
ORIGINAL ARTICLE

Peak muscle mass in young men and sarcopenia in the ageing male
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Abstract
Summary The prevalence of sarcopenia increases with age.
The diagnosis of sarcopenia relies in part on normative data on
muscle mass, but these data are lacking. This study provides
population-based reference data on muscle mass in young
men, and these results may be used clinically for the diagnosis
of sarcopenia in men.
Introduction The ageing population increases the prevalence
of sarcopenia. Estimation of normative data onmusclemass in
young men during the peak of anabolic hormones is necessary
for the diagnosis of sarcopenia in ageing males. The purposes
of this study were to provide population-based reference data
on lean body mass (LBM) in young men during the time of
peak levels of GH/IGF-1 and testosterone and further to apply
the reference data on a population-based sample of men aged
60–74 years to estimate the prevalence of sarcopenia.
Methods This is a cross-sectional, population-based single-
centre study. Our participants are from random selection of
783 men, aged 20–29 years, and 600 men, aged 60–74 years.
LBM was assessed by dual-energy X-ray absorptiometry
(DXA). LBM T-scores were calculated on the basis of LBM
in the young participants. Muscle function in the lower ex-
tremities was measured using a leg extension power (LEP) rig
in the ageing participants.
Results Total lean body mass (TLB) was (mean (SD)) 64.7 kg
(6.8) in the young and 60.4 kg (6.4) in the ageing men
(p<0.001). Lower extremity lean mass (LELB) was 22.0 kg
(2.6) in the young and 19.2 kg (2.4) in the ageing men
(p<0.001). In the ageing men, TLB and LELB T-scores were
−0.64 (0.94) and −1.09 (0.94). A total of 4.8 and 8.5 % had a

TLB or LELB T-score of less than −2 and a LEP in the lowest
quartile.
Conclusions This study provides population-based reference
data on LBM inmen, and these data may be used clinically for
the diagnosis of sarcopenia.

Keywords Lean bodymass .Men . Reference data .

Sarcopenia

Introduction

Numerous important health-related outcomes may be nega-
tively affected by the reduction in skeletal muscle mass and
function with ageing [1–3]. The age-related change in muscle
mass and function is generally referred to as sarcopenia [4].
Previously, sarcopenia was described on the basis of measure-
ment of muscle mass by dual-energy X-ray absorptiometry
(DXA) [5–7]. Even though muscle mass and strength are both
associated with age, muscle function deteriorates to a larger
extent than muscle mass [8, 9]. Allowing the use of different
methods of diagnosing sarcopenia, the European Working
Group on Sarcopenia in Older People (EWGSOP) recently
defined sarcopenia as low muscle mass and reduced muscle
function [10]. Using the bottom thirds of lean bodymass (total
lean body mass (TLB)) measured by DXA to identify indi-
viduals with low muscle mass, the prevalence of sarcopenia
based on the EWGSOP definition was 6.8 and 4.6 % in two
British cohorts of men aged 73 and 67 years, respectively [11].
By comparison, 14.5 % men aged 65–74 years in a French
study were sarcopenic based on normative data from 107 men
aged 18–40 years from New Mexico in the USA [12]. These
differences in the prevalence of sarcopenia may be explained
by dissimilar definitions of low muscle function and mass, in
part due to absence of established reference data [11], as well
as different diagnostic criteria [13]. Furthermore, the
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prevalence of sarcopenia is highly influenced by the age of the
study population [5, 14]. Normative reference data retrieved
from population-based studies of young healthy individuals
are required in order to designate a threshold below which the
level of muscle mass may be considered deficient. Therefore,
the main objective of the present study was to provide refer-
ence data on peak lean body mass in a population-based
sample of men aged 20–29 years. Moreover, we aimed
to assess the importance of obesity defined as a body
mass index (BMI) of more than 30 kg/m2 and comor-
bidities on lean body mass in a population-based sample
of men aged 60–74 years. Leg extension power (LEP),
which has been related to mobility [15], falls [16],
activities of daily living [17] and all-cause mortality in
patients with peripheral arterial disease [18], was mea-
sured in the ageing participants of this study, and mea-
sures of lean mass and LEP were used to calculate the prev-
alence of sarcopenia.

