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Summary 

Ageing is characterised by a number of detrimental changes in body composition 

(muscle, bone, and fat), muscle function, and physical performance that leads to an 

increase in falls, fractures and loss of independence. A result of the decline in physical 

function and loss of independence is a reduced quality of life and increased health care 

costs to the individual and society. As a result, an understanding of these changes and 

factors associated with them, as well as strategies to attenuate or reverse these declines 

are required. The work submitted addresses the identification of factors associated with 

a decline in the neuromuscular system and strategies to prevent frailty and promote 

independence through improving an individual's physical reserve. The resistance 

exercise trials undertaken indicate that considerable plasticity remains in the ageing 

newomuscular system. hproved muscle strength is a consistent finding with 

progressive resistance training and is accompanied by increased muscle fibre cross- 

sectional area and improved functional performance. Moreover, the amount of training 

required is modest with similar benefits achieved with a trajning frequency of either 

one, two or three days per week in previously untrained community-dwelling older 

adults. Similarly, substantial benefits are also derived with relatively low-to-moderate 

intensity training which may be beneficial in individuals who are apprehensive in 

undertaking high-intensity resistive exercise. Importantly, only a modest portion of the 

strength gain is lost with short-term cessation of training, with rapid strength accrual 

following the resumption of training. Declining hormone levels have been implicated 

as contributing to the decline in muscle strength of older adults, however our results 

show that deficits in growth hormone (GH) secretion do not constrain the muscle 

strength response to exercise in men and supplementation with GH is associated with a 

number of non-trivial side effects. In women, oestrogen replacement therapy (ORT) has 

been reported to influence muscle strength, however, our cross-sectional results in older 

women indicate that although ORT is associated with enhanced bone mass compared to 

those not receiving ORT, there is no significant effect on lower body muscle strength. 

Low-level chronic idammation has also been implicated as a mechanism underlying 

the decline in physical function with age. Although we found that mortality in the 

MacArthw Studies of Successful Aging was associated with higher plasma levels of 

interlukin-6 (IL-6) and C-reactive protein (CRP), these inflammatory markers have only 

l i i t ed  association with physical performance and did not predict change in 

performance in this high-functioning cohort. It is well known that the age-related 

reduction in bone mineral density (BMD) contributes to an increased fracture risk in 
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older adults. Both body composition (lean mass and fat mass) and muscle strength have 

been reported to influence BMD. In a large biracial cohort of well-functioning men and 

women we found that lean mass was an important contributor of bone density and, as 

such, maintaining or increasing lean mass with age may help preserve BMD. In 

addition, as declines in physical capacity and BMD both contribute to increased risk for 

fracture, we examined if these factors coexist or are independent in elderly people. 

Using data 6om the Health, Aging, and Body Composition Study of older black and 

white men and women aged 70-79 years, we found that physical capacity and bone 

density remain largely independent, which suggests that interventions to reduce fracture 

incidence should target improving both physical performance and BMD. These original 

investigations were all undertaken by the candidate who was instrumental in their 

design, wrote all the manuscripts, conducted all tbe statistical analyses, supervised and 

played a major role in the recruitment and training of subjects undertaking the exercise 

trials, and performed many of the measurements. To date, articles comprising the 

submitted work have been cited 413 times. 

w4, 
Dennis Robert Taaffe 



Abstracts 

I. Taaffe DR, Pruitt L, Reim J, Hintz RL, Butterfield G, Hoflinan AR, Marcus R. Effect 

of recombinant human growth hormone on the muscle strength response to resistance 

training in elderly men. Journal of Clinical Endocrinology and Metabolism 

1994;79:1361-1366. 

Normal aging is characterized by detrimental changes in body composition, muscle 

strength, and somatotropic function. Reduction in muscle strength contributes to £rail@ 

and risk for fracture in the elderly. Although older adults increase muscle strength as a 

result of resistance exercise trainhg, the strength gains quickly level off, with only 

modest increases thereaf€er despite continued training. To investigate whether age- 

related deficits in the somatotrophic axis l i t  the degree to which muscle strength can 

improve with resistance training in older individuals, we conducted a double blind, 

placebo-controlled exercise trial. Eighteen healthy elderly men (65-82 yr) initially 

underwent progressive weight training for 14 weeks to invoke atrained state. Subjects 

were then randomized to receive either 0.02 mgtkg BW'day r e c o m b i t  human GH 

(rhGEI) or placebo, given sc, while undertaking a further 10 weeks of strength training. 

Sequential measurements were made of muscle strength (one-repetition maximum), 

body composition (dual energy x-ray absorptiometry), and circulating levels of insulin- 

like growth factor-I (IGF-I), and IGF-binding protein-3. For each exercise, strength 

increased for both groups (I' = 0.0001) through 14 weeks of training with little 

improvement thereafter. Increases in muscle strength ranged from 24-62% depending 

on the muscle group. Plasma IGF-I levels and IGF-binding protein-3 increased in the 

rhGH group. rhGH had no effect on muscle strength at any time. Body weight did not 

change in either group, but lean body mass increased and fat mass decreased (P < 0.05) 

in the rhGH group. These results suggest that deficits in GH secretion do not underlie 

the time-dependent leveling off of muscle strength seen with training in the elderly and 

provide no support for the view of GH as an ergogenic aid. 
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II. Taaffe DR, Pmitt L, Reim J, Butterfield G, Marcus R. Effect of sustained resistance 

training on basal metabolic rate in older women. Journal of the American Geriatrics 

Society 1995;43:465-471. 

Aging is characterized by a decline in basal metabolic rate ( B m )  which may 

contribute to a gradual accumulation of body fat if food intake remains constant. 

Alternatively, nutrient status may be compromised if caloric intake is reduced to 

maintain body weight. Therefore, the purpose of this study was to determine if BMR 

could be elevated in older women undertaking a program of progressive resistance 

exercise of up to 52-weeks duration. A randomized controlled trial was undertaken with 

subjects (36 women aged 65-79 yr) assigned to either a control (CO), high-intensity 

(HI), or low-intensity (LO) training group for 15 weeks. BMR (indirect calorimetry), 

body composition (dual energy x-ray absorptiometry), energy intake and expenditure 

(4-day dietary and activity records), and muscle strength (one-repetition maximum; 1- 

were assessed at baseline and after 15 weeks. Subjects were encouraged to 

continue in their assigned exercise group for an additional 37 weeks, after which time 

they were reevaluated. Exercise groups performed 3 sets of 10 exercises, 3 dayslweek, 

at either 80% of 1-RM for 7 repetitions (Ill) or 40% of 1-RM for 14 repetitions (LO). 

Muscle strength increased by 40 rt 6% (mean * SEM) and 36 * 7% in KI and LO groups 

after 15 weeks, respectively, compared with 4 f 1% in CO (P = 0.0001). Fat mass 

decreased in LO exercisers by 1.0 kg (P < 0.05), whereas there was a trend for fat-fiee 

mass to increase in the HI group by 0.7 kg (P = 0.08). No change occurred in any group 

for BMR. From weeks 15-52, muscle strength increased in exercises (P < 0.005) with 

no change in BMR or any body composition parameter. Neither training program 

significantly altered BMR and both produced only minimal changes in body 

composition. 
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III. Taaffe DR, Villa MI,, Delay R, Marcus R. Maximal muscle strength of elderly 

women is not influenced by oestrogen status. Age and Ageing 1995;24:329-333. 

It has recently been reported that oestrogen replacement may preserve the ratio of 

musclc strength to muscle cross-sectional area in the hand in addition to its beneficial 

effect on bone mass in postmenopausal women. Since muscle strength is associated 

with falls and fractures in elderly people, this additional effect of oestrogen replacement 

could be of considerable benefit to postmenopausal women. We therefore wished to 

determine whether this effect was also evident in larger muscle groups that are involved 

in ambulation, balance and activities of daily living. We examined the relationship of 

oestrogen replacement therapy (ORT) to maximal dynamic muscle strength in 85 

healthy women aged 65-82 years. Thirsty-seven women were currently taking ORT and 

had been on stable doses for 2-43 years, while 48 women h8d no previous exposure to 

ORT. Lower-body muscle strength (5 standard exercises) was determined by the one- 

repetition maximum method, and whole body and regional bone mineral density (BMD) 

as well as body composition was assessed by dual energy x-ray absorptiometry. BMD 

of the spine, mid-radius, and whole body was greater (P < 0.001) in individuals 

receiving ORT, with no significant difference at the femoral neck. No differences 

existed between groups for muscle strength. Normalizing muscle strength to body mass 

or lean body mass did not alter the result. Although individuals receiving ORT had 

enhanced bone mass compared with those not receiving ORT, there was no effect of 

oestrogen replacement on lower-body muscle strength. 
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IV. Taaffe DR, Jin IH, Vu TH, Hof&nan AR, Marcus R Lack of effect of recombinant 

human growth hormone (GH) on muscle morphology and GH-insulin-like growth factor 

expression in resistance-trained elderly men. Journal of Clinical Endocrinology and 

Metabolism 1996;81:425-429. (Companion paper to article number 1) 

Vastus lateralis muscle samples were obtained by needle biopsy from 18 healthy elderly 

men (65-82 yr) participating in a double blind, placebo (PL)-controlled trial of 

recombinant human GH (rhGH) and exercise and assessed for muscle morphology and 

skeletal muscle tissue expression of GH and insulin-like growth factors (IGFs). 

Subjects initially underwent progressive resistance training for 14 weeks and were then 

randomized to receive either rhGH (0.02 mg/kg BW'day, sc) or PL while undertaking a 

further 10 weeks of training. Muscle samples were obtained at baselime and at 14 and 

24 weeks. The mean (* SEM) cross-sectional area of type I i d  I1 fibres increased (T' < 

0.01) by 16.2 rt 4.1% and 11.8 rt 3.8%, respectively after the initial 14-week training 

period. After treatment, two-way repeated measures ANOVA revealed a main effect for 

time for type I (P < 0.01) and type I1 fibres (P < 0.05), but no group effect or interaction. 

No apparent change in tissue GH receptor, IGF-I, IGF-I receptor, IGF-11, or IGF-11 

receptor messenger ribonucleic acids occurred as a result of exercise after the 14-week 

pretreatment period or after treatment with rhGH or PL. These results indicate that 

rhGI-I administration in exercising elderly men does not augment muscle fibre 

hypertrophy or tissue GH-IGF expression and suggests that deficits in the GEI-IGF-I 

axis with aging do not inhibit the skeletal muscle response to training. 
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V. Taaffe DR, Pmitt L, Pyka G, Guido D, Marcus R. Comparative effects of high- and 

low-intensity resistance training on thigh muscle strength, fiber area, and tissue 

composition in elderly women. Clinical Physiology 1996;16:38 1-392. 

The effects of 52 weeks resistance training at one of two exercise intensities on thigh 

muscle strength, fiber cross-sectional area (CSA), and tissue composition were studied 

in 65-79-year-old wonien. Subjects were assigned to either a control (CO), high 

intensity (HI) or low-intensity (LO) training group. Exercise regimens consisted of 

th;ee sets of leg press, knee extension, and knee flexion exercises, 3 dayslweek, at either 

80% of one-repetition maximum (1-RM) for seven repetitions OII) or 40% of 1-RM for 

14 repetitions (LO). Dynamic muscle strength was evaluate by I-RM, thigh lean tissue 

mass GTM), fat mass, and bone mineral density (BMD, gIcm2) by dual energy x-ray 

absorptiometry, and fiber CSA of the vastus lateralis m. by histomorphometry. Muscle 

strength increased by 59.4 7.9% (mean * SEM) and 41.5 * 7.9% for HI and LO, 

respectively, compared to 1.3 * 4.8% in CO (P = 0.0001). Type I fibre CSA increased 

over time (P < 0.05) in both exercise groups, with a trend for increased type I1 area (HI, 

P = 0.06; LO, P = 0.11). There was no significant effect of either exercise program on 

thigh tissue composition, except for BMD at the 113 site (middle third of the femur), 

where LO and CO groups experienced a decline (P < 0.05) of -2.2 it 0.5% and -1.8 + 
0.6%, respectively, while HI maintained BMD (1.0 ?C 1.0%). Both training programs 

produced significant gains in thigh muscle strength, which were associated with fibre 

hypertrophy, although these did not translate into appreciable alterations in thigh tissue 

composition. 
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VI. Taaffe DR, Marcus R. Dynamic muscle strength alterations to detraining and 

retraining in elderly men. Clinical Physiology 1997;17:311-324. 

To investigate the effects of cessation and subsequent resumption of training on muscle 

strength in elderly men, 11 men (65-77 yr) just completing a 24-week randomized 

controlled trial of recombinant human growth hormone (rhGH) and resistance exercise 

(rhGH, n = 6; placebo, n = 5), detrained for 12 weeks and subsequently retrained for 8 

weeks. During the detraining and retraining phase, subjects did not receive rhGH. The 

resistance program included three sets of 8 repetitions at 75% of one-repetition 

maximum (I-RM), three times per week, for 10 upper and lower body exercises. 

Dynamic muscle strength was assessed by the 1-RM method every 2 weeks for 44 

weeks. Needle biopsies of the vastus lateralis m. were obtained from seven men. 

Muscle strength increased during initial training by 40.4 i 5.5% (mean * SEN, ranging 

from 26.0 i 5.0 to 83.9 * 15.6% depending on muscle group. Increased strength was 

accompanied by hypertrophy (I' < 0.05) of type I and I1 muscle fibres. Of initial 

strength gains, only 29.9 * 5.2% was lost with detraining. However, type I and 11 fibre 

cross-sectional area reverted to pretraining values. After 8 weeks of retraining, muscle 

strength returned to trained values, but without a significant change in fiber 

morphology. The results indicate that elderly men lose some muscle strength following 

short-term detraining, but that only a brief period of retraining suffices to regain 

maximal strength. Reversal of fibre cross-sectional area with detraining, and only 

modest improvement with retraining, suggests that much of the retention of strength 

with detraining and reacquisition of lost strength with retraining reflects neural 

adaptation. 
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W. Taaffe DR, Duret C, Wheeler S, Marcus R. Once-weekly resistance exercise 

improves muscle strength and neuromuscular performance in older adults. Journal of the 

American Geriatrics Society 1999;47:1208-1214. 

The purpose of this study was to examine the effect of frequency of resistance training 

on gain in muscle strength and neuromuscular performance in healthy older adults. A 

randomized controlled tr ial was undertaken with 46 community-dwelling men (n = 29) 

and women (n = 17) aged 65-79 years assigned either to high-intensity resistance 

training 1 (EXl), 2 (Em), or 3 (EX3) days per week for 24 weeks or to a control group 

(CO). Exercise consisted of three sets of eight exercises targeting the major muscle 

groups of the upper and lower body, at 80% of one-repetition maximum (I-RM) for 

eight repetitions. Dynamic muscle strength (1-RM) was assessed every 4 weeks, bone 

mineral density and body composition by dual energy x-ray absorptiometry (DXA), and 

neuromuscular performance by timed chair rise and 6-meter backward tandem walk. 

For each of the 8 exercises, muscle strength increased in the exercise groups relative to 

CO (P < 0.01), with no difference among EXI, EX2 and EX3 groups at any 

measurement interval. Percent change averaged 3.9 i 2.4 (CO), 37.0 * 15.2 (EXl), 

41.9 * 18.2 (Em), and 39.7 * 9.8 (EX3). The time to rise successfully from the chair 5 

times decreased significantly (P < 0.01) at 24 weeks, whereas improvement in the 6- 

metre backward tandem walk approached significance (P = 0.10) in the three exercise 

groups compared to CO. Changes in chair rise ability were correlated to percent 

changes in quadriceps strength ( r = -0.40, P < 0.01) and lean mass ( r = -0.40, P < 0.01). 

A program of once or twice weekly resistance exercise achieves muscle strength gains 

similar to 3 days per week training in older adults and is associated with improved 

neuromuscular performance. Such improvement could potentially reduce the risk of 

falls and fiactnres in older adults. 
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VIII. Taaffe DR Harris TB, Femcci L, Rowe J, Seeman TE. Cross-sectional and 

prospective relationships of interleukin-6 and C-reactive protein with physical 

performance in elderly persons: MacArthur Studies of SuccessN Aging. Journal of 

Gerontology: Medical Sciences 2000;55A:M709-M715. 

Chronic inflammation has been proposed as a biological mechanism underlying the 

decline in physical function that occurs with aging. The purpose of this investigation 

was to examine the cross-sectional and prospective relationships between markers of 

inflammation, interleukin-6 (IL-6) and C-reactive protein (CRP), with several measures 

of physical performance in older persons aged 70-79 years. Subjects were 880 high 

functioning men and women participating in the MacAahur Study of Successfwl Aging, 

a subset of the Established Populations for Epidemiologic Studies of the Elderly 

(EPESE, n = 4030). Plasma IL-6 and CRP levels were determined by enzyme-lied 

immunosorbent assay, and log transformed to normalize the distributions. Physical 

function measures included handgrip strength, signature time, chair stands (time to 

complete 5), and 6-metre walk time. After adjusting for age, sex, race, BMI, smoking 

status, use of non-steroidal anti-inflammatory drugs and prevalence of morbidity, those 

in the top two quartiles for waking speed had lower (P = 0.012) IL-6 levels than those 

in the bottom quartile. In addition, there was a trend (I? = 0.038) for lower CRP levels 

in those with higher waking speed. CRP levels were also lower (P = 0.04) for 

individuals in the top quartile for grip strength. Repeat performance measures obtained 

on 405 subjects (67% of those eligible at baseline) obtained seven years later declined 

significantly (grip strength 18%, signature time 21%, waking speed 31%, P < 0.001), 

except for chair rise, however, baseline IL-6 and CRP were not associated with change 

in performance. However, those who died or who were unable to undergo testing had 

higher baseline IL-6 and CRP levels (P < 0.01) and slower walking speed (P < 0.05). 

Although IL-6 has been shown to predict onset of disability in older persons and both 

IL-6 and CRP are associated with mortality risk, these markers of inflammation have 

only limited associations with physical performance, except for walking measures and 

grip strength at baseline, and do not predict change in performance seven years later in a 

high functioning subset of older adults. 
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M. Taaffe DR, Cauley JA, Danielson M, Nevitt MC, Lang T, Bauer DC, Harris TB. 

Race and sex effects on the association between muscle strength, soft tissue, and bone 

mineral density in healthy elders: The Health, Aging, and Body Composition Study. 

Journal of Bone and Mineral Research 2001;16:1343-1352. 

Two factors generally reported to influence bone density are body composition and 

muscle strength. However, it is unclear if these relationships are consistent across race 

and sex, especially in older persons. If differences do exist by race and/or sex, then 

strategies to maintain bone mass or minimize bone loss in older adults may need to be 

modified accordingly. Therefore, we examined the independent effects of bone 

mineral-free lean mass &M), fat mass (FM), and muscle strength on regional and whole 

body BMD in a cohort of 2619 well-functioning older adults participating in the Health 

Aging and Body Composition (Health ABC) Study with complete measures. 

Participants included 738 white women, 599 black women, 827 white men and 455 

black men aged 70-79 years. BMD (g/cm2) of the femoral neck, whole body, upper and 

lower l i b ,  and whole body and upper limb bone mineral-free LM and FM was 

assessed by dual energy x-ray absorptiomeby. Hand-grip strength and knee extensor 

torque were determined by dynamometry. In analyses stratified by race and sex and 

adjusted for a number of confounders, LM was a significant (P < 0.001) determinant of 

BMD, except in white women for the lower limb and whole body. In women, FM was 

also an independent contributor to BMD at the femoral neck, and both FM and muscle 

strength contributed to limb BMD. Adjusting for bone size (BMAD) or body size 

(BMDiheight) diminished the importance of LM, and the contributory effect of FM 

became more pronounced. These results indicate that LM and FM were associated with 

bone mineral depending on the bone site and bone index used. Where differences did 

occur, they were primarily by sex not race. To preserve BMD, maintaining or 

increasing LM in the elderly would appear to be an appropriate strategy, regardless of 

race or sex. 
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X. Taaffe DR, Simonsick EM, Visser M, Volpato S, Nevitt MC, Cauley JA, Tylavsky 

FA, Harris TB. Lower extremity physical performance and hip bone mineral density in 

elderly black and white men and women: Cross-sectional associatiom in the Health 

ABC Study. Journal of Gerontology: Medical Sciences 2003;58:M934-M942. 

Aging is characterized by declines in physical capacity and bone mineral density 

(BMD), both of which contribute to increased risk for fracture. However, it is unclear if 

these factors coexist or are independent in the elderly, and if a relationship does exist, 

whether it varies by sex andlor race. Data were obtained from 847 white women, 723 

black women, 927 white men and 544 black men aged 70-79 years participating in the 

Health ABC Study; a cohort of well-functioning community-dwelling elders. BMD 

(g/cm2) of the hip (femoral neck and trochanter) was determined by dual energy x-ray 

absorptiometry. Physical capacity measures included knee extensor strength, repeated 

chair stands, gait speed (6 m), walking endurance (400 m), and standing balance. In 

analyses of BMD as a continuous measure, BMD and physical performance were most 

consistently related at the trochanter in black women, even after adjusting for body size 

and several covariates including physical activity. For each performance measure, 

black women in the bottom quartile(s) had lower BMD than those in the top quartile(s). 

For the femoral neck, there was a significant association with performance tasks, except 

for the 400-111 walk. Associatioas in the other three race-sex groups were inconsistent. 

In this cohort of well-functioning older persons, physical capacity is only modestly 

related to BMD at the hip. The association was strongest in black women, who as a 

group exhibited the poorest functional capacity in the cohort. Our data show that 

although both poorer physical performance and low B N D  are risk factors for fracture, 

they remain largely independent in the well-functioning elderly. This independence 

suggests that interventions to reduce fracture incidence should be targeted at improving 

both physical perfomance and bone density. 



I. Effect of recombinant human growth hormone on the muscle strength response to 

resistance training in elderly men. 
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in oldcr individunla, we eor~ducrcd n double blind, plncobu-cuntrulieri 
oxerciec iriui. Eighteen hcolthy elderly mon (66-82 yrl initit~lly under- 
went prugreesive weight trnining for 14 woeks to invoke n trnincd nmte. 
Subjucls were thcn rondumircd to rrcaivo oicl~rr 0.02 m d k g  B W h y  
recombinant I~urnonGII (rhCll)oroloccbo.rivcnac. wl~ilr~mdortakinr! 
o further 10 weeks of strength t&inhg. ~ e G e u t i n l  measurements wora 
mnrlo of musclo strcndh (one rauetitlon maximum). hodv comoosition 

~ ~ ~ - . ~  , .~~~~~~ ~~~ ~ 

(dual onergy x-my obsorptiometry), and circulating 1sv;is of\nsulin- 
liko growth focbr-I (IGF-I) and IGF-binding protein-3. For each ox- 
erciae, strength increased for both groups (P = 0.0001) through 14 

wooks of training, with little improvement theraafter. Incremes in 
muscle strongth rangod from 2 4 6 2 %  depending on the musole group. 
Baselinc nlaarnn IGF-I concontrntions were sirnilor in both nouns 
(moan *SEM. 106 * 9 u c / ~ ) .  nnoroximotoIv half that ohnnNeri i n  .". .. . . ~ ~ ~  " ~~~~~ ~~~ ~ ~ ~... .. ~~~ 

heolrhy young'nhlw. In the  rhGH & p u p ,  IGF-I levels increased to 286 
f 32 rg/L u t  week 16 and 218 f 21 pg/L at  week 24 ( P  < 0.001). In 
theplocol~ogoup, IGP-I increoned alightly to  119 +6,ag/Lat24 weeke. 
IGF.binding prowin-3 oleo increased in the rhGtl poup (P < 0.05). 
rhGH hod no effect on  muacle strength a t  nny timo, ond no aystomatic 
difference in muscle strength wus obaowed betwoon groups throughout 
the study. Body weigl~t did not chnngo in oitlier group, but lenn body 
mnsr incrcnsrd, ond fat moss <lccreaaed (IJ < 0.05) in the rlGH mouo. 
Supplomontntion with rhGH doos not nugmont tho rosponso b st&ngih 
trnining in elderly men. Theso results suggest that deficits in GH 
secretion do not undorlie the timo-donendent loveline off of muscle ~ ~ .. ~ ~ ~ 

alrcegtl~ seen with lroining in the elderly nncl provide no support for 
tho popular view of GI1 os  on ergogenic aid. (J Clin tindocrinol Melob 
79: 1361-1300, 19DI) 

N ORMAL aging is characterized by changes in body 
composition that include decreases in bone and muscle 

mass and an increase in adiposity (1-3). These changes are 
associated temporally with a reduction in the activity of the 
hypothalamic-GH-insulin-like growth factor-I (IGP-I) axis (4, 
5) and a decline in hormone secretion, which has been 
termed the somatopause. As GI1 deficiency results in similar 
alterations in body composition and these changes are re- 
versed by GH replacement therapy (6, 7), it has been sug- 
gested that some of the age-related somatic changes may 
reflect absolute or relative GH deficiency (8, 9). 

Apart from alterations in body composition, a character- 
istic reduction in muscle strength (10) may contribute to gait 
disorders, falls, and fractures in older people (11, 12). Al- 
though older men (13) and women (14) increase muscle 
strength and show muscle fiber hypertrophy as a result of 
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resistance exercise training, and  strength gains in older sub- 
jects may be dramatic in the fir& several weeks of training, 
the gains quickly level off, so that only modest increases are 
observed thereafter despite continued training for 6-12 
months (15, 16). Further, whereas resistance exercise acutely 
stimulates GH secretion in young people, responses in elderly 
men and women are profoundly depressed (17). It is possible, 
therefore, that the magnitude and time course of strength 
improvement in elderly individuals are constrained by defi- 
cits in somatotropic function. If this is true, one might expect 
GH replacement to overcome training plateaus and enhance 
the improvement in maximal strength. 

To address this question, we conducted a randomized, 
double blind, placebo (Pi..)-controlled exercise trial to deter- 
mineif theadministration of recombinanthuman GH(rhGH) 
enhances the muscle strength response to progressive resist- 
ance exercise in older men. The strategy of this study was to 
undertake a 14-week program of moderately severe resist- 
ance exercise in all subjecls, after which subjects were as- 
signed randomly to receive daily injecHons of rhGH or PL 
and to continue the same progressive training schedule for 
anothcr 10 weeks. The rationale for this strategy is 2-fold. 
First, if rhGI-I and exercise were initiated at the same time, 
rapid gains in muscle strength due to exercise aIone during 
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the initial training period might  h a v e  obscured a small  effect PL were contained in identical vials and were diluted in bacteriostatic 

of r h ~ ~ . l .  second, based on our previous experience (16), we water before injection. Each participant received instruction on the sc 
administration technique before being issued a 10-week supply of the anticipated that  the effect of exercise would  plateau b y  a b o u t  study drug. Randomization was based on number 

12 weeks, and if this plateau effect were related t o  deficits .t the commencement of the study, and group assignment was not 
in somatotropic function, i t  s h o u l d  b e  possible to  observe a revealed to subiects or ex~erimenten until the studv was cornolete. 

~~ 

hormone-dependent  increase in musclestrength.  Ilesiqtancc training continued, with muscle strengtll assessed by the 1- 
RM ~twtl~ull cvety 2 wevkr, and individual training lnnds werc odjusted 

S u b j e c t s  and Methods 

Subjects 

Twenty-six men, aged 65-82 yr, with a body mass index (BMI; 
kilograms per ml) of 30 or less, were recruited from the local community. 
Volunteen were admitted to the A& Study Unit, a clinical investiga- 
tion Ward, for a comprehensive screening procedure that included a 
health history questionnaire, physical examination, mullipitasic labora- 
tory profile, electrocardiogmm, and lateral thoracic and lumbar spine 
radiographs. A standard 75-6 oral glucose tolerance test was perfonned 
to exclude volunteers with impairedglucosc tolerance. 'To rule out occult 
ischemic heart disease, all subjects underwent u maximal exercise stress 
test using a modified Balke protocol. All subjects werc apparently 
healthy, free of cardiovascuiar or other fiystemic or tnusculoskclctal 
disorden that could inhibit them from undertaking a program of mod- 
erately severe resistance exercise, and without any acute or chronic 
ailment that would be incompatible with rhGll intervention, such as 
diabetes mellitus, previous acromegaly, carpal tunnel syndrome, or 
systemic malignancy. No subject had participated in any weight-lifting 
program during the previous 12 months. 'l'hc procedure was approved 
by the Human Subjects Committee of Stanford University, and all 
subjects gave written consent. 

Study protocol 

Twenty-six men entered the progr.?m. Pive subjecls withhew from 
the studv durine the initial 14-week ocriod for reasons unrelated to the 
trnininebrotock Threc subfccts raidomizcd to rhGN withdrew after ~ ~ ~ n r ~ ~  ~ ~~ ~~~ ~ 

starting the study drug bcca;tse of edema that occurred within thc first 
few wceks of hcntment, in 1 Ca6C resulting in symptoms of c~rp.31 tunnel 
syndromc. 'Thcrcfuru. data arc reported for titc 18 subjec~s wlto con- 
plcted the 24-week protocol. 

Baseline assessments of muscle strength and body cornposition were 
mode subsequent to saeening and before commencement of training. 
Allsubjec$ then underwent 14 wceksof a progtcssive resistanceexercise 
protocol involving 3 sessions/weck. Each session consisted of a circuit 
of 10 exercises involving major upper and lower body muscle groups. 
Subjects performed 3 sets of 8 repetitions for each exercise at an initial 
intensity equal to 75% of their individual I-repetition maximum (I-RM) 
values (see below). Blccps curl. triceps extension, upright row, latiasimus 
pull down, leg press, bench press, and military press wcre performed 
on u multistation weight machine (Universal Gym Equipment, Cedar 
Rapids, 1.4). Leg flexion and extension were performed on a Marcy Leg 
Trainer (Marcy Physical Fitness Products, Alhamnbra, CA), and a Nauti- 
lus machine (Nautilus Sports/Medical Industries, Imdependcnce,VA) 
was used for back extension. 

All training sessions wcre conducted under the dlrect supervision of 
a trained research assistant to ensure proper fechniquc and an appro- 
priate effort and to decrease the risk of injury. ExercBe sessions wcre 
bracketed by 10-min warm-up and cool-down periods Illat were com- 
prised of stretching acnvities and light rcsiatancc lifting. To assure that 
the redstance training protocol was progresdve, I-RM tests wcre con- 
ducted every 2 weeks, and new strength values were used to adjuat 
individualized training loads. Subjecls werc instructed to maintain cus- 
tomary activity and dietary patterns throughout the 24-week training 
program. 

After 14 weeks of training, muscle strength and body composillon 
were assessed, and subjects wcrc then randomly assigned to receive 
daily injections of either 0.02 mg/kg rhGM (Somatro in, Genentech, P South San Fcandsco, CA; n = 10) or an equal volume o PI,(Gencntech; 
n = 8) while continuing to train for an additional 10 weeks. rhGI-l and 

accordingly. O n  completion of 10 weeks of administration of the drug 
(week 24), final measurements of all study end points were made. 

Strength measurements 

The dynamic muscle slrct,gth of all major muscir gn,ups was Incas- 
urcd using I-RM, as we !lave described and validated prev~ously (18). 
IJriefly, tllc I -RM method is thc mnximal weight an inc(ivi~lanl ran hft 
once &th acceptable form. Acceptable form refers to the recruitment of 
the target muscle groups with only minimal involvement of other major 
muscle groups. After thc screening tests, but before beginning thc 
baining protocol, all subjects were instructed on the propcr exercise 
tcchoiquc for eaclt weight-lifting exercise. One week later, subjects 
returned to the laboratory for maxfmum strength tesling. The coeffident 
of variation for repented measures in our laboratory was 3 4 %  for all 
strength tests in men and women in this age category. 

Body composition analysis 

Total body bone mineral (grams), lean body mass (LOM; kilograms), 
fat mass (kilograms), and percent body fat were assessed by dual-energy 
x-ray absorptiomehy (DXA; Hologic QDR 1000/W, Waltham,MA; 
whale body software version 5.47). The coefficient of variation for 
replicate measurements in our laboratory was less than 1% for body 
composition variables. In addition, the percent body fat was asscsscd at 
baselinc by skin fold thickness, using the equation of Dumin and 
Womerslcy (19). Biceps, triceps, subscapular, and suprailiac skin folds 
wcrc assessed in triplicate using Langc skin fold calipcrs (Cambridge 
Instruments, Cambridge, MU). 

Laboratory measurements 

Pasting plasma samples from a n  antecubital vein were analyzed for 
levels of IGP-I and IGF-bindine ~rotcin-3 (IGPBP-3) at weeka 14. 15. -. 
and 24, wltcrcas total cltolcstcrol, rriglyccridcs, nnd bluud urea nitrogen 
wcrc dctcrmincd at bascline and 14, 15, and 24 weeks. For IGP-I RlAs, 
samples wcre chromatographed in a d d  to seporale IGP peptides from 
their DPs, and the fractions containinz the free oe~tides were lvooldlized. 
reconstit~ted, and assayed as desczbed pre~o;sly (20). I G P D ~ ' ~  was 
assayed as described previously (21). AII samples for a ~ i v e n  lntllvidual 
were processed and bnalvzcd.in a sinale asiav mn. fotal cholesterol " 
wns mcnsurccl ubing cholesterol esterasc on n Tecl~nicom SMAC 3 
System. Triglycerides wcrc determinecl using an enrymntic method on 
the Kudnk Ektachcm 700 (Pastrnan Kodok, Iluchesler, NY), and urea 
nilroeen was asscssed bv standard automatcd technioues. - 

I'hc puslpmndinl blood p,lucose conccntmtior, was measured by ou- 
tomated ~locomctcr on finger-sttck blood namplrs every 2 weeks after 
the s t u d y h g  was started: 

Statistical analysis 

Dnta werc analyzed with a slatialic;ll software package (Stahicw 11, 
Abacus Concepts, Ilerkeley, CA). A two-way (group X Hme) repeated 
measures al~alysis of variance was used to determine the chanzes 
befwacn gnu& for all cnd poitlts. Where appropriate, the Scltrffe ;st 
was e~nployt!d to lncale tile snurcc of significant differences. A one- 
factor analysis of variance was used to examine differences bchveen 
groups at individual time points. All tests wcre two tailed unless stated 
otherwise, andan n level of 0.05 was adoptedfor significance. 1\11 values 
are exprcsscd as thc mean f om.  
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Results . baseline or any time during training, except for bicevs curl 

The characteristics of the study group are shown in Table 
1. There was no intergroup difference in any measured 
baseline variable. Of the 18 men who completed the study, 
2 developed significant ankle or wrist edema and were 
prescribed fwosemide (20 mg) on a daily or alternate day 
basis. These 2 subjects were omitted from the analysis of 
body composition. 

