nursing staff, who were unaware of the contents of
the containers and the group assignments,

cunlcal Characteristics

" ‘Medical records were abstracted to obtam clinical mformauon
and ratings of functional status by the clinical nursing staff scores

- on the Katz Activities of Daily Living Index were denved from

these data. The Mini—Mental State Examination?® and the Geriat-
ric Depresslon Scalc27 were administered by the research staff.

the week after the 1
‘single o serve “(who'

ing pow wﬁ_! alcilar

riser staircase Mth banist

walking, calisthenics while the subject was seated, board gamcs " hou

crafts, concerts, and group discussions.

Nutritional Supplement

The nutritional supplement (Exceed; Ross Laboratories, Col_iirﬁ- S
bus, Ohio) was given once each day in the evening for 10 weeks to - -

minimize the effect of exercise training on habitual food intake. The
supplement, a 240-ml liquid supplying 360 kcal in the form of car-
bohydrate (60 percent), fat (23 percent), and soy-based protein (17
percent), was designed to augment caloric intake by about 20 per-
cent® and provide one thzrd of the recommended daily allowances
of vitamins and minerals.?

Placebo Supplement

All subjects not receiving the experimental supplement were giv-

en an equal volume of ‘a minimally nutritive (4 kcal), artificially

sweetened, flavored hquxd (Crystal Light; Kraft General Foods,~
White Plains, N.Y.).

‘The supplements and placebos were admlmstered in, unmarked: o




Vol.330 No.25  EXERCISE AND NUTRITIONAL SUPPLEMENTATION FOR FRAILTY IN THE ELDERLY 1771

tomographic (CT) images were analyzed according to optical densi- ear regression was used to determine the appropriateness of the
ty on-a computer (\/Iacintosh Iici, Apple; Sunnyview, Calif.) by a. . subsequent analyses of variance and covariance. Non-normally dis
smgle investigator in-a blinded fashion, with Image software (Ver-' .. tributed data were subjected to log transformation before bemg’
sion 1.49, National Institutes of Health) modified for quannﬁcahon : "‘analyzcd for variance and covariance. A three-factor, repeated-
of cross-secnonal areas of muscle, bone; and fat to the nearest 0.01 measures analysis of variance was used to determine the effects of

cm?, The. coefficient of variation for repeated measurements of a exercise and nutritional supplementamon on the primary outcome
single scan was less than 0.5 percent. CT data were complete for 61 variables, as well as to determine any interaction between exercise
of the subjects; incomplete data for the other 39 were due to techni~ and nutritional supplementatlon Analyses of covariance were used
cal difficulties with data extraction or artifacts on scans. There were to adjust for clinically pertinent base-line characteristics (age, sex,
no differences between the subgroups of subjects who had scans at muscle strength, and functional status) and any differences in other
either time and the entire sample. ' clinical characteristics. When'F ratios were significant, .post hoc

: : compansons of ‘means were analyzcd with: Tukey’s multiple-com-
parison test. Relations among variables of interest were analyzed
pairwise with Pearson’s correlation coefficients or Spearman’s rank
correlation coeﬁiclcnts, as appropnatc, with the Bonferrom COrTéc-

g F c

Physical Activity

The level of physical activity was estimated with large-scale, inte-
grated activity monitors (GMM; Verona, Pa.) worn around both
ankles during the 72-hour period when food intaké was bemg re-
corded.? Habitual physical activity included all control and experi-
mental activities, as well as all spontaneous:leg movements. The
average count per 24 hours (summing the values for both legs) was
used in subsequent analyses. The manufacturer ccased production .
of the monitors in the middle of the study, after the activity jevel
had been measured in 45 subjects. There were no différences be-
tween this subgroup and the entire: study group. The coefficient of: -
variation for scquentxal daily recordings was 24.7 percent. 3

Statistical Analysis

All data were analyzed with Systat statistical software (Systat,
Evanston, Ill.) or Statview (Abacus; Bcrkelcy, Calif.):2 Intention- -
to-treat analyses were used for the primary outcome variables. Lin= -