Subjects and methods

Study populations

The Odense Androgen Study is an observational, single-
centre study on endocrine status and body composition in
two population-based samples of young and ageing Danish
men, respectively. Detailed information on the procedures
used for the recruitment of the study populations has been
described elsewhere [19, 20]. The Danish Civil Registration
System (CRS), which comprises a unique identification num-
ber of each Danish citizen, was used for the recruitment of
both young and the ageing participants in 2003–2004 and
2004–2005, respectively.

Young study population

A random sample of 3000 men, aged 20–29 years, received a
mailed questionnaire on demographics, physical activity,
medical history, medication and lifestyle factors. A total of
73% responded to the mail, and among these, 783 men agreed
to participate in clinical investigations. Due to rearrangements
of the original appointments, three individuals were included
prior to their 20th birthday, and two individuals were included
after their 30th birthday. Using data on age, socioeconomics
and health, those included in the study were found to be
comparable to the background age- and sex-matched
population.

Ageing study population

A random sample of 4975 men aged 60–74 years were re-
trieved from the CRS, and each of these received a mailed

questionnaire analogous to that used in the young study pop-
ulation. Eighty-five per cent responded to the questionnaire.
An age-stratified random sample of 1845 of these respondents
was asked to participate in further investigations, and a total of
946 accepted to partake in further investigations. Phone inter-
views were performed in 846; 697 men accepted additional
clinical investigations, and 600 men were consecutively invit-
ed for clinical investigations. The prevalence of comorbidities
was comparable to the background population with the ex-
ception of pulmonary diseases, which were less common in
the ageing study participants [20]. All participants were
Caucasians.

Stratification of the ageing study population

A healthy subpopulation without small testicles (total testes
volume <9ml, n=41), excessive consumption of alcohol (>42
units per week. n=14), treatment with systemic corticoste-
roids (n=3), use of anabolic drugs (n=5) or chronic diseases
or current non-steroid or anabolic medications (n=384) was
identified among the senior participants [21]. Furthermore, the
ageing study population was stratified according to their BMI.
Individuals with a BMI exceeding 30 kg/m2 were categorized
as obese (n=126).

The local ethics committee approved both studies, and all
participants received written and oral information before writ-
ten consent. The study was performed in accordance with the
Helsinki II Declaration and registered in ClinicalTrials.gov as
NCT00155961 and NTC0015016, respectively.

Body composition

Body weight was measured to the nearest 0.1 kg (SECA,
Hamburg, Germany), height was determined to the nearest
0.1 cm (Harpenden stadiometer, Crymych, UK), and BMIwas
calculated as weight divided by height squared (kg/m2). Lean
mass was measured by use of dual-energy X-ray ab-
sorptiometry (DXA, H4500, Hologic Inc., Waltham,
MA, USA) in all participants with the exception of
those with metal implants or other features that would render
the DXA scan analysis impossible. Total lean body mass
(TLB) and lower extremity lean mass (LELB) were assessed
in order to investigate if these measurements explained a
similar proportion of the variation in physical performance
of the leg.

Physical performance

A leg extensor power rig (Medical Engineering Unit,
University of Nottingham, Nottingham, UK) was used to
measure leg extension power (LEP), which is defined as the
ability of the leg extensor muscles to perform work over
periods of half a second or less [22], in those aged 60 years
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or more. The power rig has previously been shown to provide
reproducible measures of LEP in ageing men [22, 23]. The
participants sat in a chair with one foot on a lever, which was
attached to a flywheel, and the force was measured every time
the participant depressed the lever. Ten tests of the non-
dominant leg were performed in each individual, and the three
best attempts were used in the analyses. Seven participants
were not tested due to knee pain or other motion-limiting
disabilities.

Smoking and alcohol

Smoking was classified as current smoker or non-smoker
(including ex-smoker). Intake of alcohol was classified as
units per week.