IGF-I and IGFBP-3 

Baseline levels of IGF-I in both groups were lower than 
young adult levels (Table 2). In response to rhGH, IGF-I 
levels doubled after 1 week of treatment and were main- 
tained until the end of the study (Table 2). The small decrease 
at 24 weeks may have reflected a 30% reduction in dose for 
the two subjects who experienced edema. A smaU elevation 
in IGF-I was noted in the PL group from weeks 14-24 (97.3 
to 118.9 pg/L), but the levels remained significantly lower 
than those .in the rhGH group or those in normal young 
men. IGPBP-3 increased by 72% after 1 week of rhGH 
administration and remained elevated after 10 weeks (Table 
2). No change in IGFBP-3 was observed in the PL group. 

Muscle strength 

For each exercise, muscle strength increased substantially 
for both groups over time, with the difference occurring by 
14 weeks and persisting to the end of the study. However, 
there were no further significant increases after the study 
drug was started (Table 3). No differences in muscle strength 
were observed between groups for any of the 10 exercises at 

TAULE 1. Subject characteristics 

rhGH PL 
(n = 10) (n = 8) 

wt ikgj 80.6 rt 4.0 88.6 rt 4.3 
BMI (kg/mP) 26.1 f 1.1 26 .8 f  0.9 
LBM (kg) 61.6 * 2.6 64.6 f 2.8 
Fat DXA ('3%) 22.6 f 1.9 22.6 f 1.2 
Fat skin folds (Om) 24.1 f 1.8 24.2 f 1.8 
TBBM (g) 2669 f 161 2813 f 130 

Values are mean f SEM. TBBM, Total body bone mineral content. 

at baseline, where the PL &oup w& stronger. ~ u r t h k r e ,  
when mean values for all exercises were compared, no inter- 
group differences in muscle strength were observed at  any 
time. The trajectory of muscle strength over time is shown 
in Fig. 1. Both groups experienced a rapid rise in muscle 
strength during the initial 4-6 weeks of training with a 
leveling off after approximately 16 weeks. 

Body composition 

Body weight did not change over time in either group. A 
trend was observed toward increased LBM and decreased fat 
mass in the first 14 weeks of exercise alone (Table 4). During 
the 10 weeks of combined hormone and exercise, these 
trends persisted in the rhGH group, but not in the PL group. 
Therefore, between baseline and 24 weeks, the observed 
increases in lean mass (3.3%) and decreases in fat mass 
(12.3%) achieved significance (P < 0.05) for men receiving 
rhGH. In addition, the percent body fat decreased signifi- 
cantly by 11.2%. Although these trends in LBM and fat mass 
in the rhGH group between 14 and 24 weeks did not achieve 
significance by two-tailed tests, they were significant (P < 
0.05) when a one-tailed test was applied. No changes were 
noted in either group for total body bone mineral content. 

Serum lipids, blood urea nitrogen, and bloodglucose 

No significant changes were noted in either group during 
the course of the study in total cholesterol, triglycerides, or 
urea nikogen. Random determinations of whole blood glu- 
cose concentration did not change significantly during the 
course of this study. 

Discussion 

The results of this study lend no support to the view that 
rhGH, at a dose sufficient to increase circulating IGF-I to the 
young adult level, exerts a synergistic effect with resistance 
trahing on the muscle strength of healthy elderly men. 
Administration of rhGH increased circulating IGF-I and 
IGFBP-3 levels to within the physiological range for young 
men and women, but did not confer any additional benefit 
on muscle strength compared to exercise alone. 

TABLE 2. Plasma IGF-I and IGFBP-3 levels at 14,16, and 24 weeks 

Reforerice value Grow 14 weeks 16 wmka 24 weeks 

IGF-I (sgiL)' 281.6 f 27.1' rhGH 113.6 f 10.1 264.8 f 31.7' 218.2 * 21.2rd* 
PL 91.3 4 8.3 106.3 f 8.0 118.9 f 6.4' 

IGFBP-3 (&g/L)' 3233 f l l E 1  rhGH 2108 4 192 3161 f 418' 3311 f 218" 
HA 2393 rt 136 2436 4 113 2194 f 122 

Values are the mean f 8EM. 
"Main effect of t h e  (IGF-I, F = 16.2, P < 0.001; IGFBP-3, F = 4.9, P < 0.06). Main effect of group (IGF-I, F = 20.6, P <0.001; IGFBP-3, F = 

11.8, P < 0.01). 
Hintz et d (22). 

'rhGH group > PL group (P < 0.06). 
P < O nfi week 14 us week 16. bv Scheffe's test. -. ... .. ~~~~ ~ , 

CP < 0.06, week 14 "8. week 24, b; Scheffe'a test. 
'Based on 22 adults, nged 19-66 yr. From tbe laboratory of R. L. Hintz. 
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TABLE 3. Muscle etrength (kilograms) at baseline and 14 and 24 weeks 

Exercise Gmup Bnaeline 14 weeks 24 week8 

Bench preasD rhGH 34.8 f 2.6 44.9 f 2.8 46.6 f 2.gb: 
PL 38.6 f 2.9 46.3 f 2.2 48.1 f 2.3'< 

Military press" rhGH 
PL 

Pull down" rhGH 39.6 f 2.6 51.8 f 2.8 62.7 f 2.3b6 
PL 43.8 f 2.9 66.3 f 2.6 57.2 f 2.6" 

Upright row" rhGH 22.3 f 1.7 29.7 f 1.7 30.4 f 1.9" 
PL 22.9 f 0.8 31.0 f 1.4 30.1 f 1.34' 

Bicep rhGH 
PL 

Tricep extension" rhGH 
PL 

Back erbneion" rhGH 70.1 f 6.6 86.6 f 6.2 89.3 f 5.34' 
PL 70.2 f 6.0 88.1 f 4.2 92.3 f 6.5bs 

Leg press' rhGH 102.3 f 6.4 136.2 f 10.4 143.2 f 11.9bfi 
PL 120.6 + 9.2 133.9 f 10.8 144.3 f 10.1" 

Leg extendon' rhGH 
PL 

Leg curl' rhGH 19.3 f 1.8 30.6 + 2.4 33.0 f 2.3b,' 
PL 19.0 f 1.4 31.5 f 2.7 32.7 f 2.0" 

Values are the mean f SEM. 
'Main effect of time (F = 106.26-21.37; P = 0.0001). 
b P  < 0.05, baseline us. 14 weeks, by Scheffe'e test. 
(P < 0.06, baseline us. 24 weeks, by Scheffe'e test. 
Main effect of group (F 4.81; P < 0.06). 

'PL > rhGH (P < 0.06). 

I Week 

I FIG. 1. Averege muscle etrength for the 10 exercises between C-24 
weeke. No difference exists at any time point between the rhGH (n = 
9) m d  PL (n = 7) groups. 

We observed rapid and substantial increases in muscle 
strength in the f i t  several weeks of resistance exercise for 
both single and multiple joint actions of the upper and lower 
body, with a declining rate of increase after approximately 6 
weeks and only minimal improvement after 16 weeks. These 
results, therefore, c o n f i i  our previously reported experience 

with resistance training of older adults (16). Due to the rapid 
rise in muscle strength in untrained individuals undertaking 
resistance exercise, the potential benefits of rhGH treatmenl 
might have been obscured had rhGH been administered 
from the start of the study; therefore, the initial 14-week 
training period was undertaken. There was no significanl 
increase in muscle strength in either the rhGH or PL group 
from the initiation of treatment at week 14 to the conclusion 
of the study at week 24, indicating that rhGH treatment did 
not potentiate strength gains. Furthermore, there was na 
intergroup difference in average muscle strength for the 10 
exercises at any time point over the course of the study. 

Our findings are consistent with those of Yarasheski et al. 
(23) who studied the effects of resistance exercise and rhGH 
for 12 weeks on muscle strength and hypertrophy in un- 
trained young men. Exercise training produced substantial 
gains in muscle strength, size, and protein synthesis, which 
were not augmented by rhGH. By contrast, Cuneo et al. (24) 
reported an increase in hip flexor and limb girdle muscle 
strength and a normalization in maximal exercise perform- 
ance by cycle ergometry (25) after rhGH treatment of GH- 
deficient adults for 6 months. Jorgensen et al. (6) also report 
a small, but nonsignificant, increase in isomehic strength of 
the quadriceps after rhGH treatment in GN-deficient young 
adults as well as a significant increase in maximal exercise 
capacity. It is important to distinguish those individuals who 
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TABLE 4. Body composition at bmeline nnd 14 and 24 weeks for GH (n = 8) and PL (n = 8) 

Groue Boseiino 14 weeks ?A wooks 

Bw (kg) rhGH 17.6 f 4.6 76.9 f 4.6 11.6 f 4.4 
PL 83.6 f 4.3 83.9 t 4.4 83.3 f 4.6 

LBM (kg)" 

Fat maan (kg)" 

% Body fat (DXA)" rhGH 
PL 

TBBM (g) rhGII 2463 _+ 166 2461 3z 167 2458 f 163 
PL 2813 f 130 2826 rt 133 2822 f 136 

Values are the mean f SEM. TBBM, Totnl body bone tninornl content. 
" Main effect of time (F = 8.06-4.26; P < 0.03). 
'P < 0.06, baseline us. 24 weeks, by Scheffa's test. 
'P < 0.06, baseline us. 14 weeks, by Scheffc's test. 

are truly deficient in GH from normal aging men and women 
whose GI3 and IGP-I concentrations and secretory patterns 
are lower than those of healthy young people but are still 
present to some degree. 

We observed the alterations in body composition typically 
seen with exercise and/or rhGI-I lreahnent. The decrease in 
fat mass we observed is similar to that associated with rhGH 
treatment in the studies of Rudman et al. (9) with healthy 
older men and Salomen et RI. (7) with GH-deficient young 
adults. The observed change in lean mass was modest com- 
pared to that achieved by young men (23, 26), GI-I-deficient 
adults (7), and older adults (9). Total body bone mineral was 
stable throughout this study. Given its relatively brief dura- 
tion, this study was extraordinarily unlikely to produce de- 
tectable increases in bone mass and, in view of the capacity 
of rhGH to expand the remodeling space by increasing bone 
turnover, might even have led to a transient decrease in bone 
mass. 

Although of somc intrinsic interest, changes in body com- 
position achieve clinical importance only when they are 
accompanied by altered body function. With respecl to mus- 
cle strength, the compositional changes achieved in this study 
did not appear to have functional significance. Although 
DXA provides detailed information concerning body com- 
position, it is subject to limitations, An increased LBM meas- 
urement can be a result of fluid retention as well as h~crcreased 
connective tissue and organ mass, and GI3 administration 
has previously been shown to increase total body water in 
both healthy (23) and GH-deficient (27) adults. This was 
certainly the case in the two individuals who developed 
edema, and who for this reason were not included in the 
body composition analysis. For the remaining subjects, somc 
increase in body water is likely to have occurred, although 
without direct measurement of body water compartments, 
we cannot estimate its magnitude. Moreover, even if LBM in 
the rhGH group did not merely reflect water expansion, as 
there was no difference in muscle strength between groups, 

Several participants in this study experienced fluid reten- 
tion that was sufficient to cause three subjects to withdraw 
from the study and two others to require diureticmedication. 
The symptoms in these individuals, arthralgias and joint 
stiffness, resolved completely after rhGI-I treatment was dis- 
continued. This experience is in agreement with others who ' 
have administered rhGH to GH-deficient adults (6, 7) or 
healthy young males (23). Further, fluid retention was ob- , 
served despite the fact that apparently physiological replace- 1 

ment was given, as indicated by the resulting young normal 
IGP-I concentrations, a finding that reinforces the conclusion 
that rhGM is a potent agent with a nontrivial risk for side- 
effects. 

It could be argued that the study duration was not suffi- 
cient to detect an  effect of rhGH. We cannot exclude the 
possibility that longer rhGM treatment may have permitted 
a muscle strength response to emerge, but the modest 
strength changes observed between 14-24 weeks, which 
were similar for rhGH and PL groups, and prior experience 
with prolonged resistance training (16) suggest that further 
gains beyond week 24 most likely would have been insignif- 
icant. Although early changes in muscle strength reflect 
neuromuscular adaptation, muscle hypertrophy does occur 
in response to as little as  12 weeks of moderate to high 
intensity resistance training in both younger (23) and older 
(14) adults, suggesting that 10-week administration of rhGH 
after the initial 14 weeks of training was a sufficient amount 
of time to observe an alteration in LBM andmuscle strength. 

It may also be that doses of rhGF1 other than that selected 
would have been more effective. We cannot predict what 
the response to other doses might have been, but in view of 
the fact that circulating IGF-I rose only to the middle of the 
young normal range in this study, it would be difficult to 
conclude that lower doses would be more effective. More- 
over, the high prevale~lce of side-effects renders moot any 
question of higher doses. 

Work in our laboratory and others has shown muscle 
increments in intracellulnr lean mass probably did no<consist strcnp,ti~ to be a significani predictor of bone mineral density 
of contractile prolein. (18. 28). lt is also an indepcndcnt predictor for risk of falling 
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in older people (11,12). Thus, it is not surprising that muscle 
mass and strength are important determinants of hip fracture 
risk. Of the primary risk factors for fracture (muscle strength, 
neuromuscular coordination, visual acuity, and bone mass), 
muscle strength is probably the most subject to improvement 
in older persons, so it may prove a more effective strategy 
for diminishing hip fracture risk to develop means to increase 
musclestrength, rather than to increase bone mineral density 
(29). The results of this study confirm that substantial gains 
in muscle strength are derived from resistance training in 
healthy older men. However, our study does not indicate 
that GH deficiency serves to constrain this exercise response 
and provides no basis for considering rhGH an ergogenic aid 
in elderly men. 
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Effect of Sustained Resistance Training on Basal Metabolic 
Rate in Older Women 
Dennis R. Taaffe, PhD, Leslie Pruitt, PhD, Jennifer Reim, BS, Gail Butterfield, PhD, and 
Robert Marcus, MD 

OBJECTIVE: To determine if  basal metabolic rate (BMR) 
could be elevated in older women undertaking a program of 
progressive resistance exercise of up to 52-weeks duration. 
DESIGN: Randomized controlled trial with subjects assigned 
to either a control (CO), high-intens~ty (HI), or low-intensity 
(LO) training group for 15 weeks. BMR, body composition, 
energy intake and expenditure, and muscle strength were 
assessed at baseline and after 15 weeks. Subjects wereencour- 
aged to continue in their assigned exercise group for an 
additional 37 weeks, after which time they were reevaluated. 
SElTNG: An exercise facility at a medical center. 
SUBJECTS: Thirty-six community-dwelling healthy women 
aged 65 to 79 years. 
INTERVENTION: Exercise groups performed three sets of 
10 exercises, 3 dayslweek, at either 80% of one-repetition 
maximum (1-RM) for seven repetitions (HI) or 40% of 1-RM 
for 14 repetitions (LO). 
MEASURES: BMR by indirect calorimetry, body composi- 
tion by dual energy X-ray absorptiometry, energy intake and 
expenditure from 4-day dietary and activity records, and 
dynamic muscle strength by 1-RM. 
RESULTS: Muscle strength increased, on average (+SEM), 
by 40 + 6% and 36 ? 7% in the HI and LO groups after 15 
weeks, respectively, compared with 4 ? 1% in the nonexer- 
cising subjects (P = ,0001). Fat mass decreased after 15 
weeks in LO exercisers by 1.0 kg'(P < .05), whereas there was 
a trend for fat-free mass (FFM) to increase in the HI group by 
0.7 kg (P = .OX). No change occurred in any group for BMR. 
From weeks 15 to 52, muscle strength increased a further 9 +. 
2% and 11 + 2% in HI and LO groups, respectively, com- 
pared with3 ? 1% innonexercisers (P < .005). There was no 
change in BMR or any body composition parameter during 
this time period. 
CONCLUSIONS: Neither training program significantly al- 
tered BMR and both produced only minimal changes in body 
composition. However, both the HI and LO exercise regi- 
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rurch, Education & Clinical Center, Vetcrnns Affairs Medial  Ceuter, Palo Alto, 
California. 
Presented, in pan, at ths annual mecting o f  the Amcrican College afSparts Med. 
:cine, Seanle, Washington, June W, 1993. 
Addmr correspondence and reprint requests to D. Tanlfe, PhD, GRECC 
182B, Vetcrans ALfairr Medical Center, 3801 Miranda Ave. Paio Alto, CA 
94304. 

mens resulted in similar and substantial gains in upper and 
lower body muscle strength that persisted over the course of 
the year. This suggests that either exercise regimen may prove 
an effective strategy for preventing frailty and maintaining 
functional independence in older adults. J Am Geriatr Soc 
43:465471,1995. 

asal metabolic rate (BMR), the energy required to main- B taln . the body's organ systems at  rest, which contributes 
about 60 to 75% of total daily energy expenditure in seden- 
tary individuals, varies according to age, gender, body com- 
position, nutritional state, and thyroid function.' Character- 
istic changes of normal human aging include declines in 
BMRF4 boneS and skeletal muscle mass?'qnd increases in 
total and central fat Cross-sectionaP7' and longitu- 
dinal ~ t u d i e s ~ . ' ~  suggest that the age-related decrement in 
BMR results from a reduced active cellular mass, p~imarily 
skeletal muscle, and that maintaining or augmenting lean 
body mass may attenuate it. A lower BMR may contribute to 
a gradual accumulation of body fat if food intake remains 
constant. Alternatively, nutrient status may be compromised 
if caloric intake is reduced to maintain body weight. There- 
fore, an effective strategy to counter the decline in BMR 
would be beneficial. 

Cross-sectional"-16 and l ~ n ~ i t u d i n a l ' ~ ~  '7-2"studies ex- 
amining the relationship of exercise to change in BMR have 
been undertaken principally in young dieting and nondieting 
individuals. These studies typically involve endurance train- 
ing, and have produced mixed results. A paucity of cross- 

and in te~eht ion~~" '  studies have examined 
the e&ct of physical activity on BMR in older adults, and 
none have investigated the effects of resistance exercise, a 
mode of training known to result in the accretion of lean 
t i s s ~ e . ~ ~ - ~ ~  

Increasing BMRin dlder adults would significantly affect 
daily energy balance, permitting increased nutrient intake 
without detrimental effects on body composition or a gradual 
reduction in body fat with maintenance of current energy 
intake. During the course of a randomized exercise interven- 
tion program for older women, we took the opportunity to 
assess the impact of resistance exercise on BMR and to 
determine the effect, if any, of exercise intensity on the 
magnitude of the response. In addition, we report the effects 
of this exercise program on body composition and muscle 
strength. 

JAGS 43:465471,1995 
61 1995 by thc American Geriatrics Sociev 
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METHODS 

Subjects 

Thirty-six women, aged 65-79 years, with a body mass 
index (BMI, kglm2) of less than 30, were recruited from the 
Palo Alto and adjoining communities. Volunteers were ad- 
mitted to the Aging Study Unit, a clinical investigation ward, 
for a comprehensive screening procedure that included a 
health history questionnaire, physical examination, mul- 
tiphasic laboratory profile, resting electrocardiogram (ECG), 
maximal exercise stress test with accompanying ECG and 
blood pressure assessment, bone densitometry for lumbar 
spine mineral density, and lateral thoracic and lumbar spine 

Equipment, Cedar Rapids, IA) was used for hip abduction 
and adduction exercises. 

All training sessions were conducted under direct super- 
vision to ensure proper technique and decrease the risk of 
injury. Exercise sessions were bracketed by warm-up and 
cool-down periods. For the first 2 weeks of the program, 
resistance was set at 70% of 1-RM for the HI group and at  
35% of 1-RM for the LO group; thereafter, it was increased 
to full exercise intensity. To assure the progressive nature of 
the resistance training protocol, 1-RM testing was conducted 
every 2 weeks for the first 15  weeks and every 3 weeks 
thereafter; the new strength values were used to adjust indi- 
vidualized training loads. 

radiographs. All women were apparently healthy, free of Stver,gt~Measuremerrts 
disease and disorders known to affect metabolic rate. Activitv 
history on entry revealed that all subjects were sedentary to 
moderately active, and no subject participated in any weight- 
lifting program. Seventeen of the women were taking exoge- 
nous estrogen. The procedure was approved by the Human 
Subjects Committee of Stanford University, and all subjects ""... .~ . . . :r+~* mn"mnr 

Dynamic muscle strength of all major muscle groups was 
measured using 1-RM on Universal and Nautilus equipment, 
as we have described previously.JO Briefly, the 1-RM method 
is the maximal weight an individual can lift one time with 
acceptable form. Acceptable form refers to the recruitment of 
the target muscle groups with only minimal involvement of 

6L"C """LLL,. .YI.*I,... 

other major muscle groups. ~ f t e r  the screening tests, but 

Training Program 
Subjects were randomly assigned to either a control (CO, 

n = 11), high-intensity (HI, n = 12), or low-intensity (LO, 
n = 13) resistance training group. For reasons that were 
unrelated to the training protocol, 4 subjects did not com- 
plete the 15-week training program, 2 each from the HI 
and LO groups, resulting in a study group of 32 women 
(CO = 11, HI = 10, LO = 11). Exerciserscompleted 80% of 
their scheduled training sessions. As changes in body compo- 
sition, primarily acquisition of skeletal muscle, may require a 
longer time period, subjects were given the opportunity to 
continue in the program through 1 2  months. Twenty-four 
women (CO = 10, HI = 7, LO = 7) completed the 52-week 
intervention, with exercisers completing 79% of the exercise 
sessions. Twelve-month results are summarized as applica- 
ble. All subjects were instructed to maintain customary di- 
etary and activity patterns. Because changes in these param- 
eters could have a significant impact on energy and nitrogen 

4-day food and activity records were collected. 
Exercise groups performed three sets of 10 exercises, 3 

days a week, at either 80% of their individual one-repetition 
maximum (1-RM) for seven repetitions (HI) or 40% of their 
1-RM for 14 repetitions (LO). The first set of each exercise 
for the HI group was performed at  40% 1-RM to facilitate 
preparedness of the upper and lower body for the higher 
resistance weights. The exercise volume was the same for 
both resistance-trained groups, and, thus, the amount of 
work completed was not a confounding factor. All study 
parameters were measured at  baseline, at the completion of 
;he 15-week training and control periods, and at 52 weeks. 

The progressive training program consisted of 10 differ- 
ent resistance exercises involving major upper and lower 
body muscle groups. Biceps curl, leg press, bench press, and 
military press were performed on  a Multi-station weight 
machine (Universal Gym Equipment, Cedar Rapids, IA). Leg 
flexion and extension were performed on a Marcy Leg 
Trainer (Marcy Physical FitnessProducts, Alhambra, CA). A 
Nautilus machine (Nautilus Sports/Medical Industries, Inc, 
Independence, VA) was used for back extension, and a Uni- 
versal Total Hip Trainer (model 993494, Universal Gym 

before beginning the training protocol, all subjects were 
instructed on proper exercise technique for each weight- 
lifting exercise. One week later, subjects returned to the 
laboratory for maximum strength testing. The coefficient of 
variation for repeated measures in our laboratory was 3 to 
8% for all strength tests. 

BasalMetabolicRate 
BMR was determined by indirect calorimetry at 6 AM 

after an overnight stay for three consecutive nights i n  the 
Aging Study Unit. The night before the first morning's mea- 
surement, subjects were familiarized with the procedures and 
mouthpiece and noseclip apparatus. Subjects did not eat or 
consume liquids, except water, for 12 hours before measure- 
ment. Beforerising, and after 7 to 8 hours of bed rest, expired 
air was collected in a Douglas bag for 10 minutes after an 
adjustment period of 5 minutes, as previously reported?' 
Repeat measures were made on three consecutive mornings, 
with the mean of the three determinations reoorted. Ambient 
temperature was maintained at  - 23°C. ~oLtents  of the bag 
were analyzed by oxygen (Ametek SJAII, Pittsburgh, PA) 
and carbon dioxide analyzers (Amctek CD 3A, Pittsburgh, 
PA), which were calibrated each morning with known stan- 
dard gases. Gas volume was determined using a Parkinson 
Cowin gasometer calibrated against a 1500-L Tissot gasom- 
eter. BMR was calculated from the equation of Weir,32 
Baseline measurements *ere performed before initiation of 
resistance exercise. During the exercise program, measure- 
ments were performed at least 20 hours after the last exercise 
session. Recent studies demonstrate that residual effects of 
aerobic exercise at varying intensities and durations on BMR 
are not apparent 24 hours after exercise.33a34 Moreover, 
Pratley et al?' report that preliminary work in their labora- 
tory indicates that oxygen uptake returns to baseline within 3 
hours of an acute bout of resistance exercise. The precision 
error (coefficient of variation for triplicate measurements) 
using this procedure in our laboratory is 3.5%. This method 
in our laboratory was shown appropriate to measure signif- 
icant changes in BMR in older women who were o n  a 
regimen of daily injections of recombinant human growth 
hormone for 6 months.36 
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Body Corrtposition Atlalysis 
Total body bone mineral (TBBM = g), lean tissue mass 

(LTM = kg; bone-free lean tissue), fat mass (kg), fat-free 
mass (FFM = LTM + TBBM, kg), and percentage body fat 
was assessed by dual energy X-ray absorptiometry (DXA, 
Hologic QDR 10001W, Waltham, MA). To examine regional 
tissue composition, upper limb, lower limb, and trunk LTM 
and fat mass were derived from the whole body scan. Default 
segmentation lines for whole body analysis were placed at 
specific anatomic landmarh that dlvided the body into upper 
limbs, lower limbs, trunk, and head. In addition, to examine 
the distribution of central to peripheral fat, the waist-to-hip 
ratio (WHR) was determined as the minimal waist to maxi- 
mal hip circumferences. The coefficient of variation for rep- 
licate measurements in our laboratory is <1% for whole 
body composition variables, for upper limb, lower limb, and 
trunk fat mass 2.3%, 1.1%, and 1.9%, and for upper limb, 
lower limb, and trunk LTM 1.1%, 1.4%, and 0.6%, respec- 
tively. 

Forrr-Day Dietary andActivity Diaries 
To evaluate if subjects markedly changed their usual 

dietary and activity patterns as a consequence of the exercise 
intervention, dietary and activity records were obtained at 
baseline, 15, and 52 weeks. Energy expenditure was esti- 
mated using a 4-day activity diary that divided the day into 
5-minute periods. Energy e uivalence of activities was de- . . . rived from Ainsworth et al.' uslng ~ndlv~dual participant's 
BMR. Dietary intake was documented for the same 4 consec- 
utive days (2 weekdays and the weekend) using a record of 
weighed foods. Subjects were provided with record books, 
weighing scale, and instructions after an orientation session 
that included food models as examples. Nutritionist I11 (N- 

Squared Computing, Silverton, Oregon) was used to analyze 
total energy and macronutrient intake. It is recognized that 
individuals underreport energy intake, even with weighed 
food records?' However, dietary records were nsed to com- 
pare time points in the study, and there is no reason to suspect 
that individuals would change the degree of underreporting 
during the course of the intervention. 

Data was analyzed with a statistical software package 
(Statview II, Abacus Concepts Inc., Berkeley, CA). Unpaired 
Student's t tests were nsed to examine the difference between 
women taking exogenous estrogen and those not taking 
estrogen for body composition, BMR, and muscle strength. A 
one-factor analysis of variance (ANOVA) was used to com- 
pare the physical characteristics of the three gtoups at base- 
line and strength changes (%) at 15 weeks and between weeks 
15 and 52. A two-way (group X time) repeated measures 
ANOVA was used to determine the chanees between erounc " - --=- 
for outcome variables at 15 and 52 weeks. Where appropri- 
ate, the Scheffi test was employed to locate the source of 
significant differences. All tests were two-tailed, and an alpha 
level of 0.05 was adopted to indicate significance. All values 
are expressed as mean + SEM. 

RESULTS 
Characteristics of the study group (those completing the 

initial IS-week period) are shown in Table 1. There was no 
difference at baseline in any measured variable between 
women taking exogenous estrogen and those not taking 
estrogen. Furthermore, there was no estrogen or estrogen X 
training effect on BMR for exercisers completing 15 weeks 

Table 1. Baseline and 15-Week Body Composition Assessment 

High Intensity Low Intensity Control 
(n = 10) (n = 11) (n = 1 I) 

Baseline 
Age (~rs)  67.2 + 0.6 67.2 + 0.4 69.6 + 1.3 
Height (om) 162 + 2  162 2 2  160 + 3 
Body mass (kg) 65.0 + 2.7 63.6 C 2.0 63.6 + 2.7 
BMI (kg/mq 24.9 + 1.0 24.3 + 0.5 25.1 + 0.9 
FFM (kg) 42.5 + 1.3 42.7 + 0.9 42.4 + 0.9 
LTM (kg) 40.5 + 1.2 40.6 + 0.9 40.5 + 0.9 
TBBM (9) 1972 + 107 2143 276 - 1957 + 83 
Fat mass (kg) 22.5 + 2.7 21.0 + 1.4 21.4 + 2.1 
Body fat (%) 33.7 % 2.9 32.7 + 1.3 32.9 C 1.9 
Waist-to-hip ratio 0.62 + 0.03 0.80 + 0.03 0.80 t 0.02 

Body mass (kg) 
FFM (kg) 
LTM (kg) 
TBBM (g) 
Fat mass (kg) 
Body fat (%) 
Waist-to-hip ratio 

15 Weeks 
65.1 + 2.8 62.4 + 2.1 
43.2 2 1.2 42.3 + 1.1 
41.2 + 1.1 40.2 ? 1.1 
1972 + 109 2125 + 61 
21.9 + 2.6 20.0 + 1.2" 
32.8 + 2.7 31.9 + 1.2 
0.64 + 0.03 0.80 C 0.03 

Values arcmean + SEM. 
'Significantly different from baseline for samegroup, P < .O5. 
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and 52 weeks training. Therefore, results are pooled within are presented in Table 3. There were no differences among 
each group regardless of estrogen status. groups at baseline or 15 weeks for energy expenditure and 

intake, nor for the dietary proportion of protein, carbohy- 
Body Contposition drate and fat. No significant change in energy balance or 

No differences were noted between the HI, LO, or CO macronutrient intake occurred for any group at  52 weeks. 
groups for age, he~ght, body mass, FFM, absolute or relative 
body fat, distribution of body fat by the waist-to-hip ratio, or BasalMetabolicRate 
any other body composition variable measured before the BMR, expressed in absolute or relative terms (kcalkg 

Of the study' Two-way repeated measures body massld, kcaUkg FFMId), was similar for all groups at ANOVA for baseline and assess- baseline, the average BMR for all subjects being 1234 + 21 
ment revealed a significant interaction (P < .05) for whole kcaUd (Table 4). After the initial training period of 15 weeks, body FFM and LTM, whereas for fat mass a main effect for no changes were observed in the HI, LO, or CO groups 
time approached significance (P = .052). Investigation of baseline values or between all three groups at these results revealed a trend for FFM and, hence, LTM, to weeks, ~h~~~ was no change in BMR for any group at 52 increase in the HIgroup by 0.7kg (P = .08),whereas fat mass weeks ( ~ i ~ ~ ~ ~  1). the HI group at baseline, 15, and 52 decreased in the group kg (' < '05) I)' weeks, mean BMR was 1208 + 51, 1211 + 57, and 1236 + Regional assessment indicated upper limb LTM increased in 63 kcaUd, respectively. For the LO group the respective the group 4.8 (P < .05)> and lower limb were 1211 2 44, 1235 & 45, and 1240 & 39 kcal/d, 
fat Inass for both and groups decreased < '05) and forthe CO group, 1256 29,1236 + 31, and 1243 + 42 
3.5 5 1.3% and 6.3 2 1.6%, respectively.There was no kcaUd, 
c h a n ~ e  in any bodv comoosition variable in the control 
group. No further changes'were observed in any body com- 
position parameter for exercisers continuing to train from 15 
to 5 2  weeks or for the CO group. 

Muscle Strength 
Although the training program did not have a profound 

impact on body composition, substantial increases in muscle 
strength occurred in both exercise groups by 15 weeks (Table 
2). The HI group increased in all exercises, the percent 
increase ranging from 13.6 to 73.8%, and the percentage 
increase for the LO group ranged from 11.0 to 76.2%, with 
the average strength increase for the HI and LO groups being 
40 2 6% and 36 + 7%, respectively. The percentage increase 
from baseline for the HI and LO groups was similar for all 
exercises except for leg extension, which nearly doubled in 
the HI group. No significant changes were noted for the 
control group. For individuals completing 52 weeks training, 
average muscle strength increased (P < .05) a further 9 5 2% 
and 11 + 2% in the HI and LO groups, respectively. 

Enetgy Balance 
Energy expenditure, intake, and dietary composition 

before and after the baseline and 15-week training periods 

DISCUSSION 
Older women in this study underwent resistance training 

successfully for u to 1 year. This resulted in substantial 
strength gains for B 0th upper and lower body muscle groups. 
Muscle strength increased markedly by 15 weeks, with mod- 
est increases thereafter. Surprisingly, the intensity of the 
training program had a small effect on the magnitude of the 
strength response. However, enhanced muscle strength re- 
sulting from the intervention was accompanied by minimal 
alterations in body composition and no change in BMR. 

The exercise regimen achieved the desired strength gains 
in both the HI and LO groups, rangingfrom 11 to 76% in the 
initial 15 weeks, with further, yet modest, irn rovement from 
15 to 52 weeks. These gains are similar to t R ose reported in 
other studies of high-intensity resistance training in older 
~omen,2~-"  including the decrease in velocity of strength 
gain after approximately 12  weeks.27' It is interesting to 
note that there was little difference in strength gains between 
the two exercise groups, even though one trained at double 
the intensity of the other. Based on the training principles of 
overload and specificity, the HI group would be expected to 
experience larger strength gains than the LO group, How- 

Table 2. Strength Change (%) from Baseline After Training and Control Periods of 15 Weeks 

High intensity 
Exercise (n = 10) 

Low Intensity Control 
( n = l l )  - (n = 11) 

Bench Press 13.6 t 2.2* 
Military Press 23.1 C 4.4' 
Lat Puildown 27.8 2 6.9' 
Biceps Curl 33.5 + 6.5* 
Back Extension 27.3 2 4.5* 
Leg Press 31.4 t 6.1* 
Leg Extenslon 73.8 + 9.6*" 
Leg Flexion 67.1 + 14.4' 
Hip Abductlon 63.6 + 10.6' 
Hip Adductlon 36.0 -C 7.4' 

Values arc mean t SEM. 
'HI vs CO, P < .US; **LO vs CO, P < .05; '*'Fn vs LO and CO, P < .US. 
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Table 3. Baseline and 15-Week Physical Activity Energy Expenditure, Eneray 1ntake"and Composition 
- - -- - 

High Intensity Low Intensity Control 
(n = 10) (n = 10) (n = 11) 

Baseline 
Energy expenditure (kcallday) 1921.6 + 61.6 2046.4 t 60.6 1929.1 C 79.7 
Energy intake (kcallday) 1628.9 + 107.0 1812.9 t 173.1 1749.0 + 112.5 
Dietary composition (%) 

Protein 16.2 t 0.8 17.3 + 1.2 16.3 + 1.0 
Carbohydrate 49.5 t 2.2 49.2 C 1.5 48.9 t 2.1 
Fat 32.2 t 3.0 32.1 + 2.9 32.2 + 2.0 

15 Weeks 
Energy expenditure (kcallday) 1691.6 + 54.9 1986.0 t 106.4 1949.7 + 77.9 
Energy intake (kcallday) 1622.3 2 195.1 1741.9 + 166.7 1794.1 3- 95.9 
Dietary composition (%) 

Protein 17.9 2 1.6 16.4 2 0.9 17.3 + 1.4 
Carbohydrate 45.0 5 2.6 52.4 + 3.0 48.6 2 1.4 
Fat 36.9 t 2.5 29.4 + 3.1 30.6 + 1.5 

Valuer are mean * SEM. 