Table 1. am.une l{)ha;acterisgmf: ot

'CHARACTERISTIC . e ; ; e : AT P |
: : EXERCISE PLUS
EXERCISE SUPPLEMENT
(N = 25) (N =29)
Demographic and clinical characteristics Rt
Age (y©) 86.2+1.0.(72-95). 87.2£1.2 (76-98)
Female sex (% of subjects) . o 64 64 .
Level of dependence (% of subjects) )
Independent -~ 320
Semidependent : 6400
Dependent A i 40 . .
Functional-status score ) 2.0x03 -
Length of stay (mo) : 9.0:(2-83)
Regular medications (no.) o 48208
Diagnoses (n0.) 56504
Mini—Mental State score 209212 -
Depréssion score o 82283
Muscle strength and mobility .
Leg strength (kg) 34.3x2.9
Ambulatory assistance (% of sub]ects) ) I
None 26
Cane BRI
Walker L2,
Wheelchair 9
Falls in past year T
% of subjects 72 -
No. of falls 1.(0-21y E
Activity level (counts/day) 16,4162759 - .
Gait velocity (m/sec) 0.51+0.04--
Stair-climbing power (W) 39.1+3.4
Nutritional status and body composition
Body-mass index 24.9+0.7
Energy intake (kcal/day) 1,439£63
Whole-body potassmm () 85.1x4.6
Thigh-muscle area (cm?) 62.70+:3.48 -
Muscle cross-sectional area (% of 482 -

tmal leg. ctoss-sacnonal ares)

*Normally ibuted data are asmms:SE.skeweddammMeduMm : ‘paren
according to the bevel of care received. Functional status was detormined according to the Katz Activities of Mly Liy
and a score of 6 dependent functioning. The Mini~Ments] State’ Examination Nas a scale of 010 30; a.score under%d&m
Scale (0t0/30), a score over 10 denotés depressive symptoms. Leg siwength wes determined by
knee extensors. The acuvuy level was determined in 45 subjects by wmmm vﬁmmﬂie nsht- and ]

. »

muscle tional area was d d by CT in 85 subj
P = 0.05 for the comparison with the exercise group.
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- Figure 1. Relation between Body Composition and Muscle Func-
tion in 89 Elderly Subjects.

Base-line lower-extremity muscle strength (calculated as the sum

of the one-repetition maximum for hip and knee extensors) was

directly related to whole-body potassium, an index of active cell

mass, mcludmg muscle mass (partial r, adjusted for sex, = 0.25;
P<0.05).

hundred resxdents consented to pammpate in -the
study. The reasons given for not consennng to partici-
pate included the perceived time commitment and the
inconvenience of the study.

_Characteristics of the Subjects

The base-line characteristics of the subjects are
summarized in Table 1. Their méan (*SE) age was
87.1+0.6 years, and 38 percent were 90 years:old or
older. Eighty-three percent of the subjects required a
cane, walker, or wheelchair, and 66 percent had fallen
during the previous year; their physical activity counts

June 23, 1994

¢

- P =0.05), with the subjects assigned to exercise train-
ing and nutritional supplementation weaker than

those assigned to exercise training alone (24.8%1.8 vs,
34.3+2.9 kg, respectively). Base-line strength was in-
cluded as a covariate in all analyses.

Base-Line Relation between Muscle Strength and Body
COmposltlon

Whole-body potassium (F ig. 1) was significantly re:

lated to muscle strength (r = 0.54, P<0.001), as was
regional muscle area dctermmed by CT scanmngf
“(r = 0,57, P<0.001). However, ag
‘noses or medl ‘

in the facility, epressive.

not cxplam thc base«-lm variance in strength or body .

of 'the ran mized subjects
completed the trial; There were '
supplement group.
group) the first weel

training session | cause of generalized musculoskele-

tal pain, and the other in the seventh week of the study

because of pneumonia.
_ The values. for medxan comphance wu:h eXercise s

were about 25 percent of the levels we have recorded  trition

in sedentary young adults. The most prevalent chron-

ic conditions included arthritis' (in 50 percent of the

subjects), pulmonary disease (in 44 percent), osteo- .
porotic fracture (in 44 percent), hypertension (in 35.

