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Abstract We examined the association between quad-
riceps muscle function and serum levels of dehydroepi-
androsterone sulphate (DHEAS), insulin-like growth
factor I (IGF-I) and testosterone in a group of healthy
elderly people. Fifty-three independent, community-
dwelling elderly subjects (26 men and 27 women) aged
from 66 to 84 years volunteered to participate in the
study. Physical activity (PA) was evaluated by a ques-
tionnaire. Quadriceps maximal muscle power ( _Wmax) and
optimal shortening velocity (vopt) were measured on a
friction-loaded non-isokinetic cycle ergometer. The _Wmax

is expressed in relation to body mass ( _Wmax/kg, W á kg)1),
and in relation to the mass of the two quadriceps mus-
cles ( _Wmax/Quadr, W á kgQuadr

)1). In women, when ad-
justed for age, anthropometric measurements and PA
indices, IGF-I correlated signi®cantly with _Wmax/kg

(partial correlation: r � 0.59; P � 0.001), _Wmax/Quadr

(r � 0.58; P � 0.002) and vopt (r � 0.53; P � 0.004),
whereas DHEAS was correlated signi®cantly with
_Wmax/kg (r � 0.54; P � 0.003) and _Wmax/Quadr (r � 0.58;
P � 0.002). No such correlation was found in men.
These ®ndings indicate that in healthy elderly women

lower values for quadriceps muscle _Wmax and vopt are
related, independently of age, anthropometric measure-
ments and PA indices, to lower circulating levels of
DHEAS and IGF-I.
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Introduction

Ageing is connected with a gradual decrease of skeletal
muscle mass and function (Aoyagi and Shephard 1992).
Decreased muscle strength and power cause gradually
impaired functioning, and due to this impairment, many
elderly subjects either approach or reach the disability
threshold (Guralnik et al. 1995). Loss of muscle mass is
caused by age-related atrophy of ®bres, loss of ®bres and
many chronic debilitating diseases (Brooks and Faulk-
ner 1994). Age-related decreases in strength and function
are also attributable to changes in neural drive to the
muscle (decreases in maximal voluntary activation of the
muscle and changes in agonist/antagonist activation/
coactivation; HaÈ kkinen et al. 1995, 1996, 1998a). Age-
related decreases in muscle mass and function may also
occur as a result of decreasing levels of habitual physical
activity (Brooks and Faulkner 1994).

Recently, three hormonal systems have raised an in-
creasing interest due to their potential anabolic e�ect on
muscle function in older subjects. Plasma levels of de-
hydroepiandrosterone (DHEA) and its sulphate
(DHEAS), growth hormone (GH), insulin-like growth
factor (IGF)-I, luteinizing hormone/follicle stimulating
hormone, and testosterone decline with ageing (Verme-
ulen et al. 1972; HaÈ kkinen and Pakarinen 1993; Lam-
berts et al. 1997; HaÈ kkinen et al. 1998b; Kraemer et al.
1998; Proctor et al. 1998; Kraemer et al. 1999). DHEAS,
IGF-I and testosterone share some biological activites
that counteract the ageing processes: increase in fat-free
mass, decrease in adipose tissue and globally increased
®tness and well being (Lamberts et al. 1997; Proctor
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et al. 1998). Several studies conducted so far in the el-
derly do not give an unequivocal answer as to the e�-
cacy of hormone replacement strategies in improving
muscle function (Rudman et al. 1990; Morley et al.
1993; Holloway et al. 1994; Morales et al. 1994;
Thompson et al. 1995; Morales et al. 1998). However,
the majority of studies has dealt only with men and has
assessed the muscle mass and strength (force) as an in-
dex of muscle function. Most habitual daily activities
require power (i.e. force as well as some speed of
movement). Ageing is associated with a slowing of
contraction (Davies et al. 1986; Vandervoort and
McComas 1986; Harridge et al. 1997) and a decrease in
the optimal shortening velocity (vopt) in the muscles of
the lower limb (Kostka et al. 1997; Bonnefoy et al.
1998a). The loss of explosive force production and
muscle power is greater and more closely related to age-
related physical disability than is the decrease of muscle
strength (Bosco and Komi 1980; Clarkson et al. 1981;
HaÈ kkinen and Pakarinen 1993; Young and Skelton
1994; HaÈ kkinen et al. 1995, 1996; Thelen et al. 1996;
Izquierdo et al. 1999). To date, there are several reports
that have assessed muscle function in relation to the
plasma levels of selected circulating anabolic hormones
in older subjects (Craig et al. 1989; HaÈ kkinen and Pak-
arinen 1993, 1994, 1995; HaÈ kkinen et al. 1998b; Kra-
emer et al. 1998, 1999). There are no studies in which
DHEAS, IGF-I and testosterone levels have been in-
vestigated in relation to both maximal muscle power
( _Wmax) and vopt. Therefore, the current study was de-
signed to examine the association of quadriceps muscle
_Wmax and vopt with DHEAS, IGF-I and total testoster-
one (TT) levels in healthy elderly men and women.