Table 4. BMR Data at Baseline and 15 Weeks 

High Intensity Low Intensity Control 
(n = 10) (n = 11) (n = 11) 

kcallday 
kcallkg body rnasslday 
kcallkg FFMIday 
kcal/min 

kcallday 
kcallkg body masslday 
kcallkg FFMIday 
koaVmin 

Baseline 
1233.6 + 39.7 
19.12 + 0.61 
29.09 t 0.69 
0.66 + 0.03 

15 Weeks 
1255.1 + 44.6 
19.40 + 0.56 
29.06 + 0.73 
0.87 + 0.03 

Values are mean + SEM 

ever, this lack of difference may partly reflect the equivalent 
volume of work for both groups. In addition, subject appre- 
hension during the baseline measurement (even though a 
familiarization session had been conducted), with subsequent 
gain in confidence during training, may have contributed to 
the similarity of observed gains. Regardless, the results sug- 
gest that substantial increases in muscle strength can be 
achieved with low weights and high repetitions in older 
women, which may improve safety and adherence to exercise 
programs and provide benefits in performing activities of 
daily living, thus prolonging functional independence. 

It is apparent from the body composition data that 
strength gains resulting from the training program are caused 
primarily by neural adaptation, particularly for the LO 
group, which did not experience any change in PFM by 15 
weeks. Duration of the training program was not a constraint 
on acquisition of FFM, or loss in fat mass, as no significant 
alteration in any whole body or regional tissue composition 
occurred between 15 and 52 weeks for any group. Muscle 
hypertrophy of both Type I and II fibers has been demon- 

strated previously by needle biopsy to occur in response to 
high-intensity resistance training in older " How- 
ever, increased size of a muscle or muscle group does not 
necessarily translate into significant whole body FFM gains. 
We observed a significant increase in upper limb FFM in the 
HI group at 15 weeks, but not in whole body FFM. Similarly, 
Curetou et using computed tomography, report in- 
creased upper arm muscle cross-sectional area in young 
adults, also with nb change in FFM, and Fiatrone et a1.''' 
observed increased thigh cross-sectional muscle area but no 
change in body composition in older people. The changes 
that did occur in fat and fat-free mass cannot be accounted 
for by alterations in activity or dietary patterns. We note that 
the estimates of energy intake and expenditure showed an 
apparent deficit, such that weight loss would be predicted for 
all groups. These estimates are subject to various systematic 
confounding influences, such as over- and under-reporting. 
However, the apparent discrepancies in energy balance were 
similar across groups and time, and, therefore, did not bias 
the comparisons among groups. 



I ~ W  , I difference in metabolic rate relative to FFM between trained 
and untrained  individual^."^'^^" Ou r study supports this 
second view as there were no differences from baseline in 
BMR expressed as kcallkg FFM following training in either 
exercise group at 15  or 5 2  weeks. Furthermore, we found 1 
kg FFM to equal - 29 kcalld, which is similar to that 
reported by Weinsier et a14' for older adults. 

Our results, however, conflictwith threestudies reported 
recently in the literature, which indicate that resistance train- 
ing of 12 to 16-weeks duration in older adults results in an 
increase in RMR.35,42,43 The inability to significantly increase 

nuclinc 
FFM in the present study may be partly responsible for the 
lack of agreement betweeen our results and those of Pratley et  

ISwesXr al.,'s Campbell et al.?' and Smith et In addition, BMR 
52WCCXr did not change relative to FFM in the present study, whereas u 

Pratley et a1.3' report an increase in RMR independent of 
FFM in older men. The authors suggest that other mecha- 
nisms, possibly increased basal sympathetic nervous system 
activity and increased protein turnover, may be important 
determinants of this RMR change. I t  is also possible that 
gender differences may play a role, as cross-sectional studies 
in young adults report increases in energy requirement inde- 
pendent of FFM in response to resistance training in men44 
but not women?5 The mechanism for this apparent gender 
difference is yet to be elucidated. However, a t  present, it has 
not been determined whether this gender effect also exists 
following resistance training in older adults. 

The inability of either resistance training protocol to 
significantly increase whole body FFM in our study cohort 
potentially negates the usefulness of this exercise regimen to 
augment BMR in older women. Although resistance training 
is typically associated with positive alterations in body com- 
po~ition,4~ some studies report no change in whole body 
FFMin v o u n ~ . ~ ~  middle-aeed and older4'or v e r v ~ l d ~ ~  adults 

Figure 1. BMR (mean % SEM) For subjects completing 5kweek 
training and control periods. Top panel: kcallday. Middle panel: 
kcallkg body masstday. Bottom panel: kcallkg FFMlday. 

Although a trend for an increase in FFM for t h e m  group 
was observed at 15 weeks, no statistically significant changes 
were noted for BMR in any group after the initial 15-week 
training period or after 52 weeks, whether it was expressed in 
absolute terms or relative to body mass and FFM. These 
results are in agreement with others, which have shown no 
significant change in BMR or resting metabolic rate (RMR) 
following endurance19s23 or resistance trainingZo in young 
adults. Specifically, Broeder et a1.'" subjected young men to 
either high-intensity resistance or endurance training and 
found no change in RMR despite substantial changes in body 
composition in the resistance-trained group. In contrast, 
Lawson et al.," Poehlman and Danforth,z4and Webb et al.2' 
report an increase in RMR of 10  to 13% following endurance 
training despite no appreciable change in FFM. Possible ' 

explanations proposed by the authors included a prolonged 
thermogenic effect of physical training, increased energy in- 
take, and an increased rate of norepinephrine appear- 
a n ~ e . ' ~ ~ ~ ~  

Several cross-sectional studiesi2-Is, 22 suggest that the 
energy requirement of active metabolic tissue is higher in 
highly trained individuals, which may account for a higher 
metabolic rate even though no changes in FFM occurred as a 
result of training. However, other studies have found no 

, -, - 
consequent to a program of resistance exercise, even though 
exercise intensity was sufficient for substantial muscle 
strength gain and fiber hypertrophy. Indeed, the potential of 
older individuals for gross muscle hypertrophy has previously 
been questioned?8 Given the constancy in the relationship 
between FFM and BMR of women in this study, a larger 
accretion of lean tissue than that observed in this study is 
necessary to affect BMR significandy in older women. 

In regard to statistical power, the initial 15-week portion 
of the study had 80% power (a=.05, two-tailed) to detect 
-125 kcalld difference in BMR, which we would clearly 
consider to be of clinical importance. Given a mean BMR 
value for subjects at baseline of 1234 kcal/d, this magnitude 
of change (10%) would be more than double the precision 
error of the BMR measurement. However, smaller changes 
might not be detected with this sample size, and it could be 
argued that a change of 50 or 75 kcalld would be clinically 
significant. The minimal changes that did occur in this study 
were of a magnitude less than that of the precision of the 
measurement. With a reduction in sample size by 52 weeks, 
power of the study was decreased; nevertheless, i t  does pro- 
vide some insights into the potential role for this exercise 
mode in inducing clinically relevant changes in BMR of older 
women. 

In summary, 15 and 5 2  weeks of eitl~er high- o r  low- 
intensity resistance training did not significantly alter BMR 
or have a profound effect on body composition in older 
women. However, both exercise regimens resulted in consis- 
tent and impressive gains in upper- and lower-body muscle 
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Maximal Muscle Strength of Elderly Women 
is not Influenced by Oestrogen Status 
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Summary 
I t  has recently been reported that oestrogen replacement may preserve the ratio of muscle strength to 
cross-sectional area in the hand in addition to its beneficial effect on bone mass in postmenopausal women. Since 
muscle strength is associated with falls and fractures in elderly people, this additional effect of oestrogen 
replacement could be of considerable benefit to postmenopausal women. We therefore wished to determine 
whether this effect was also evident in larger muscle groups that are involved in ambulation, balance, and 
activities of daily living. We examined the relationship of oestrogen replacement therapy (ORT) to maximal 
dynamic muscle strength in 85 healthy women aged 65-82 years. Thirty-seven women were currently taking 
ORT and had been on stable doses for 2 to 43 years [17.8 (1.8); mean (SEMI], while 48 women had no previous 
exposure to postmenopausal oestrogen therapy. Dynamic muscle strength was determined for five standard 
lower-body exercises using isotonic equipment by the I-RM method. Bone mineral density (BMD, g/cm2) of 
the axial and appendicu1.a~ skeleton as well as body composition was assessed by dual-energy X-ray 
absorptiometry. There was no difference between subjects according to O R T  status for age, height, weight, lean 
body mass (LBM), fat mass, or percentage body fat. BMD of the spine (L2-4), mid-radius, and whole body was 
greater (p < O.$l01) in individuals receiving ORT, with no significant difference at the femoral neck. No 
differences existed between groups for lower-body muscle strength. Normalizing muscle strength to body mass 
and LBM did not alter the result. Although individuals receiving ORT had enhanced bone mass compared with 
those not receiving ORT, there was no effect of oestrogen replacement on lower-body muscle strength. 

Introduction 
Ageing is associated with a decrease in bone [I] and 
muscle mass [2] and an increase in adiposity [3]. A 
reduction in muscle strength [4] is also characteristic 
of human ageing, and contributes to falls, fractures, 
reduction in quality of life and loss of independence [S]. 
Oestrogen replacement is associated with preservation 
of hone mass in postmenopausal women [6, 71 and 
confers protection against ischaemic heart disease 
[8, 91. In addition, oestrogen replacement therapy 
(ORT) can relieve some of the vaso-motor and 
genito-urinary symptoms associated with the meno- 
pause [lo]. A recent report by Phillips et al. [It] 
suggests that ORT may also have a protective effect on 
the ratio of muscle strength to cross-sectional area, 
which they termed 'specific force' or 'specific muscle 
strength', in peri- and postmenopausal women. The 
authors [ l l ]  found that beginning at the time of 
menopause in women without hormone replacement 
there was a dramatic decline in specific force of the 
adductor pollicis muscle, which was not observed in 
women on ORT. 

The mechanism for the association between 
oestrogen replacement and muscle strength is unclear 
at present, although Phillips ct al. [I l l  speculated that 

hormonal alterations may alter the sensitivity of the 
actin-myosin cross-bridges to intracellular metabolites 
and H+ concentration. An investigation by Cauley et al. 
[12] reported a weak association between muscle 
strength (grip strength) and oestrogen levels in 176 
postmenopausal women not on O R T  (I = 0.14, 
p < 0.05). However, I<ritz-Silverstein and Barrett- 
Connor [I31 reported that, although oestrogen use 
was associated with higher bone density at both 
axial and appendicular sites in a large cohort of 
postmenopausal women, there was no effect on grip 
strength. 

Because muscle strength is related to falls and 
fracture risk in elderly people [14, 151, we wished to 
examine if the relationship between O R T  and specific 
muscle strength or fprce reported by Phillips et al. [ll] 
held true for dynamic strength of several muscle groups 
that are involved with arnbulation, balance, and 
activities of daily living. Therefore, we examined the 
relationship of O R T  with muscle strength of large 
muscle groups in the lower body. 

Methods 
Subjecls: Eighty-five healthy white women aged 65 years and 
older were recruited from the local community to participate 
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in a variety of ongoing epidemiological and exercise protocols. 
All volunteers completed a comprehensive screening 
procedure that included a health history questionnaire. 
physical examination, multiphasic laboratory profile, 
resting electrocardiogram, and lateral thoracic and lumbar 
spine radiographs. Women with evidence of vertebral 
compression, wedge deformities, or artefacts known to 
affect bone mineral assessment were excluded from 
the study, as were those with arthritic or musculoskeletal 
conditions that wouId inhibit maximal participation in 
strength testing, and those with a body mass index (kg/m2) 
of >30. Subjects were sedentary to moderately active 
and no subject participated in any wcight-lifting or other 
organized exercise programme. Thirty-seven women 
were currently taking O R T  and had been on stable doses 
for 2 to 43 years [17.8 (1.8); mean (SEM)], while 48 women 
had no previous exposure to ~ostmeno~ausal  oestroaen 
therapy. o f  the women taking oebtrogen, ail but one took at 
least 0.625 me coniuaated equine oestroaen or its equivalent. - - -  
The procedure was approved by the Human -subjects 
Committee of Stanford University, and all subjects gave 
written consent. 

Strength measuremetits: Dynamic muscle strength for five 
exercises that involved major lower-body muscle groups were 
measured with isotonic weight equipment using a one- 
repetition maximum (I-RM) method, which has been 
described previously [16]. Briefly, the I-RM method is the 
maximal weight an individual can lift at one time with 
acceptable form. Acceptable form refers to the recruitment of 
the target muscle groups with only minimal involvement of 
other maior muscle erouos. The test was terminated when - .  
acceptabie form was not satisfied and/or full range of motion 
was not completed: the last recorded successful weight being 
taken as the itrength score. Prior to testing, subjects-receive2 
instruction on proper exercise technique for each of the 
weight-lifting machines, and performed each exercise several 
times at a low weight for familiarization. One week later, 
subjects returned to the laboratory for maximal strength 
testing. T o  minimize injury and soreness, the session began 
with a warm-up period that induded stretchina and 
performing each-weight-lifting exercise several times at a 
low resistance. The  1-RM test began with a weight set at a 
level close to the approximated maximal weight to minimize 
repetition fatigue. Most subjects required no more than five 
repetitions to reach maximum. Weight increments were in the 
range of 1.1-9.1 kg, depending upon the exercise, until the 
subiect was not able to lift the additional weieht with 
a~c ;~ tab le  form. A rest period of 30 seconds was &"en afrer 
each repetition and at least 2 minutes after each exercise. The 
laboratbry worker who conducted muscle strength tests did 
not have access to the questionnaire material that described 
prior health history and hormone exposure. Exercises and tho 
respective muscle groups examined were the leg press 
(quadriceps femoris and gluteus maximus), knee extension 
(quadriceps femoris), knee flexion (hamstrings), hip abduc- 
tion (gluteus medius and minimus), and hip adduction 
(adductor magnus, longus, and brevis, pectineus, and 
gracilis). Leg press was performed on a Multi-station 
weight machine (Universal Gym Equipment, Cedar Raids, 
IA, USA). Knee flexion and extension were performed on a 
Marcy Leg Trainer (Marcy Physical Fitness Products, 
Alhambra, CA, USA), and a Universal Total Hip 
Trainer (model 993494, Universal Gym Equipment, 
Cedar Rapids, IA, USA) was used for hip abduction and 
adduction. The coefficients of variation for repeated measures 
in our laboratory were as follows: leg press= S.O%, knee 

Table. Subject characteristics [mean (SEM)] 

O R T  non-ORT 
(n = 37) (n = 48) 

Age (years) 68.4 (0.5) 69.9 (0.7) 
I-leight (cm) 157.7 (1.4) 155.7 (1.1) 
Body mass kg $ 1  61.9 (1.4) 62.7 (1.2) 
BMI (kg/m 25.0 (0.4) 26.0 (0.4) 
Bone free-LBM (kg) 39.1 (0.7) 39.4 (0.6) 
Fat mass (kg) 20.8 (1.0) 21.5 (0.9) 
BMC (g) 1996 (58) 1798 ( 4 ~ ) ~  
Body fat (%) 33.1 (1.0) 33.8 (0.9) 
Years post-menopause 21.9 (1.6) 20.6 (1.2) 

extension = 4.6%, knee flexion = 7.6%, hip abduction = 
3.3%, and hip adduction = 3.0%. 

Bone mineral density and body cotnpositiotr assessrnenr: Bone 
mineral density (BMD, g/cm2) of the lumbar spine (L2-4), 
femoral neck, forearm (mid-radius) and whole body was 
assessed by dual energy X-ray absorptiornetry (DXA, 
Hologic QDR 1000/W, Waltham, MA, USA). In  addition, 
bone mineral content (BMC, g), bone-free lean body mass 
(LBM, kg), fat mass (kg) and percentage body fat were 
derived from the whole-body scan. In our laboratory, the 
BMD precision errors (coefficient of variation for duplicate 
measurements) for the lumbar spine, femoral neck, mid- 
radius, and whole-body BMD are approximately 0.5%, 0.5%, 
1.0%, and 1.0%. Precision errors for BMC, bone-free LBM, 
fat mass and percentage fat are approximately 1.0%. 

Statistical analysis: Data were analysed with a statistical 
software package (Statview 11, Abacus Concepts Inc., 
Berkeley, CA, USA). Analyses included standard descriptive 
statistics, two-tailed unpaired t tests, and simple regression. 
Correlation coefficients were derived from the linear 
regression program. An alpha level of 0.05 was required for 
significance. All values are expressed as mean (SEM). 

Results 
Characteristics of the study groups are  shown in t h e  
Table. There was n o  difference between subjects 

"'I . ORT 

. 
Spinc(U-4) Fc'ombral neck Midndivs Whale body 

Figure I .  Association of oestrogen replacement therapy with 
regional and whole-body bone mineral density [mean 
(SEM)]. 'p < 0.001. 
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Figzrre 2. Association of oestrogen replacement in post- 
menopausal women with muscle strength for five lower- 
body exercises. Top panel, absolute muscle strength. Bottom 
panel, muscle strength relative to LBM. Values arc mean 
(SEM). 

according to ORT status for age, height, weight, LBM, 
fat mass, or percentage body fat, although whole- 
body bone mass was greater (p < 0.01) in those 
receiving ORT. The association of ORT with regional 
and whole-body BMD is shown in Figure 1. 
Bone mineral density of the spine, mid-radius, and 
whole body was greater (p < 0.001) in individuals 
receiving ORT, with no difference at the femoral 
neck. 

Although BMD and bone mass were higher in 
subjects receiving ORT, there was no difference 
between groups for lower-body muscle strength 
(Figure 2). This result did not change when muscle 
strength was normalized for body mass or LBM. For 
those receiving ORT, years of oestrogen use was not 
significantly correlated with muscle strength for any 
exercise. 

Discussion 
Owing to the paucity and conflicting nature of data 
concerning the effect of oestrogen replacement on 
muscle strength, the present study examined the 

association of O R T  with dynamic muscle strength of 
several major muscle groups in a cohort of healthy 
postmenopaqsal women. The results of this study 
indicate that, although individuals receiving O R T  had 
enhanced bone mass compared with those not receiving 
ORT, there was no effect of hormone replacement on 
lower-body muscle strength. ' 

Since bone loss parallels the loss in muscle mass and 
strength with ageing [17, 181, and patients with 
osteoporotic fractures have muscle weakness [IS, 191, 
factors affecting bone mass may affect lnuscle mass and 
strength as well [ll]. Physical activity and inactivity 
have an effect on bone and muscle tissue, resulting in 
hypertrophy and atrophy of these tissues, respectively. 
Similarly, the hormonal milieu can have a profound 
effect on these tissues. For instance, recent studies 
suggest that androgen replacement in hypogonadal men 
results in enhanced protein synthesis and may improve 
muscle function [20, 211. Oestrogen, likewise, causes a 
slight increase in total body protein, although this effect 
appears to be limited primarily to tissues of the sexual 
organs and those of reproduction [22]. 

If oestrogen replacement does have a protective effect 
on muscle strength as proposed by Phillips et al. [I 11, 
the mechanism is yet to be elucidated. Hormones such 
as growth hormone (GH) and insulin regulate amino 
acid transport [22]. Administration of GH to GH- 
deficient adults results in increased lean tissue accretion 
and enhanced muscle strength [23], although we have 
recently demonstrated that G H  administration to 
healthy older exercising adults does not augment 
muscle strength [24]. Oestradiol also causes transport 
of amino acids; however, this is primarily into the 
musculature of the uterus [22]. Oestrogen receptors 
have been located in human vascular smooth-muscle 
cells [ZS], aorta [26], and in pelvic muscles [27]. Smith 
et al. [27] proposed that the increased incidence of 
prolapse and urinary incontinence postmenopausally 
may be a consequence of weaker pelvic floor muscles, 
and that oestrogen replacement may be of benefit as 
these muscles have oestrogen receptors. However, the 
presence of oestrogen receptors in other skeletal 
muscles is yet to be documented. 

In contrast with the report from Phillips et al. [I l l ,  
the present study did not find an association between 
ORT status and muscle strength for any of the five 
exercises examined. Absolute strength values for all 
exercises were very similar for both groups and 
adjusting the strength value for body weight o t  
LBM did not alter this result. Exercises chosen in the 
present study involved muscle groups, such as the 
knee extensors, which are related to falls [I41 and 
involved with activities of daily living, such as gait 
speed and chaii rising ability [28]. Furthermore, 
Bassey et al. [28] suggested that lack of balance in 
elderly people may be due to inadequate strength of 
these muscle groups rather than a deficiency in 
balancing mechanisms. Moreover, muscle weakness, 
reduced muscle mass, as well as reduced BMD may 
contribute to increased risk of hip fracture once a 
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fall has taken place [29]. Nevertheless, muscle strength 
can be increased with exercise training, even in  very 
elderly people [16, 301. T h i s  finding has important 
implications for functional independence as well as 
public health. 

I t  is possible that the contradictory findings of our 
study and that  of Phillips et al. [I11 may partly arise 
from the  methods employed. Phillips el al. [ll] 
measured isometric muscle force of a single muscle in 
the  hand, the adductor pollicis, by a force transducer 
and expressed strength as the ratio of maximal 
voluntary force to estimated cross-sectional area 
(MVF/CSA). W e  examined dynamic muscle strength 
of several large lower-body muscle groups using 
conventional isotonic resistance training equipment. 
W e  adjusted muscle strength to body mass and L B M ,  
and  the results were unchanged. I n  addition, subjects in 
the  present study were older (69 vs. 60 years), although 
age of menopause (48 years) was the same for women in 
the  study by Phillips et al. [li]. T h u s  our subjects had a 
longer exposure to O R T  [17.8 (1.8) vs. 7.8 (1.3) years] 
o r  to deficits in oestrogen levels. However, our  results 
are compatible with those of Kritz-Silverstein and 
Barrett-Conner 1131 who reported no effect of oestro- 
gen replacement on hand grip strength, a test employ- 
ing several muscles, in a large group of elderly women. 

With  regard t o  statistical power, our results have 80% 
power (a = 0.05, two-tailed) to detect a 0.65 Standard 
Deviation difference in muscle strength, which we 
would consider to b e  of clinical importance. A mean 
change of 0.65 Standard Deviation units for each 
exercise would be at  least triple the precision error of 
the  respective measurement. T h e  actual mean differ- 
ence observed between the  groups: leg press = 3.2kg; 
knee flexion = 0.2 kg; hip abduction = 0.9 kg; with no 
difference for knee extension and hip adduction, was 
equal to o r  less than 0.2 Standard Deviation units and 
also less than that  of the  precision of the measurement. 
W e  cannot exclude the  possibility that  the apparent 
difference in leg press strength of 3.2kg would have 
been significant if we had tested a larger number  of 
subjects. However, to have sufficient power to resolve 
this point would have requiped 378 subjects per group. 
F o r  knee flexion and  hip abduction, even if the 
observed differences had been shown to be statistically 
significant, their  physiological relevance is open to 
question. 

I n  summary, although O R T  was associated with 
greater axial and  appendicular bone density in  our 
cohort of elderly women, we found no effect of 
oestrogen replacement o n  lower-body muscle 
strength. Although the  age-associated decline in 
muscle strength is multifactorial [S], oestrogen does 
not  appear to b e  an important contributory factor. 
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Lack of Effect of Recombinant Human Growth Hormone 
(GH) on Muscle Morphology and GH-Insulin-Like 
Growth Factor Expression in Resistance-Trained 
Elderly Men* 

DENNIS R. TAAFFE, ISABELLA H. JIN, THANH H. W, ANDREW R. HOFFMAN, 
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Musculoskeletal Research Laborato~y, Aging Study Unit, Geriatric Research, Education, a n d  Clinical 
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D.R.T., A.R.H., R.M.), Stanford, California 94306 

ABSTRACT 
Vnstus latoralis muscle samples were obtoined by needle biopsy 

from 18 healthy elderly men 65-82 yrl participating in a double 
blind. ~lacebo(PL1-controlledtrialofrecombinant humnn CII(rhCH1 
and ihrcise and assessed for musclemorphology and skeletal muscle 
tissue expression of GH and insulin-like growth factors (IGFs). Sub. 
jects initially underwent progressive resistance training for 14 weeks 
and were then randomized to receive either rhGH (0.02 mgkg 
BW.day, sc) or PL while undertaking a further 10 weeks of training. 
Musole samples were obtained at  baseline and at 14 and 24 weeks. 
The mean (+$EM) cross-sectional areas of type I and I1 fibers were 
similar (type I, 3891 + 167 &m2; type II, 3985 + 200 &ma) at baseline 
andincrensed(P<O.Ol)by 16.2 + 4.1%and 11.8 + 3.8%,respectively, 
after the initial 14-week training period. After treatment (weeks 
14-24), two-way repeated measures ANOVA revealed a main effect 

I T HAS BEEN proposed that reduced activity of the GH- 
insulin-like growth factor I (GH-IGF-I) axis with normal 

aging may underfie characteristicsomatic changes, including 
decreased lean and skeletal mass and increased adiposity (1, 
2). These somatic changes resemble those observed in adults 
with complete GH deficiency and are reversed with GH 
replacement (3-5). Treatment of GH-deficient adults with 
recombinant human GH (rhGH) modestly improved muscle 
strength and maximal exercise capacity (3, 6,-7), suggesting 
that GH deficits may also contribute to age-related declines 
in muscle strength. However, we have recently shown that 
the maximal strength response of elderly men engaged in a 
program of resistance exercise was not enhanced by coad- 
ministration of rhGH (8). It remains possible that subtle 
changes in skeletal muscle may have occurred that were not 
detected by assessment of maximal isotonic strength. Studies 
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of time for type I (P < 0.01) and typeIIfibers (P < 0.05), butno group 
effect or interaction. The increase in cross.sectiona1 area for the PL 
group was significant (P = 0.01) for type I(11.6 f 3.6%) and ap- 
proached significance (P = 0.06) for type I1 fibers (11.1 + 6.6%). For 
rhGH, the change in type I(6.3 + 6.9%) and I1 (7.1 + 6.2%) fiber area 
was not significant. No apparent cbangein tissue GHreceptor, IGF-I, 
IGF-Ireceptor, IGF-11, or IGF-U receptnr messenger ribonucleicacids 
occurred as a result of exercise atter the 14-week pretreatment period 
or aRer treatment withrhGHor PL. These results indicate that rhGH 
administration in exercising elderly men does not augment muscle 
fiber hypertrophy or tissue GH-IGF expression and suggests that  
deficits in the GH-IGF-I kds with aging do not inhibit the skeletal 
muscle tissue response to training. (J Clin Endocrhol Metab 81; 
421-425,1996) 

in rats have shown that the expression of IGPI messenger 
ribonudeic acid (mRNA) is deoendent on GH (9). and in- 
creased diameter of type I and h muscle fibers results from 
rhGH administration (10). To assess the possible effects of 
resistance exercise and rhGH on muscle fiber morphology 
and mRNA expression of relevant GH-IGF genes, we took 
sequential percutaneous biopsies of the vastus lateralis mus- 
cle from the subjects in ow previously reported study (8). 

Subjects and Methods 

Subjects 

The characteristics of tliestudy group and exerdseprotocal havebeen 
previously described (8). Briefly, 18 healthy men, aged 65-82 yr (mean 
+ SBM, 70.3 + 0.9 yr) completed the 24-week randomized placebo (PL)- 
conholled trial. Height and body weight were 176.2 + 2.0 am and 
81.8 + 2.9 kg, respectively. AU volunteers were apparently healthy, 
having successfully completed a comprehensive screening procedure 
that included a health histow a u e s t i o d e .  nhvsical examination. mul- 
tinhasiclaborato~~rofile.a;td;nawimalexe~&ises~ess test. The arhtncol , . ~ ~ - ~ ~ - ~  ~~. = ~ - ~  ,;as approved by t l~c  huu,m subjeclscommittec of Stanford University, 
and ail subjects provided written consent, 

The rhGl-I and exercise protocol ronsistcd initially of 14 weeks of 
progressive resistance training, with 3 ses~ions/week.~&ch session con- 
sisted of a drcuit of 10 exercises involving major upper and lower body 



COMMENTS 

muscle groups. Subjects performed 3 sets of 8 repetitions for each ex- RNA).ThePCRproducts weremnona5% poiyaaylamlde-weageland 
ercise at an initial intensity equal to 75% of their individual 1 repetition analyzed by quantitative autoradiography. 
maximum (I-RM) values. After 14 weeks of haining, subjects were The oligonucleotide primers used were as follows: GIIR: 5'-primer in 
randomly assigned to receive daily injections of either 0.02 mg/kg BW exon 9,5'-AAG GGA lT(C)G ATC CAG ATC 'lT(C)C TCA AGG-3'; 
rhGH (Somahopin, Genentech, South San Pranclsco, CA; n = 10) or an 3'-primer In exon 10,5'-ATC GCT TAG AAG TCT GTC GOGT GTC 
equal volume of PL (Genentech; n = 8) while continuing to train for an TGA-3'; IGPI: 5' primer in exon 3,5'6- CTG CGG GGC TGA 
additional 10 weeks. Subjects were inshucted to maintain customply GCTGGTGG3';Y-primer inexon4,5'-GGAGC~CCITAGATCA 
activity and dietary patterns throughout the24-week training program. CAG CTC CGG AAG-3'; IGP-IR: 5'-primer, 5'-GAC TAT CAG CAG 

BaselineplasmaIGP-I concentrations weres-u s (106 CTG AAG CGC CTG-3'; 3'-primer, S-GCC CAA TAT CCT TGA GAT 
+ 9 ng/mL), but doubled in the rhGH group after 10 weeks o P r h ~ ~  TGG TCA TC-3'; IGP-11: 5'-primer in exon 7,5'-GGG AAT TCA TTG 
treatment.Inaddition, IGFBP-3 Increasedin therhGH group.Concennic CTG C1T ACC GCC CCA G3'; 3'-primer in exon 8,s'-GGA AGC TTA 
muscle strength increased for all exercises, but there was no difference GTA CGT CTC CAG GAG GGC C-3'; IGP-IlR: 5'-pdmer in exor6, 
in muscle shength gain between rhGH and PL groups (8). 5'-CAA(G) CTG GGAG(A)TG TGT GGT CAG TTI C-3'; 3'-primer in 

exon 7,5'-GGA TGG TCC CAC A(G)GA(G) CAG GCA 'ITG T-3'; and 

Muscle biopsy 18s ribosomal RNA: 5'-primer, 5'-GG- TCC TGC CAG TAG CAT 
ATGCITG-3';3' primer,5'-GGAAGCTTA GAG GAG CGAGCG ACC 

Musclesamples of theleft vastuslateralis m. wereobtained using the AAA GG-3'. Mlxed bases for both human and rat (mouse) are in pu- 

needle biopsy technique (11). Specimens taken at 14 and 24 weeks were bases are reshiction sites' 

from the same location as that used at baseline, and two samples were 
obtained from each subject at each time point. The biopsy at the con- Statistical analysis 
clusion of the study was taken within 24 h of the last exercise bout and 
rhGH injection. One sample was oriented for transverse sectioning, Data were analyzed with a statistical software package (Stahrlew II, 
mounted onacorkblockln hagacanth gum, h.ozeninisopentanecooled Abacus Concepts, Berkeley, CA). Analysis included standard desnip- 
by liquid nitrogen, and stored at -80 C for histochemical analysis. The tlvestatlstics, linearregression,Student's t test,one-factorANOVA, and 
second sample was placed in aplastietube, frozenin liquid nihogen,and two-way (group x time) repeated measures ANOVA. Ail tests were two 
stored at -80 C until analysis. tailed, and an u levelo£0.05 was adopted for significance. AU values are 

exp~essed as the mean + SBM. 

Histomorphometry 

Transverse sections (10 fim) were cut in a cryostat (Histostat, model 
975C Cambridge hsmunents, Buffalo, NY) at -20 C, stained for myo- 
fibrillar actomyosin adenosine hiphosphatase, and classified as type I or 
I1 (12). No attempt in thls study was made to analyze fiber subtypes. 
Biopsy samples from an individual were analyzed simultaneously to 
avoid interassay variances. The muscle fiber cross-sectional area (CSA) 
was determined from manual olanimehv usine the Bioauant Dieitizine 
Momhometrv oromam on a aersonal ~omouTeer at a Gaenificson o-f 
~ 6 6 b  (R and'd ~ i~metr lcs ,  ~'ashville, T$"Ihe areas of ioiypc I and 
40 type I1 muscle frbers were measured from each cross-section by the 
same investigator, who was blinded to group assignment and sample 
time point. Plbers selected were those w6hout artifacts, with hue hans- 
verse orientation and distinct cell borders, and away from the periphery 
of the sample (13). The coefficients of variation for repeated fiber area 
assessment (n = 10 biopsies) were 3.2% and 3.4% for types I and U, 
respectively. 

GH-IGF apress ion  

Total RNA was isolated from biopsy samples (5-10 mg Hssue) using 
the RNA STAT-60 kit (Tel-Test B, Priendswood, Texas) and quantified 
by determining absorbance at 260 nm. We routinely obtained 2-10 pg 
total RNA. Levels of mRNAs of GI3 receptor (GIIR), IGP-I, IGF-I re- 
ceptor (IGP-IR), IGP-U, and IGPU receptor VGP-IIR) were analyzed by 
RT-PCR. TotalRNA (100 ue/mL) wasreverse transcribed usinerandom 
hexamers and murine le&;?mia reverse kanscriptase at 37 C for 30 min, 
at 42 C for 10 min, and at 47 C for 5 min, and then heat inactivated at 
99 C for 5 rnin. The complementary DNA (cDNA) samples were diluted 
10-fold and used for PCR amplification, as we previously descnbed 
(14-16). The cDNAs were amplified in a 5-pL PCR reaction mixture 
containing 50 pmol/L deoxy-W, 1 nmol/L primer, 0.1 pCi 
In-vldwxy-Cm (Arnersham C o p ,  Arlington Heights, IL), 0.125 pU 
Tfl (or Taq) DNA polymerase. The DNA polymerase and reaction mix- 
Nre was added at 65 C (hot start PCRpmcedwe). ThecDNA from IGP-II 
mRNA was amplified for 25 cycles at 94 C for 30 s and at 65 C for 60 s, 
followed by a 3-min extension at 72 C. The cDNAs for IGP-I, IGP-IR, 
IGPIIR, and GHR were amplified for 30 cycles, whereas 18s ribosomal 
RNA (cDNA) was amplified concurrently for 11 cycles as an internal 
RT-PCR control. Oligonucleotide primers were designed from different 
exons to amplify specific cDNA products that could be distinguished 
from those derived from genomlc DNA contamination. The sizes of the 
expected PCR products were 165 bp (IGF-I), 265 bp (IGP-JR), 200 bp 
(IGP-ID, 222 bp (IGP-IIR), 185 bp (GHR), and 140 bp (185 ribosomal 

Results 

Although 18 men completed the study, biopsy specimens 
from 2 members of the rhGH group were unsuitable for 
histomorphometry, and these subjects have been deleted 
from the results. There was no difference in age, height, 
weight, type I or I1 fiber CSA, or muscle mRNA levels of 
GH-IGF axis gene products (GHR, IGF-I, IGF-IR, IGF-U, and 
IGF-IIR) between rhGH (n = 8) and PL (n = 8) groups at 
baseline or before initiation of rhGH treatment. 