percent), and cancer (in 24 percent).. The control
group had a higher prevalence of hypertension than
the treatment groups (63 percent vs. 20 to 28 percent,

P<0.01), and this factor was accounted for in the anal-

yses of covariance. Fifty-one percent of the subjects
met the screening criteria for cognitive impairment,
and 38 percent met the criteria for depression. The
base-line nutritional intake was 25.8%0.5 kcal per
kilogram of body weight per day, less than the level
shown to be adequate for short-term weight mainte-
nance (30 to 33 kcal per kilogram per day).3%

The muscle-strength values (the one-repetition
maximum) for the four muscle groups (right and left
hip and knee extensors) were summed in order to
derive a unitary variable representing lower-body

strength. For the entire study sample, lower-body

strength was 29.9+1.2 kg (range, 7.7 to 61.8). There
was a difference in strength at base line (F = 2.71,

sex, medlcal dxagncs;
ward multlplc-regressmn mode
showed 51gn1ﬁcant umvanat :

strength, and whole-body potass:um

this model explained 66.3 percent of the“ Vi
in increased strength. The subjects in -
group who had initially weaker mus
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ative gain_in muscle strength.
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Table 2. Primary Outcome Variables,*

No. oF . = S ! .
OUTCOME VARIABLE Sumsectst : © StubY:-GROUP "’ P VALUE
; -~ EXERCISE PLUS v EFFECT OF = EFFECT OF
EXERCISE SUPPLEMENT | SUPPLEMENT CONTROL EXERCISE - SUPPLEMENT INTERACTION
change (percens change)
Muscle strength and mobility B ) ‘
Right knee. (kg) 89 4.9+0.6 5.0x0.5 —0.8x0.6 0.1£0.6 <0.001 .- 045 0.41
(156.1%29.3) (215.7£28.3) (—24.6x=32.1) (18.3%29.1) (<0.001) .- (0.79) (0.10)
Left knee (kg) 87 5.2+0.6 5.0£0.6 —-1.120:6 ~0.3x20.6 <0.001 0.41 2 :
(178.8%29.1) (204.2+28,5) (—24.4%32.7) . (13.8%28.8) (<0.001)
Right hip (kg) 48 8.8x1.2 6.3x1.0 0.7£1.0 . 13210 .. <0,001-
(81.4x16.4) - (90.3x14.5) (4.3£14.3) . (19:.6x14.0)
Left hip (kg) 48 8110 6820.9 . CUU0T£08
’ (75.3%16:2) - (100.2% 14.3) L (14
Right leg press (kg) 388329 - 14.9%3.0
(26.1214.4) " (82.1%15.0) :
Left leg press (kg) SU390 9 3Ry 12.9%24 - &
' C(33.3%£9.2) . (67.:6£10,3) .. (F;
Gait (m/sec) 90~ 0.04%0.02 0.06+0.02
(8.6x5.5):  (14.9:5.D)
Stair-climbing power (W) 83 11,1+2.8 . 1.9%2:7

. : (33.8+9.3) ¢ (23.0x10.0)
Physical activity (counts/day) .= 4§ 34121700 5531751 500 .-
» (51.0«#)8‘,4)' S(17.6£18.9)  (=6.7417.3):

Body composition ) ) 3 ERES S
Weight (kg) 88 0204 ° 10204 . 0.8+04
; 0.420.6) ' (1.820.6). . (1.5+0.7)
Whole-body potassium (g) 75 0.4:1.8. o U1SEE4 o Loxt6
A 0.4£1.9) - 72:2£19) © (1.1%2.0): ;
..~ Thigh-muscle area (cm?) 61 0.9+1.7 LI£1:7 =272k

Q0£2.5)  (3:4226)  (-2823.D) ° (~09%2

*Data are meanis +SE. All means and analyses have been amusmd for base-line age, sex, fumﬁoulsmus,lownbody tmm And v
1A total of 94 subjects completed the trial. Smaller nmxbér; of subjects are shown here because of toehmcal proble; ¢ or 4

cle mass) than the other subjects had the largest rel-

' ‘Body Composition

The supplement significantly increased body
weight, although much less than had been anticipated
with a total of 25,200 kcal added to the diet over-a
period of 10 weeks (360 kcal per day for 70 days). The
supplement did not have a significant effect on whole-
body fat-free mass. PO b