Methods

Subjects

Fifty-three independent, community-dwelling elderly subjects aged
from 65 to 84 years were recruited as described previously (Bon-
nefoy et al. 1998b). All of the volunteers were free from ischaemic
heart disease, severe aortic stenosis, hypertrophic obstructive car-
diomyopathy, osteoarthritis, hepatic or renal failure and any other
chronic or evolutive disorder. In addition, subjects who where on
hormonal treatment or any other treatment that could in¯uence the
measurements to be performed in the study were excluded. The
study was approved by an Ethics Committee (ComiteÂ Consultatif
de Protection des Personnes de la Recherche BiomeÂ dicale, Lyon,
Centre LeÂ on BeÂ rard) and written informed consent was obtained
from all of the subjects.

Protocol

The subjects reported to the laboratory at 1400 hours on 2 con-
secutive days. They were asked to fast after breakfast, which was
taken at 0900 hours. On the 1st day, the physical activity (PA)
questionnaire was completed, anthropometric measurements taken
and blood samples for hormone determinations collected.
Although the blood samplings were taken at 1400 hours, our data
are representative, since the circadian variation of IGF-I is minimal
in young and old people, and that of DHEAS and testosterone is
blunted in the elderly population (Bremner et al. 1983; Liu et al.

1990). On the 2nd day, the subjects performed a quadriceps ex-
plosive power test (also at 1400 hours).

Physical activity

The Questionnaire d'ActiviteÂ Physique Saint-Etienne (QAPSE) has
been described previously, and has been validated in a population
of healthy elderly subjects (Bonnefoy et al. 1996). It reports ret-
rospectively the activities over 1 week, including the weekend.
QAPSE was completed for all of the participants by the same
interviewer. In the study presented here, the following QAPSE
activity indices were calculated and used for further comparisons:

1. Mean habitual daily energy expenditure (MHDEE).
2. Sports activity index (daily energy expenditure corresponding to

leisure time sports activities with intensity levels ranging be-
tween 4 and 7 metabolic equivalents).

All QAPSE activity indices are expressed in kJ á day)1, and relative
to body mass (kJ á day)1 á kg)1).

Anthropometric data

Anthropometric data were collected by standard methods. Skinfold
measurements were taken at four sites: triceps, biceps, subscapula
and supraileum. The percentage of body fat was estimated from the
skinfold measurements according to the method of Durnin and
Womersley (1974). Thigh muscle plus bone volume was calculated
using the thigh length, three circumferences measured with a tape,
and two skinfold measurements (Jones and Pearson 1969). Quad-
riceps muscle mass was calculated from a regression equation de-
rived from autopsy studies (Andersen and Saltin 1985). This
anthropometric approach was validated against computer-assisted
tomography (Saltin 1985), and may have lead to an overestimation
of the active quadriceps mass in the elderly in comparison between
younger and older subjects. However, the in¯uence on the rela-
tionships between quadriceps muscle mass and other parameters
within the group of older subjects appears to have been minor. The
term ``quadriceps' mass'' is used in the present study and denotes
the sum of the masses of two quadriceps muscles.