At baseline, the CSAs of type I and U fibers were similar 
(type I, 3891 k 167 pmZ; type II, 3985 + 200 m2). By the end 
of the 14-week exercise pretreatment period, type I and lI 
fiber CSAs increased (P < 0.01), with both fiber types dis- 
playing a similar percent change (type I, 16.2 k 4.1 %; type U, 
11.8 3 3.8%). After drug treatment (weeks 14-24), two-way 
repeated measures ANOVArevealed a maineffect of time for 
type I (P < 0.01) and U fibers (P < 0.05), but no group effect 
or interaction (Fig. 1). Further, there w@s no difference be- 
tween groups at week 14 or 24, or for percent change after 
treatment. The increase in CSA for the PL group from weeks 
14-24 was significant (P = 0.01) for type I fibers and ap- 
proached significance (P = 0.06) for type 11 fibers. 

No significant chwge in GHR, IGF-1, IGPIR, IGF-II, or 
IGF-lTR mRNA levels-occurred as a result of exercise fol- 
lowing the l4week pretreatment period. After randomiza- 
tion and treatment with rhGH or PL, no group effect, time 
effect, or interaction' for any variable was observed (Table 1). 
Nevertheless, considerable variation was noted, especially 
for the rhGIl-treated group, in IGF-I and IGF-IR from weeks 
14-24. Examining t l ~  group at these time points revealed a 
possible trend in IGF-I (P = 0.21) and IGPIR (P = 0.13). 
Ilowever, these apparent increases at week 24 were due to 
two individuals for IGF-I and three individuals for IGF-IR, 
who displayed substantial increases in respective tlssue 
mRNA levels. The subjects who responded wit11 augmented 



rhGH PL rhGH PL 

Type 1 Type n 
Fro. 1. Effect of resistance exercise and rhGH treatment on type I 
and I1 fiber cross-sectional areas. Values are the mean t SEM. *, P < 
0.05, significantly different from week 14. 

TABLE 1. GH-IGF mRNA expression in skeletal muecle at 
baseline, 14 weeks, and 24 weeks for rhGH (n = 8) end PL (n = 8) 

Gmuo Baseline 14 weeks 24 weeks 

rhGH 1.472 t 0.511 1.609 f 0.511 1.246 t 0.119 
PL 1.199 2 0.168 1.166 t 0.069 1.281 2 0.106 

TP.W.1 --. * 
rhGH 0.938 i 0.276 0.787 t 0.188 1.223 t 0.251 
PL 0.804 2 0.184 0.832 C 0.112 0.881 t 0.138 

IGF-IR 
rhGH 1.807 i 0.231 2.305 f 0.331 3.960 + 1.266 
PL 2.841 t 0.886 2.139 t 0.398 2.424 i 0.822 

IGF-I1 - - 

rhGH 2.124 2 0.461 4.001 2 1.341 3.960 t 0.919 
PL 3.160 t 0.618 2.226 5 0.234 3.312 2 0.358 

1a!3-TTR - - - ---. 
rhGH 5.024 C 0.946 4.110 t 0.168 5.017 t 1.018 
PL 9.917 t 0.188 4.360 ir 0.436 4.210 ir 0.889 

The PCR products wereanalyzed by qunntitativeautoradiogrnphy 
and tlie abundance ofeaeh mRNA wns normalized by dividing by the 
amount of 18.9 ribosomal RNA. Avsays were repeated three times. 
Values are in arbitrnry units (mean t SEM). 

IGF-I expression were not the same as those who had in- 
creased IGF-IR. Removal of these subjects resulted in iden- 
tical vaIues at weeks 14 and 24 for IGF-I (0.922 + 0.208 us. 
0.942 2 0.202) and IGF-IR (1.896 If: 0.299 us. 1.855 ? 0.373). 
Further, there was no relationship between plasma IGP-I and 
muscle IGF-I at week 14 (r = -0.29; P = 0.29) or week 24 
(r = 0.25; P = 0.351, or for change in IGF-I tissue and plasma 
levels between weeks 14 and 24 in the rhGH group (r = 0.05). 

Discussion 

The results of this study indicate that supplementation 
with rhGH in healthy exercising elderly men does not en- 
hance the muscle fiber hypertrophic response or increase 
muscle GHR, IGF-I, IGF-IR, IGPU, or IGF-lTR mRNA ex- 
pression. Further, prolonged resistive training in the absence 
of exogenous GH produced no change in tissue GH-IGF axis 
gene product expression. This suggests that deficits in the 
GH-IGP-I axis with aging do not constrain the potential for 
muscle fiber hypertrophy subsequent to a program of resis- 

tance exercise and that gains in fiber CSA are not dependent 
on augmented tissue GH-IGF axis gene expression. 

It is well known that a sustained program of moderate to 
high intensity resistance exercise results in skeletal muscle 
fiber hypertrophy in both young (17) and older (18) adults, 
which was evident during the initial 14-week training period. 
Similar increases were observed in type I and I1 fiber CSA 
accompanied by significant improvements in muscle 
strength (8). However, no difference was observed between 
groups after the initiation of rhGH or PL treatment. More- 
over, the only significant change From week 14 to 24 occurred 
in the PL group for type I fibers. Although exercise-induced 
muscle hypertrophy in the elderly results from an increase 
in muscle protein synthesis (19), it has been unclear whether 
fiber area can be enhanced in exercising adults by GH sup- 
plementation (20). The present study suggests that in elderly 
adults, enhanced fiber hypertrophy does not occur with re- 
placement GH therapy. This supports the early work of 
Goldberg (21), who demonstrated that work-induced muscle 
growth is not pituitary GH dependent. 

Several lines of evidence indicate that rhGH has the po- 
tential to be beneficial in older exercising adults. GH is a 
potent anabolic agent that stimulates protein synthesis and 
nitrogen retentionin animals (22) and humans i23). Admin- 
istration of GH in old rats has been shown to increase skeletal 
muscle protein synthesis (24) and enhance skeletal muscle 
regeneration (25). Modest increases in CSA of muscle fibers 
and an increase in the number of satellite cells have been 
reported in animals after daily GH administration (10, 26). 
Tho effect of exogenous GH on fiber CSA in man has only 
been reported in GH-deficient adults, and the results are 
mixed. Preece et al. (27) and Rutherford et al. (28) reported 
fiber atrophy after cessation of GH therapy for 12 months, 
whereas Whitehead et al. (29) and Cuneo and colleagues (30) 
found no effect on type I or I1 muscle fiber size or fiber type 
proportions after 6 months of rhGH therapy. . . 

In healthy exercising adults, an augmentea anabolic effect 
of rhGM administration has not been observed. Yarasheski ef 
al. (31) did not find an enhanced effect of rhGH adrninistra- 
tion in exercising young men on the quadriceps muscle pro- 
tein synthesis rate compared to the effect of exercise alone in 
['3Clleucine tracer experiments. In young power athletes (32) 
and experienced weight lifters (33), rhGH treatment in con- 
junction with training did not result in augmented muscle 
strength or muscle protein synthesis. Yarasheski and co- 
workers (31) speculated that the absence of an anabolic effect 
from prolonged GI-1 treatment in resistance-trained individ- 
uals mav be due to down-reeulation of thc rnusde C;I- as 
well as the IGF-IR, as evidenced in mouse muscle (34). It has 
also been observed that elevation of some IGFbindiig pro- 
teins both potentiates and inhibits the interaction between 
IGF-I and its receptor (35). Evidence exists from several 
sources for tissue resistance to elevated plasma IGF-I after 
prolonged GH treatment, possibly due to down-regulation of 
IGF-IR. Snyder et al. (36) reported that although rhGH ad- 
ministration initially promoted nitrogen retention and in- 
creased plasma IGF-I concentrations in diet-restricted obese 
subjects, the anabolic effect was lost after 5 weeks, even 
though plasma IGF-I concentrations remained elevated. Sim- 
ilarly, Henneman et al. (37) found GH-induced nitrogen re- 



tention to be lost after 1 month of daily injections of human 
GII, but the anabolic effect was restored after cessation of 
treatment for 2 weeks, and Mandel et al. (38) reported down- 
regulation of etythrocyte IGF-I receptor after 6 months of 
rhGI-I treatment in GI-I-deficient children. 

'To date, it has been unclear whether IGF-I expression is 
enhanced in human muscles undergoing exercise-induced 
hypertrophy (20). Although considerable variation was ap- 
parent in our study cohort, it appears that tissue IGFs and 
GHR and IGFR mRNAs are not consistently affected by 
resistance exercise alone or exercise combined with rhGH 
administration. The lack of tissue change may partially ac- 
count for the absence of an anabolic effect in the rhGH- 
hwatcd group, prevenling autocrine/paracrine aclion of 
IGI:-1, whicl~ llnti been proposed to have an imporlnnl role in 

local tissue hypertropl~y (39). 
Recent studies in rats suggest that skeletal muscle IGP-I 

mRNA is activated by synergistic overload (40), treadmill 
running (41), and stretch-induced hypertrophy (22), and that 
this response is independent of GI4 status. Species differ- 
ences, the experimental protocol employed to induce liyper- 
trophy, and the age of the subjects may contribute to the 
divergent results obtained in the present study and those of 
DeVol et al. (40), Zanconato et al. (41), and Czerwi~iski et nl .  
(42). Nonetheless, it is possible that up-regulation of IGF gene 
expression did occur earlier in the time course of trealrnent 
in the present sludy. Further, as the message half-lives for 
IGFand their receptors are unknown, local production of IGF 
may have increased without any detectable change in mRNA 
at our sampling time point. It has also been suggested that 
the GII-induced increase in GIIBP prevents GH from bind- 
ing to its target tissue receptor (43); however, GH-binding 
protein was not measured in the present study. Additionally, 
this PCR assay can detect a change of approximately 50% in 
mRNA abundance, so it is possible that small changes in 
muscle mRNAs were not detected. 

In conclusion, administration of the trophic agent rhGH 
did not augment the skeletal muscle response to physical 
exercise in terms of musclc strength (a), morphology, or 
muscle GH-IGF mRNA expression. These results raise 
doubts concerning the potential role that rhGH supplemen- 
tation may have in addressing atrophy of skeletal muscle and 
decline of strength with aging. 
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Summary: The effects of 52 weeks resistance training at one of two exercise intensities 
on thigh muscle strength, fiber cross-sectional area (CSA), and tissue comnpwirion were 
studied in healthy 65-79-year-old women. Sul~jccts wcrc assigned to either a control 
(CO) , high-intensity (HI) or low-intensity (I ,O) training group. Exercise regimens 
consisted'of three sets of leg press, knee extension, and knee flexion exercises, 3 
dayslweek, at ciher 80% of one-repetition maximum (1-RM) for seven repetitions (HI) 
or 40% of 1-RM for 14 repetitions (LO). Dynamic musclc shength was evaluated by 
1-Rhf, thigh lean tiswe mass (L'TM), fat mass, and bone mineral density ( H W ,  gicm2) 
by dual energy X-ray absorptiometry, and fiber CSA of vaslus lateralis m. by histomor- 
phometry. Muscle strength increased, on averagc (*SEM), by 59~447.9% and 
41.5-17-9% fur HI and W ,  respectively, compared Ln I-3k4.856 in CO (P=0.0001). 
Type 1 fiber CSA increased over time (P<O.05) in both exercise groups, with a trend for 
increased type II ares (HI, fi0.06; LO, Pa-1.1) .  There was no significant effect of either 
exercise program on thigh tissue composition, except for BMD at the In site (middle 
third of the femur), where LU and CO groups experienced a decline (P<O.05) of 
-2.2LO.SY" and --1.8*0.6%, respectively, while HI maintained BMD (+l.OLl-0%). 
Both training programs produced significant gains in thigh muscle strength, which werc 
associated *with f i h c  hypertrophy, although these did not translate into appreciable 
aiteratio~~s in thigh tissue wmposition. 

Key wards: ageing, hypertrophy, exercise prescription. 

Introduction 

Training that incorporates heavy resislance exercise with few repetitions increases 
muscle strength and mass in young or middlc-aged subjects (Gettman & Pollock, 1981). 
Moreover, when the total amount of work is kept wnstant in young men training at hgh- 
or low-intensity, light loads appear ineffective in increashg maximal dynamic strength 
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(Uons el aL, 1979). Thus. intensity of excrcise appears to be the dominant factor in 
strength development (McDonagh & Davies, 1984). 

Numerous studies in older populations indicate that age does no[ constrain the ability 
of the neuromwular system to respond to high-intensity strength training (Frontera el 

al., 1988; Fiatarone er ui., 1999; Charette et a(., 1391; Fiatarme ci al., 1994; Pyka et al., 
1994). However, some studies in oMer adults (Aniansson & Gustafsson, 1981; Agre el 

rrl., 19881, although not a11 (Larsson, 19821, indicate that modcst improvements in muscle 
strength can also be achieved with Iow-intensity exercise that utilizes wrist and ankle 
weights or body weight as resistance. Fstrthermore, endurance lraining studies compar- 
ing moderate- to low-intensity exercise in older mcn and women report no difference in 
functionalcapacity gains (Badenhop er al., 1983; Foster et al., 1989). These results suggest 
that aIthougI1 older adults retain the capacity to respond to excrcise training, the relative 
intensity of exercise required for functional improvenlcnt may not necessarily be the 
same as that of their younger counterparts. Moderate gains resdting frnm such lowes- 
intensity programs would have a profound impact, as it has been reported that a 1040% 
increase in muscle strength and aerobic power may prolong independence for 1%20 
years (Young, 1986). 

The~fo~e ,  the aim of the present investigaticln was to  elucidate the effects that exercise 
intensity has on the musdoskeletal system in older aduIts. Speczcally, we report here 
the cIfects of a 52-week randomized controlled exercise trial on thigh muscle strength, 
fiber cruss-sectional area (CSA), and tissue composition in healthy elderly women who 
underwent either a hgh-intensity or Iow-intcmity resistive exercise program. Proximal 
muscles of the lower limbs are especially subject to s reduction in strength and atrophy 
with aging (Tornonaga, 1977; Grimby et a!., 19821, and morbidity associated with muscle 
weakness may be more prevalent in women who are at a greater risk for falls and hip 
fracture (Cress ei al.. 1991). Accordingly, the exercises we report relate to thigh strength, 
primarily the knee extensors, or  quadrkeps str~ngth, important for everyday tasks such 
as rising born a seatedposition, walking, cIimbing stairs, and balance (Bassey et al., 1992; 
Wxeienberg & Arborelius, 1%4). 

1 

S u b j d  and methods 

Thirty-six healthy women aged 6579 years, with a body mass indcx @MI, kdrn2) of 
less than 30, were recruited from the Palo Alto and adjoining communiti'es. Recruitment, 
screening, training protomis, and muscle skength responses in different anatomic 
regions for tbis study have been reported previously n a f f :  el al., 1995). Briefly 
summarized, voh,mteers underwent a mu1 tiphasic screening procedure that included a 
health history and physical examination, laboratory prome, resting and exercise electro- 
cardiogram, and lateral spine radiographs. They were sedentary to moderately active 
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Resistance training in elderly women 

and did not participate in any weight-lifting program. All subjects gave written consent 
after the study was approvcd by the Human Subjects Cantnittee of Stanford University. 

TRAlNlNC PROGRAM 

Women were ra11dom1y assigned to either a conlrol (CO, n ~ l l ) ,  high-intensity (HI, 
n=12) or low-intensity (LO, n-13) resistance training group. Eleven subjects did not 
complete the 52-weck training program, five lrom the HI and six from the LO group, 
resulting in a study group of 25 women (CO-11, HI=seven, LO=seven). Individuals 
withdrew from the study for a variety of reasons: health problems unrelated to the 
lraining protocol, loss of inlerest, moved from locality, conflict with personal interests 
and demands of work. Exercisers completed 79% of lhcir scheduled training sessions. 
All subjects were instrucled to maintain c.ustomary dietary and activity patterns. 

Asqigned resistance exercises that targeted thigh muscle strcngth were the leg press, 
knee extension and knee flexion. Leg press was performed on a Multi-station weight 
machine (Universal Gym Equipment, Ccdar Rapids, IA, USA), and knee flexion and 
extension wcce perfarmed on a Marcy Lcg Trainer (Marcy Physical. Fitness Produck, 
Alhambra, CA, USA). Exercise groups performed 3 sets of each exercise, 3 days per 
week. The LO group trained at 40% ool their one-repetition maximum (1-RM) for 14 
repetitions. The first set of each exercise for the H1 group was also performed at 40% 
1-RM for 14 repetitions to serve as a specific warm-up for the higher resistance wcights, 
which were set at 80% of their 1-RM for 7 repetitions (2 sets). Therefore, the relative 
exercise volume was the same for both rcsistiva trained groups, so that the difference 
bclween groups was haw they achieved the total work. 

All training sessions were conducted under dirqt supervision to cnsure proper tedi- 
nique and decrease the risk of injury. Exercise sessions were bracketed by warm-up and 
cooldown periods. For the first two weeks of training, resistance was set at 70% of 1-RM 
for the HI group and 35% of 1-RM for the LO group and was then increased to full ex- 
ercise intensity, thereafter. To assure the progressive nature of the resistan= training 
protocol, 1-RM testing was conducted every 2 wccka for the first 15 weeks and every 3 
weeks thereafter; the new strength values were used to adjust individualized training 
loads. 

S'IRENGTII MEASUREMENTS 

Dynamic isotonic strength was measured using 1 -RM, as we have described previously 
(Qlarette et al., 1991). Briefly, the 1-RM method is the maxima1 weight an individual 
can move through the range of motion one time without the use of momentum or change 
in body position. The coefficient oC variation for repeated 1-RM measures in our 
laboratory for this age group are: leg press=5.0%, knee extension=4-6%, and knee 
flexion=7.6%. 
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MUSCLE FIBER CROSSSECmONAL AREA 

Both prc and post 52-week muscle biopsy samples of the left vasm laterah rn. were 
obtained fiom 19 women (CO=4, HI=5,1.0-5), using the needle technique (Bergstrijm, 
1962). Specimens takcn at 52 weeks were from the same location as that used at baseline. 
Samples were rnaunted on a cork block in tragacanth gum, frozen in isopentane cooled 
by liquid nitrogen, and stored at -8O0CI for histochemical analysis. Transverse sections 
(10 bm) were cut in a cryosta t (Fhtostat, model 9737, Cambridge Instruments, Buffalo, 
NY, USA) at -2O0C, stained for myofibrillar actomyosin ATPase at pIi  9.4, and 
classifid as type I and IT (Dubowitz & Brooke, 1973). Pre and post biopsy samples were 
analysed simultaneously to avoid interassay variances. Muscle f i k r  area measurements 
were determined from manual planimetr y using the Bioquant Digi tixing Morphometry 
program on a personal computer at a magnification of X W  (R and M Diometrics, 
Nashville, TN). The areas of 40 type 1 and 40 type XI muscIe fibers were rnea~urcd from 
each cross-section by the same investigator according to the methodological principles 
of Blomstrand et al. (1984). The coefficient of variation for repeated fiber arm assess- 
ment (n=10 biopsies) was 3.2 and 3.4% for type I and T I ,  respectively. 

THIGH TISSIJE COMPOSmON ANALYSIS 

Thigh fat mass (g), bane-kce Iean tissue mass (LTM, g), and bone lninerai density 
(EPVLD, g/m2) were assessed by dual energy X-ray absorptiomatry (DXA, Hol~gic 
QDR 1000NV, Waltham. MA, USA). From the whole body DXA scan (software ver. 
5.351, regional analysis of the left thigh (mme thigh from which biopsy specimens were 
obtained) was made at two sites; (I) middle third of the femur (Thigh 1/31, and (2) from 
a horizontal line placed inferior of the ischiurn to the joint line of the femur and tibia 
(Thigh), to exclude contribution of hip bone mineral and soft tissue. The coefficient of 
variation for replimte measurements in our laboratory for Thigh 113 BMD, fat, and CX'M 
is 0.7, 1.7, and 1-I%, respectively, and for Thigh BMD, fat, and LTM is 0-8, 1-4, and 
1-2%, respectively. 

STATISTICAL ANAI .YSIS 

Data were analyscd with. a statistical software package (Statview 11, Abacus Conmpts 
Inc., Berkeley, C . ,  USA). Analysis included standard des~np tive statistics, pired 
Students t-tests, analysis of variance (ANOVA) to examine characteristics of thc 3 
groups at basehe and percentage change from bareline tn.52 weeks, and two-way 
(groupxtime) repeated measures ANOVA based on absolute values to investigate 
changes among groups for the dependent variables a d  strcngth changes betweem 
exercise groups over time. Where appropriate, the Scheffe test was employed to locate 
the source of s i & ~ n t  differences. All tests were two-tailcd, and significance was set 
at P<O.05. Values are expressed as m&SEM. 
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-LV ' 

k g  prcss Knee extension f h i 0 n  

Fi& 1. Petcentage change in muscle strength (1-RM) for leg prcss, knee extension and knee flexion, bliowing 
52 weeks of trairiing. Values are mean +SFM. HI n=7, LO n=7, COn=ll. *P<0.05, significantly different h r n  
CO and significantly different from badhe.  

Bascljne characteristi= of subjects completing the protomi arc presented in Table 1. 
There waq no difference in age, height, weight, muscle strength, fiher PSA, or thigh tissue 
composition among groups. Subjects completing the 1 year prolocol were not distin- 
guished f r m  those who failed to complete training with respect to these variables. Leg 
press, knee extensor, and knee flexor strength increased in both HI and W exercise 
groups following 52 weeks training (Fig. 1). Comparing exercise groups over baseline 
and at time points 3,6,9, and 12 months, there was a significant (P=0.0001) timc effect 
for each exercise, but no group effect or interaction, indicating no difference betwcen 
training regimens. The P-values for group and interaction effcts for the leg press were 
0.92 and 0.31, for knee extension 0.18 and 0.09, and for knee flexion 0.71 and 0-94, 
respectively. Figurc 2 iilustrates the time murse for strength change in HI and LO 
groups. There was a difference (P<O.05) in the magmtude of strength gain between 
baseline and 3 months for knee extcnsor strength, with a greater rate observed ia thc HE 
group, This resulted in a sign5-t difference between groups for kncc extensor 
strength at 3 months. However, for subsequent time points there was no difference 
between groups for kncc cxtensor strength or at any b e  point for Ieg press or knee 
flexor skengtb The apparent greater trajectory in muscle strength gain in leg press 
strength for the HI group between basehe and 3 months was not significant (P4.17). 

For all subjmts combiacd at baseline, mean CSA of type I fibers (3264+156 pm2) was 
largcr than type I1 fibers (2576k134 fim2) (P=0.0001). Following the 52-week Itraining 
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Months 
Pig2 Time course of strength change for high- and low-int- exercisegroup. Top panel: Ieg press strength; 
mid& paneI: knee extensim mngth; W o r n  panel: hea flexion strength. V d w  are mean+SEM. HE ~ 7 ,  
LO n=7, rXl -11. tP-cO.05, significant diemme between groups at time point. tP<O.OS, signifimt 
d i e m c e  bttwttn group for rate of strength change ( C 3  months). 

program, type I mean fiber area increased (P<O*05) in I31 by 273f 9.3% (724L196 
ILcm2) and LO by 9.723.1 % (2962 97 pm2) compared to basehe. Type II fiber change 
in HI of 22.1 A 9.4 % (462 2 178 pin2) and LO of 18-3 28.6% (432 5210 gun2) approached 
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-10 - 
- 15 

TYF 1 Type I= 
Fig. 3. Percentage change 1m type X and 11 fiber CSA following 52 weeks of trainink Values arc mcan5SEM. 
HI n=S, LO n-5, CO n=9. *PiO+OS, significantly different from CO. fWO.05, significantly different ham 
baseline. 

statistical siecanm when cumpaired to baseline, with P=0.06 and 0.10, respectively 
(Fig. 3), but were different from CO when analysed by ANOVA. No change was 
observed in the CO group (type I= -- 90+ 152 pm2, type IX= - 1%L 152 pm2). 
No significant differences in thigh tissue composition were noted for any group, except 

for UMD at the In site where significant effects for time (P.=0-01) and interaction 
(F<0.01) were observed. Investigation of these results revealed maintenance of BMD 
in the HI group following 52 weeks training (+l .O.Sl .O%),  while a decrease (P<0.05) 
was observed in both LO (-2.220-5%) and CO (-1.8+0.6%) groups. 

These results suggest that in elderly women, a high-intensity resistance exercise program 
may not be necessary to increase, significantly, voluntary dynamic muscle strength or to 
augment muscle fiber CSA. Muscle strength increased in a similar fashion in both 
training groups tor the leg press, knee extension and knee flexion following 52 weeks 
training, which was accompanied by significant hypertrophy of type I fiber CSA. 
However, neither exercise regimen bad a marked effect on thigh bone mineral or 
soft-tissue cornpition. 

The observed strength incrca4cs1 which arc similar to those reported by other investi- 
gators who have subjected older adults to moderate- to high-intensit y resistive training 
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Table 1. Subjcct characteristics 
- 

High intensity Low intensity Gntrol 
b=7) (n-77) ( ~ ~ 7 )  

AgeIyr) 
Height (m) 
nnay weight (kg) 
RMI (kg/m2) 
Muscle sttength (kg) 
k g  
Knee extension 
Knee flexion 

Fibcr CSA (-2)' 
SP" I 
Type 

n i g h  In* 
BMD (g/cmZ) 
Fat mass (g) 
LTM (?,I 

Thigh' 
BMD (9,cm2) 
Fat mass ( R )  

LTM Igl 

Values are rnean?SEM. 
High intensity n-5,  low intensity n=5, control n=9. 

t Thigh 113=middIe third of the femur. 
1 Thigh-borbontal line inferior of the ischiurn to the joint line of the femur and tibia. 

(Charette er al., 1991; Pyka et al., 19941, have been previously discussed (Taaffe er al., 
1995). Greater strength gains have been reported in frail institutionalized elders sub- 
jected to short term resistance trainitig, however, those gains probably reflected very 
low initial strength values resulting from ske1ehl muscle disuse (Fmtarone et al., 1990, 
1994), and possibly apprehension lo exerting a maximal effort during initid ~ e s h g ,  

At b a _ s b ,  CSA of type 1 muscle fibers was larger than that of type 11 fibers, afinding 
noted in other studies of older adults and a common finding in females independent of i 

age (Chafette et al., 1991; Staron er al., 1991; Pyka et d., 1994). With training, t y p  I fiber 
CSA increased in both exercise graups, the magnitude of hypertrophy similar to that 
previously reported in young and older adults subjected to resistance training (MacDou- 
gall ef al., 1980; Frontera et al., 1988; Charette et al., 1991). Sbron d al. (1989) reported 
wnsiderable hypertrophy of all major fiber types following resistance training in young 
women, with the magnitude of the response inversely related to pretraining fiber size, 
however, older women in our study and otherv (Charette et aL, 1992) exhibited only a 
modest type TI fiber response to training. The lack of statistical significance for type I1 
fiber change in our exer~ise groups compared to baseline is IikeIy due to the small sample 
size and large inter-subject variation. However, the change in tyde 11 fiber area was 
statistically simcant when compared with the change in the control group. 
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A disproportionate change in muscle strength and fiber CSA occurred in both exercise 
groups. Although muscle force is proportional to muscle CSA (Close, 1972), numerous 
investigators have reported no relationship between exercise-induced muscle strength 
gain and hypertrophy, determined either by computed tomography or histomor- 
phometry (Dons el al., 1979; MncDougall el a!., 198Q Frontera et al., 1988; Charette et 
at., 1991; Grimby et al., 19%; Pyka et al., 1994). It is well recognixed that neural and 
muscular components both coniribule to strength gains, with the myogenic response 
becoming more important over time (McDonagh & Davies, 1984). The relatively short 
term nature of many excrcisc interventions may contribute to the often reported lack of 
relationship between rnusde strength and morphology. However, the length of the 
training program in the present study is not a limitation to fiber hypertrophy. Although 
morphological change of fibers would account for a portion of strength gain in our 
subjects, neural (Srtlc, 19881, and possibly muscle architecture alterations (Jones & 
Rutherford, 1987; Narici et al., 19891, appear to play a more prominant role. 

Although fiber CSA of the V U Y ~ T  laferdis m. increased in both exercise groups, we 
observed no change in'thigh LTM as determined by DXA. Furthermore, there was no 
alteration in any group for thigh fat mass or bone mineral, except at the 113 site where 
LO and CO groups lost -2% of their BMD and the HI group were able to maintain 
BMD. Recently, Sipilii and Suominen (19.5) reported that 18 weeks of strength training 
in elderly women resulted in a 1.5% increase in lean tissue CSA of the thigh, a 4.5% 
incrcase in quadriceps CSA, and a reduction in the relative amount of intramuscular fat 
as determined by computed tomography. The mehod we used to examine thigh tissue 
compouilion, DXA, permits an accurate and precise evaluation of an individuals whole 
body and regional bone mineral and soft-tissue composition (Mzess et @., 1990; Haarbo 
et ai., 1991). AIthough DXA is subject to scveral !imitations (Roubenoff ei al., 1993; 
Kohrt, 19951, it does compare favourably to traditional methods of body composition 
assessment such as hydrostatic weighing and anthropometry (Brodowicz et ol., 2994), 
and may be more appropriate for use in older adults as it is less dependent on assump- 
tions regarding the constancy of the constituentv of bbhee mass (Kohrt, 1995). Vari- 
ations in adiposity and body thickness can influence these measurements, althoughthese 
effeds generally m w  only when adiposity or t h i h a s  exceeds 25 cm (Haarb er al., 
1991; Jebb et al., 1995). In the present study, tissue thickness of the thigh was well below 
this value, thus, it is unlikely that the potential Emitations of the technology contributed 
tn the Inck of change observed in thigh soft-tissue. 

A dissociation between CSA and non-morphometricin&cators of muscle hypertrophy 
can he found in the literature (Frontera et al., 1988; Grimby el al., 1992). It has also been 
suggested that changes in fiber sire from the vasm Errteralis m. may not reflect hyperiro- 
phy of other muscle fibers in the quadriceps (Frontera et a!., 1988; Narici er aL, 1989). 
More relevant to the dissociation between histomorphometry and DXA in the present 
study is the suggestion Erom animal studies that fiber hypertrophy occurs at the expense 
of the extracellular compartment. This sicms from an observation in mice that the weight 
of exercised muscles does not diflcc ixom that of control muscles although considerabIe 



fiber hypertrophy (mB%) occurred as a result of training (Goldspink, 1964). Goldspink 
(1964) canciuded that this could only mean that fibers develop at the expense of the 
extracellular components. Indeed, Helander (1961) found no difference in muscle 
weight between exercised, controI, and restricted activity guinea pigs, although exercised 
muscles had a higher content of myofihriUar protein but less water. Therefore, as DXA 
does not distinguish lean mass from water, a decrease in hydration in the region of 
interest translates into a reduced LTM, which may partially explain why no change in 
thigh LTh4 was observed even though significant fiber hypertrophy occurred. In fact, 
there is radioIogical evidentx that increased density of muscIe tissue occurs in response 
to training (Horbcr et al., 1985; Jones & Rutherford, 1987). 

A consideration with an intervention study is the attrition rate, which was 44% for the 
exercisers. Although this figure is high, it is comparable with other recent long-term 
resistance training studies in young and middle-aged womcn, where dropout rates of 
53% (Lohrnan et al., 19951, 49% (Gleeson n al., 19W), nnd 40% (Notelovitz et al., 1991) 
were reported after 1 year. There was no diierence in characteristics at baseline between 
those who withdrew and those who completed the program and reasons for discontinu- 
ation were unrelated to the exercise intervention, therefore, the study endpoints are 
unhkcly to have been affected. Nevertheless, the successful adoption of an exercise 
intervention in the community setting is dependent upon regular long-term subject 
participation. 

In conclusion, these results suggest that substantial and persistent muscle strength 
gains and fiber hypertrophy can aIso be achievcd by older women who undertake a 
low-intensity high-repetition resistance training program The magnttude of improve- 
ment in strength and m u d e  fiber marpbo1ogy with low-intensity high-repetition train- 
ing has important implications for exercisc prescription for the elderly, especially for 
women who are more subject to disability than men (Young & Skelton, 1994), for 
individuals with specific physical limitations, and for those who are apprehensive over 
their ability to undertake strength training. 

The authors wish to thank Jennifer Reim and the nursing staff of the Aging Study Unit 
for their assistance in this project. This study was supported by the Research Service of 
the Department of Veterans Affairs. 
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Summary. To investigate the effects of cessation and subsequent resumption of training 
on muscle strength in elderly man, 11 men (aged 65-77 years), just completing a 24- 
week randomized controlled trial of recombinant human growth hormone (rhQH) and 
resistance exercise (rhGH, n-6; placebo, n=S), detrained far 12 weeks and subse- 
qucntly retrained for 8 weeks. During the detraining and retraining phase, subjects did 
not receive rhGH. TRe resistance programme included three sets of eight repetitions at 
75% of one-repetition maximum (1-RM), three times per week, for 10 upper and lower 
body exercises. Dynamic muscle strength was assessed by the 1-RM method every 2 
weeks for 44 weeks. Needle biopsies of vastus lateralis rnuqcle were obtained from 
sevcn men. Muscle strength increased during initial training by 40.4C 5.5 % 
(rnean_tSEM), ranging from 26-025-0 to 83-5)t-15-6%, depending on musde group. In- 
creased strength was accompanied by hypertrophy (P<O.05) of type I (17-424.196) 
and II (25.82 1 2 4 %  muscle fibres. Of initial strength gains, only 29.9552% was Last 
with detraining. However, type I and i3 fibre cross-sectional area reverted to pretrain- 
ing values. Mter 8 week of retraining, muscle strength relurned to trained values, but 
without a si@cant change in fibre morphology. The results indicate that elderly men 
lose some muscle strength following short-term detraining, but that only a brief period 
of retraining i&fices to regain maximal strength. Reversal of fibre cross-sectional area 
with detraining, and only modest improvement with retraining, suggests that much of 
the retentian ia strength with detraining and reacquisition of lost h e n @  with retrain- 
ing reflects neural adaptation. 