Statistics

Data are shown as mean (±standard deviation) or median [25–
75 percentiles] according to distribution. The young and se-
nior participants including those ageing individuals, who were
considered healthy, i.e. reported no concurrent diagnoses or
medication, or were obese, were compared using Student’s t
test or non-parametric tests as appropriate.

Measures of LBM obtained in the young participants were
used as a reference in order to calculate T-scores of TLB and
LELB in the entire group of senior participants as well as the
healthy senior or obese subgroups. Subsequently, the preva-
lence of T-scores of one, two or less below the mean in the
young individuals was calculated in the senior population as
well as subgroups. The distributions of T-scores were assessed
using chi-square test.

Statistical analyses were performed using Stata, release 11
(Stata Corp, College Station, TX, USA).

Results

General characteristics

Information regarding anthropometrics including physical ex-
amination, concomitant diseases and medications was avail-
able in 783 of the young and 593 of the ageing participants.
Median ages of the two study populations were 25.7 [23.1–
27.8] and 68.6 years [65.0–72.1], respectively. Height and
weight differed significantly between the young and senior
participants (181.7 (6.7) vs. 174.3 cm (6.7) and 81.8 (12.1) vs.
83.7 kg (12.5), respectively, p<0.001), and BMI was lower in
the younger study population (24.4 (3.4) vs. 27.6 kg/m2 (4.0),
p<0.001). In total, 189 of the ageing participants had testis
volume of 9 ml or greater and did not report chronic disease,
concomitant medication including corticosteroids and anabol-
ic drugs, or excessive alcohol intake.

Weight was lower among the 194 healthy ageing men
compared to the remaining ageing population (80.7 (11.0)
vs. 85.1 kg (12.9), p<0.001). There were no differences in
height in the subgroup analyses (Table 1).

The frequency of smoking was similarly common between
both study populations (26.1 vs. 24.4%, NS), whereas alcohol
intake was lower in the younger study population (eight units
per week [5–15] vs. 10 units per week [6–19], p<0.05).

Lean body mass

Measurements of TLB and LELB mass were available in 779
(99.5 %) of the young participants and 569 (96.0 %) of the
ageing participants. The distributions of TLB and LELB
according to age are presented as scatter and locally weighted
scatterplot smoothing (LOWESS) plots in Fig. 1. Neither TLB
nor LELB was associated with age in the young participants

Table 1 Characteristics of and differences between study populations including subgroups

Men aged 20–29 years Men aged 60–74 years

All N=783 All N=593 Healthy
N=189

Other participants
N=404

Obese N=126 Lean N=467

Age (years) 25.7 [23.1–27.8] 68.6 [65.0–72.1] 67.7 [63.9–70.9] 69.0 [65.7–72.5]*** 68.5 [64.9–71.3] 68.5 [65.0–72.2]

Weight (kg) 81.8 (12.1) 83.7 (12.5)* 80.7 (11.0)** 85.1 (12.9)*** 100.2 (10.1) 79.3 (8.8)††

Height (cm) 181.7 (6.7) 174.3 (6.7)* 174.7 (6.6)** 174.1 (6.7) 173.5 (8.8) 174.5 (6.0)

BMI (kg/m2) 24.4 (3.4) 27.6 (4.0)* 26.4 (3.4)** 28.1 (4.2)*** 33.4 (3.7) 26.0 (2.3)

DXA N=779 N=569 N=182 N=387 N=119 N=450

TLB (kg) 64.7 (6.8) 60.4 (6.4)* 60.0 (5.9)** 60.5 (6.6) 66.1 (5.4) 58.8 (5.6)††

LELB (kg) 22.0 (2.6) 19.2 (2.4)* 19.2 (2.2)** 19.1 (2.6) 21.0 (2.3) 18.7 (2.2)††

Power rig – N=587 N=188 N=399 N=123 N=464

Average of the three
best attempts (watts)