Explosive power testing

Mechanical measurements were performed on a friction-loaded
cycle ergometer (Monark type 818E, Stockholm, Sweden), as de-
scribed previously (Arsac et al. 1996; Kostka et al. 1997; Bonnefoy
et al. 1998a). Brie¯y, the ergometer was instrumented with a strain
gauge (Interface MFG type, Scottsdale, Ariz., USA) and with an
incremental encoder (Hengstler type RIS IP50, 100 pts/turn, Ald-
ingen, Germany) for measurement of the friction force applied by
the tension of the belt that surrounds the ¯ywheel, and the ¯ywheel
displacement, respectively. The strain gauge was calibrated with a
known mass (2.553 kg). Flywheel inertia was calculated using the
method proposed by Lakomy (1986). Thus, the acceleration bal-
ancing load was added to the friction load for force computations.
Instantaneous pedalling velocity (v), force (F) and power output
( _W ) were calculated every 5 ms and then averaged over each
downstroke period. For all experiments, the saddle height was
adjusted for each subject and toe clips were removed to prevent any
pulling action of the contralateral leg. The subjects were ®rst fa-
miliarised with the ergometer by performing 5 min of submaximal
cycling at 30±60 W and sprints of 3±4 s against di�erent friction
loads. After stretching and a 5-min rest the subjects were asked to
perform two 8-s sprints from a standardised starting position. Each
sprint was separated by at least 5 min of rest. Friction loads were
0.25 N á kg)1 and 0.45 N á kg)1 of body mass. At the signal given
by the investigator, the subjects were asked to pedal as fast as
possible until told to stop (after 8 s). During the e�ort, each subject
was encouraged vigorously. One sprint provided as many F-v- _W
combinations as pedal downstrokes (about 20). The v- _W combi-
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nations obtained during the two sprints were ®tted by a least-
square mathematical procedure to establish the v- _W relationship.
The highest value of _W ( _Wmax) and velocity at maximal power (vopt)
were calculated from a third-order polynomial function. _Wmax is
expressed in relation to body mass ( _Wmax/kg, W á kg)1), and to the
mass of two quadriceps muscles ( _Wmax/Quadr, W á kgQuadr

)1). vopt is
expressed as pedal revolutions per minute (rpm).

Laboratory analysis

Subjects did not engage in physical exercise for at least 36 h before
laboratory measurements. DHEAS, IGF-I and testosterone assays
were performed by radioimmunological methods. For DHEAS, we
used an Immunotech kit with monoclonal antibody-coated tubes
and 125I-labelled DHEAS. The sensitivity of the technique was
found to be 0.2 mmol á l)1, and the inter-assay variability was
7.8% at the mean level of 4.7 mmol á l)1. The intra-assay accuracy
test, carried out according to the instructions of manufacturer, is
less than 10%. IGF-I was determined by an immunoradiometric
assay (Ciba-Corning Diagnostics) using 125I-labelled anti-IGF-I
and anti-IGF-I monoclonal antibody-coated tubes. The samples
were extracted by HCl/ethanol prior to the assay, in order to re-
move IGF binding proteins. The sensitivity of the method is
0.1 nmol á l)1, and the inter-assay variability is 9.18% at the mean
level of 7.6 mmol á l)1. TT was tested with an Immunotech kit. This
kit used 125I-labelled testosterone and anti-testosterone antibody-
coated tubes. Prior to the assay, samples were extracted by ethyl
ether and chromatographed on a Celite column. The sensitivity of
the method is 0.1 nmol á l)1, and the inter-assay variability is 7.9%
at the mean level of 4.57 nmol á l)1. Cortisol concentration was
determined by an automated immunoassay system using the ¯uo-
rescence polarisation of TDx system (Abbott). The inter-assay
variability was 15.3, 9.1 and 11% at the mean levels of 80, 589
and 977 nmol á l)1, respectively. Testosterone:cortisol (T:C) and
DHEAS:cortisol (DHEAS:C) ratios were also calculated.