Key work ageing, fibre cross-sectional area, resiqtance training. 

A decrease in muscle strerigth and mass arc wcll-known consequences of ageing (Lars- 
son et al., 1979; Frontera ef d., 1 %I), which may contribute to falls, fractures, impaired 
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quality of life and loss of independence (Whipple et al., 1987; Fiatarone &Evans, 1993). 
However, skeletal muscle in older men (Frontera ef al., 1988; Brown et al., 1990) and 
women (Charette e6 al., 1991) retains the capacity for positive adaptations h, both 
strength and cross-sectional area (CSA) as a result of chronic functional overload, simi-  
lar to that observed in younger adults (MacDougall et al., 1979; Yarasheski etal., IN2). 
Neverthekss, periods of time will uccur when regular exercise may not be available or 
possible, such as during illness, immobiiislation or hospitalization. Younger resistanw- 
trained adults lose muscle strength during times of physical inactivity, although not to 
pretraining levels (MacDougall et al., 1980; Houston el al., 1983; Hakkinen et a/., 1985; 
Graves d nl., 1988; Narici er ui., 1989; Staxon er al., 1991; Tucci et aL, 19921, and make 
rapid gains in maximal strength to that of their previously trained level upon resump- 
tion of training (Staron ei al., 1991). Both neural and muscular alterationv appear re- 
sponsible for these changes (Hakkinen et al., 1985; Staron et al., 1991). In older adults, 
the few studies that exist give somewhat mixed results, but suggest a greater loss of 
stre~gth than in the young (Fiatarone el al., 1990; Sforr.0 et a/., 1995). 

As few data are availabIe, il has yet to be concluded to what degree older adults 
may retain muscle strength with cessation of physical activity, and whether they may 
rapidly.recoup strength losses with resumption of training. If so, undertaking a pro- 
gramme of resistance training beforc, as we1 as after, periods of relative inactivity 
may speed recovery of functional independence. This would be an important out- 
come, as many elderly individuals livc near thresholds of physical ability for activities 
of daily living, and a 1%20% increase in musclc strength and aerobic power has been 
suggested to prolong independence for 1CL20 years (Young, 1986). n u s ,  the purposc 
of this study was to investigate the effects of a period of detraining (12 weeks) and re- 
training (8 weeks) on dynamic muscle strength in elderly men who had participated in 
a resistance exercise programme for 24 weeks. 

Subjects and methods 

S ~ ~ S  

Eleven healthy men aged 65-77 years (h9.STl.O years, mean+SEW, who completed 
a 24-week randomized, placebo-controlled trial of recombinant human growth hox- 
mone (rhGH) and resistance exercise (Taaffe et a[., 1Y94), scwed as subjects. Height 
and body wcight were 173-322-6 cm and 82.623-8 kg respectively. All volunteers 
were apparentIy healthy, having succc~sfuUy completed a comprehensive screening 
procedurc beiure initiation of the 24-wcck exercise study, in addition to the exercise in- 
tervention itself. No subject participated in any weight traininggrogramme during the 
12 months before the initial study. The procedure was approved by the Human Subjccts 
Committee of Stanford University, and all subjects gave written consent. 

Briefly, the rhGH and excrcise protocol consisted ir~itially of 14 weeks of progres- 
sive resistance trahing, three sessions per week. Each session consisted of a circuit 

Q 1997 Blackwell Science Lrd, Clinical Physiology 17,311-324 



Detraining and retraining in elderly men 313 

of 10 exercises involving major upper and Iower body muscle groups. Subjects per- 
formed three sets of eight repetitions for each cxercise at an initial intensity equal to 
75% of their individual one-repetition maximum (Z-RM) values (see below). After 14 
weeks of training, subjects were randomly assigned to receive daily injections of 
either 0.02 mg kg-I body weight of rhGH (Somatropin, Gcnentech, South San Fran- 
cisco, CA, USA) (n=10) or an equal volume of placcbo (Genentech) (n=B), while 
continuing to train for an additional 10 weeks. Muscle strength was assessed every 2 
weeks during the 24-weck period, and percutaneous needle biopsies of thc vastus lat- 
eralis muscle were obtained at baseline, 14 and 24 weeks. 

Upon termination of the described pxotmd, six men from the rhGH group and five 
men from the placebo group underwent detraining for 12 weeks, which was followed by 
8 weeks of retraining. During these time periods, subjects did not receive rhGII. 
Normal activities were maintained during detraining, but none of the men participated 
in any weight training or new exercise programme, In addition, participants were 
encouraged to maintain usual dietary patterns. To monitor the time course of strength 
change during this period, muscle strength was assessed every 2 weeks. The retraining 
exercise programme was identical to that of thc first 24 weeks. There was no difference 
in muscle strength betwccn rhGH and placebo groups at any time point during the 
original 24-week study (Taaffe d a!., 1994) or in the CSA of type E or 11 muscIe fibres 
(Taaffe et d., 1996). Similarly, in healthy young men (Yarasheski et al., 1992) and 
experienced weightlifters (Yarasheski et al., 19931, rhGH treatment in conjunction with 
training did not result in augmented muscle strength or enhanced musde protein 
synthesis. Further, in GH-deficient adults, 6 months of rhGII therapy had no effect on 
type I or U muscle fibre size or fibre type proportions (Cuneo et al., 1992). Thus, for the 
detrainineretrain& protocol, men were treated as a single group, without regard to 
their previous randomization to rhGH or placeb. 

TIUINlNG PROTOCOL 

After 12 weeks of detraining, subjects reinitiated an 8-week programme of progressive 
resistance exercise that was identical to that of the initid 24-wwk training phase. The 
men performed three sets of eight repetitions for 10 upper and lower body exercises at 
an intensity equd to 75% of their individual 1-RM. Training was conducted on 3 non- 
consecutive days per week. Exercises consisted of biceps curl, triceps extension, upright 
row, latissimus pull-dmvn, leg press, bench press and military prcsq, which were accom- 
plished on a multistation weight machine (Ifniversal Gym Equipment, Cedar Rapids, 
IA, USA). Leg flexion and extension were performed on a Marcy icg Trainer (Marcy 
Physical Fitness Products, Ahambra, CA, USA) and a Nautiluq machine (Nautilus 
SprMdedical Indwtries, Independence, VA, USA) was used for back extension. All. 
training sessions werc conducted under direct supervision to ensure proper technique 
and an appropriate effort, and to decrease the risk of injury. Exercise sessions were 
bracketed by 10-min warm-up and cooldown periods that included stretching and light 
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resistance lifting. 1-RM tcsts were conducted every 2 weeks, and new strength values 
were used to adjust individualized training Ioads so that the training stimulus was kept 
constant. Subjcctv were instructed to maintain customary activity and dietary patterns 
throughout the retraining programme. 

MEASUREhENT OF VOLUNTARY MUSCLE SlXJZNCiI'H 

Dynamic muscle strength of all major muscle groups was measured using I-RM 
(Charette et al., 1991). Briefly, the 1-RM method is the maximal weight an individual 
can move through a full range of motion one time without change in body position other 
than that dictated by the specific exercise motion or use of momentum. After an initial 
warm-up period, subjects performed the exercise at a low resistance 10 times to en- 
hance preparedness of the respective muscle groups. 1%e 1-RM test began at a weight 
close to the suspected maximum to minimize repetition fatigue. Subjects generally re- 
quired 3-5 repetitions to obtain their maximum. Weight increnlenls ranged from 
1-1-9.1 kg, depending on the exercise. A minimum of 30 s rest was given bctween repe- 
titions and at least 2 min between exercises. The coefficient of variation for repeated 1- 
RM measurements in our laboratory for this agc group is 2.5-7.6%. 

MJSCLE FIBRE AREA 

Muscie biopsy samples of the left vastus lateralis muscle using the needle technique 
(Bergstriim, 1962) were obtained from seven men (four previously randomized to 
rhGH and three to placebo) at the conclwian of the detraining and retraining periods. 
Four mcn iiid not elect to undergo this procedure, having already provided three biopsy 
specimens in the initial study. Specimens were taken from the same location used in the 
initial 24-week training study. Samples were mounted in an embeddrag medium, frwxn 
in isopenkine, cooled in liquid nitrogen to -159"C, and stored at -8O"C for histochemi- 
caI analysis. Serial ldp sections were cut at -20°C in a cryostat @Itstostat, model 
975C, &bridge Instruments, Buffalo, NY, USA), stained for myofibrillar actomyosin 
ATPase and classified as type I and 11 (Dubowitz & Brooke, 1973). Analysis of fibre 
subtypes was not performed in &is study. Samples were sectioned by the same investi- 
gator and a11 biopsy samples fram an individual were stained sirnullanmusly. 

Muscle fibre areas were determined from manual planimetry using the Bioquant 
Digitizing Morphometry program on a personal computer at a magr&cation of X660 
(Rand M Biometries, Nashville, TN, USA). The areas of 40 type I and 40 type I1 muscle 
fibres were measured from each cross-section by the same investigator. Fibres selected 
were those without artifacts, with true transverse orientation, distinct cell borders and 
away from the periphery of the sample (Blomstrand et al., 1984). The coefficient of 
variation for repeated fibre area assessment (n=lfl hiopsics) was 372% and 3.4% for 
type I and I1 respectively. 

O 1397 Blackwell Science Ltd, Clt~icul Physiolagy 17,311-324 



Detraining and retraining in elderly men 315 

STATISTICAL ANAI .YSIS 

One-way and two-way repeated measures analysis of variance were w d  to determine 
changes over time for muscle strength and fibre CSA. Where appropriate, the Fisher 
test was employed to locate the source of significant differences. All tests were two- 
tailed and statistical significance was accepted at P<O.05. Results arc expressed as 
rncans+SEM. 

Results 

During detraining and retraining, there was no significant diflerence in muscle strength 
or fibre CSA bctween subjects who had received rhGH or placebo in the initial 24-week 
training study. Figure 1 shows average muscle strength for those initially randomized to 
rhGH and placebo at pretraining, training, detraining and retraining. Mean individual 
values for type I and I1 fibre CSAs are presented in Fig. 2. Variability in fibre size and 
rcsponse to training, detraining and retraining was evident in thc study subjects. 

For all subjects combined (n=ll) ,  maximal dynamic muscle strength increased for all 
10 exercises after the initial 24-week training period (Table 1). By the end of detraining, 
all values remained significantly higher than baseline; however, bench press, shoulder 
press, upright row, biceps curl and leg press were significantly Iower than at the end of 
training. With 8 weeks of retraining, strength was restored for these five exercises to 

I p-nlng 
Trainhg 

Detraining 

Retraining 

mGH Pl&dm 
Flg. 1. Average muscle strength change of subjects initially rando& in the %week training study (Taaffe 
el ul., 1994) to rhG1l (n=6) and placebo In =5)  at prettainingaud at the c~mpleliunoftrainiag,detrainingwd 
retraining. Values art mcans%SEM. 
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- Subject 1 - Subject 2 - Subject 3 - Subjcct 4 - Subject5 - Subject 6 - Subject 7 

+ z m  1* 
Rwmining Training Detraining Retraining 

Kg. 2 Individual mean type I (top) and type II (bottom) cross-sectional fibrc arcas for subjects initially ran- 
domized in the Wweektraining study (Taaffe PI d., 1994) to rhGH (subject numbcm 14) andpbtm (sub- 
ject numbers 5 7 )  at pretrabhg, training, detraining and retraining. 

initial trained values. In addition, maximal dynamic strength for the Iatissimus pull 
down, triceps extension and knee flexion were highcr at the end of retraining cumpared 
with detraining. There was no significant change in. either back extensor or knee exten- 
sor strength during d e t d g  and re training. Moreover, the& was no significant differ- 
ence in maximal strength between traincd (week 24) and retrained values (week 44) for 
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TabIe t Maximal dyamic strength measurements (1-RM. kg) 

Training Detraining Retraining 
Exercise Pretraining (week 24) (week 35) (wcek 44) 

- .  

Bench press (9) 38.526.4 48.5+5-5* 42-4k6-3-1 47-625-5*$ 
ShouLder press (9) 32 .3~4-4  41+825.7* 37.5%5.7*t 41.926-4*$ 
Lateral pull-down (10) 41.8 7-8 55.6k6.5. 51-6r6.8* 57.227.5*$. 
Upright row (10) 22-453.6 30+8?3-9* ?!.5!3.1*-1 31-724.2** 
Bicep curl (10) 19.7f4.3 28.022 7* 24.5*4-0*f Z-3+3-6? 
Tricep extension (10) 23-3.t4.5 30-221-9* 28-5?3.8+ 30,852-I*$ 
Brick extcnsion Ill) 67-n%13.1 89.1&10.5* 87.011 3-0' 90-5?11-6* 
Leg press (10) 114-1 %13.8 152-0232+4* 139.1+23.G*t 151.8230 6-1 
Knee exknsioo (11) 42.1 512-8 65-7* 8.0* 62.227-Or Mi.1 kA.5* 
Knee flexion (11) 19-2'5.4 35-3rS-h* 33.5-Cb-3* 36.826.69 
Average 42-029.2 57.7 '12-I* 53-5?11.3*t 58-3212.0*.1 

Valua are means-FSEM. Numkrs for ea~h exercise in parentheses. 
*SigniFmtly different from bwclinc values. 
tsignificnritly ddferent from training values. 
$Significantly different Irom detraining values. 

any exercise. The percentage increase at the end of training ranged from 26-0%5.0% for 
the bench press to 83.9?15.6% for leg extension, with the average being 40.42 5.591. 
Mean sbength declined 7.7*1-1% of the trained value (equivalent to 29-9k5.24: of 
the strength gain) after 12 weeks of detraining; however, this remained 29.8+5+9% 
a b ~ v c  prctraining. Therefore, approximately 70% of the strcngth gained with training 
remained after 12 weeks of detraining. Strcngth increased 9.9?1.0% over detraining 
values at the end of retraining, which was 42.4i6.2% above pretrainhg. 

Thc time course for strength change is displayed in Fig. 3. Strength increased rapidly 
in the initial 10 weeks of training and then plateaued until week 24, when a further in- 
crease was observed. A significant decline in muscle strength was observed after 4 
weeks of detrainjng, with little change until week 8 whm a decrease in strength was 
once again present. Muscte strength rapidly returned with retraining, reaching that of 
the trained value by the sixth week. 

After 24 weeks' training, mean type I and U fibre areas si@cantIy increased by 
17-4+4-1% and 25.8*12-4% respectively. However, detraining resulted in the CSA of 
both fibre types reverting to pretraining values (Fig. 2). Resumption of training for 8 
wccks resulted in a non-sig&caflt increase hl type I and I1 fibre area of4-6f 4.2% and 
8.1 53.6% respectively. This rate of increase is similar to that observed during the initial 
24-week training pcriod, as biopsy samples taken at week 14 showed a non-significaflt 
intrrcase of 8.2f6-6% and 12.255-U% in type I and I1 fibre CSA respectively. 

Discussion 

To date, detraining or imrnobilizn tion studies have primarily been conducted in young 
adults and, with the exception of that by Staron er aL (1 941) and LexeU el al. (1995}, 
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Week 
E"I& 3. Time course for changes in average muscle strength (~neans%SEM) over the Wwcck obmation 
period. *Signifi~~~itly different from previous strength test during the initial training phase. tSigniimtly 
different from peak tlainir~g strength. SSigmhcantly different from the end of detraining. 

have been Tor periods of up to 12 weeks' duration (MacDougall ef at., 1980; Houston et 
al., 1983; Hakkincn et ai., 1985; Graves ct al., 19#; Narici at a!., 198% Tucci et al., 19921, 
generally a shorter period of time than the training phase. In general, a variable portion 
of the strcngth gain was retained. Moreover, Staron ef al. (1991) reported n rapid return 
in maximal strength to f hat of trained values following a brief interval of retraining. The 
results of the prescnt study suggest that elderly men also retain a portion. of theh re- 
cently acquired muscle strength following short-term detraining, with rapid strength ac- 
crual following resumption of training. Preservation of strength fn'llowing stimulus 
removal appears to be primarily mused by retention of neural adaptations, as the mean 
CSA of type I and I1 fibres returned to pretraining values. The rapid accrual of lost 
strength with resumption of training was accompanied by only a modcvt improvement 
in fibre CSA, again indicating a role for neural factors. 

Twenty-four weeks of resistance training resulted in significant increases in voluntary 
strength for all muscle groups, as reported previously (Taaffe et d., 1994). Muscle fibre 
CSA also increased with training; however, the magnitude was considerably nrnallcr 
than that of gains in weight-Sifting capacity. Numerous strength training studies in 
younger adults, which encompass various types, frequencies, intensities and durations 
of training, as wcll as numerous techniques for muscle cross-sectional measurement, 
report greater strength gains than could be accounted for by changes in CSA 
(Wakkinen ct at., 1985; Jones & Rutherford, 19877). We found lcg extensor strength 
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increased by 84%; however, type I and I1 fibre 13SA of the vastus lateralis muscle 
increased by only 17% and 26% respectively. Prior studies in older men also report 
greater gains in mrlscle strength than CSA resulting from resistance training in upper 
limb (Brown et al., 1990) and lowcr Iimb musculature (Frontera et al., 1988). These 
results imply significant contributions of such adaptations as enhanced neural drive, 
motor unit recruitment and synchronization, and improved skill and coordination, 
especially during the early stages of training (Salc, 1988; Rogers & Evans, 1993). Apart 
from neural mechanisms and fibre hypcrtropby, intrinsic aheratiofis in muscle 
architecture may also contribute to strenglh increases resulting from resistive training 
(Jones & Hutherford, 1987; Narici ef ul., 1989). 

It may be questioned whether thc contribution of neural mechanisms to strength de- 
velopment in the elderly is more dominant than in the young and compensates for only 
small morphoIogical adzrpta~ions. Recent studies by Lexell eb al. (1995) and Grimby ct 
al. (1992) would tend to support this proposd, although as Grirnby et nl. (1992) point 
out, the large pretrainingsize of fibre areas in their subjects may have limited the hyper- 
trophic response. However, significant increases in fibre hypertrophy consequent to 
strength training in older adults (Frontera er al., 1988; Brown et al., 1990; Charette et al., 
1W1) have been reported that are similar to those in young adults (MacDougall et ai., 
19W, Staron st al., 1989), as is the adaptability in muscle strength (Rogers & Evans, 
1993). Therefore, allhnugh variability among studies in the elderly exist with regard to 
the hypertrophic response to resistance training, it seems apparent that neural system 
adaptation is the main response to resistive training, especially in the initial stages, and 
is mediated to a variable extent by muscle fibre hypertrophy (Jkxcll el aL, 1995), a re- 
sponse similar to that in younger adults (Hilkkhen & Komi, 1983; Rutherford & Jones, 
1986). 

Rernwd of the overload training stimulus resulted in the average strength decrease 
becoming apparent within 4 weeks, with little change in the subsequent 4 weeks, fol- 
lowed by a steeper trajectory of strength loss as detraining was cxtcnded. Recently, 
Sforzo et aL (1995) reported that 5 weeks of detraining in nine older adults previously 
strength trained for 16 weeks resulted in no ignilicant change in isotonic muscle 
strength. However, by 10 weeks of detraining, strength had returned to pretraining lev- 
els. S i m h l y ,  Houston et al. (1983) reported no significant effect on strength during the 
initial 4 weeks ol detraining in young men, with strength dcclines in the last 8 weeks. In 
contrast, Fiatarone et al. (1990) reported a 32% 1- in maximal strength after only 4 
weeks' detraining in seven Erail elders who had previously made dramatic gains in 
strength with only 8 weeks of strength training. The rapid strength loss isin that study 
compared with the present one and that of S f o m  el aL (1995) probably reflects the se- 
verity of the detraining period. That is, the lack of babitual activity in the institutional- 
ized elders of Fiatarone et al. (1990) negates potential rrtimhli for muscie strength 
retention. 

Although sigficant strength decrements relative to the traincd value were apparent 
for half of the exercises by the end of the 12-week detraining period, muscle strength re- 
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main4 significantly higher than prctraining for all muscle groups tested. A recent study 
by Lexell at a!. (1995) also showed a loss in elbow flexor and kncc: extensor isokinetic 
muscle strength, but not to pretraining levels, following 27 wceks of detraining after an 
initial 11-week training period. In their study of older men and women (Laell ei al., 
1995), subjects trained in a similar fashion to that in the present study, three times per 
week for three sets at 85% of their 1-KM, which waq then reduced to either one or zero 
sessions per week, followed by 14 weeks of retraining for the zero training group. Dur- 
ing the detraining period, although a deciinc in peak torque at 30" s-1 was found for the 
non-training group, there was no significant change in 1-RM strength. 

During the 12-week detraining perind in the present study, type I and I1 fibre CSA in 
the seven subjects who provided biopsy specimens reverted to pretraining size, suggcsl- 
ing a prominent role for neural adaptations in rctcnlion of muscle strength, In contrast, 
Sforzo et a!. (1995) speculated that loss of strength with detraining in their group of 
older adults was caused by disappearance of non-hypertrophic adaptations; however, 
no information on muscle morphology was presented. Detraining of varying durations 
in younger adults does appear to have only a modest effect on fibre s i ~ e  (Houston n at., 
1983; Staron ct al., 1991), although this is not consistent,~fross studies (MacDougall et 
al., 1980). It could be argued that, if the detraining period was prolonged, so that it was 
equivdent to the inifial training period, muscle strength may also havc reverted to pre- 
[raining values. We cannot exclude this possibility; however, work by Lexeil etal. (1995) 
shows only a minor Ioss of strength with a considerably longer period of detraining than 
initial Lraining in elderly men and women. 

Clearly, a greater magnitude of strength loss would have becn expected with 
immobilization or bed rest. Nevertheless, we were interested to obscrvc strength 
changes in community-dwelling individuals, because of implications for people in 
reasonable health who may anticipate a limited period of disability. Further, it is Iikely 
that the biweekly strength assessments. which permitted monitoring of strcngh change 
over time, dampened the magnitude of strength loss and acted as a training stimulus, in 
which case a greater degree of strength loss would have been observed if only a single 
measurement had been made on completion of detraining. Similariy, Lexell el al. (1 995) 
also undertook periodic dynamic strength assessments, four during the 27-week 
detrainhg period, which may have aided in preventing muscle strength reverting to 
baselinc levels. It may well be that exercise sessions conducted less than once a weck 
(Lexcll d al., 1%5) and as infrequently as every second or fourth week may be sufficient 
to largely maintain recently acquired muscle strength in older adults. This may partially 
explain merences in strength retention between our study and that of Sfono d aE. 
(1995), who observed strength returning to pretraiaing levels following 10 weeks' 
detraining. Indeed, training frequencies of once per week maintains knee cxtcnsox 
strength when intensity of training is kept constant (Graves eb al., 39881, and recently 
Lexeil et al. (1995) showed that this was smcient to increase elbow flexor strength in 
older adults. Moreover, Tuoci, er al. (1992) reported 12 weeks of training at a frequency 
of once every 2 weeks to maintain isometric lumbar extensor strength, a1 lhough there 
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was a trend for a loss in strcngth when training was reduced to once every 4 weeks. It is 
apparent h a t  maintaining training intensity, albeit at reduced frequency, is crucial far 
preserving muscle strength gains resulting from resistance training (Graves et al., 1988; 
Tucci el nl., 1992). 

With resumption d training, strength quickly rcturned to initial trained values. 
Ixxcll et at. (1995) also report in their study of older men and women rapid recouping of 
lost muscle strength as well as further gains with resumption of training following a 
prolonged period of detraining. Staron trf al. (1991) also found in young women that 
short-term (6 weeks) retraining fullowing a prolonged period of detraining (30 weeks) 
resulted in a rapid rcturn in muscle strength to that observed after the training phase, 
The strength changes in the prescnt study were accompanied by a trend towards 
increased fibre CSA, proportional to h t  observed in the first 14 weeks of training. 
Although this trend was not significant, it is likely that the results are limited by the 
small number of subjects, In contrast, Staron el al, (1991) found minimal change in 
rnusde fibre size with detraining and a rapid return in CSA with retraining. These 
resuits suggest that, in older adults, retention of nlusde strength following ceswtion of 
weight training, as well as the reacquisition of lost strengthwith retraining, appear to be 
prirnarilydependent on adaptations other than those related to fibre size, 

It is possible that alterations in activity patterns during detraining may have contri- 
buted to thc preservation of strength gains during this period. Although we did not 
assess this directly, we encouraged participants to maintain customary activity patterns 
throughout the study. We have previously reported no significant change in daily 
energy intake or expenditure in older adults engaged in a one-year resistance training 
programme (Taaffe et al., 1995). Nevertheless, alterations in activity levels during the 
detraining period, if present, might have contributed to the observed results. 

A cautionary point must be made concerning the sample size of the muscle biopsy 
data. Only 7 of the 1 I men in the study consented fo  he biopsies, and we cannot dismiss 
the argument that had biopsies been obtained from all subjects the inferences drawn 
concerning morphometric and non-morphometric contributions to strength changes 
may have been afrected. However, when the strength data of only those subjects who 
provided biopsy specimens wcre considered, the results and conclusions were not sig- 
nificantly altcred. Ncvcrthelew, the primary endpoint for this study was muscle 
strength. 

With regard lo the strength measurements, we recognizr: that the 1-RM Lest requires 
a level of skill in addition to muscle strength, and that subjects need to be highly moti- 
vated. We have no reason to believe that subjects did not provide their maximal effort, 
Participantrr were accustomed to the strength tests, havink performed them on a bi- 
weekly basis throughout the 44-week period. Clearly, the magnitude of the responses 
would have been altcred had unfamiliar testing apparatus, such as isakinetic testing, 
heen conducted in the study (Frontera et al., 1988; Lexell et a[., 1995). 

, 
In additinn, the reliability of the measurement technique is a critical aspect of muscle 

strength assessment, and is affected by the conditions of posture, joint angle, pattern 
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RESISI-ANCE TRAINING FREQUENCY 1209 

the Amcrican College of Sports Mcdicine 1998 pos i t io~~  
statement on exercise for healthr adults recommends iesis 
tance trailling for a minimum of 2 to 3 days pcr wceknZ4 A 
recent review by Feigenbaurn and PollockLs suggests that 
these guidelinrs are appropriate for adutt fitness programs. 

To dart., 3 days per week multi-sct programs have gen- 
erally been utilized iri short- and long-term resistance training 
studies in older a d ~ ~ I t s . ' ~ - ' ~ ~ " . ~ ~  Although substantial 
strcngth gains have been derived, a leveling off of gains is  
realized by approximately 12 LO 14 weeks, with minimal 
change drereaftcr. Recenrly, however, Mocganti et re- 
ported substantial, continued increases in muscle strength 
gain for 12 months when a 2 daystweek program was em- 
ployed in oldcr women, alrhough greatest gains were ob- 
served in the first 3 months. In a similar fashion, McCartney 
et a1.28 reported conti~luous increases in muscle strength 
dur~ng a 2-year exercise program that consisted of rwo 42- 
week training periods separared by a 10-week nonrraining 
period in older men and women cxcrcising twice per week. It 
is  unclear why a 1eveIing off of strength gains was not ob- 
served in these rwo studies although it may be that it takes a 
longer period of rime to achieve a plateau stage when fre- 
quency of training is less than 3 times per week. However, it 
shouId be nored that relative strength changes observed in 
these two studies a t  rhe end of 1 year27 and 2 years,28 
respectively, wetc comparable to that achieved in studies 
reporting a leveling off in strcngth within the first several 
months. 

Several factors may aEecr the ability of older individuals 
to participare in exercise programs. Thcse include access to 
an exercise facility as well as the availability uf time and 
transportation. Thus, it map be more practical for some oldex 
people to train only 1 or 2 days per week, particularly if it can 
be shown that ultimate srrtngth gains are close to those 
achieved with 3 days per week. 

The purpose of this study was to examine the effecr of 
frequency of progressive resisttve training on nluscle strength 
gain in healthy older adults in terms of absolute gains as well 
as the timc course for improvement. We hypothesized that 
the three exercise groups would obtain similar srrength gains 
at the end of 24 weeks of training, although the time to 
c1range would differ, with more rapid gains in thu 3 days1 
week group, a less dramatic rise in the 1 daylweek exercise 
group, and an intermediate ratc of gain for the 2 daylweek 
group. In addition, we report the effects of [fie exercise 
intervention on rieuromllscirlar performance, which encorn. 
passes dynamic balance, s t re~~gth  and coordina~ion,'~ and 
born rni~leral density, all of which are rlsk factors for falls and 
fracture in older a d ~ l t s . ~ ' - ~ "  

MATERIALS AMI) METHODS 

Subjects 

Nineteen worncn and 34 men aged 65 to 79 years were 
recruited by advertiselllent in local papers from Palo Alto and 
the adjoining communities. Subjects were required to have a 
body mass indcx (BMI) of 130 kg/m2, with no rr~uscutoskd- 
eta1 disorder that could inhibit them from exercising, and not 
to have participated it1 ariy weight rraining in the 12 months 
before the sttidy. All volunteers were apparently healthy, 
having undertaken a screening procedure chat iriciuded a 
health history questionnaire, physical examinatioo, mul- 
tiphasic laboratory profile, arid a maximal excrcise stress test 

on a motorized treadmill with accompanying elccrrocard~o- 
gram and hlood pressure assessIticnt. Participarlts had not 
been ~nvoIved previously in a structured resistance training 
program and were not fitlancistly rrimbursed for participat- 
ing in thc presenr investigatioa. The study was approved by 
the Human Suhjccts Committee of Stanford IJniversity, and 
all subjects gave written consent. 

Training Program 
I'articipants were randomly assigned either to undertake 

high-inremiry progressive resisrance training 1 (EX 1, n = 14; 
9 mcn and S women), 2 {EX2, n = 14; 10 men and 4 womcn), 
or 3 (EX3,ri = 11; 7 men and 4 wornell) days per wcek for 24 
weeks or to a control group (CO, n = 14; 8 men and 6 
women). Subjects were instructed to maintain custorr~ary 
activ~ty and dietary patterns during the course of the study. 
For reasons that were unrelated to the program, two control 
subjects did not undcrtake 24-week testing, and five exercts- 
rrs (three from EX1 and two from EX2) did not complctc the 
training program, resulting in a h~ la l  study group of 46 men 
and women (CO = 12; EX1 = 11; EX2 = 12; EX3 = 11). 
There was no difference in age, body cornposirjon, muscle 
strength, or functional srarus between those individuals who 
faded to complete the study and subjects completing thc 
24-week protocol. Regarding adherence, excrciaers were en- 
couraged to attend make-up sessions so that thc required 
number of scsslons for their designated group was achieved 
wilhin 2 weeks of the 24-week period. No difference among 
exercise groups was observed for adherence to  the interven- 
tion, with subjects in EXI, EX2, arid EX3 completing 98 t. 
5%,  99 5 3%, and 97 2 4% of the rtquiredexercisc sessions, 
respectively. 

The exercise groups performed three sets of eight exer- 
cises at  nu% of their current one-repetition maxirnuni (1- 
RM) either 1, 2, or 3 days per week. The exercises targeted 
the irlaior uppcr and lower body muscie groups. Bcnch press, 
military press, latissimus pull-down, biceps curl, and leg press 
wcrc pcrfnrmed on a Multi-station weight machine (Univer- 
sal Gym Equipme~it, Cedar Rapids, IA). Knee flexion and 
extension were performed on a Marcy Ixg Trainer (Marcy 
Physical Fitncss Praducrs, Alhambra, CAI, and a Nautilus 
machine {Nautilus SportslMcdical Industries, Inc, Indepen- 
dence, VA) was used for back extension. 

All sessions werc conducted under direct supervision to 
ensure proper technique and minimize the risk fox injury. 
Exercise sussinns commenced with a warm-up that included 
stretching and one set each of bench press and leg press (40% 
of I-RM, 10 repetitions) and concluded with a cool-down 
period of stretching. For the first week of the prograrrl, 
resistance was set a t  60% of 1-RM; thereafter, i t  was rn- 
crcascd to full exercise mtensity. To assurc thc progressive 
nature of lhe resistive program, 1-RM testing was conducted 
every 4 weeks, and the ncw strength values were used to 
adjust individualized trailling loads. The mnnrhly 1-RM test 
replaced the schedirled [raining sessiorl. 

Muscle Strength Measurements 
Before determination of inaxirnnl dynamic muscle 

stre~lgth, suhjects r~nderwent two famiIiarization scssions 
that included instruction regarding correct hftinp, rechnique 
and practice perfortnit~p, the various exercises. Dynamic mns- 
clu strength of major muscle groups was measured using 
1-RM, as des~ribed previously.B Rriefly, the I-KM method is 



- -  .. 
O'30RFR IYYY-VUL. 47, NO. 10 JAGS 

- -- 

tlie tnaxirnal weight a n  ind~vaduat can move through a full 
range oi motion one time without change in body position 
other than that dictated by the specific exercise motion or use 
of momentum. After an in~tial warm-up period, sublects 
performed the exercise 20 times ar a low resistance to en- 
hance preparedness of the respective musclr groups. The 
I-RM resr began at  a weight close to the suspected maximum 
to min~mize repetition fatigue. Subjects generally required 
three to five repetitions to obtain their maximum. A mini- 
mum of 30 seconds rest was given henvecn repetitions and ar 
least 2 n~inures bctween exercises. The  cncficient of varia rion 
for repeared 1 -RM aleasurements i l l  our labortliory for this 
age group is  2.5-7.6%. 

Bone Mineral Density and Body Cornyositio~~ 
Bone mineral density (EMU, g/cm2) of the lumbar spine 

{L2 ,), total hip, n~id~adius,  and tc1ta1 body bot~e r ~ l i r ~ c r a l  
conrent (TBRMC, g) was assessed by dual energy X-ray 
absorptiometry (DXA, Hologic QDR 100W,  Hdogic lnc., 
Waltham, MA). In addition, bone mineral-free lean mass 
(LTM), far mass, and percent fat were derrved from the whole 
body scan. Coefficients of variation (duplicate scans with 
repositioning) for the BMI) and body composinon estimares 
are less than 1.5%. 

Ncuromuscular Performance 
Neurornuscular performance was assessed using a timed 

backward tandem walk over a 6-meter courseQ and a chair 
rise test.33 Xn the 6-meter tandem walk, participants walked 
backwards, placing onc foot directly behind the heel of the 
orher with the shoes touching. The chair rise test i~lvolved the 
time required to rise on command from a standard chair (seat 
height 43 cm) to a full standing position five times witl~out 
the use of the hands for support. I'ests were performed in 
triplicate with recovery time ficnveen trialx. The fastest time 
recorded was used in the analyses. Coefficients of variation 
for duplicate measures are 2.9% for the chair rise and 3.5% 
for the 6.1neter backward walk. 