ND 193 (58) 205 (57) 187 (57)*** 204 (61) 190 (57)†

Comparisons of young and ageing men (*p<0.001), young and healthy ageing men (**p<0.001), healthy ageing men and the remaining ageing
participants (***p<0.001), and obese and lean ageing participants (†p<0.05; ††p<0.001)
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(R=0.15 (−0.02; 032), p=0.08 and R=0.03 (−0.03; 0.10),
p>0.1). In the ageing participants, age TLB and LELB were
both inversely associated with age (R= −0.21 (−0.34; −0.08)
and R= −0.08 (−0.13; −0.04), both p=0.001). Both TLB and
LELBwere higher in the young study population compared to
the ageing (64.7 (6.8) vs. 60.4 kg (6.4) and 22.0 (2.6) vs.
19.2 kg (2.4), p<0.001). No difference in TLB or LELB
between healthy ageing participants and the remaining ageing
population was observed (Table 1). In contrast, TLB and
LELB were higher in the obese than those in the lean partic-
ipants (66.1 (5.4) vs. 58.8 kg (5.6) and 21.0 (2.3) vs. 18.7 kg
(2.2), p<0.001). Relative to total body weight, TLB and
LELB were lower in obese ageing participants (Table 1).

TLB and LELB T-scores in the ageing participants were
−0.64 (0.93) and −1.088 (0.94), respectively. TLB T-scores

were below 0, −1, −2 and −3 in 76.3, 34.4, 7.7 and 0.7 % of
the senior study population, whereas the prevalence of LELB
T-scores below 0–1, −2 or −3 was 67.5, 28.3, 15.8 and 2.6 %
of the senior participants, respectively (Table 2). While mean
TLB T-scores were similar in healthy and the other ageing
participants (Table 2), both TLB and LELB T-scores were
higher among the obese individuals (0.24 (0.79) vs. −0.87
(0.83) and −0.37 (0.89) vs. −1.28 (0.86), both p<0.001).

LEP in ageing men

Due to physical disabilities, measures of muscle power were
available in 587 of the 593 participants (99.0 %). LEP was
higher in healthy ageing men compared to that in the other
ageing men (205 (57) vs. 187 W (57), p<0.001) and higher in

Total body lean mass (kg) (A: young. B: ageing)
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Fig. 1 Distribution (scatter and LOWESS plots) of total lean body mass and lower extremity lean mass in young (a) and ageing (b) participants. Total
body lean mass (kg) (a young; b ageing). Lower extremity lean mass (kg)
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obese than that in lean ageing participants (204 (61) vs. 190W
(57), p<0.05).

The relationships between LEP and age are presented as a
scatter and LOWESS plot in Fig. 2. LEP appeared to decline
continuously with age. Furthermore, the association between
LEP and lean body mass was continuous without any indica-
tion of a potential cut-off value that could be used for the
identification of individuals with a low muscle power based
on lean mass measured by DXA. The relationships between
lean mass T-scores and LEP are presented in Table 3. In all,
4.8 % of those with a LEP in the lowest quartile had a TLB T-
score of less than −2, and 6.4 % of those with a LEP in

the lowest two quartiles had a TLB T-score of less than −2.
Among those with a LEP in the lowest quartile, 8.5 %
had a LELB of less than −2, whereas 10.4 % of those
with a LEP in the lowest two quartiles had a LELB T-score of
less than −2 (Table 3).

Discussion

Normative data on lean mass

The primary aim of this study was to provide normative data
on lean mass in men. We did not observe any age-related
changes in lean mass in the young participants, suggesting
that men aged 20–30 years have reached peak lean mass or
may continue to gain lean mass in the fourth decade of life.
Compared to previous reports on lean mass assessed by DXA
such as the study by Rosetta (n=107) [3] and the
European multicentre MYOAGE (n=86) studies [13],
our study included a significantly larger, uniform and
population-based group of individuals at time of maximal
levels of muscle mass. Thus, the present study provides nor-
mative data for peak total body and LELB measured by DXA
in young men, which may be used for the diagnosis of
sarcopenia in ageing men.