Mobility R

Use of a cane, walker, or wheelchair at base line
was associated with lower values of strength, ¢
locity, and stair-climbing power. Four subjects
exercise group who had previously used a walker re-
quired only a cane after the study, whereas one- on-
exercising subject who had used a cane required a
walker after the study. The exercise' intervention
significantly improved habitual gait velocity, stair-
climbing ability, and the overall level of physical ac-
tivity (Table 2 and Fig. 3). The nutritional supple-
ment had no effect on mobility. cre L

Muscle Strength (%)

: Change i

Dietary Intake

The median energy intake from the supplement was
353 kcal per day in the subjects receiving only the .
supplement and 358 kcal per day in those receiving
both the supplement and exercise training (98 and 99
percent of the planned intake, respectively). Exercise



1774

ceiving both exercise training and nutritional supple-
mentation, because of the primary effect of exercise
(P<0.01), with a trend toward an interaction between
the two treatments (P = 0.08).

Discussion

This trial demonstrates that a high-intensity, pro-
gressive regimen of resistance exercise training im-
proves muscle strength and size in frail elderly people.
These changes are accompanied by improvement in
mobility and an increased level of spontaneous phys-
ical activity. Multinutrient supplementation has nei-
ther an independent nor an additive effect on these
outcomes, despite a marginal nutritional intake at
base line. The subjects who were initially the weakest
but did not have severe muscle atrophy had the largest
benefit from weight-lifting exercise. This pattern, as
well as the large gain in strength as compared with the

50 ~

P=0.03

Change in Physical-Activity Count (%)

._10 o
-
-20 v ——y
Exercise or Supplement
exercise + supplement or control
(n=22) (n=23)
Study Group

Figure 3. Mean (+SE) Changes in the Level of Spontaneous
Physical Activity, According to the Presence or Absence of
Exercise.

Bars indicate the percentage of change in the physical-activity

count after adjustment for age, sex, functional status, base-line

muscle strength, and hypertension. Nutritional supplementation

had no effect on the mean daily physical-activity level, which was

calculated from measurements over a 72-hour period. Exercise

training was associated with a significant increase in the mean
daily level of physical activity.
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Energy intake
A oietary

350 -
B Total

300 4
250
200 o
150 4
100 -
50 1
07
=50
-100 1
~150
~200
~250 -
~300

Exercise  Exercise + Supplement  Control
supplement '

Study Gro‘u'p.y,

Figure 4. Mean. (xSE) Changes in Energy ‘Intake in the Four:
Study. Groups. St g ey

Dietary energy intake included the_energyﬂﬁqonmm of meals, -
snacks, and nutritional supplements other thanti ) :
placebo drink used in the study. Total energy
dietary energy intake plus the energy. content of
supplement or placebo drink used in the study. Values are adj
ed for age, sex, functional status, base-line-muscle stren th; and
hypertension. Exercise significantly blunted the decline in dietary
energy intake after the trial (P = 0.04), a decline that was most .
pronounced in the supplement-oniy group (trend forinteraction
between exercise and supplement. P = 0.09). There was a signif-
icant augmentation of totat energy intake that was attributableto. .. .
exercise (P<0.01), particularly.in the subjects receiving both ex». -
ercise training and nutritional supplementation. (trend for. interac- .. !