Statistical Analysis 
Data were analyzed using the Starview 11 (Abacus Con- 

cepts, Inc., Berkeley, CA) and SPSS (SPSS Inc., Chicago, IL) 
statistical software packages. Analysis of variance (ANOVA) 
was used to compare groups at baseline, and analysis of 
covariance (ANCOVA) was used for groups a t  24 weeks . - 

adjusted for baseline values. Where appropriate, the Fisher 
LSD tesr was employed ro Locate the source of significant 
differences. Unpaired t tests wure uscd to cxaminc the effect nf 
gender on study vaxiables, and two-way (group x time) 
repeatcd measurcs ANOVA to examine changes over time in 
the exercise groups for muscIe strcngth. Pearson correlation 
coefficients were uscd to  assess associations between vari- 
ab1cs. Ail tests wcre twn-tailed and an aloha level of -05 was 
requii-ed for significance. Results are given as the mean -' SD 
unless stated otherwise. 

In regard ro statistical power, work in our laborato- 
ry' indicates that the SD in dynamic muscle strength fnr 
various muscle groups in older men and women using the 
I -RM method i s  approximately 20%. We would consider a 
dilfererlce in effect sizc hcrween exercise groups (pairwise 
comparisons) of 25% (1.25 SD) to be clearly important. To 
achieve 80% power a t  an alpha level of .OS (two-tailed), 11 
subjects per group were rcquircd ro demnnstrate this differ- 

ence at the completion of the study. Given a 25% atrrition 
tate over the ;nurse of the 24-week protocol, approximately 
14 subjects per group wcrc rcquired at baseline. 

Baseline Characteristics 
There was no diffcrcrice among groups for baseline 

height, weight, lean mass, maximal oxygen uptake, UMD, 
neuramuscular performance, or any herriatological iahora- 
tory value (Table 1). Men were taller, heavier, and had a n  
~ncreased lean mass and lower body fat percentage [tian 
women. In addition, whole body bonc mineral and BMD at  
the spine, [lip, and forearm were greater In men. Four panic- 
ipants in the coi~trol group and one each in the exercise 
groups reported that they had mild arthritis, whereas three of 
these individuals in the CO group and nne individual in each 
of EX2 and EX3 groups reported mild hypertensinn as a 
rrledical ctlnditian. However, these conditions did not inhibit 
the ind~vidual's participation in the intervention. 

Muscle Strength 

There was no baselille dilference among the groups fnr 
each of the eight muscle strength exercises (Table 2). As 
anticipated, wonierl had lcss absolute and relative strength 
than men. After 24 weeks of training, musclc strength in- 
creased in the exercise groups relative to controls ( P  < .01), 
w ~ t h  no differences tound among EX1, EX2, and EX3 (Table 
3).  Average percent change for all muscle groups combined 
was 3.9 5 2.4 (CO), 37.0 % 15.2 (EXl),  41.9 ? 18.2 {EX2), 
and 39.7 2 9.8 (EX3). 

Four-week changes m strength over the course of the 
study are shown in Figure 1.  Fnr averagc mmuscle strength of 
the eight exercises, there was a significant for time (P = 
.001) but no effect for group (P = .87) or interaction (P = 
.74). S~milarly, for average upper body strcngth (bench press, 
shoulder press, latissimus pull-down, biceps cud, back exten- 
siori) arid lower body strength (leg press, knee extension, knee 
flex~on), rhere was an effect for time ( P  = .001) but no group 
effect (upper body, P = -86; lower body, P = .78) or interac- 
tion (upper body, P = .65; lower body, P = .54). No differ- 
ence existcd at any time point among the three exercise 
groups for upper body, lower body, or whole body strength. 
Aithor~gh strength improvements gei~eratly occurred more 
rapidly in the first 2 months, significant increases were noted 
throughout the training regimen, including bctween months 
S and 6. 

Rody Composition 
The training regimen resulted in an increase in Iean mass 

for the exercise groups cnrnpred with the conrrots, with no 
change in fat mass, whole body bone mineral, or regional 
BMT) fTa hlc 4). 

Neurom~rscuIar Function 

The time to complete the chair rise test and the 6-meter 
hackward walk a t  24 weeks, adjusted for baseline values, is 
shown in Figure 2. Chair rise time decreased significantly 
(P < .01) in all exercise groups, with a pcrccntage dcclinc of 
23.9 + 18.3%, 19.5 -t. 15.7%, and 30.2 t 11.1% in EXZ, 
EX2, and EX3, respectively, c-ompared with 7.9 ? 13.1 % in 
LO. Similarly, a reduction in time requircd to complete the 
6-meter backward tandem walk for the exercise groups ap- 
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Table 1. Subiect Characteristics (Mean SD) 

CO (n 12) EX1 In = 11) EX2 (n = 12) EX3 (n = 1 1 )  

Age (Yr) 68.9 1 3.6 68.5 2 3.6 68.4 f 3.0 71.0 ? 4.1 
Height (cm) 173.7 -4 8.3 170.6 5 12.2 174.5 r 6.9 172.2 C 11.2 
Weight (kg) 80.4 % 10.3 70.2 % 14.4 70.3 2 8.9 72.4 % 13.0 
8MI (kg/m2)' 26.8 5 3.9 23.9 r 2.8 22.8 % 2.1 24.2 rs 1.8 
LTM {kg) 55.7 -+ 10.3 51 .O 5 12.0 52.9 2 7.2 53.1 2 11.3 
FM (Wt 22.1 + 8.5 16.8 5 4.5 14.9 5 5.1 16.9 % 3.7 
TBBMC (g) 2641 5 350 2395 + 637 2586 2 521 2464 ? 489 
Body fat (%) 27.4 -+ 9.9 24.3 5.7 20.9 1 6.4 23.6 1 4.9 
Bone mineral density (g/cm2) 

Lumbar spine 1.021~0.170 0.96050.192 1 .084~0.262 0.999?0.152 
Total hlp 0.876+0.117 0.814?0.120 0.09920.156 0.853?0.113 
Midradius 0.605 5 0.074 0.592 2 0.130 0.625 ? 0.090 0.592 1 0.084 

Neuromuscular performance tests (secs) 
6 m-walk 16.7 ? 5.1 22.1 + 13.2 16.3 1 6.4 20.7 rt: 7.6 
Chair rise 9.2 2 4.5 9.0 5 2.3 8.1 + 1.3 9.1 k 2.8 

SeIected hematological laboratory values 
Al burnin (g/d L) 4.3 -+. 0.2 4.2 +. 0.4 4.3 ? 0.3 4.2 2 0.3 
Glucose (mg/dL) 99 2 6 95291 96 2 8 95 -t- 10 
Urea nitrogen (mgldl) 17.8 -+ 3.9 16.9 ? 2.6 17.3 -c 3.8 14.9 2 4.6 
Creatinine (rng/dL) 1 .O $ 0.2 1 .O 2 0.2 0.9 2 0.1 1 .O ? 0.2 
Cholesterol (mg/dL) - 216 2 30 225 2 38 199 2 41 214 % 36 
HDL (mgldL) 52 2 14 55 +: 20 55 i 11 55 2 16 
WBC (Wmm") 5.6 -t 1.7 5.6 2 1.2 6.3 + 2.3 5.1 1 1.2 
HCT (%] 42.0 % 4.8 44.2 3.2 43.7 t 2.4 42.7 * 4.5 

EM1 = body mars iodex, LTM - hone mrnrral-frcc lean rirsuc mass, FM = far mass, TBBMC = total body bont rnioecal co~nent, HnI - h~gh dens~ry l~poprotcin 
cholrsterol, WBC: = wh~tc  blwd cell count, tlCI' = I~ernatocr~r. 

'l'< -01, CO > E X I ,  EX2,EX3. 
'P < 4 5 ,  CO 2 EX1, EX2, EX3. 

Table 2. Musclc Strength Determined by the I-RM Method (kg) at Baseline (Mean 2 SD) 

Bench press 
Shoulder press' 
ta t  pull down 
Biceps curl* 
Back e~tension~ 
Leg press 
Knee extension 
Knee flexion 

proachcd significance (I' = .lo). For the eatire study group, 
the two performance measures were associated significat~rl~ 
at bascline ( r  = 0.36,iJ < .05) and 6 nlontbs (r  = 0.39, P 
.OIL as was percentage Improvement ( r  = 0.46, P < .01). 

Improvement In chair r ~ s e  ability was associated sig11iG- 
cantly with change in quadriceps strength, as indicated by h e  
Icg prcss ( r  = - 0.39, P < .0l) and knee exle~lsion ( r  - -0.40, 
P < .01), as was the association betweeri knee extensor 
strength and rhe 6-meter walk ( r  = -0.30, P < AS). Simi- 
larly, pcrcent change in lean mass was associated with im- 
provcrncnt in chair rise time ( r  - -0.40, P < .01). Therc was 
no effect of gender on ~~eurorriuscular pcrformancc in any 
group. 

DISCUSSION 
Resistance training regimens rrmy hclp older aduIrs main- 

tain independence and quality of life. We examined the effect 
of one clcmcnt of exercise prescription, rraining frequency, 
on r~lusclc strcngth gain in older adults. The results indicate 
that parricipation in resistatlce exercise twice, or  even once, 
each week achieves substanrial strength gains similar to those 
accomplished in a standard 3 day per week prograrn arid that 
those gains are accompanied by improved neuromuscular 
pzrfornlance. 

Participants in this study weru apparently healthy 
community-dwelling older adults with no motility restric- 
tions. Albumin cnncentrarions and EM1 indicated a reason- 
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Table 3. Muscle Strength (kg) Following 24 Weeks Training Adjusted for Baseline Strength 

CO (n = 12) UK1 (n = 11) EX2 (n = 12) EX3 (n = 11)  

Bench press' 34.1 * 1.1 40.8 5 1.1 42.3 f 2 . 1  42.2 1 1.1 
Shoulder press* 29.1 1 0.8 36.3 f 0.8 35.0 2 0.8 36.6 1 0.8 
Lat pull down* 35.7 L 1.3 45.3 1 1.3 47.0 2 1.2 48.9 4 1.3 
Biceps curl" 17.1 ? 0.9 21.9 -c 0.9 24.4 2 0.8 23.3 + 0.9 
Back extension* 65.2 + 2.7 83.1 L 2.9 84.2 + 2.8 84.4 1 2.8 
Leg press* 113.0 % 3.6 135.2 ? 3.7 142.8 L 3.0 145.1 -t- 3.7 
Knee extension* 45.0 2 3.1 67.1 i 3.3 72.6 * 3.1 62.6 ? 3.2 
Knee flexiont* 20.5 ? 1.3 28.4 1 1.4 30.4 + 3.3 28.5 + 1.4 

Valucs arc mean L SFM. 
'P 0.001, CO < EXI, CX2, CX3. 
+EXZ, n = 10. 

Week 
Figure 1. Tirrle course of strength change for rraining frequency 
of 1 day per week (EX1, n = 9), 2 days per week (EX2, n = 11), 
and 3 days per week (EX3, n = 8). Only subjects cr,mplcting 
strength tests for each exercise ar each time point are included. 
Top panel: whole body (WB) averagc strength; middlc panel: 
upper body ( IJR)  average strength; butturn pane!: lower body 
(1.R) average strength. Values are mean t SEM. 

able ievel uf hcalrh and nurritionai adequacy for this group of 
s u b j e ~ t s ~ ~ . ~ ~  wherca~ muscle strength values of the partici- 
pants were similar to those of other older cohorts trained in 
out Iab~ratorv. '~. '  

For each of the eight exercises, which involved the prin- 
cipal muscle groups of the upper and lower body, significant 
irnprovement in muscle strength was observed. Similar im- 
provcmcnts have been reported previously in studies using a 
resistance training frequency of 3 days per ~ e e k . " . ~ ' . ~ ~  Ev en 
largcr strength gains have been reported in frail detrained 
older people, which may reflect low initial strerlgth val- 
u e ~ ' ~ " '  or apprehension during inirial tesring. Of particular 
irirercst In the present srudv. we observed 110 difference in . , 
stiei~gti~ gains among participants training 1,2 or 3 days per 
week. Although siniilar to the experience of Graves et a[.,Z3 
our results contrast with studies of yQUnge1 adults, indicating 
the supericlrity of a 3 day per week training regimel-l.19,zo 

We hypothesized originally rhat the three exercise gxouys 
would obtain similar strength gains at 24 weeks, hut with 
differing timc courses. We the 3 daysfweek group 
would make rapid gains by weeks 12 to 16 followed by a 
plateau, as reported previously,'0-'2~26 with less dramark 
rises in the 1 daytweek group and an intermediate rale of p i n  
in the 2 dayheek group. However, a t  no tlme during the 

- - 

study did differences among excrcise groups emerge, either 
for upper or for lower body strength. Therefore, the stimulus 
required to dwelop muscle srrengh in older adults seems not 
to require high frequency, indicating a high level of residual 
plasticity in the nt~rornuscular system of older adults. 

Strength gains derived from resistance rraining reflect 
both neural arid rnuscular contributions, with muscle fiber 
hypertrophy becoming doiriinant will1 extcnded rraining du- 

Although lean mass increased in the exercisers 
relative to controls in this studv. the increases were modest , - 
and likely do riot account for the gains in muscle strengrh, 
indicating a predominant role for neural nlechanisrrts as 
previously s a g g e ~ r e d . ~ ~ " ~  

This observed rapidity of response may reflect the rela- 
tively detrained 1saseli11e statc of the exercisers so that a lesser 
stirllulus than that required in younger adults may sufice. 
Such a view is compatible wid1 our previous findinp that 
low-intensity resistance training leads to strength gains siini- 
lar to those of a high-intensity program.12 We cannot dis- 
count the possibility that dramatic initial gains may also 
result from subject rel~~crarice to exert a maximal effort 
during initial resting1'; however, subjects underwent rwo 
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Table 4. Body Composition and Bo11e Mineral Density at 24 Wecks Adjusted for Baseline Values 

co (n = 121 EXI in = 11) ~ ( 2  (n = 12)  EX^ (n = 11) 

Weight (kg) 73.1 t 0.7 73.7 2 0.6 74.1 2 0.6 73.7 2 0.6 
LTM (kg)' 52.4 10.4 53.5 5 0.4 54.4 5 0.4 54.0 % 0.4 
FM (kg) 18.0 5 0.5 17.8 -C 0.5 17.3 2 0.5 17.2 -t 0.5 
TBBMC (g) 2536 L 14 2552 3- 15 2530 % 14 2525 t 14 
Bone mineral density (g/crnZ) 

Lumbar spine 1.041 2 0.006 1 .V25 2 0.006 1.033 r 0.006 1.032 2 0.007 
Total hip1 0 873 z 0.010 0.865 2 0.01 0 0.866 2 0.006 0.864 1 0.010 
Midradius 0.601 +- 0.003 0.605 * 0.003 0.604 2 0.003 0.608 % 0.003 

Volues art. meail i SEM. 
LTM = bone mineral-frce lean tissue mass, FM = fat mass, TBBMC = roral body hone rl~ir)eral <.(rnrt.nr 
' P  < .001, rxerc~~jt. gruups s~gnificanrly dikrenr from conrrol. 
'CO, n = 11. 

Chair rise 
7 

20L- 6 m backward walk 

CO EX1 EX2 EX3 

Figure 2. The e h u t  ol traitring frequency of 1 day per week (EX1, 
n = 10),2 days per week (EX2,n -- f l  for 6 m walk and rL 12 
for chair rise) and 3 days pcr week (EX3, 11 = 1 1 )  on time to 
perform a chair rise test (top panel) and a backward 6-meter 
tandem walk (bottom panel). The control group is represented 
by CO (n = 12). The values (mean 5 SEM) are the time in 
seco~tds at 24 weeks, adjusted for bascline values. *P -01; "/o 
EX1, EX2, and EX3 CO. 

familiarization sessions before 1-RM testing at baseline. In 
addition, the rate of increase benvem weeks 4 and 8 was 
similar to that  within the first 4 weeks of training. 

It is possible that alterations in the customary activity 
patterns of subjects in EX1 or EX2 may have contribllted to 
the lack of difference cll~scrvetl i r i  mt~sclc strcngth with EX3 at 
the end of the intervention. Although we did not assess 
habitual activity directly, participants were encouraged ta 
lnaintaill custolrlary activily patterns during the study, and 

WE have no reason to believe this oractice wasn't followed. 
We have previously reported no change in energy intake or 
expenditure in older adults engagcd in a 12-rnnnrh resistance 
training 

Apart from similar improvements in muscle strength, all 
rhrec exercise groups experienced substantial improvements 
in ~ieuromuscular performance. Improved ability to rise from 
a chair, which depends on lower extremity strength and 

was associated with gains in quadriceps stre~lgtli. 
However, it is possible that participanrs were near their 
performance ceiling for this activity at baseline so lhat even a 
snlall gain in nluscle strcngth, regardless of training schedule, 
sufficed for them to achieve their maximal pcrformancc lcvel. 
Nevertheless, the results suggest that resktance training of 
only 1 day per week may sustain and even enhance this 
fl~nctioaal requirement of daily living?' 

Similarly, the exercise groups showed a trend toward 
imvrovement in the 6-meter backward walk. Nelson et 
reported improvements in this test in postmenopausal 
wornen aher 1 year of twice weekly high-intensicy resistance 
training, and several g r o ~ ~ s ~ ~ ~ ~ ~ * ~ ~ * " "  have demonstrated that 
improved 111uscle force generation positively influences func- 
tional performance activities of everyday life. In contrast, 
pwr on neurornuscular tests predicts a higher 
risk of recurrent falls:' which may result in fracture, disahil- 
ity, and the requirement for institutional care.4s*46 

Anart from the contributions of muscle weakness and 
deficits in balance, low bone mass is also a risk factor for 
f r a a u ~ c . ' ' * ~ ~  None of rhe present exercise regimens had 
detectable effects otl total body bone mineral or regional 
UMD. Year long trials of high-intensity resistance training 
have achicved an incrcase or maintenance of BMD in posr- 
menopausa1 w o ~ n e n . ~ ~ '  Howevcr, given the time course of 
bone remodeIing,4? ltwas unlikely that a dctcctablc changc in 
BMD would occur following a 24-week training period. 

As declining rnusclu strength and balance pmmote fails 
and fractul-e in older adults, we suggest that a high-intensity 
progressive resistance training program of only one session 
per week may prove usefuI in reducing rhe risk of fdls snd,  
hence, fracture and that additional research should be di- 
rected at this possibility. 

1. Bushy-Whirehead J.  Exercise: The right prescription. J Am Ceriatr Soc 1995: 
43:308-309. 

2.  Pollock ML, Graves JE, S w i ~ r ~  DL, Lowei l~hi~ l  DT. E ~ e r ~ i s r  trai i~ir~g and prt- 
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h c k p u n d  Chronic inflammation has bcen prop& as ii biological m h a n i s m  underlying the d d k  in physicaI 
function zhar oecurs  wid^ aging. The purpose of this investigation was to examine UIC cross-sectional and prospective re- 
Idionships between markers of inhrmarion, i n t e r l a m  (L-6) and C-reacrive protein (CRP), with several measures 
of physical p e r f o m =  in older persons aged 70 io 79 years. 

M8thds.  Subjects weue 880 high-functioaing men and women participating in the MacArchw Srudy of SUCCWS~~~ 
Aging (n = I 189). a subser of the ~~ Poplahas  for Epidwniologic Studies of the Elderly (n = 4030). flasma 
LA and CRP levds were dete.rmincd by enzyme-linkad i r n m u n h n t  assay and log panrformad to normahe the d~s- 
tnhlions. Physical function measures inc1uded handgrip suengdr, s i p t m c  h, cfrair stands (time to complete five 
repetitions). d 6-m walk time. 

Rm& Women had lower @ c .05) lL-6 levels than men. but !here was no sipikmt differencc between Hacks and 
whits. L 6  and CKP kv& wre higher @ < .O5) in current smokers tban in nofismohn and in those with a greater 
bDdy mass index (BMI). How per ytar un- mdcme and skenuotls physid A v i i y  were also r e k d  to inflam- 
matmy markers with higher @ e .OD1) W and CRP levels in las d v e  individuals. Afrer adjusting far age, sex, race, 
BMI smalcing stam, use of ~~ anti-inflammatory drugs. and prevdeace of m r y .  those in tbc rap two 
quadles for waIking b -  had lower ( p  - .012) ILrfi levels than hose in thc bottom quarfiIe. In addition, there was 
a trend @ = .038) for lower CRP levels in thm with higher walking sped CRP levels were also lower ( p  = .04) in in- 
dividuals la rhe t q  q d k  for grip sangth No significant diffirrences wen noted for chair staads or signature time per- 
formance. Repeat performance - obtained an 405 mbjacts 167% of t h w  eligible at b & k )  cbtaiaed 7 years 
I* had declined sigdkantly (grip sbmgh, 18%; sigrahue ti= 21% wdkiag 31%: p < .M)l), ex- for the 
ctrair dse: however, baseline IL6 and CRP were not d a r e d  with a change in pcsfwmance. HOWUWX, thwe who died 
wwtwweacunablewMdergo~had~~It6awICRPk~(g<.Ol)andslowerw~gspeed(p<.05). 

ConcWbts. Although ILd has ban shown to pPEdiet onsst of disability in oldw pwsons and both IL6 a d  CRP 
are asxodated with mortdity risk, these markas of mflammation have only limited assaciations with physical perfm- 
-except for walldng measum and grip m g t h  at k l i n e .  and do not @in change in pdomawe 7 y m  lalet 
in a high-Functioning sub& of older adulfs. 

A GING is associated with a decline in physical function 
and performance that negatively impacts quality of life 

and may eventually compromise independence. A biologi- 
cal mechanism recently proposed to underlie the decliie in 
physical function is chronic inflammation (1). Aging is as- 
sociated with an elevation in pro-inflammatory cytokines, 
such as interleukin-6 ( b 4 )  (2-51, which play a central role 
in the hepatic production of C-reactive protein (CRP) and 
other acute-phase proteins involved in the inflammatory re- 
sponse (6). In thc absence of infection, injury, or trauma, the 
cytokines, such as interleukin- 1 j3 (L- 181, tumor necrosis 
facmr a (TNF-a), and IL-6, which act as intraceUular sig- 
naling polypeptides that stimulate growth, differentiation, 
and functional development of the immune system, are 

tightly rcgulatcd (4-7). Cytokine production at inflamma- 
tory sites by monocytes, rnacrophges. and other cells re- 
$ul& in a caqcade of'events with multiple targets both lo- 
c d y  and systemically via cell receptors (6,8). 

Induction of the immune response is beneficial in fight- 
ing infection and in tissue repair following trauma. How- 
ever, cytokines are involvcd in numerous physio1ogicaI 
functions, and both over- and undersecretion are related to 
a number of disease processes ( 43 .  It has been proposed 
that in older adults a Chronic inflammatory state may be 
detrimental by contributing to the pathophysiology of med- 
ical conditions that result in functional decline and disabil- 
ity (10). For insmce, an association between cardiovascu- 
lar disease (CVD) risk and systemic inflammation has been 
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established ( 1 1,121. Other age-related conditions, such as 
osteoporosis (131, arthritis (f4,15), Alzheimer's disease 
(161, cachexia (81, type 2 diabetes (17), md periodontal 
disease 1181, are associated with elevated markers of in- 
flammation. Immunosenescence is also evident following 
infection, with older adults ha@ prolonged inflammatory 
activity compared with their younger counterparts 19). 
Moreover, the onset of disability in older persons has been 
related to higher circulating levels of IL-6 (lo), and both 
IL-6 and CRP are associated with mortality in healthy non- 
disabled elderly individuals (5).  A chronic elevation of in- 
flammatory markers may also underlie smcopenia, as it 
does for other muscle-wasting conditions (20). The accom- 
panying reduction in muscle strength associated with the 
loss of muscle mass may have a profound effect on frailty 
and disability (21). 

Although age-related diseases, disability, and mortality 
are asmiated with elevated markers of inflammation, little 
is h o w  of the association of chronic inflammation with 
subclinical decline in physical performance of wel-func- 
timing elderly persons. The purpose of this analysis was to 
tcst the hypothesis that in high-functioning, ambulatory, 
communitydwelling older adults, hgbr circularing levels 
of IL-6 and CRP are asdated with poorer physical perfor- 
mance, and that these markers of inflammation can be used 
to predict change in perfomm with sag. If indices of 
chronic inflammation are related mss-sectionally and pm- 
spcctivel y to physical performance, then these ?iomkers 
may be useful in targeting individuals who require inttrven- 
tion to prevent loss of function and independence. 

Subjects 
Subjects were 880 men and women participating in he 

MwArthur Study of Successful Aging, a subset of the Es- 
tablished Populations for Epidemiologic Studies of the El- 
derly PESE).  The EPESE comprised four population- 
based samples of comunitydwe1ling individuals, aged 65 
years and dder, residing in Durham. North Carolina, East 
Boston, Massachusetts, New Haven. Conneeticut, and rural. 
Iowa. The MacAtthur sabsef were high-functioning individ- 
uals from the M a m ,  East Boston, and New Haven sites 
aged 70 to 79 years at the 1988 basehe assessment. de- 
termination of "high functioning" was b& on the follow- 
ing cognitive and physical function markers: a score of six 
or more correct answers on the 9-item Heiffer Short Porta- 
ble Mental Status Questionnaire; ability to remember three 
or more of six elements on a delay mall  of a short memory 
task; report of m, disability on the Katz activities of daily 
living (AM,) scale; report of not more than one disability 
on the Nagi and Rosow-Breslau scales; ability to hold a 
semitandem balance stand for 10 seconds; md ability lo 
stand from a seated position five times within 20 seconds 
(22). Of the 4030 EPESE participants, 13 I 3  fulfilled the eli- 
gibihty criteria and 1189 were emllcd in the MacArthur 
study. The MacArthur study therefore represents the top ter- 
tile of cognitive and physical functioning participants in the 
EPESE cohort and, hence, a narrow pohon of the oomrnu- 
nitydwelling elderly population. Informed consent was ob- 

tained from all subjects after the respective human subjects 
institutional review boards apprtjved the protocols. 

IL4 and CRP 
Measures for IL-6 and CRP were obtained from frozen, 

stored plasma available for 74% of the enrolled MacArrhur 
cohort B l d  samples were obtained in the morning: how- 
ever, subjects were not required to fast beforehand. Plasma 
IL-6 levels were measured in duplicate by enzyme-linked 
irnrnunosorbent assay using a commwcial Idt (Hi@ Sensi- 
tivity Qumtikine kit, R & D Systems, Minneapolis, MN). 
The detectable limit for IL-6 was 0.10 pglmI, with an inter- 
assay coefficient of variation of 7%. CRP was aIso mea- 
sured in duplicaw by ELISA with a defectable limit of 0.08 
mgn and an intmssay coeffcient of variation of 9% (23). 
Circulating a - 6  and CRP levels obtained fmm one time 
point have h e n  shown lo be reproducible and representa- 
tive of extend& time periods (23,241. 

Physical Performance 
At baseline, several physical function performance mea- 

sures were assessed includmg hand-grip strength, signature 
rime, chair' stands, and gait speed. Follow-up physical per- 
formance measures were obtained m 405 subjects 7 years 
later (East Boston and New Haven) h 1995. Hand-grip 
stxength (kg) of the dominant arm was assessed in friplicate 
using a handheld dynamometer, with the maximal value 
used for this wdysis. A second measure of upper body per- 
formance (to assess hand dexterity) was the time required 
for subjects to sign their name. Lower body function was 
dekrmined by the 6-rn walk time and chair-rise perfor- 
mance. For ,@it speed, subjects were instructed to quickly 
walk 3 m, turn, and return. The chair-rise test assessed the 
time required to rise on command from a standard chair to a 
'h1I standing position five times. 

Potential Confomders 
Panicipms compleM a standardized self-report assess- 

ment including medical history and use of medimtions in- 
cluding nonsmidal anti-' " *OW dmgS ( N S ~ S ) .  
cigarettes. and alcohol. Body mass index @MI) was calcu- 
hted by weight in kilogram divided by height in metcrs 
squared Smoking status was classified as either current or 
nonsmoker. Use of NSAIDs included aspirin. Labomtory 
markers of CVD and diabetes 69 assessed were plasma to- 
tal cholesterol, high-density lipoprotein choiestml (HDLC), 
and glymsylated hemoglobin. which were measured by 
standard automat4 techniques. Plasma albumin, an acute 
phase protein, the levd of which decreases with an increase 
in L-6, was also ~ u r e d  S v  scales of self-reported 
physical activity were r e p k d  as strenuous and moderate 
physical activity h- per year (22). Physical activity ques- 
tions were adapted from the Yale Physid Activity Survey 
(251, which focused on the frequency of current leiswe- and 
work-related activity, with intensity categories determined 
by energy expendime (2627). ' 

Statistical Analysh 
Data were analyzed using the SPSS statistical software 

package (SPSS Enc, Chicago, L) and incIuded descriptive 
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statistics, correlations, t tests, and analyses of variance and 
covariance. Where appropriate, the Bonferroni post hoc 
procedure for multiple comparisons was employed to locate 
the source of significant differences in mews (28,291. 
When used as a conlinuous measure, L-6 and CRP were 
log bansfomd (natural logarithm) to normalize the d~stri- 
butions. When used as q u d e s ,  the untransformsd IL-6 
and C W  value was used. All tests were two-tailed and an 
alpha level of -05 was considered statistically siwcant. 
Data are reported as the mcan -f- SD, unless stated other- 
wise. 

Cmssectwnal Analysa 
The study population consisted of 468 women and 412 

men with a mean age of 74.3 f, 2.7 years and mean BMI of 
26.1 2 4.2 kg/m2. The distributions of a-6 and CRP levels 
were highly skewed to the right as shown in Figwe I, Prior 

to transfonnahon, mean and median values were 4.6 + 5.5 
pglml and 2.8 pgml for IL-6, and 3.2 ? 5.3 mg/J md 1.8 
mgfl for CRP. The disuibutions were normalized after loga- 
rithmic transformation. 
L 6  Ievels were higher in men than in women ( y  < -051, 

and both ILa and CRP were higher in smokers than in non- 
smokers (Table 1). Increasing BMI[ was associated with 
higher IL-6 and CRP levels, and there was nu difference be- 
tween users arid nonusers of NSALDs, nor between those 
consuming and not consuming alcohol. History of myocar- 
dial infarction and hypertension was asscciated with higher 
IL-6 and CRP levels, and those reporting a stroke had 
higher L-6 levels (Table 2). Individuals with three or more 
chronic mnditiom had the highest IeveIs of inflammatory 
markers ( p  < -01). After adjusting for the prevalence of 
morbidity, lower HDL-C and higher glycosy lated hemoglv- 
bin were associated with higher iL-6 and CRP levels (Table 
3). Hours per year undeaaking moderate and strenuous 
physical activity were also related to inflammatory markers, 
with higher IL-6 and CRP levels in less active individuals. 
These results were essentially unaltered after adjusting for 
age and BMI. As expected, IL6 and CRP were significantly 
com1ate.d to each other ( r  = -46, p < .001), and both were 
negativdy associatd with plasma albumin (IL-6: r = -. 1 I, 
p = .WI; CRP: r = -.12,p < .001). 

Table 1. Plasm Lag of Interleukin-6 a - 6 )  and C-Reactive 
Protein (CRP) Levels by Subject Characteristics 

Lng V*lues 

CharamristiE n I L6Wml )  CRP(W1 

Asc (Y) 
70-7 1 167 1.10 $ 0.82 0.9 * 0.93 
72-73 216 1.12 I 0.n 0.58 5 a95 
74-75 181 1.15k0.81 0.75 t 0.98 
7637  185 1.10 2 0.73 0.60 Z 0.94 

Interleukind @@ml) 278 131 1.2620.78 
0.65 -C 1.04 

Sex 
Women 468 1.08 2 0.76 a66 r 0.93 
Men 412 1-20 * 0 .W 0.58 rf: 1.00 

Raa 
White 728 1.13 2 0.77 0.60 2 O W  
BlaJr 148 12120.84 0.72 2 0.W 

Current cigartne smoker 
Yes 132 1.28 2 0.72* 0.88 f OM*+ 
NO 748 1.1120.79 o.n z D.% 

Ald-101 consumption 
Yes 372 1.13 5 0.75 0.59 2 0.95 
No $OR 1.1420.81. 0.64 2 0.97 

Use of anti-infI~mmatory dmgs 
Yes 348 1.15 2 0.80 0.65 f 0.97 
No 532 1.13 5 0.78 0.60 2 0.86 

SMY quintila (kglm2) 
1.122.5 0.91 2 0.78 026 -C 0.91 

I 
2.225-24.7 1.03 'c- 0.79 0.46 + 0.98 
3. 24.7-26.9 1.14 Z 0.79 0.56 ? 0.90 
4.26.9-29.3 1.29 2 0.77 0.86 % 0.92 
5.  >29.3 1.3 1 5 0.70*** 0.94 2 O.%*** 

C-Reactive Protein ( m a  
Not,%: Values are mcan ? SD. BPln = body mass index. Far BM: L-6. 

Figure I. D~stribution of interIeuki12-6, A, and Grcactive protein, quintilcs 5.4 > I, 2; CRP, quintiles 5.4 > 3,2, I .  
R, valus .  *p < ..05: **p < .01; ***p c.001. 
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Table 2. Assmiation of Log Interleukind (L-6) a d  C-Reactive 
Protein (CRP) Levels With Prevalence of Morbidity 

Log Valuts 

Chartlcrerisric 

Hyptensim 
No 
Ycs 

MyocardiaI infamion 
No 
Yes 

Canm 
No 
Yes 

Hip fwcture 
No 
Yes 

N* of chronic mditions 
0 
1 
2 
a3 

Table 3. ~ s s o i a l i m  of Log IntwIeukin-6 (L-6) and C-Reactive 
t'rotein (CRP) Levels With Biochemical llealth Indices and 

Physical Activity Adjusted for Morbidity 

Lug Values 

Characteristic I L 6  (p@ml) C W  InlXI1) 

Total holestem1 (Wdl) quanil- 
1.5189 1.18 2 0.05 458 2 OD7 
2. 1Yk217 1-15 Z 0.05 0.53 1 0.06 
3.21%245 1.10 5 0.05 0.60 2 0.07 
4 ,2246 1.13 2 0.05 0.77 2 0.07 

p = ,778 p = -061 
HDLC (mgldl) qunrt~les 

1.536 1.28 i Q.05 0.74 1 0.06 
2.37-44 1 25 _t 0.05 0.81 % 0.07 
3.45-55 1.15 r 0.05 0.61 i 0 . ~  
4 . 2 5 6  0.89 Z 0.05 0.33 2 0.96 

p<.OOI; 1,2.3>4' p < - W I ; 1 , 2 , 3 > 4  
Glycnsylatcd her~&lob~n (%) quartiks 

1 . S S S  1.Q7 2 0.05 0 47 1 0.07 
2.5.9-6.4 1.11 k0.M 9.65 1 0.06 
3.6 5-7.0 1.12 2 0 .a  0.53 2 0.07 
4. r7.I 1.27 ? 0.05 0.82 5 0.07 

p = .MR p =  .001;4>3,1 
Moderate + suenuous physicat activity (Wy) q u d k  

1 .521  1.15 f OD5 0.74 ? 0.07 
2.22-30 1.31 2 0.05 0.80 I 0.05 
3.3145 1.04 + 0.05 0.50 % 0.07 
4 t 4 6  1.04 k 0.05 0.44 ? 0.05 

p<.W1;2>3.4 p-=.001;1,2>3,4 

Nores: W u e s  are mean *C SE. WL-C - highdxsiity lipqxknchatesteml. 
Vosl hat timlysis, numuals refer to quadles k i n g  m m p d  

N w :  Values arc mean 2 SD. 
Post hoc analHis; n u d s  refer to groups mmparcd. 