Statistical analysis

Data were veri®ed for normality of distribution and equality of
variances. The one-way analysis of variance (ANOVA) and Mann-
Whitney test were used to compare gender groups. DHEAS values
were normalised using a log transformation for the purpose of
statistical analyses; however, results are reported in standard units.
Pearson product moment correlations were used to determine the
relationships between ergometer measurements and hormone lev-
els. To control the e�ects of age, anthropometric characteristics
and PA indices, a multiple regression analysis was performed and
partial correlations were calculated between the residual values of
ergometer measurements and residual values of hormone levels.
Results are presented as means (SD). The limit of statistical sig-
ni®cance was set at P � 0.05 for all analyses.

Results

Table 1 gives the demographic and anthropometric
characteristics, QAPSE activity indices, ergometer
measurements and hormone levels for the study group.
There was no age di�erence between the men and
women. The men had higher values for body mass, and
quadriceps mass, and the women had a higher percent-
age of body fat. PA indices in men and women were
similar. The men produced higher ergometer measure-
ment values. The hormone levels in men and women
were similar for IGF-I and cortisol, and di�erent for
DHEAS, TT and T:C ratio (as would be expected).

Tables 2 and 3 show the Pearson product moment
correlation coe�cients between ergometer measure-
ments and hormone levels in the women and men,
respectively. In the women, all three ergometer
measurements correlated positively with IGF-I and
DHEAS. A positive relationship was also obtained

Table 1 Mean (SD) age, selected anthropometric characteristics,
Questionnaire d'ActiviteÂ Physique Saint-Etienne (QAPSE) activity
indices, ergometer measurements and hormone levels in men and
women. (DHEAS dehydroepiandrosterone sulphate, IGF-I insulin-
like growth factor I; T:C testosterone:cortisol ratio, DHEAS:C
DHEAS:cortisol ratio, MHDEE mean habitual daily energy ex-
penditure, _Wmax maximum muscle power, vopt optimum velocity of
contraction, _Wmax/kg

_Wmax relative to body mass, _Wmax/Quadr
_Wmax

relative to quadriceps' muscle mass, Sports act. sports activity index)

Characteristics Men (n = 26) Women (n = 27)

Age (years) 71.0 (4.2) 70.6 (3.8)a

Body mass (kg) 75.9 (12.4) 63.4 (9.0)***
Body fat (%) 25.2 (5.1) 34.4 (3.6)***
Quadriceps mass (kg) 4.00 (0.64) 3.15 (0.42)***
MHDEE/kg
(kJ á kg)1 á day)1)

132.9 (23.5) 126.1 (19.9)

Sports act./kg
(kJ á kg)1 á day)1)

16.5 (10.6) 13.1 (11.0)a

_Wmax/kg (W á kg)1) 6.67 (0.98) 4.23 (1.16)***
_Wmax/Quadr (W á kgQuadr

)1) 126.9 (23.0) 83.9 (18.4)***
vopt (rpm) 96.8 (9.0) 74.7 (10.0)***
IGF-I (nmol á l)1) 18.81 (7.83) 17.94 (9.00)
DHEAS (lmol á l)1) 2.91 (2.20) 1.66 (1.21)*
Testosterone (nmol á l)1) 19.98 (7.25) 0.91 (0.49)a ***
Cortisol (nmol á l)1) 334.8 (98.5) 315.9 (158.0)
T:C ratio (1000) 61.35 (18.38) 3.38 (2.51)a ***
DHEAS:C ratio (1000) 9.23 (7.90) 6.09 (5.19)

*P<0.05; ***P<0.001 for the di�erence
aMann-Whitney test

Table 2 Correlation coe�cients for ergometer measurements with
hormone levels in women (n = 27) (IGF-I insulin-like growth
factor I)

Variable _Wmax/kg

(W á kg)1)

_Wmax/Quadr

(W á kgQuadr
)1)

vopt
(rpm)