* tion between exercise and supplement, P =0.08)." "

modest change in muscle area, suggests:that improved
neural recruitment of existing but underused skeletal
muscle may have accounted for most of ‘the functional
Improvement. .. ow i e i)
Only two other studies: (both ‘uncontrolled) have -
specifically addressed adaptation to:resistance trains
ing in institutionalized elderly people. The first* also = |
demonstrated a large gain in strength (174 percent),
as well as improvements in muscle area and tandem ;

 gait speed after eight weeks. of training.In the only

other study of isolated resistance training in-nursing -
home residents,*® a combination of isometric training.
and low-intensity weight lifting for six weeks resulted -
in a small but significant gain in strength (15. per~
cent). Several studies have shown the superiority:of:
high-intensity, dynamic resistance: training for the ac~.
quisition of maximal strength; even in:patients of .
advanced age and those with chronic disease,25%37
Our randomized controlled trial demonstrates the
additional clinical benefits of improved mobility
and function associated with the physiologic changes
observed. The applicability of this. mode of train-
ing is noteworthy; we excluded only subjects-with
acutely decompensated or terminal illness, and our
study sample was even older than the averagé U.S.
nursing home population. A
In contrast to resistance training, endurance train-




niitritional status may not have been sufﬁmcntly éom*
: promxsed to benefit from this intervention. ‘

‘ness are strongly related to lmpalred ‘mobility in the

* effects of chronic disease, dementia, depression, and

. provement in the levels of functional moblhty and
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ing has generally resulted in relatlvely small phys,lo- 1. Klitgaard H, Mantoni M, Schiaffino S, et al. Function, morphology and

protein expression -of ageing skeletal muscle: a cross-sectional study of .
loglc ?;lg functional benefits in nur81ng home- res1- o elderly ‘men “with - different  training backgrounds Acta Physiol Scand
dents.”* Since a self-selected walking pace accounts = 1990;140:41-54.

12, Jones DA, Rutherford OM, Parker DF. Physiological changes in skeletal
for approxlmately 30 to 50 percent of maximal aerobic muscle as a result of strength training, Q J Exp Physiol 1989:74:235.86
capacity,* a low endurance capacity may not be the 13, Brockichurst JC, Grifiths LL, Taylor GF. Marks J. Scott DL Blackley J.

primary factor hmltmg mobility in the frail elderly. The chm;al fe:ltures of chrgt;mc vméxlun gﬁclle)n& i tg‘;rggpe;uc trial in
2 geriatric hospital patients. Gerontol Clin (Base Hi -20, :
Therefore, attempting to correct mobility through en 14.  Drinka P}, Goodwin JS. Prevalence and consequerices of vitamin deficiency
durance training may not have the antxcnpated clinical - i the-nursing home: a critical review. J Am Geriatr So¢'1991;39:1008:17.
benefit. Fear of falling, weight-bearing pain due to 15 ‘wm"’“ 5 F“‘““'ﬁ’ G"‘“‘hif Stf‘“’ Sﬁm.m; °ﬁ’°‘°f‘“""l°‘“’“1“'y ‘
arthritis, and dlfﬁculty transferring from a'seated to an ; ftyition in poorty s it notic obatructive pulmo.

‘nary. d:sease Am Rev Respn- Dms 1988 137 107

upright position due to muscle weakness are likely to.
lead to self-imposed restrictions in mobility among the
very old. S
There are several reasons why our nut
vention may have been meifectw
significant reduction in dietary energy intake afg
trial, particularly in the subjects’ ‘reCelvmg,o
supplement. This suggests that without exercise; there:
was no drive to increase energy intake, and the Sub-
jects who received the supplement alone reduced their
ad libitum intake accordmgly In the subjects ‘who'
received both exercise training and the nutritional -
supplement, the change in total energy intak 282
kcal per day, or 22 percent above the base-line value)
may not have been of sufficient magnitude or d '
ugment muscle function. In addition, the base-line

In’conclusion, low musclé mass and muscle wcak—
frail elderly, and this relation is independent of ‘the

other characteristics of advanced age. The aging mus- %7
culoskeletal system retains its responsweness to pro-

gressxvc resistance tralmng, and most important, the
correction of disuse is accompanied by significant im-

overall activity.

This article is dedicated to the mcmory of Dr. Abraham Daltch =
(1892 to 1993), whose intellectual curiosity and indomitable spirit
led him to join our research study at the ageof 98 years and whose
vision of healthful aging continues to:inspire our efforts. We are
indebted to Ross Laboratories for the nutritional supplemcnt, and
to Keiser Sports Health Equipment for the’ re&lstance traz ng -
equipment.
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