Prevalence of sarcopenia based on lean mass and LEP

We applied the estimates of normal leanmass to the population-
based cohort of ageing men aged 60–75 years and found that
7.7 and 15.6 % of these men had a TLB or LELB T-score of

Table 2 Distribution of T-scores of TLB and LELB in the ageing study population

Men aged 60–74 years

T-scores All N=569a Healthy subgroup
N=182

Other participants
N=387

Obese N=119 Non-obese N=450

TLB

T-score −0.64 (0.94) −0.70 (0.87) −0.61 (0.97) NS 0.24 (0.79) −0.87 (0.83) p<0.001

T-score ≥0 135 (23.07) 35 (19.2 %) 100 (25.8 %) NS 77 (61.1 %) 61 (13.6 %) p<0.001
T-score 0≥−1 238 (41.8 %) 84 (46.2 %) 154 (39.8 %) 41 (32.5 %) 200 (44.4 %)

T-score −1≥−2 152 (26.7 %) 51 (28.0 %) 101 (26.1 %) 7 (5.6 %) 146 (32.4 %)

T-score −2≥−3 40 (7.0 %) 11 (6.0 %) 29 (7.5 %) 1 (0.8 %) 39 (8.7 %)

T-score <−3 4 (0.7 %) 31 (0.6 %) 3 (0.8 %) – 4 (0.9 %)

LELB

T-score −1.088 (0.94) −1.06 (0.84) −1.11 (0.98) NS −0.37 (0.89) −1.28 (0.86) p<0.001

T-score ≥0 71 (12.5 %) 16 (8.8 %) 55 (14.2 %) p<0.05 37 (31.1 %) 34 (7.6 %) p<0.001
T-score 0≥−1 185 (32.5 %) 75 (41.2 %) 155 (39.9 %) 55 (46.2 %) 130 (28.9 %)

T-score −1≥−2 223 (39.2 %) 66 (36.3 %) 157 (40.6 %) 24 (20.2 %) 199 (44.2 %)

T-score −2≥−3 765(13.2 %) 22 (12.1 %) 53 (13.7 %) 2 (1.7 %) 73 (16.2 %)

T-score <−3 15 (2.6 %) 3 (1.7 %) 12 (3.1 %) 1 (0.8 %) 14 (3.1 %)

a Participants with available measures of lean body mass available
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Fig. 2 Relationship between leg extension power (W) and age (scatter
and LOWESS plots)
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less than −2. The European Working Group on Sarcopenia in
Older People (EWGSOP) recommends that sarcopenia is diag-
nosed on the basis of low muscle mass as well as impaired
physical performance or reduced muscle strength or physical
performance [10]. Low muscle power defined as a LEP in the
lowest quartile and total body or LELB T-score of −2 or less
was observed in 4.8 and 8.5 % of the ageing participants,
respectively. The prevalence of sarcopenia in men participating
in the Hertfordshire Sarcopenia Study (mean age 73 years) and
the Hertfordshire Cohort Study (mean age 67 years) was 6.8
and 4.6 %, respectively [11], which appears to be in line with
our results, possibly due to similar age of the participants. By
contrast, the prevalence of sarcopenia among Italian men aged
more than 80 years was 17.4 % [24]. Based on the EWGSOP
criteria, 14.5 % of French men aged 65–74 years and 45.5 % of
men aged more than 85 years were sarcopenic, whereas 13.8 %
of Korean men aged more than 65 years had sarcopenia [24].
Differences in the prevalence of sarcopenia between our study
and some of the previous investigations may be explained by
dissimilar measurements of muscle body mass and reference
data, varying methods used for the assessment of muscle
strength or physical performance and, importantly, differences
in the age of the study populations. In addition, selection bias
could influence the estimates of sarcopenia.

Lean mass in ageing men

As shown by Bijlsma et al. [13], the relationships between
tests of physical function vary with the criteria used to express
the level of muscle mass. In the present study, absolute mea-
sures of total and LELB were used in order to provide unbi-
ased data on whole body lean mass as well as lean mass at the
site where muscle performance was investigated, but relative
lean mass could be calculated on the bases of the results.
Because vertebral fractures were previously reported in

6.3 % of the ageing participants in this study [25], we did
not report lean mass relative to body height. Fractures as well
as secular trends may explain the observed differences in
height between the study populations, which may influence
the comparison of measures of lean mass if normalized on the
basis of height. We observed an inverse association between
muscle mass assessed as TLB or LELB and age, which is in
line with previous studies [5, 7]. Lean mass was higher in
obese individuals, but the relative level was lower than in their
lean counterparts.