IGF-I (nmol á l)1) 0.52** 0.59*** 0.69***
DHEAS (lmol á l)1) 0.50** 0.70*** 0.47*
Testosterone (nmol á l)1) 0.13 0.06 0.02
Cortisol (nmol á l)1) 0.08 0.08 0.06
T:C ratio (1000) )0.14 )0.22 )0.17
DHEAS:C ratio (1000) 0.27 0.45* 0.29

*P < 0.05; **P < 0.01; ***P < 0.001

Table 3 Correlation coe�cients for ergometer measurements with
hormone levels in men (n = 26)

Variable _Wmax/kg

(W á kg)1)

_Wmax/Quadr

(W á kgQuadr
)1)

vopt
(rpm)

IGF-I (nmol á l)1) 0.004 )0.08 0.21
DHEAS (lmol á l)1) 0.20 0.15 0.12
Testosterone (nmol á l)1) 0.01 )0.01 0.04
Cortisol (nmol á l)1) )0.29 )0.35 )0.14
T:C ratio (1000) 0.27 0.33 0.16
DHEAS:C ratio (1000) 0.19 0.17 )0.03
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between _Wmax/Quadr and DHEAS:C ratio in the female
group. No such correlation could be found for the men.

A multiple regression model that controlled for the
e�ects of age, body mass, percentage of body fat,
quadriceps' muscle mass and PA indices revealed sig-
ni®cant relationships between the ergometer measure-
ments and hormone levels for the women. IGF-I
correlated signi®cantly with _Wmax/kg (partial correlation:
r � 0.59; P � 0.001), _Wmax/Quadr (r � 0.58; P � 0.002)
and vopt (r � 0.53; P � 0.004; see Fig. 1), whereas
DHEAS was correlated with _Wmax/kg (r � 0.54;
P � 0.003) and _Wmax/Quadr (r � 0.58; P � 0.002; see
Fig. 2). Again, no such correlation could be found for
the men.

Discussion

The aim of this study was to examine simultaneously the
relationship of DHEAS, IGF-I and testosterone levels
with quadriceps muscle function in healthy elderly men
and women. The major ®nding is that in healthy women
aged >65 years, circulating DHEAS and IGF-I levels in
the serum are related, independently of age, anthropo-
metric characteristics and habitual PA, to the variances
of the _Wmax and vopt of the quadriceps muscles. Quad-
riceps muscles play a basic role in the common activities
of daily living like walking or rising from a chair. Lower-
extremity function deteriorates more rapidly with age
than in the upper limbs (Aoyagi and Shephard 1992).
Since knee weakness is strongly correlated to the oc-
currences of falls and disability in the elderly (Guralnik
et al. 1995), preserving quadriceps power may be con-
sidered to be one of the most important determinants of
functional independence in older people.

Information on the relationship between muscle
function and anabolic hormone pro®le stems from
cross-sectional data, studies investigating acute hor-
mone responses to resistance exercise, and prospective
studies assessing the in¯uence of resistance training and
hormone replacement therapy. Lower DHEAS levels
were recorded in elderly women with functional limi-
tation (Instrumental Activities of Daily Living) and
con®nement, with a trend towards the same correla-
tions in elderly men (Berr et al. 1996). In addition,
Ravaglia et al. (1996) found the lowest functioning
levels in older men with the lowest DHEAS levels. No
association between muscle strength and IGF-I levels
was found in older men (Papadakis et al. 1995) or
women (Boonen et al. 1998). In a recent study by Kiel
et al. (1998), no correlation was observed between
muscle strength and circulating IGF-I among older
persons with functional limitations. HaÈ kkinen and
Pakarinen (1993) found positive correlations between
individual values of maximal strength and explosive
force production of the leg extensor muscles and cir-
culating testosterone and testosterone/sex-hormone
binding globulin (SHBG) ratio in middle-aged and
older women. The authors concluded that the de-

creasing basal level of blood testosterone that occurs
over the years in ageing people, especially in females,
may lead to the decreasing anabolic e�ects on muscles
having an association with age-related declines in the
maximal voluntary neuromuscular capacity in ageing
people.