Table 4 shows the association of L-6 and CRP with 
physical performance at baseline after adjushnent for age, 
sex, race, BMf. smoking sta_tus, use of NS ADS, and preva- 
Ience of morbidity. Inflammatory markers were not asmi-  
ated with the ability to rise from a chair, nor were they re- 
lated to signature time. However, for the 6-m fast walk, 
better performance was associated with lower IL-6 levels, 
and for the hand-grip test, those with greater smgth had 
lower CRP levels, Xa addition, there was a m d  @ =: .038. 
from a linear re-on model entering quastiles of walk 
time as an ordinal variable) for lower CRP values in those 
with faster walking speed. Comparisons of those in the 
top performance quartile to the other three quartiIes corn- 
b i d  did not substwtially alter the findings with respect to 
CRP or L 6 ;  however, these quadles included individuals 
within the top third of the overall communitydwelling pop 
ulation. The associatiions between inflammatory markers 
and performance were essentially unchanged when adjusted 
only for age, sex, BMI, and smoking status. Unadjusted val- 
ues for log ILr6 and 6-rn walk quartiles were as follows: 
1.27 2 0.05 (So, 1.18 2 0.05, 1.09 r 0.05, and 1-02 2 
0.05 @ = .MIS). Corresponding values for log CRP and the 
6-m walk were0.83 k 0.07,0.62 + 0.06,0.60 * 0.06,and 
0.44 f 0.07 ( p  = .001). 

Pro.rpective Analyses 
Between 1988 and 1995, 158 of the 880 MamWaur par- 

ticipants died. JL-6 (lag valuw: 1.36 ? 0.8 1 vs 1.09 + 0.77; 
p < .001) and CRP (log values: 0.86 Z 1.05 vs 0.56 5 0.94; 
p = .001) values were significantly higher and walking 
speed was slower ( p  = -001) in these individuals compared 
with survivors. For the two study sites (Fast Boston and 
New Haven) where performance masums were re-mea- 
s q d  in 1995,129 subjects had died and 74 did not undergo 
testing. Therefore, %year fobw-up of one or more perfw- 
mance measures were ohfaird on 405 participants (67% of 
the 608 individuals originally assessed from these two 
sites). For these individuals who survived the 7 years fol- 
lowing baseline and who w m  able to complete testing, per- 
formance dmlined ( p  < -00 1) in grip strength (29.1 -t 10.3 
vs 23.6 2 9.8 kg), signature time (8.9 + 2.3 vs 10.6 f 4.2 
swmds). and walking speed (6.8 +- 1.5 vs 8.8 4 3.9 s e ~  

onds). These changes translate into an 18% decrease in 
slrength, a 20% slower signaarre time, and a 3 1 % slower 
walking speed The change in chair-rise ability was 1.3%. 
Subjects who died or were unable to undergo performance 
ksting had higher baseline L-6 and CRP levels (p 4 .Ol) 
and slower walking speed @ < -05) at baselint compared 
with those who underwent follow-up testing. Incident mor- 
bidity for the 405 re-measured individuals is shown in Table 
5. Those subjects with no onset of any chronic condition 
during follow-up had lower IL-6 and CRP levels than those 
with one or more new conditions. However, there- was no 
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Table 4. Association of Log Interlakin-6 (HL-6) and C-Reactive 
Rotein (CRP) to Physical Performance 

Log Valucs 

Performance Measure+ 

Chip strength (kg) quartilw (n = 851) 
1.521 
2.22-26 
3- 27--37 
4. 238 

Signature rime (s) quarliles (n = 856) 
I.i=11.6 
2- i 1.5-9.5 
3.9.4-7.8 
4.57.7 

Chair-rise (s) qumilcr ( n  = 859) 
1. 214.I 
2. 14.bL2.1 
3. 12.e10.2 
4. 510.1 

Nore: Values pie mean t SE adjusted far age, sar, race, bDdy - index, 
s d n g  slatus. use of nonsttmidal and-inflammatory drugs, and pmalctlcc of 
morbidity. 

'Ferforma~ce improves with higher quaniles. 
'Pwt hm analysis; numerals refw to q u d l e s  being compared 

association between baseline L-6 and CRF levels w i ~  
change in physical performance (Table 6). 

n1~cussl0~ 

In this selected cohort of high-funckning older adults. 
circulating levels of IL-6 md CW were rel& to walking 
speed and grip strength, respectively, with higher lev& of 
these inflmmmry markers in p r w  performers. There 
was no significant association between IL6 and CRP aad 
the othcr pfomance measures-signature time and chair- 
rise ability-and baseline levels of these marBrers were not 
predictive of change in physical performanoe assessed 7 
years after bascline. Although TL6 has t e e n  shown to pre- 
dict the onset of disability in older persons (10). and both 
L-6 and CRP are asociated with mortality (5), these mark- 
ers of inflammation were not strongly associated with 
changes in measured physical pwformance. However, indi- 
viduals assessed at follow-up were a restricted group of 
high-functioning older adults, and the narrow degree of 
variability possibly obscured the ability to detect associa- 
tiom between inflammation and performance. 

Participants in the MacActhw study were high-function- 
ing men and women aged 70 to 79 years in the top twtile for 
both cognitive and physical function of the popularion- 
based EPJSE. As such, they are a selected population of 
those who are successfully aging and, hem,  are not repre- 

Table 5. Association of Log Interleukin-6 a - 6 )  and C-Reactive 
Protein (CRP) Levels With lncidem of Morbidity at Follow-Up 

Log Values 

Characteristic n ILBtp$rnl) CRP [mgm 

Hypuscnsion 
No 376 1.08 2 0.72 0.52 S 0.90 
Yej 29 1.26 k 0.63 0.93 2 1.06 

p = .203 p = .019 
Myocardial inEarnion 

No 370 I .07 '0 0.7 1 0.52 r 0.9 1 
Yca 35 1.34 ? 0.73 0.79 2 1.00 

p = .036 P = .OW 
StTokc 

No 377 I 09 2 0.73 0.53 % 0.91 
Yes 28 1.22 2 0.47 077 2 0.96 

p = 336 p = ,179 
Canmr 

No 34 1 1 .US L 0.72 0.54 t 0.93 
Yes 64 1.16 Z 0.70 0.60 Ir. 0.85 

p = ,421 p = 587 
P i W  

NO 322 1.Wt0.68 0.50 r 0.92 
Yca 83 1.18 ? 0.79 0.75 2 0.89 

p = -213 p = .026 
Hip fraam 

No 395 1.08 2 0.70 0.54 2 0.90 
Yw 10 1 5 0 ?  0.99 1.02 2 1.27 

p - . o n  p = .098 
Number of chronic conditions 

0 217 0.99 * 0.67 0.40 + 0.87 
I 140 120*0.79 0.66 5 0.93 
22 48 1.24 2 0.m 0.87 r 0.95 

p = . m ; l > o t  p = . t X ) I ; P > O , l  

Note: Values we mean f SR- 
'Post hoc analysis: numerals mfw ta gmps c m p m d .  

sentative of all elderly individuals. Neverlheless, as ex- 
pected, IL-6 and CRP 1eveIs were associated with smoking 
and lahatmy markers for CVD risk (mL-C) and glucose 
control Iglycosylated hemoglobin) and with a hismy of 
mywardial infantion md stroke. In addition, a gradient ex- 
isted for higher circulating levels of Ur6 and CRP with 
body site and in those less physically active. Dysregulat;on 
of the inflammatory prpcess was apparent with 56% of the 
cohort who had &6 values above 2.5 pghnl, which has 
been found to be associated with an increased risk of func- 
t i o d  d ~ i n e  (10). Fwty-one percent had values above 3.2 
pgld, a value related to an increased risk of mortality in the 
c a d t y - d w d h g  "elelderly popuMm (51. Fasting blood 
samples were not required as it was deemed udsirable u> 
polentially have subjects waiting far extended periods of 
eime in the morning for their blmd draw in a hypoglycemic 
state. Cross-sectional and prospective analyses w m  aIiIso 
prformed, adjusted for the h e  interval betwe. the last 
meal and the Mood draw, and the results were unchanged. 
Thus, we assume that the nonfasting state was not a signifi- 
cant confounder in our results. 

Although hours spent in smnuous and moderate physical 
activity were related to inflammation markers, the onIy per- 
formance measures that were associated with L 6  and CRP 
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Tabk 6. Association of Log Interleukin-6 (lL-6) and GReactive 
-in (CRP) to 7-Year Follow-Up Change (Delta) 

in Physical Perfmmance 

Log Vduu 

Perfwmance Measure+ 

Grip stmngth (kg) quarliis {n = 387) 
1.5-9 
2. -8 -6 
3. -5 m -2 
4 . 2 - 1  

S igmtm time (5) quartiles (n = 385) 
1. 22.4 
1 23 w 0.9 
3.0.8 to -0.3 
4. S -0.4 

6-m f t  walk (s) quartila (n = 357) 
1 .227  
2.26 to 1.3 
3. 1.2 to 0.3 
4. so.2 

note: Vdues arc mean z SE adjusted for age, stx, race, body mass index. 
smokiag st8W, ure of wmtmoidal anti-inflammntoty chugs. prevalence d mar- 
bidity at b a d n e .  and incidence of morbidity during follow-up. 

' P u f ~ c t  d m m e n t  gmter in Iowtr quarriles. 

were walking speed and grip strength. Several lines of evi- 
dence indicate that elevated inflammatory markers may 
negatively impact muscle function and. hence, physicd per- 
formance. Multiple cytokjnes stimulate p m l y s i s  by acti- 
vating Ihe ubiquipin-prote,asome patbway in muscle tissue 
(20). IL-6 and L - 1  act on the adrenal-pituitary axis to re- 
lease adrenoc0rti.cotmpic hormone and subsmpcntly d- 
sol (301, and animal studies indicate that L 6  inhibits 
plasma cmcmmtions of insulin-lie growth factor 1 that 
may impair muscle anabolic p x s s c s  (31). In addition, it 
has been suggested that cytokines may a h  alter muscle ho- 
meostasis in older prsons by impairing tissue repair fol- 
lowing injury (32). In Line with this, signature tLne, a fme 
motor skill, was not related to L 6  and CRP. 
In contrast to our findings, #hen and colleagues (4) 

demonstrated a gradient of increasing IL4 levels with 
power functional ability in community-dwelling dckrly 
pmau. For the Katz ADLs @.athing, toileting, dressing, 
eating, and grooming), mean log IL-6 values increased from 
1,05 pglml to 1.72 pg/ml in those with n score of 0 and 5, 
with corresponding log values of I .OI p @ d  to 1.45 pg/rnl 
for scores of 0 and 5 on the Nagi scale (extend arms above 
the shoulder, rnauipulate small objects, stoop, crouch or 
kneel, and push a large object). However, subjects in the 
present report are from the top certile of EPESE participants, 

reporting no disability on the Katz ADL scale and not more 
than one disabiliq on the Nagi scale. Consequently, our 
participants have higher functional ability and are therefore 
a more select population than that in the study of Cohen md 
colleagues (41. It is therefore possible that had we studied a 
population representative of all elderly persons (disabled, 
some degree of functional limitation, nondisabled, and very 
active) with a wider distribution of performance scores, 
markers of chronic inflammation may have been a~sociated 
with aII physical performance measures assessed. 

Performance measures generally declined in the cohort at 
7-year follow-up. The reduction in grip swngth was ap- 
proximately 2.5% per year, while fast walking speed de- 
creased by 4.5% per year. Previous work has shown that ag- 
ing is associated with an accderatsd decline in physical 
function (33) and increased morbidity; therefore, declining 
ram of this magnitude in this age group of survivors were 
not unexpected, However, in contrast to L-6 and CRP hav- 
ing prognostic value in several disease states (1 5,34.35), in- 
cluding h e  severity of disease (36,37), there was no associ- 
ation between the magnitude of declme in performance and 
baseline inflammatory markers in this group of survivors 
capable of participating. Higher baseline IL-6 and CRP lev- 
els were associated with mortality, as previously demon- 
strated 13, and those who died or were unable to undergo 
follow-up testing had poorer walking performance at base 
line. The survivors were thus a restricted group, which 
could have obscured the ability to detect differences. In ad- 
dition, although a single measurement in time of piasma IL-6 
and CRP has bcen shown to reflect W a f i n g  levels for up 
to several months (23,241, 7 years separated the perfor- 
mance measures, It i s  possible that change in cytokines and 
acute-phase proteins may be assuciated with change in per- 
formance; however, blood samples were not obtained at re- 
measarement in 1995; t h m f ~ e ,  we are unable to address 
this issue. 

The association of physical function and inflammation 
shown by &hen and mileagues (4) and our fmding of 
lower lL-6 and CRP levels in those more physically active 
do suggest that moderate physical activity may h beneficid 
in attenuating chrpnic inflammation. Lower basal IL-6 (38) 
and CRP (39) levels have k e n  reported in well-mined 
swimmers compared with healthy controls, suggesting that 
&nic exercise has a suppressive effect m mediators of 
the inflammatory response. and, recently, Smith and col- 
leagues (40) reported a 35% duction in serum levels of 
CRP following 6 months of s u p e n i d  modeme exercise in 
men and women at risk for future heaa attack 
In summary, IL-6 and CRP levels in the MacArtfiur co- 

hort of high-functioning elderly persons were related to 
physical activity and walking speed, but not ta other physi- 
cal performance measures. nor to change in performance 
over 7 years in those surviving and able to undergo testing. 
Nevertheless, recent evidence suggests that chronic inflam- 
mation may be attenuated by regular physical exercise (40). 
Therefore, long-term exercise intervcnti0n.c in the elderly 
population, apart from improving physical function and per- 
fomance. may prove useful in correcting age-related im- 
mune dysregulation, thereby reducing disease risk. How- 
ever, clinical trials addressing this issue will be required 
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hfore definitive conclusions and recommendations can be 
made. 
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Race and Sex Effects on the Association Between Muscle 
Strength, Soft Tissue, and Bone Mineral Density in Healthy 

Elders: The Health, Aging, and Body Composition Study 

DZlNNlS R. TAAFFE,' JANE A. CAUI.EY? MICILELLB DANLELSON,~ MICHAEL C. ~ 1 I T 1 3  
THOMAS F. LANG? DOUGLAS C. BAUER' and TAMARA B. HARRIS' 

ABSTRACT 

TWQ fWom generally reported to Muence hone d d t y  are M y  cornpasition and rude  sfwqth. Rowever, lt 
is unclear if Ehese &tiomhips are mdent across race and se~, especially in older pers4ns. Tf differcma do exist 
by race d o r  sex, then strahgies to maintain bone ma% or minimize bone loss in oldcr adults may need to be 
m&Zied accordingly. Therefore, we d n e d  the independent effects of bone m i n A  l w  mass 0, eat 
mass 0, and muscle strength on r e g i d  and wholt body bane mineral density PMD) in a cohort oT 2619 
Wen-functioning dderdults participating in the Health, A@% and Body Contpsition (Health ABC) Study with 
complete meamm, Participants included 738 wbite women, 599 black women, 827 white mcn, and 455 black men 
aged 70-79 years. BMD Eglm", of the femvrai neck, whole body, uppcr and lower limb, and whole body md upper 
limb bone m i n A  LM and FM was assessed by dual-energy X-ray ahrplhmehy (DXA). Handgrip slrength 
and knee exkwor torque were determined by dynamometry. In analysts strati8d by race and sex and adjusted 
for a n n m k  of oonlounders, LM was a m m n t  @ < 0.001) detemhmt of BMD, except in white women for 
the lower limb and whole bdy. Xn women, EM also was an independent contributor to BMI) at the femoral neck, 
and both FM and mnscle sh-agth contributed to limb BMD. T k  fullowing were the mpedive &weights 
(regmidm mdkients fur ~fandardi.L8d data, Std P) and p c m t  difference in BMO per unit (7.5 kg) LM: femoral 
nedc, 0.202-0386 and 4.7-5.9%; lower limb, 024l9-0.357 and 2.9-35%; whole bady, 0.239-Om and 3.0-47%; 
md upper limb (unit = 0.5 kg), 0231-OM and 3.1-3.4s. A- for bone size (bne mineral apparent dmpity 
PMAUI) or m y  she BMWheight) dimhished tbe irn- of LM, aad thc contributory effect of FM became 
mom p m d .  Thew d t s  h d h t e  that LM and FM werc assmhted with bone mined depending on, the 
bone site and bone index u d .  Where differeaw did wcw, they were primarily by sex not ram To preserce BMD, 
maintaDnDng~rimrreasingLMinthedddyw~dappearto~mapp~~strstegy,~essdraceor~ 
g Bonc Miner Ra 2001;16:1343-1352) 

Key words: bone, muscle, fat, strength, sex, race 

~ O D U C T I O W  as do those of African ancestry in tbe United 
States cornpad with their white counterparts.(7-") After 

a well known that bone mass and prevalence of osteo- adjustment for body size, race, and %x differences in re- 
protic fracturc differ by sex and race. Males have a gional and whole y bone mass of adulh remain, aIbeit at r 9 

grater bone mass and lower risk for hcturt: than a reduced ' ) Because bane mass is an important 

'Epidemiology, Demography and Biometry Program. Hationd Institute oa Aging, Bethesda, Maryland, USA. 
2Depa!iWmt of Epidwhlogy, University of Pittsburgh, Pittsbwgh, Pittsburgh, Pennsylvania USA 
'Department of  Epidemiology and Biusktistics. The University of Calif& San Fmciixo, California. USA. 
'~cpartment of Wology, The University of Califoraia. San Francisco, CaIifwni* USA. 
S~epmment of Medicine, Tbe University of California, San Francisco, Cfifmnia, USA. 
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were familiarized to d ~ e  tcsting procedure and then com- 
pleted a maximum of-six trials with the average maxirnu~l~ 
torque deternitled from three reproducible and acceptable 
trials. Isometric grip shngth of the dominant limb was 
determined in duplicate by a handheld dynamometer with 
the rnaxinlurn value reporfed (lamar; TEC, Clifton. NJ, 
USA). Reported CVs for knee extensor strength by irroki- 
netic dynamometry arc 16.1 %'.'Y+40' and for grip strerigth 
<2,7%)'ab4') 

Other measurements 

Duplicate measures of height and weight werc obtained 
using a Hapet~den stadiomettr (Holtain. Wales, UK) and a 
standard balance beam scale, respectively, with the mean 
values reported. Body mass index (BMI) was caIculated as 
weight divided by squaw height ((kg/m2). Smoking status, 
alcoi~ol consumption, physical activity, and medication us- 
age were determir~cd by an interviewer-administered ques- 
tionnaire. Three physical activity levcls were calculated 
based, on kilwalories per week expended on walking, stair- 
climbing. and malerate w d  vigorous physical activity. The 
levels wcre low, < 1000 kcallweek; moderate, > 1000 kcaY 
week but (2000 kcallweek and high, 22000 kcaVweek. 
Thiazicie and estrogen usye  was delermined from drug data 
coded using the Iowa-Drug Information Systcm (IDIS) 
ingredient c ~ d c s . ' ~ ~ '  

Statistical analysis 

Data wcre anaIyzed using the SPSS (SPSS, Inc., Chicago, 
lL, USA) statistical software package. Analysis of variance 
(ANOVA) and 2 analysis were us* to compare dtffer- 
ences in baseline characteristics by race and ssex. To adjust 
BMD and muscle strerlgth for body size, analysis of covari- 
ance was used with height and weight as oovariates. Where 
appropriate, h e  Fisher least significant differencc (LSD) 
tcst was used to locate the source of significant differences. 
MuItiple regrcvvion analysis was used to examine the inde- 
pendent effects of LM, FM, and muscle swgth on regional 
and whole body BMD. Regression models werc stratified by 
race and sex aud adjusted far age, height (except where 
BMDIht was the dependent variable). site (Pittsburgh or 
Memphis), current smoking status. dcohol consumption @, 
three or less drinks per week during the past 12 months; 1, 
four or more drinks per week during the past 12 months), 
physical activity ( I  = low, 2 - moderate, and 3 = high), 
thiazide diuretic usage, and estrogen usage (women). Body 
wdght was not included in the multiple ~gression analyses 
because fat aud bone mineral -free Iean tissue inass effcc- 
tively equals body weight (bone mineral, the third compo- 
nent of body weight partitioned by DXA, being the depen- 
dent vatiable). KIlcc extensor strength was the muvclc 
strength variable used in analyses of tile femoral neck, lower 
limb, and whole body, while grip strengtb was used [or the 
upper limb. Vtlriablcs withm each model were examined ir,r 
multicollinearity using thc variance inflation factor 0. 
According io Chatterjee and evidence of multicol- 
linearity exists if the largest VIF is > 10 andlor thc mean of 
a11 the W s  is considerably >l .  

Regression andysis also was performed for the elitire 
cohort, with race and sex terms inciuded, to test fur inter- 
actions using product terms. Predictive importance of the 
indqendent variables is indicakd by their P-weights (re- 
gression caeficients for standardized data, Std p), which 
have n mean of 0 and an SD of I. Regression coefficienk 
derived from the rat% and sex stratified regression models 
were used to calculate percent change in BMD per unit 
change in Lht: variable of interest. To adjust for the large 
number of comparisons. we stlwted a level of p i 0.01, for 
statistical significance. Results are given as the mcan k SD. 

Men were taller, heavier, had a greater LM, aid  lower 
absolute and reIativc FM than women (I, < 0.001), with LM 
and FM higher in blacks (Table 1 ). Similar sex and race 
effccts were observed for upper limb LM and EM. Regiooal 
and whole b d y  BMD was greater in rnen than womcn and 
in blacks than whites. even after adjustment for height and 
M y  weight. Furttler, race and sex diffcicnces for uppm and 
lower limb BMD were independent of LM arid FM or age, 
study sik, height, LM, and FM. However, bath adjl~stments 
resdted in no differencc between black women and white 
rnen for whole body BMD or between white women and 
white men for femoral neck BMD. Har~dgrip strength and 
knee extensor torque were higher in men than in women arld 
higher i n  bIacks than in whites @ < 0.001). After adjust- 
ment for M y  size or LM, sex differences remaitid in 
muscle strengh. Kegarding members of the Health ABC 
cohorl who did not have complete measures, they were not 
distinguished from those included in this report with regard 
to body composition, muscle strength. hip, or upper limb 
BMD; however, whole M y  and lower limb BMD were 
higher in white men and white women with incomplete 
measures as was lower limb BMD in black women. 

Physical activity energy expenditure was Iowest it1 black 
women and highest in white nlen, with approximately one 
quarter of white men expending 22000 k d w e e k  (Table 
I). White men also had the lowest prevalence of thiazide 
usagc and only 5% were current smokers. However, when 
categorid as either ever or ncver smokers, 71 8 of white 
mcn had smoked compared with 69% for black men. 41 % 
for white women, and 44% for black women. Alcohol 
consumption was highest in white men, with 29% baving 
four or more drinks per week, and lowest ~ I I  Mack women. 
Estrogen replacenlent waq higher in white women than 
black women, with an overall prevalcnce rate of 19%. 

Correlations behvcci study variables for the enfire co- 
hort. controlling for race d scx, are shown in Table 2. Age 
was negatively associated and height and weight were pas- 
itively associated with each study variable. The partial cor- 
relations were smnger for LM ard than for FM and 
RMD. However. when smtified by race and sex, the prin- 
cipal difference among the groups was the stronger corre- 
lation between EM and RMD in black women at each 
skeletal site (femoral neck, LM r = 0.45 and FM r = 0.48; 
whole body, LM r = 0.35 and FR.I r - 0.30; upper limb, 



~ A H L E  I. DHCRIFTIVE C B A R A C T ~ C S  BY SEX AND RACE WN 4 SD) - 
Women Men 

-.. 
Whifc ( I )  Black (2) White (3) Black (4) 
(n = 738) (n = 599) (n = 827) (n = 4551 Comparison * 

,.- -- 
Age (year) 73.5 2 2.8 73.3 + 2.9 73.9 2 2.9 73.4 2 2.8 
Height (cm) 159.5 J- 5.9 159.7 It- 6.3 173.6 +- 6.4 173.3 i 6.9 1,2 =z 3.4 
Body weight (kg] 65.7 5 12.2 74.7 2 15.5 80.6 2 12.4 80.9 + 14.3 1 < 2 < 3.4 
Bm @dm2) 25.8 -t 4.5 29.3 2 5.7 26.7 f 3.7 26.9 2 4.2 1 < 3.4 < 2 
Jihl (kg)" 39.6 Itl 5.4 44.1 L 6.4 57.1 "_ 7.0 58.6 5 8.1 1 1 2 ~ 3 ~ 4  
lW 24.9 J. 7.7 29.2 f 9.7 21.6 5 6.7 20.1 ? 7.3 4 < 3 < 1 1 2  
Body fat (%) 37.1 + 5.8 38.2 2 6.3 26.3 .t- 5.0 24.2 1 5.7 4 < 3 12  
BMD (glcm') 

Fcmoral neck 0.651 L 0.109 0.753 % 0.133 0.766 2 0.130 0.847 ? 0.14U 1 < 2,3 < 4 
Upper limb 0.645j-0.062 O.Ei92i0.069 0.840Z0.093 0.89If0.090 1 < 2 < 3 < 4  
Lower limb 0.984~0.111 1.03920-122 1.?.46+0.127 1.27920.134 1 < 2 < 3 < 4  
Whole body 0.988Z0.105 1.046k0.112 1.152+O.t12 1.215-~0.128 1 < 2 < 3 < 4  

Kegiond hssue composition (g) 
Upper limb LM" 1984 ? 327 243 1 2 441 3488 2 534 3881 -t 664 1 < 2 < 3 < 4  
Upper limb FM 1533 % 546 1905 2 745 1261 2 420 1255 % 495 3,4 <: I i 2 

Muscle skngth 
Knee t~ttnsion (Nm) 78.5 -F 20.0 85.6 * 23.8 130.9 5 33.3 134.7 2 37.7 I < 2 < 3,4 
Handgrip (k) 21.3 5 5.4 26.0 % 7.0 38.8 L 8.1 41.7 + 10.1 1 1 2 < 3 < 4  

Physical activity (kctlYweek)* 
Low (i 1000: 95) 72.4 81.8 52.0 73.8 
Moderate (lMW22oOO;-%) 18.6 11.7 21.2 11.9 
High (>2OOO; 95) 9.1 6.5 26.8 14.3 

Curreal smoker (%)* 7.6 11.7 4.7 21.3 
Alcohol ( 2 4  W w e e k )  (%)* 18.0 4.2 29. I 17.4 
Thiazide use (%)* 16.7 26.7 9.3 15.8 
Estrvgen use (%)* 25.2 10.7 

. . -, . . 
Bone mineral-free LM. 

* p  c 0.001. 

Age Height Weight M FM U r n  UMM HGS KlB FNBMD WflRMD U U M D  

He@t -0.1 1 
Weight -0.15 
LM -0.17 
FM -0.08 
ULLM -0.17 
ULPM -0.09 
HGS -0.16 
KES -0.2 1 
mMD -0.12 
WBBMI) -0. I0 
ULBMD -0.14 
WLBm -0.12 

ULLM, uppa limb LM; ULPM, upper limb IM; HGS, handgrip strerig&, KES, bx exlensw smngth; FMBMn, femoral neck BMD; 
WBBMD, wholc M y  BMU; WMD, upper limh BMD; LLBMD, lower limb BMD. 

' 

" CortkoUing for raoe, scx, and study site; p < 0.001 for all partial coneMoos. 

LM r = 0.47 and FM r = 0.34; lower limb. L M  r = 0.41 unit change in muscIe slrcngh, LM, and W. At the femoral 
and FM r = 0.39; p < 0.001 for dl). neck LM was a significant independent contributor to U M n  

Table 3 displays the standa~dized regression coefficicntv across race and sex. with a unit: (7.5 kg) incrcasc in LM 
and percent difference in regional and whole body BMD per associated with a 4.7-5.9% increase in BMD. However, in 
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TABLE 3. STANOARDEED RM~KFSS.SSION COK~WICIEPITS @-WEIGHTS, STD P) AND PERCENTAOG CHANGE UMD (g/cnlz) 
UNTI. (SHANO~ IN Sow TISSUE AND MUSCLE STKENGIII BY RACE AND SEX 

White women Black women " White rnm Black men 
-- 

% $b % 
Unir Std P ckange Srd fi chan~e Sfd 0 change Std P % change 

R m o d  neck BMD 
Knee exknsor strength 
LM 
m 
M d e l  Ra 

Upper limb BMD 
Grip strength 
Upper limb LM 
Upper limb FM 
Model H' 

Lower limb BMD 
Knee extensor suength 

mi 
FM 

Model R' 
Whole body B M D  

Knee extensor strength 
LM 
IrM 

Model R2 

Age, height, site, smoking, alcohol intake, physical activity, thiiuide diuretic usage, and estrogen-replacement therapy (women) were 
included in the muItiple rtgressiou models. 

* p < 0.001. 

women, but not men, FM had a similar independent effect 
on bone, wifh a unit (7.5 kg) increase in EU associated with 
a 4.0-4.4s increase in BMD. Similar resuIts also were 
obtained if the total hip was subsliluted for the femoral 
neck. 
For thc uppcr limb, limb LM was the dominant inde- 

pendent conkibutor to B M D  in each group with grip 
strength and FM independently contributing to bone den- 
sity in black women. A unit (0.5 kg) increase in upper 
limb IdM was associateid with a 3.0-3.4s increase in 
upper limb BMD. In comparison, a unit increase in 
strength (7.5 kg) and upper limb FM (0.5 kg) was asso- 
ciated with a 0.9% and 1.5% inmase in BMD in black 
women, respectively. Upper limb soft tissue was enlcred 
in the multiple regressions because the upper limb is a 
non-weight-bearing bne .  T o  explnre the potential hor- 
monal effect of total adipose mass, whole body FM was 
entered in the regressions as a substitute for upper limb 
PM; however, the results essentially wcrc unaltered. 

A significant sex interaction with FM (P 0.001) 
emergi for lower hub B M D  when all subjects were in- 
cluded in the regression model. FM and muscie strength 
w m  significantly related to bone in women but hot in men. 
h women, a unit increase in FM and muscle strength was 
associated with a 1.7-2.0% and 1.9-2.2% increase in BMD, 
respmtiveIy. LM also was an independent contributor to 
lower limb BMD in all goups except white women. S h -  
ilarly, for the whale M y ,  with all subjects LlcIudsd in the 

regression model, there was a sex X FM irtteraction (p < 
0.00 1) with FM inversely associated to BMD in mcn. For a11 
pups ,  except white women, LM was the dominant signif- 
icant contributor to whole body RMT); a unit increase in LM 
wm associated with a 3.0-4.7% increase in BMD. 

When BMD was divided by heigh( in an attempt to factor 
out bone size, the impom~ce of LM diminished and FM 
increased (Table 4). At the femoral neck, F M  becnnle a 
significant contributor in white men while the independent 
effect of LM in men and women was no longer important. 
A similar paUcrn also emerged for femoral neck B W ,  
with the irnphnce of LM reduced in all groups (Std P = 

-0.050-0.M; p > 0.001) and a significant contributor 
in women (Std P = 0.287-0,342: p < 0.001) and white men 
(Sta /3 - 0.187; p i 0.00 1). Similarly, for Iower limb and 
whole body B M D  divided by height, thc effect nf ISM was 
significantly reduced, f i le  the effect of FM became sbon- 
ger at the lower limb in women. However, for the upper 
limb, the effect of LM, although diminished, rerrlained a 
significant contributor in men and white women. In calcu- 
Iating BMD/hr, the importan= and contribution of muvde 
strength at each site remained substantially unaltered. 

Kegrrrdhg muitiwuinearity of the independent variables 
in the regression models, the WF ranged from 1.57 to 3.04 
for LM and PIM and 1.23 to 1.9 1 for upper limb soft tissue, 
with an average VIF for all the variables entered in the 
models of 1. I6 -1.42. 



TABLE 4. STANDARU~LED R ~ R I E S S I O N  COEFFICIENTS (P-WEICIITS, STD p) AND PERCENTAGE CHANGE BMT.I~~IEIGHT PER 
UNK CHANGE IN SOFT TISSUE AND MUSCLE STRENGTH BY RACE AND SEX 

--.  - - 
Whir,? wnmen BIrark womfl White men Black men 

% 4t % % 
Unil Std 13 hange Sfd j3 change Std P change Std P clrangc 

Femoral neck BMDIht 
Knee extensor strength 25 Nm 0.001 0.0 0.069 1.3 0.022 0.3 0.051 0.6 

LM 7.5 kg 0.086 2.0 0.048 1.1) 0.129 2.3 0.118 1.8 
FM 7.5 kg 0.32BY 5.2 0.382* 5 2 0.1b4* 3.1 0 198 3.4 

M&l R' 0.19 0.22 (1.09 0.12 
Upper limb BMDlh! 

Grip strength 7.5 kg 0.109 1 4  0.099 1.0 0.063 0.6 0.086 0.6 
Uppcr limb I .M 0.5 kg 0.170* 2.4 0.134 1.5 0.154' 1.6 0.243* 1.8 
Upper limb FM 0.5 kg 0.044 0.4 0.181' 1.2 0.010 0.1 -- 0.0h7 -0.7 
Model R2 0. 15 0.15 0.06 0.12 

Lower limb HMnlhr 
Knee extensor seength 25 Nnk 0.147* 2.0 0.14*/* 1.8 0.095 0.7 0.133 0.9 

LM 7.5 kg -0.052 -0.6 -0.025 0.4 0.073 0.8 0.074 0.7 
FM 7.5 kg 0.255* 2.8 0 282* 2.6 0.025 0.3 - 0.015 -0.1 

M d c l  R2 0.18 . 0.19 0.11 0.14 
WhoIe body DMDlht 

Knee extensw streuglh 25 Nm 0.0.10 0.5 0.064 0.7 0.035 0.3 0.056 0.4 
mi 7.5 kg 0.022 0.3 -0.005 -0.1 0 146 1.5 0.151 1.5 
FM 7.5kg 0.115 1.2 0.194 1.7 -0.087 -0.9 -0.080 -0.9 

M d e l  R' 0.1 1 0.12 0.06 0.09 

Age, site, smoking, alcohol intake, physical activity. thiazide diuretic usage, and estrogen-replacement therapy (women) were included 
in the multiple regmsion models. 