Muscle power

While muscle mass was the same in healthy and the remaining
ageing participants, muscle power was higher in healthy indi-
viduals, strengthening the notion that muscle mass does not
appropriately identify those with reduced muscle strength. In
this study, leg extensor power was used to assess muscle
function. LEP has been defined as the capacity of leg extensor
muscles to perform work over half a second or less [22]. We
observed an inverse association between LEP and age in men,
which is in line with several other studies [22, 26]. There was
no suggestion of a lean mass level below which LEP was
substantially lower. These observations offer no specific
thresholds for lean mass or muscle power that are suitable
for the diagnosis of sarcopenia, but longitudinal studies may
help in providing information on suitable cut-offs for LEP and
lean mass that identify individuals at particular risk of conse-
quences of sarcopenia. Recently, Studenski et al. [27] provid-
ed cut points for low hand-grip strength and appendicular lean
mass adjusted for BMI that were based on impaired mobility,
i.e. gait speed, in ageing individuals rather than on a compar-
ison with young, healthy individuals. Although different, both
methodologies may prove useful in identification of individ-
uals with sarcopenia or impaired physical performance.

Table 3 Distribution of muscle
power in quartiles and lean mass
in T-scores

a Number of participants with
measures of lean mass and LEP
available

LEP (N=565a)

1. Lowest (38–155) 2. (155–195) 3. (195–228) 4. Highest (228–388)

TLB

T-score ≥0 15 (2.7 %) 28 (5.0 %) 27 (4.8 %) 63 (11.2 %)

T-score 0≥−1 45 (8.0 %) 54 (9.6 %) 69 (12.2 %) 69 (12.2 %)

T-score −1≥−2 54 (9.6 %) 50 (8.9 %) 38 (6.7 %) 10 (1.8 %)

T-score −2≥−3 23 (4.1 %) 9 1.6 %) 7 (1.2 %) 0

T-score <−3 4 (0.7 %) 0 0 0

LELB

T-score ≥0 6 (1.1 %) 15 (2.6 %) 13 (2.3 %) 36 (6.4 %)

T-score 0≥−1 22 (3.9 %) 39 (6.9 %) 48 (8.5 %) 74 (13.1 %)

T-score −1≥−2 65 (11.5 %) 65 (11.5 %) 63 (11.2 %) 30 (5.3 %)

T-score −2≥−3 36 (6.4 %) 21 (3.7 %) 16 (2.8 %) 2 (0.4 %)

T-score <−3 12 (2.1 %) 1 (0.2 %) 1 (0.2 %) 0
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Strengths and limitations

Our study has a number of limitations. We used a power rig to
measure muscle power, but we did not perform formal tests of
physical performance. Assessment of grip strength, chair
stand and gait speed or similar tests of physical performance
may provide information beyond that gained from investiga-
tions of muscle power. Although the direction of the effect is
unknown, this may have influenced our estimate of the prev-
alence of sarcopenia. Also, the prevalence of sarcopenia may
be different, if the prevalence was derived using the EWGSOP
flow algorithm. Comparative data on LEP was unavailable
because of lack of access to the power rig at time of inclusion
of the young participants. Furthermore, this study only com-
prises male Caucasians, and reference data from study popu-
lations with women and with different genetic and environ-
mental background are required. The major strengths of this
study are the population-based design and the size of the study
populations, which includes both young and ageing men.
Furthermore, we assessed lean mass in the young men prior
to the time of major decrease in IGF-1 and at the time of
maximum levels of testosterone.

In conclusion, we provide population-based reference
data for lower extremity and total body lean mass at time
of peak levels of hormones known to be anabolic to muscle
mass. We estimate that the prevalence of sarcopenia in a
population-based sample of men aged 60–74 years is 4.8–
8.5 % depending of the site used for the measurement of
lean mass.
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