Several studies have assessed the in¯uence of resistive
exercise on anabolic hormone levels in older subjects. In

Fig. 1 Partial correlation between insulin-like growth factor
(IGF)-I and maximal muscle power expressed in relation to both
body mass and quadriceps' muscle mass ( _Wmax/kg, _Wmax/Quadr),
respectively, and vopt after adjustment for age, body mass,
percentage of body fat, quadriceps' muscle mass and PA indices
in women (n � 27). For both variables, the residuals are the
di�erence between the observed value and that predicted from its
correlation with age, body mass, percentage of body fat, quadri-
ceps' muscle mass and PA indices
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general, the magnitude of anabolic hormone responses is
dependent upon: (1) the volume and intensity of exercise
used, (2) the recovery period between the sets, (3) the
amount of muscle mass involved in exercise action, and
(4) the age and gender of the subject (Craig et al. 1989;
HaÈ kkinen and Pakarinen 1995; HaÈ kkinen et al. 1998b;
Kraemer et al. 1998). Acute heavy-resistance exercise
increases TT in older men, although to a lesser extent
than in younger individuals (HaÈ kkinen et al. 1998b;
Kraemer et al. 1998). Lower-intensity resistive e�ort
seems to have no in¯uence on testosterone levels in
elderly subjects (Craig et al. 1989).

The e�ects of resistance training on basal levels of
hormones have been examined in several studies. IGF-I
increased slightly during 24 weeks of resistance training
in a group of eight elderly men (Taa�e et al. 1994). On
the other hand, 16 weeks of progressive resistive exercise
training did not a�ect plasma IGF-I levels in men aged
50±70 years (Niclas et al. 1995), and 12 weeks of pro-
gressive resistance training caused no signi®cant de-
crease in basal testosterone levels in 63-year-old men
(Craig et al. 1989). Following a 12-week progressive,
strength-training experiment involving older men and
women, no systematic changes were observed in the
mean concentrations of TT, free testosterone, cortisol,
SHBG, T:C or T:SHBG (HaÈ kkinen and Pakarinen
1994). However, the individual levels of TT, the T:C
ratio, and the individual changes in strength during the
last 4, most intensive training weeks, gave a signi®cant
positive linear correlation. In a recent study of Kraemer
et al. (1999), after 10 weeks of heavy resistance training,
older men demonstrated a signi®cant increase in TT in
response to exercise stress, along with signi®cant de-
creases in resting TT.

The possible contribution of DHEAS, IGF-I and
testosterone de®cits to altered body composition and
decreased muscle function in age-advanced subjects has
provided a rationale for recent clinical trials with hor-
mone-replacement therapy. Several studies have found
favourable changes in body composition in response to
recombinant human growth hormone (Rudman et al.
1990; Holloway et al. 1994), recombinant human IGF-I
(Thompson et al. 1995) and DHEA (Morales et al.
1994). These changes, however, were accompanied by
signi®cant negative side e�ects. Morales et al. (1998)
observed gender dimorphic responses after 6 months of
treatment with a 100-mg dose of DHEA in 50- to 65-
year-old subjects. An increase in the serum DHEAS:C
ratio and IGF-I was observed in both genders, but fat
body mass decreased and muscle strength increased in
the men (n � 8), while total body mass increased in the
women (n � 8). An increase in muscle strength was ob-
served in old hypogonadal males receiving testosterone
replacement therapy (Morley et al. 1993).

Taken together, the results of the studies conducted
so far indicate that resistance training in the elderly does
not lead to apparent changes in the concentrations of
anabolic hormones. If observable, the response to resis-
tive training is di�erent from that in younger individu-
als, is less drastic, and may be gender-speci®c. Similarly,
studies conducted so far in the elderly do not give an
unequivocal answer as to the e�cacy of hormone-
replacement strategies in improving muscle function.