* p c: 0.001. 

DISCUSSION 

Although bone density has a strong genetic compo- 
ner~t,'~~.~'' multiple factors inlemci to modify bone mineral 
status. T k o  such factors are the components of body com- 
position, LM and FM, as well as rnuscIc strength. The 
present study was undertaken to determine if sex and/or race 
alters the relationship bctween thase variables and BMD in 
a cohort of  well-functioning elden. As expected, regional 
and wholc body BMD wis greater in men than women and 
in blacks than whites, even after adjustment for body s i x .  
Differences in the relationship between muscle strength and 
soft hut with BMD did occur, howevcr, these differences 
were by sex, not race. In men, bone mineral-free LM was 
the dominant dependent contributor to U M D  at the fen- 
oral neck, uppcr and tower limbs, and for the whole hody. 
However, in women, FM also was a significant comibutor 
tr, BMD at the femoral w k  and lower limb while muscle 
strength contributed to Iimh BMD. When BMD was divided 
by height to adjust for body and bone size, the irnportauce 
of LM diminished in all groups. 

Sex and racial differences in how dcnsily aod body 
cornpsition were expected, Nurnerous reports in the liter- 
ahre pmpose various biochemical mechanisms for racial 
d i e i l c e s  in bone cfer~sity,('~,~~-~'] including a lower 
mechanostat setpoint in blacks.'50' In addition, sex and race 
differences in muscle strength also were apparent. with men 
stronger thwl women and blacks ~trungcr Ihw whites. Sex 

differences renined after adjustment for LM, inferring 
differences in muscle quality, allhough the nature of the 
strength test, that is ,  maximal voluntary strength, may have 
been a contributing faclor. 

Across race and sex, LM was a signhicant determinant of 
BMD, except for the lower limb and whole body in white 
women. Several l i i  of evidence support this relationship. 
DoyIe et al.[") showed a strong association between verte- 
brd dry ash weight and psoas muscle weight, as did Vim et 
a1 .'52' for psoas muscle parameters by computer tomography 
and spine minerd densib. With age, men experience simiIar 
rates of bont and lean tissue loss whcrcas F M  i n - ~ s , ( ~ ~ )  
and in women menopause is associated with an accelerated 
loss of fat-free tissue and skeIetal Moreover, after 
hip fracture, Kmlsson et aI.(54) ~por i cd  an increased rate of 
bone and muscle m s s  loss w h e m  FM i u c d .  Our 
results iu women are compatible to those of Chen et al."'' 
who reported LM a significant indepndcnt predictor of hip 
and spine BMD and whole body bow mass in postmen* 
pausd while wornen. Similarly, Aloia et al.m fot~nd fat- 
free mass predictive of total body calcium in Mack md 
white pre- and ptmenopausa1 women. In addition, we 
found l ~ e  smne relelationslup Lo bc true for white and Mack 
men in our cohort. 
In contrast, Reid and collea~~&"' reported FM to be 

an independelkt prtdicror oI rcgianal and whole body BMn 
in pre- and postmenopausal, wornell, wirh not contrib- 
uting. We also found FM to be a significaut contributor to 
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significant determinant of regional and whole body BMD 
across race and scx, except for the. loww limb and wholc 
body in white women, with FM a significant contributor a[ 
the femoral neck and lower limb in women. In contrast, 
when bone niincral was expressed as BMDIliI, the nssocia- 
tions with LM were diminished. The influence of ~nuscle 
strength on BMD, significant in wnmen for the limbs, 
appears to be mediated by LM. Although LM, FM, inuvclc 
strength, and BMD are under strong genetic 
all are amenable to environmental As such, 
alterations in 1ifestyIe resubing in the maintenance or in- 
crease in IdM with age may have a positive effect on BMD 
in older ndulis, irrespective of race or sex. 
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Backgmmsd. Aging is characterized by declines in physicat capacity and bone mineral density (BMD), htl~ o l  which 
contributc to inc& risk for fracture. However, it is ullclear il these factors coexix or are independent in elderly pcople. 
and if a relationship does exist, whether it varies by sex andfor race. 

Methods. Data are Irum 847 white womcn. 723 black women, 927 white r r l n l .  and 544 black men aged 7 M 9  years 
pnrl~crpalmg in ihc hEc8lth Aging and Body Composition (ARC) Study, a cohort of well-funnioning comrnu~lity-dwelling 
eldcn. BMD &/crnZ] of the hip {femclral neck and, truchanler) was detcm~ned by duaI X-ray absorpr~umtry. Physical 
capacity rneasu~c.5 included knee extensor s~rength. repeated chair-stands, gait s p d  (6 nl), walking mduranpe (400 m), 
and standing balance 

Resulls. In anaiyxs of BMD ax a mntin~~nus nleasuw, BMU and phys~cal performance were mow mns~stently related 
at the crochanter in black women, ever! alter ndjusting for body size and several covariates including physical activity. For 
each performance measue. black w o m n  in thc bonm quanil4s) had lower BMD than h s c  m the top qumilc(s). For 
the femonl n d .  !here was a signififant associatbn wwi pdnrmawe tasks. except for the 400-rn walk. In con3pariw1, 
unly<hir-rise pcrFomanae was related to BMD at the femoral neck. und knee cxtcnsor strength, chair-rise jxrlurrnancc, 
and balance with rhe mchanter in white womm. For while w d  black mcn, lrends existed only 101 luwer BMD in mose 
with poorer knm exlensor xtren~th. 

Co~ltIusiorrs. in thk cohwt of well-iunction~ng young-old seniors, physical capacity is ur~ly rndcstly rclated to BMD 
at the hip. The aswciatiorl was sirungest in black women, who as a group exhibited tlm pwrest funciiml capacity in the 
cohort Our data sliow lhat. although bath p r e r  physical perfmnce and low BMD arc risk factors for f- they 
relr~airr largely indcpcndcnt in the well-hrtctioning young-old, tlrwql UI black m n .  This indeptndence suggests that 
i i~tervent iw to reduce fracture incidence shnllld be tmgeted at irnpruving both physical ptrformance and bone b i t y .  

P O R  physical function and low b11e density are 
significant risk factors for fracture in older men m ~ d  

women (1-3). Physical funcrio~~ and performance predict 
falls (4,5), and bone density accourits for 50%-80% of the 
variance in bone strength (6). In the Study of Osteoporotic 
Fractures. low calcaneal borle density and inability to rise 
fmrn a d~a ir  were risk factors for hip fracture (2), as was 
neuromuscular impairment and femoral neck h e  mineral 
densily (BMD) in the EPIDOS (EPIDemiology of Osteo- 
porosis) study (3). IIip fracture in elderly people has 
devastating consequericcs resulting in substantial mortaIity, 
morbidity, use of institutionalized care, and reduced quality 
of life (7,8). 

This analysis was undcrlnken to deiermi ne whether lower 
functional capacity and reduced bone density coexist or are 

independent factors i11 wcll-functioning older persons. To 
d a t ~ ,  only limited data are available lo investigate this 
reIationship. Existing studies primarily have exmind the 
relationship betweal bone density and muscle strength. In 
general, strength is associated with and is an independent 
predictor of BMD in older men and worrien (9-121, 
although not dl studies found this (13). Moreaver, the 
association of muscle strength and hip bone density may 
differ by sex, k i n g  greater in men than in women (14). 
Recently, Aoyagi and colleagues (15) reported that, in 
Japar~csc men and women aged 40 years arid oldcr, thosc 
with superior grip strength and lower body function, 
determined by walking speed ant1 chair-stand ability, had 
higher calcanca1 BMT). However, only 38 met1 md 72 
women were aged 70 ycam or older, the population at 
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greatest risk for osteopon~tic fracture (16) and functioi~al 
docline (17). 

Thus it remains unceflain the clcgree. to which physical 
perfonnancc is related to bn~le density in community- 
dweliirig clderly people, and whether this association is 
independent of body sizc and other factors that impact bone 
such as medications, physical aclivity, smoking status, sex, 
and race. Specifically, does good physical prformance 
necessarily imply high bone density, and does poor physical 
performance impIy low bone density? 

The purpose of the present analysis was to examine the 
cross-sectional association between several nreasurcx of 
physical capacity (quadriceps strength, chair-rise ability, 
gait speed, endurance, and standing hlance)  that capture 
different dinwnsions r ~ f  lower extremity function and BMD 
of the hip in the well-functioning young-old. We hypothe- 
sized that tllosc with superior physical performance will also 
have higher BMD, independent of age, body size, mdica 
tions affecting bone, making, and physical activity, and that 
the relationships would be consistent across sex and race. 

Subjects 
Data are from 3041 wcll-functioning white and black lnen 

and women, aged 70-79 yurs, participating in the Health 
Aping and Body Composition (Health ABC) Study; a pro- 
spective cohoft study invcstigating changes in body 
composition, health conditions, and social and behavioral 
factors in association with functional decline. The cohort 
included 847 white worricn, 723 black women, 927 whi~e 
mcn, and 544 black men, from two field centers locatcd at 
the University of Pittsburgh and the Ilniversity of Tennessee 
at Memphis. The full Healrh ABC cohort consists of 3075 
individuals; howevcr, 34 individuals did not undergo a bone 
density scan of the hip arid were therefore cxcluded from 
his acticlc. Health ARC was established by mruitrne~~t of 
a population-based cohort based on Medicare records. 'lhe 
goal of mruitment was n o ~ t o  have a representative samplc 
for generalizabili~ to the base community but rather 
enrnllment of a high-functioning cohort tcl exmine early 
onset of functional limitations. All black age-eligible 
persons in selected zip codes and a random sample of 
whites wcre sent an infomation letter. Those who did not 
indicate unwilli~~g~~ess to participate were called and 
received a telephone screen for inclusio~exclusion crittna 
including furlctional shtus, and so forth. Because mroIlment 
of black persons lagged, we also instiluted rccruibnent in the 
seleckd arcas through community centers and churches, 
enrolled coho~t members, and private medical practices used 
by black persons. l'or this reason. art absolute responxc rate 
is difficult to estimate, but would be sirnilax to that for 
Medicare be~~eficiaries (approximately 55% of those 
eligible). 'lb be eligible for Health ABC, participants had 
to rcpr~rl no difticulty walking a quarter of a mile, climbing 
10 steps widlout resting, or undertaking activities of daily 
Iivirig . Participants providcd informal consent after the 
study's approval by the Institutional Review Bonds of the 
Ui~iversity of Pittsburgh and the Univers~ty of Tennessee at 

Memphis. Data presented m-e from the baseline exainititllion 
that took place beiwcen April 1997 and J u t ~ c  L998. 

Physical Perjformance 
Several lower-bcdy physical performance measures were 

assessed including knee extensor skngih,  chair-stands, gai1 
speed over 6 meters, walking e~ldurwcc, and balance. 
Dynamic knee extensor strength was nleasurcd d an 
angular velocity of 60"fs  on a Kin-Corn 125 AP isokinetic 
dynaniorneter (Chattanooga, TN). Padicipants were famil- 
iarized to the testirlg pr-dure, and then cor~ipleicd a 
~rkuximu~n nf 6 trials with the average maximum torque 
determined from 3 rcproducibIe and acceptable lrials. The 
chair-rise test involved the time q u i r e d  to rise on 
wrnmand from a standard chair to a full standing posilion 
5 timcs with arms folded across their chest. For gait speed, 
participants were instructed to walk 6 m at their r~sual 
speed. t70r the test of walking endurance, participants weia 
required to walk 400 meters, which consisted of 10 laps out 
and back over a 20-meter course, as quickly as they could at 
a pace they could maintain over tllc distance. Heart rate was 
monitored prior to and throughnut the 400.m walk using 
a Polar P a m  (model no. 51 190, Polar Elecm Oy, Finland). 
Three balance maneuvers comprised the balance test: 
a semitandem stand, mdem stand, and one-leg stand. For 
each maneuver, participants were asked to maintain the 
position for 30 seconds, with 90 seconds being the 111axirnal 
score possible. Good reliability Tor these physical wrfor- 
marice measures has k n  eported in elderly persorls (1 8-20), 

Nor all pmicipants undertook or completed each 
performance test. Three hundred ninety-six pdicipants 
did not do the knee extensor srrcngth test, due to eelvated 
resting systolic blood pressum (BP), while 386 were 
ineligible (primarily due to worsenkg of cardiac sy mptonis, 
elevated standing BP, or a pretest heat rate IHR] > 120 
bats per minute [bprnlj, and 37 I were unable to ccclmplek 
the 400-meter walk (due to obtaining an HR > 135 bpm or 
other symptoms). Due to the stringent eligibility and 
completion criteria for lI~csc two performance mmures, 
we were unable to conclude whether their pafomance in 
these measures would be necessarily poorer than those that 
completed these tests. When a n a I y d  by sex and race. there 
was 110 difference for bone density between those hat  
completed these tests versus those that did not. Therefore, 
only participants completing the strength and 400-meter 
walk tests are included in thc xspective analyses. For the 
chair-rise test, 91 tried but were unable to stand 5 times; 
these subjcck were given thc highest time-to-complete 
value and were included in the poo~est performance q~~lartile. 
In addition, 26 participants attempted but were urisuccessful 
in compIeting tllk slanding balance maneuvers. These 
~ i v i d u a l s  were docatad a score of zero ru~d were included 
in the sknding balance analyses. 

Bone Mineral Density 
RMD wcm2) of the hip (proximal femur) was avsessed 

by dud X-ray absvrptiometry (DM) (Ilologic 4500A, 
version 8.20a, WaIlharn, MA). The femoral neck and 
trochanter were t k  hip sites assessed due lo lIleir 
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Table 1. Subject Characteristics -* 

. . . - - . . . % 

-. . . - 
Womcn Men 

Cha~actcrislic* W h i t e [ I f ( N :  M f )  8lack[2 

Age b) 73.6 2 2.8 73.4 2 2.9 73.9 ? 2.9 73.5 5 2.8 .001 2 a n d 4 i 3  
Height (cm) l59 ,5  5.9 159.6 5 6.3 173.5 f 6.4 173.9 Z 7.0 1 1 a1W12 < 3 md 4 
R d y  weight (kg) 66.3 2 12.3 75.7 ?: 16.5 81.4 + 12.4 81.4 :t 14.4 <.MI 1 1 2 < R a m l 4  
nMr (adm2) 28.0 z 4.6 29.7 3 6.1 27.0 L 3 7 27.1 r 1.3 c-WI I c 3 a n d 4 i  2 

Smoking @ack-years) 125 5 24.2 11.3 + 21.t  27.7 ? 33.8 22.7 4 26.3 c.001 1 and2 < 4  -:1 
Physiwl activity (B luw) 74.U 83.3 5 1.9 73.5 <.Wl 

Tltia~~rle\ I%) 17.4 27 I 9 8 i7.5 < DO1 
Corficosttmid% (lf 7 4 4.7 6.6 4.0 .a22 
Estrogen ($6) 25.5 1n8  -- -- . - 

<.Wl 

Notes: *Mean 2 SD (standard dev~ii~ion). 
RMI = body mass ~ndcx. 

sig~~ificance for fracture (21). DXA quality assurance 
measurements were perfor~ned at boli s~udy sites to ensure 
that scanner reliability and identical patient scan protocols 
were employed for all participants. 

Olher Measurements * 

Height and weight were ohtaincd using a Harpenden 
stadiometer (FIoltain, Wales. UK) and a standard balance 
beam scale, mpeclively, and b d y  mass index (BMI) was 
calculated as weight dividcd by height squared (kg/mz). 
Smoking history (pack-years). physical activity, and med- 
ication usage were dete~nli~ied by ax1 intcrvicwcr-adminis- 
tered questionnaire. Physical activity arid exercise were 
ascertained by a stardardi7~d instrument derived from the 
E ~ i s u r e  Time Physical Activity Questionnaire (22). Ap- 
proximate metabolic equivalent unit (MET) values were 
assigned to each activity and intensity level reported to 
derive a caloric expbnditure estimate in kcallicgkour (23). 
Total kilocalories expended in stair climbing, walking, and 
exercise activity per week, analogous to the physicaI acliviiy 
measure used in the Haruard,University alumni studies 
was constructed by multipiying the participant's wcight in 
kilograms with kcd/kg/hour expended. Three activity levels 
were calculated based on kcalslweek cxpndcd on walking, 
stair climbing. and moderate and vigorous physical activity. 
The IevcIs wcre: low, less than 1000 kcallweek; moderate, 
more than 10M1 but less than 2000 kcdweek; arid high, 
greater than 2000 kcalslweek. Cumnt thiazide, om1 and 
inhaled corticosteroid, wd estrogen usage was determined 
fmm drug data coded using the Iowa Drug Inforn-iation 
System (IDIS) iogredient codes (25). 

Stari$ical Analyses 
Data were analyzed using SPSS statistical software 

(SPSS, Inc., Chjcago, IL). Descriptive characteristics were 
analyzed by analysis of variance for continuous variables 
and chi-square for categorical vxiabIes. The association 
arnong performance measures was determined by partial 
comIatiorl, controlling for age, study site, height, and 
werght. To examine the association between physical 
p(:rfonnarlce and BMD, race and sex stratitied analysis of 

covariance (AMCOVA) was performed for quartiles of 
performance and adjusted for age, stridy site, height, weight, 
medications, smoking (pack-years), and physical activity. 
Race and sex stratification was performed due to known 
differences in UMD and physical capacity between men and 
women axd blacks and whites (26-30). Where appropriate, 
the Bonfermni post hoc procedure for multiple comparisons 
was used to lmate the source of significant differences in 
means. Tread analysis was performed using Iinear re- 
gression and enterlng quartiles 01' performance as an ardinal 
variable. All tsls werc two-tailed, and an alpha level of 0.05 
was considered statistically significant. 

To further exitmi~e the associaion between perfnrmar~ce 
and BMD, subjects were clltusificd as osteopotic, based on 
a sex-spccific femoral neck T score of more than 2.5 SW 
(standard deviation) below that of the young adult mean for 
American whites (311, according to World Health Organi- 
zation guidclincs (321, or nonosteoporotic. This resulted in 
194 white women and 72 white men king chssified as 
ostwporotic hut only 53 black wornen and 11 black mcn. 
Sex-specific logistic regression for whites was then 
performed with bone density (osteopomtic/nonosteoprotic~ 
ns the outcnme variable, adjusted for age, W y  size. study 
site, medications, smoking fiitory, and plysical activity. 
This atlalysis was n t~ l  performed in blacks due to the low 
prevalence of osteoporosis h a d  cm the above criteria. At 
present, il is unclear what the appropriate cutoff values for 
osteopaiosis ccIassification sh{luld lx in hlack men and black 
women. 

REmTS 
Subject characteristics arc dlown in Table 1 and physical 

perfrlmance and B m  measures adjusted for body size are 
displayed in Table 2. Knce exkr~sor strength was greater in 
men than women with no ditYcrcilce by race. For the chair- 
rise taqt, measures of walking speed, and balance, white men 
performed bur and Mack women the poorest. Bone density 
nt the hip, a k r  adjustment for body size, medications, 
smoking history, and physical activity, was greitkr in rncri 
Ihan women wd in blacks than whites. Low-to-moderate 
interrelationships ( p  < .001) existed among the pformilnce 
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.. 
Table 2. Physicd Performance md Bone Mineral h i t y  Measures 

-..-. - - - 
Women Men 

White [ I ]  
-. 

Black 121 Whitc [31 Black 141 p Value Cornpaliron 
.. 

Phyxitwl perfi~rnlu~rt-c* 

Knee ext. stmgth ( ~ / r n ) $  87.4 r 1.2 89.1 1 1.2 123.4 1 1 .1  123.1 1 1.4 <.GO1 1 and 2 < 3 :111d 4 
Chair-rise ($)I 15.0 2 0.7. 15.') -t U.2 12.4 + 0.2 14.3 ? 0.2 <.On1 3 i 4 a n d 1  c : 2  
6-m walk time (s j f  5.2 '0 0 . 4  5.9 ? 0.04 4.8 -C 0.04 5.5 -r 0.04 < .OO t 3-;  I < 4 < 2  
400-m walk time (s)' 130 + 2 369 + 3 307 2 2 338 2 3 -3Klt 3 i  I u n d 4 < ?  
Standing balance ( s ) $  64.3 r 0.9 60.0 t 1.o 74.7 % 0.9 69.9 2 1 . 1  1.001 2 <  1 i 4 < 3  

Fmot-dI neck 0.67 9 ? 0 005 0.751 2 0.005 0.749 2 O.mS 0.83 1 ? O.(K)5 <.MI I < 2 a n d 3 < 4  
Tmhanler 

-- - 0613 0.W 0.M9 L 0.005 U 729 + O.OU5 0.770 2 0.005 001 1 i Z i 3 c . 4  

NUIPP. MP~I I  + SE (stnndard error). 
*Adjustd for age, study sile, hcight, and weight by A N M V A  (nnalysls uf wvariaoce). 
'~djusted for age. study site, htight, wighi, thiazidcu, conicos~roids, estrogcn (womcn). smoklllg, and physical activity by ANCOVA. 
t ~ u b j ~  numllcrs. Kr= extenwr srrengrh . 2658: Chair-rix = 292R; 6-lrlaer watk = 3Ui6: 4W-meter walk = 2298, Ralm~cr: = 3028. 

measurks, indicating that a broad range of lower body 
function was assessed Cl'able 3). The associations were 
substantially unchanged whcn analyzed separately by race 
and sex. 

There was no independent assc~iation observed between 
fernordl neck BMD and physical pcrformancc (Table 4) 
except in Mack women. in whom there was a moderately 
strong trend for knee extensor strength, chair-rise capacity, 
usual gait speed, and balance, and in white women for chair- 
rise capacity. The associati011 betwccn physical performance 
and bone density was stronger at the tmhanteric site than at 
the femoral neck (Table 5).  A graded association was found 
bctween knee extensor strengrh and chair-stand performance 
and trochanter BMD in all mce and sex groups. For black 
women, there was a suong relationship between walking 
;uld balance capacity with a trend in white women for 
standing balance. Removing ph ysica1 activity from the 
models had little impact on the findings. 

When osteoporotic and nonostmporotic categvrics Tor 
femoral neck BMD were constructed, white women in the 
lowest performance quarfiIc h r  chair-stands were twice as 
likely as those in the top quartile to be osteopomtic (odds 
ratio [OR] 2.05; 95% confidence interval [a 1.19-3.541, 
whik white men with the poorest endurance were 2.78 times 
(CI 1.134-84) more Likely to be osteoporotic at the hip 
(Table 6). 

Drscussro~ 
A modest associatior1 was found betwen several physical 

~ r f o m m c e  measutas that target different aspects of Iower 

Table 3. Associations Among Physical Pt:r€ormancr: Measures 

Measurcs* Knee S tw~ ldh  Chair-Rix &Meter Walk 400-Meter Walk 
. . 

L ~ u - l k  - 0 . 2 ~ '  
6-m walk - 0.236 0.358 
400-m walk - a292 0.35 1 0.595 
Standing b a h  0.197 - 0.1G4 - U.249 - 0.254 

Notes: *Partial correlation:. cuntmlling for age. study site, raw sex, 
heidit, arid weight. 

'AII correlations ale sbgnilicnnt at p < ,00 I. 

extremity function and bone densicy at the hip. This 
relationship was sex and race dependent, being strongest 
in black women, especiajly at the trochanter. A coexistence 
of low function and BMD may cxist, as poor physical 
function reduccs mechanical loading at h e  hip leading to 
a loss of bone mineral. Nevertheless, physical function and 
BMD remained largely independent in this youngald 
biracial cohort suggesting that both factors need to be 
targeted for intervention if fracture risk i s  to be reduced. 

Across sex and race, the association between petfon;ulce 
and hip BMD was stronger in black women, possibly 
because they are fuFther aIong the disablement pathway 
(33). 'mis was evidenced by heir slower gait speed, chair- 
rise time, arid poorer balance performance than thc other 
groups. Several studies indicate that older blacks lave 
a higher risk and earlier onset of functional disability than 
whites (34,351. A result of poorer function may be reduced 
mechanical strain on hone resulting from reduced physical 
activity and consequently a duct ion  in BMD. Tn this 
regard, the association between performance and BMD may 
he similar to that ktween strength and functional rimitation, 
where the association is only readily apparent M o w  a given 
threshold in strength (36,371. Furtl~cr, blacks had a lower 
level of physical activity than whites, which has bocn 
previously  re^^ (37,38); howcver, we controlled for 
physical activity in our analyses. Moreover, the associations 
between physicaI performance and RMD were not signif- 
icantly altered when physical activity was not induded in 
the model, iridicating that physical activity is not ar~ 
intermediate between performance and hone density in the 
prese~li cohort. 

hlthough we adiustcd fur physical activity in our models, 
the effect of current or past physical activity nn BMD is 
inconsistent (39). Cross-sectional studies of athlclcv and 
nonathletes uidicate suhslantial increases in bone mass and 
density, up to 30% or more ui ahletes (401, wherm 
excrcisc interventions in adults are less impressive, with 
bone loss m s k d  r w  modest gains in the order of 19%3% 
(41). However, the gaitls to h r ~ e  Icalth m y  be greater than 
[hat rcprted by DXA, as the integrity of borle is dcpcndcr~t 
not ody on bone mass but also bone architecture and 
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Tablc 4, A ~ ~ i a t i o n  of Fe~noral Neck Bunc Mineral Llcnsity to Physical Perfonnunw by Sex and Race* 
.- - -. --- - 

Women WII 
.---- - -- 

Ferformame M e a ~ ~ ~ r e ~  White (glcrn2) Rlwk (&rn') White (&I"') 
- . -. . - - -- Black @jcooZ) 

.- - 

ANCOVA 
Trend 

ANCOVA 
Trend 

6-m walk qu:~flila 

4 
3 
2 

1 
ANCOVA 
Trend 

4 o . m  walk quartilcs 
4 
3 
2 
I 

mCov A 
Trend 

Standing balar~w quar~lles 

4 
3 
2 
I 

- - 

Nuras: In mean 2 SE (standard error). 
*Adjwtd for age, sh~dy site. height. weight, use of thiazides, cortic~woids. estrogen (women), smoking prk-years, and physlcal activity. 
tkdumancc improves with higher quanil-, t = b w  and 4 = high. 
t ~ s t  hoc Uyscs:  ~umwds rcfcr to quartiles b=ing compartd 
ANCOVA = analysis of covariance. 

quality. Recently, Vuillemin and colleagues (39) rcported 
&at sports padicipation in the teenage yem is a predictor 
of lumbar spine but not femoral neck or total body BMD 
in later life, whereas lifetime participation in sport was 
a predictor at the femoral neck. Jnferestingly, sporting 
activity withi the past 20 years was associatd with lower 
femoral neck BMD in their cohort of older men and women. 
Beneficial results (d current and lifelong exercise on hip 
l3MD have heen rcporzed in the Rancho Bemardo study 
(42), however, similar resuIts wcrc not found for a Swedish 
populatior~ (43). What appears crucial is the type of physicaI 
activity with i n c m d  niechanical loading conferring 
skeletal benefits with die effects being site specific 
(44,451. Apart fmm the magnitude of loading, the horrno~lal 
and nurritionai environment, as well as when the activiw is 

initiated (46) are important detern~inants of the eflwtiveness 
011 BMD. 

When coilsideriig both hip siks, the associations with 
perfmanoe measures were stronger at the tochanter. The 
associations may be stmnger at the tmhanter, as this site 
has a greater percallage of mekbolicaily active trahcular 
bone than Lhe femoral neck (47) and is more responsive to 
mec11anicaI loading (44). Further, the lrochanter has direct 
muscle attachment hy the vastus lateralis, gIuteus medius, 
and glt~teus minimus, co~npared to die femoral neck, which 
is intmcapsu~ar with no direct muscle attachment. Conse- 
quently, ~nuscle pull at the trochmter resulting from 
locomotion and movcmcni or unloading multing from 
reduced activity may result in a closer association between 
measures of perforn~ance and h l c  mineral. 
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Table 5. Associatiun u l  Truvhenter Bone Mineral Density to ~h~sical'Petfomance by Sex and R e *  
, . . . - 

Wnrr~at Men 
... - 

krhrrnance ~ c a t u r e ~  While ( ~ ~ L T I ' )  Black (p,/cm2) White (@I=) Blxk wru2] 

ANCOVA 
'I'rend 

A N O V A  

Trend 

t&m walk. quanilcs 

ANCOVA 
Trend 

400-m walk guartiles 
4 
3 
2 
I 

ANCOVA 
Trend 

ANWVA p = ,132 p = .015; 1 < 3 p = -818 p = .997 
'l'wnd p = .044 p = .UUJ p = -429 

, . . - -A - -. . p = .91l 

Nulrs: Mean & SE (standard error). 
'Adjustad for q u ,  study site. h d g h ~  we@, usc of thiazides, ~ ~ t e d d %  f S m p  (womm), d i n g  pd-yeam, and physical activily. 
+~crfonnllnct improves with higller y~rsrlibs. 1. e low and 4 = hlgh. 
$ ~ c s t  hnc nnaiysis, numcrals refer w quartiles king compared. 
ANCQVA =analysis of covariance 

III a cross-sectional andysis of eIderly women in the 
EPIJlOS study (481, total body BMD was inv~rsely 
assuciated with instrumental activities of daily living (IADL) 
disability. It is possible that IAJII, disability may reduce 
skelehl loading leading to a loss of bone mineral. Similarly, in 
Mack women, those with poorer physical performance had 
lower hip BklD. As muscle strength and physical function a e  
rcf ated to falls, those with poorer perfoimance attriburcs may 
be at a greater risk of falls, and if BMD were comprorriised 
would be at w increa& risk of fracture once a fall had taken 
place. A targeted intervention ainled at improving physical 
function jn bhck women may therefore have beilefrcial effecLs 
on skeIetal loading wd BMD. 

Although a number of lI~erapcutic slrtltegies target 
skeletal hssuc, such as bisphosphonates and hormone 
replacement thempy (39), rwo forms of physical activity, 

resistance training and increased weight-baing activity, 
appear to have mrnpli~nentary effects on targeting both 
8 M D  wd physical performance. High-intenuity ~rcsiskme 
training has a dwmatic effect on muscle strength in elderly 
individuals, resulting in improvement in indices of physical 
performance (S0,5 l), and results in the rnait~tcnance or 
modest improvemht in hone density (45,521. Recently, 
Snow and colleagues (53) found thal a long-term lower- 
h)dy exercise program in postmenopausal womcn with a 
weighted vest, which included jumps, not only improved 
neuromuscular performanm (54) but dsn rnaintaincd hip 
BMI) over a 5-year period. The improvd pllysicd 
performrulce fullowing both exercise mods wouId reduce 
fall risk whiIe maintenance of hip BMD aids in Ihc 
prcscrvation of hone strength and resisfmce to fr;lcture 
following a fall. Furher, once a hip fracture has occurred 
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Tablc 6. Logistic Regression Mudels for the Assmiarinn Between Physical PcFfonnance and flip Osteoporosis in White Women and Men - -- - - 
White Women" White MU,+ 

M ~ ~ S U I P ~  Valuer OR (95% Co Values OR (95% CI) 
. - - 

Knee extensor ht~anglh (Nlrn) 

4 :-50.8 R e f w w  2151 2 Rcknncc 
3 7 9 k 4 7  I .37 (0.7 1-2-64] 1294-151.L U.84 (U.2H-2 52) 
2 66.3-78 9 1 BI {0.%3.08) ill9 2-129 3 I 15 (0.43 7 12) 
I <66 2 1.77 tO82 -141 )  5 109. t 2 47 (0.964.32) 

Chair slii~lds IS) 
< 1  1.87 - Kelerencc 5 10.98 Reference 

II.88-13.71 1.02 (0.14 1.73) 10.99- 12.72 0.89 (0.4W1.97) 
13.72-16.37 1.53 (0.9 1-2.58) 12.73-14.97 0.85 (U.39- I .U7) 

2 16.3R 2.05 (1.19-3-54) 2 14.98 1.85 (0.92-3.72) 

6-111 walk b) 
4 

3 
2 
I 

Trend 

400-m walk (6) 
4 
3 
2 
1 

=:4.16 - Reference 
4.174.7 1 0.69 (0.31-1.56) 
4.7 2-5.25 0.56 (0.24-1 -30) 

25.26 1 -73 (0.85-3.5 1 ) 

11 = ,085 

Balance (sl 

4 
3 
2 
1 

Trend p = ,182 p = .049 . .- --- .- 
Notes: *Os~eopnmlic: womcn 22.9%. m 7.8%. 
'adysted for age, study sirc, bcight, weiet, use of thia~ides, cudicosteroids, estrogen (women), smoking pack-yeaas, and fiysical activity. 
' ~ e ~ f o m m w  irnpmvcs with higher q ~ i l k s ,  1 - low and 4 = h~gh 
OR = adds ratio; CI = confider~ce mterual. 

and rncdical management has taken place, appropriate Participants in [his study were well functioning and Crcc 
programs to impmve muscle strength and aspects of of lnwerextremity functional limitations, arid lhus are not 
neummuscuIar performance would aid in the recovery of  presentative o l  all black and while elderly adults. Indeed, 
mohili ty and independence (55). it is possible that the associillions may have bw.n stronger 

~ l t h o u ~ h  B M ~  and physical performance have an 
underlying genetic basis, olhcr factors contribute such as 
physical activity, nutritional patterns, and hornlorial shh~s. 
Xn the absence of neurological and degenerative disorders, it 
is lik.ely that poor physical performance in dderly people 
results from reduced physical activity, and a consequence of 
the reduced mechanical loading would be a reduced bone 
mass and density. Therefore, a relationship may exist 
hetween bone md physical performarice, as boh reflect, t o  
varying degrees, the underlying heaIth of the individuaI and 
physical activity. Indeed, in black worneII, p l ~ y s i d  activity 
was relatcd to chair-rise perfomance ( p  for trcnd = -029) 
and the 6-mekr and 400-meter walk { p < .001), with those 
in the lowevt category for physical activity having poorer 
perfor~llarice, although there was no associatio~~ betwwn 
physical activity and BMD. 

and consistenl across race and sex had we inclnaed 
participants reprevenlalive of all stages of functional 
ability, including the disabled. Furhcr, due to the cross- 
sectiorlal nature of .zhs shdy, we were not ablc In 
determine the causal pathway involved in the associations. 
Nevertheless, it has been proposed that forces resulting 
from muscle contraction have a strong influence on 
skeletal tissue (56,571- 
In summary, physical performar~ce was modestly related 

to hip RMD in healthy young-old seniurs, with the 
association strongest and inos t cunsistent in black women. 
As poor physical performance predicts falls, and both falls 
and low R M D  are risk factors for fracture, our data slows 
that they remain largely independent in thc well-i~~nctioning 
young-old, except in black women, This indcpcndence 
sugges~ that, lo reduce fracture incidence, targeted 
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interventions [tiat improve bolh physica! per lo r rnat~ce and 
h n c  density, either via separatc fmosed treatments or by 
u cr~mhined strategy such as resistuncc training, require 
implementation. 
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