In the present study we have extended previous ob-
servations to all three major anabolic hormonal systems
in both elderly men and women. The major ®nding of
this study seems to contrast with some previous studies,
which did not ®nd any relationship between muscle
strength and circulating IGF-I in older women. This
discrepancy may be explained by the fact that we used
_Wmax as an index of muscle function. High correlations

Fig. 2 Partial correlation between DHEAS and _Wmax/kg, _Wmax/Quadr

and vopt after adjustment for age, body mass, percentage of body
fat, quadriceps' muscle mass and PA indices in women (n � 27)
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obtained for both _Wmax/kg (the capacity to move a body
from place to place) as well as _Wmax/Quadr and vopt
(indices of the physiological properties of quadriceps
muscles) suggest that both overall and intrinsic power is
associated with circulating DHEAS and IGF-I levels in
older women. Although no muscle biopsy samples were
taken in the present study, our data suggest that in
older women, DHEAS and IGF-I levels may be related
to muscle composition (percentage of fast-twitch ®bres).
A slowing of vopt re¯ects a change in muscle quality (a
decrease in the proportion of type IIb ®bres; Hautier
et al. 1996). vopt has not yet been assessed in relation to
circulating anabolic hormones. The strong relationship
between vopt, and DHEAS and IGF-I may tempt one to
speculate that the atrophying e�ects of age on fast-
twitch ®bres may be lesser in older women with higher
circulating levels of DHEAS and IGF-I. A similar re-
lationship of _Wmax and vopt, to DHEAS and IGF-I may
also explain why the relationship between muscle
strength (as the second component of _Wmax, beside vopt)
and IGF-I was less visible in previous studies.

The lack of correlation between muscle function and
hormones in men is in accord with the majority of pre-
vious studies. However, some trend towards a negative
relationship with cortisol and a positive relationship
with the T:C ratio should be noted. This may re¯ect the
hormonal regulation of muscle hypertrophy that has
been described in animals (Crowley and Matt 1996) and
observed in younger men (Busso et al. 1990). The T:C
ratio and DHEAS:C ratio have been proposed to be
useful indicators of anabolic/catabolic balance (Busso
et al. 1990; Morales et al. 1998). The T:C ratio is known
to be correlated with muscular force, and is used for the
monitoring of resistance training (AleÂ n et al. 1988).
Further studies with larger samples of elderly subjects
should clarify this problem.

The gender di�erence observed in the relationship of
DHEAS and IGF-I levels with quadriceps muscle
function is worthy of interest. Our data, together with
those of previous reports, suggest that in older men the
cortisol concentration, probably together with testos-
terone, is a better predictor of muscle function than
DHEAS or IGF-I. Increasing testosterone concentra-
tion (or T:C ratio) increases skeletal muscle synthesis
and strength, probably mediated by the stimulation of
the intramuscular IGF-I system (Urban et al. 1995). The
physiologically low concentration of testosterone in
women may induce compensative stimulation of the
growth hormone/IGF-I axis in response to an increase
in physical work, in order to enhance muscle protein
synthesis. Another explanation may be that in older
women, a positive in¯uence of exercise on IGF-I pro-
duction is mediated by DHEAS (Bonnefoy et al. 1998b),
resulting in a very similar relationship between muscle
function measurements, and serum levels of both
DHEAS and IGF-I.

Other factors can also interfere with the association
between muscle function and circulating hormones. Age-
related decreases in muscle strength and power may also

be due to decreased voluntary neural drive to muscles
and to speci®c changes in agonist activation and an-
tagonist coactivation (HaÈ kkinen et al. 1995, 1996,
1998a). Neural adaptations seem to play a great role in
explaining strength and power gains during resistance
training in the elderly (HaÈ kkinen et al. 1998a). Fur-
thermore, strength training can induce changes at the
receptor level, not necessarily in¯uencing blood andro-
gen levels (Deschenes et al. 1994).

In conclusion, the results of the present study suggest
that in older women, the lower quadriceps muscle _Wmax

and vopt may re¯ect lower circulating levels of DHEAS
and IGF-I. The results obtained are limited to a group
of healthy, elderly subjects. The cross-sectional character
of the study also limits data interpretation. Further
longitudinal studies should address the role of the hor-
monal milieu and resistance training as potential mod-
ulators of muscle function deterioration with age.
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