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Abstract

Background Muscle power is associated with health-related parameters. Simple equations were validated to estimate
lower extremity muscle power measures based on the time to complete the five-repetition sit-to-stand test. The present
study was conducted to provide lower extremity muscle power estimates and produce centile values in a large and
relatively unselected population across a wide age spectrum.

Methods Data were from the Longevity Check-up 7+ (Lookup 7+) project, an ongoing initiative conducted in uncon-
ventional settings (e.g., exhibitions, shopping centres and health promotion campaigns) across Italy to foster adoption
of healthy lifestyles. Absolute, relative, allometric and specific muscle power measures of the lower extremities were
estimated using validated formulas. Cross-sectional centile and normative values for muscle power measures from
18 to 81+ years were produced for the two sexes. Smoothed normative curves for men and women were constructed
using the lambda-mu-sigma method.

Results From 1 June 2015 to 31 October 2021, 13 515 participants were enrolled of whom 12 864 were eligible for the
present study. Mean age was 55.9 years (standard deviation: 14.8 years; range: 18-98 years), and 7217 (56.%) were
women. Absolute, relative, allometric and specific muscle power declined significantly with age. Specific patterns of
decline were observed according to sex and muscle power parameter. Absolute muscle power peaked at 41-50 and
31-40 years in men and women, respectively. Afterwards, a decline rate of approximately 12% per decade was
observed, regardless of sex. Relative muscle power showed the largest reduction with age, such that it was 40.6%
and 46.4% smaller in men and women older than 80, respectively, compared with those aged 18-30 years.
Age-related changes in allometric and specific muscle power measures were similar between men and women.
Conclusions Data from the Lookup 7+ project indicate that lower extremity muscle power estimated using simple
equations is significantly associated with age. Sex-specific patterns of decline in absolute and relative muscle power
were observed with age. Allometric and specific muscle power declined at a similar rate in men and women.
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Introduction sively associated with sports performance,® this physical

capacity is now recognized as a major determinant of
Muscle power is the capacity to generate muscular strength  functional independence in advanced age.” During ageing,
as fast as possible. Although it has long been almost exclu- muscle power declines earlier and faster than other physical
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performance parameters (e.g., muscle strength).>™ Muscle
power is a strong, independent predictor of mobility
disability,”> poor functional status,® hospitalization and
death.” Indeed, this physical capacity is proposed to be a
better predictor of physical independence, functional per-
formance and mobility than muscle strength.>™® As such,
the maintenance of muscle power is critical to preserve
functionality in advanced age.’'® These observations have
led to recommend power training being included within
multicomponent interventions to prevent disability and other
negative health-related events in older adults.***3

Several tools are available to assess muscle power, such as
pneumatic exercise machines, linear position transducers and
rotary encoders.® However, equipment for muscle power
measurement is rarely available outside a laboratory environ-
ment. In addition, the heterogeneity of testing protocols im-
pacts the evaluation of muscle power in everyday practice,**
thereby hampering the identification of those at risk of neg-
ative outcomes and the assessment of effectiveness of train-
ing programmes. Recently, Alcazar et al.*® validated simple
equations to estimate lower extremity muscle power mea-
sures based on the time to complete the five-repetition sit-
to-stand (5STS) test, chair’s height, and the test person’s
body weight and height. Normative values of muscle power
based on these equations have been proposed.’*™*# How-
ever, such values were estimated for older adults only and
were obtained either in small samples or in studies combin-
ing different cohorts. The availability of normative values of
muscle power across ages based on 5STS equations may rep-
resent an easy-to-apply and cost-effective tool to assess this
physical capacity in clinical practice.

Therefore, the present study was conducted to provide
lower extremity muscle power estimates using Alcazar’s
equations and produce centile values across a wide age
spectrum. To accomplish this objective, we used data
collected in a large and relatively unselected sample of
community-dwellers ranging in age between 18 and 98 years,
enrolled across Italy in the Longevity Check-up 7+ (Lookup 7+)
project.

Material and methods

Data for the present investigation were gathered from the
Lookup 7+ project database. Lookup 7+ is an ongoing initia-
tive developed by the Department of Geriatrics of the
Fondazione Policlinico ‘Agostino Gemelli’ IRCCS at the
Universita Cattolica del Sacro Cuore (Rome, Italy). The project
was designed to foster healthy and active ageing by raising
awareness among the general public on the importance of
modifiable risk factors for chronic diseases.?

Recruitment was conducted among people visiting public
spaces (e.g., exhibitions and shopping centres) and those

adhering to prevention campaigns promoted by our
institution. As previously described, recruitment activities
were carried out in small (<100 000 inhabitants), medium
(100 000-250 000 inhabitants) and large cities (>250 000 in-
habitants) to achieve a comprehensive geographic coverage
of mainland Italy and major islands.?° In large cities, partici-
pants were recruited in different locations to maximize repre-
sentation of sociodemographic characteristics of inhabitants.
The Lookup 7+ protocol was approved by the Ethics Commit-
tee of the Universita Cattolica del Sacro Cuore (Protocol #:
A.1220/CE/2011), and each participant provided written
informed consent prior to enrolment. The study protocol is
described in detail elsewhere.*®

The manuscript was prepared in compliance with
the STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) guidelines for observational
studies.”

Study participants and data collection

From 1 June 2015 to 31 October 2021, 13 515 community-
dwelling adults aged 18+ years participated to the study.
Exclusion criteria were inability or unwillingness to provide
written informed consent, self-reported pregnancy and in-
ability to perform the physical function tests as per the
study protocol. For the present investigation, 12 864 partic-
ipants were analysed after excluding 651 cases with missing
values for the variables of interest. The general characteris-
tics of excluded participants did not differ from those with
complete data.

Each participant received a structured interview to collect
information on lifestyle habits, followed by measurement of
anthropometric parameters, including height, weight and calf
circumference. Body height and weight were measured
through a stadiometer and an analogue medical scale, re-
spectively. The body mass index (BMI) was then calculated
as the ratio between body weight (kilograms) and the square
of height (square metres). Calf circumference was taken on
the dominant leg by measuring the largest girth (centimetres)
between ankle and knee joints using an anthropometric tape
while the participant was in a seated position. Values were
rounded to nearest 0.1 cm. Appendicular skeletal muscle
(ASM) was estimated based on the equation developed by
the COCONUT Study Group®”:

ASM (kg) = —10.427 + (calf circumference x 0.768)
— (age x 0.029) + (sex x 7.523)

(1)

where sex = 1 for men and 0 for women.

The 5STS test was performed according to a standardised
protocol by trained assessors.’>%® Inter-rater and test—retest
reliability, assessed during the investigator training phase,
was consistent with values reported in literature.?* Partici-
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pants were instructed to completely stand up from an arm-
less chair (43-47 cm in height) five consecutive times as fast
as possible, with their arms crossed over their chest. The
chair’s height was chosen according to the test person’s
height to allow participants placing their feet comfortably
on the floor.?®> A stopwatch was used to measure the total
time (seconds) needed to complete the task.>® One
familiarisation trial was allowed before the actual test was
conducted. Absolute muscle power values were calculated
according to the equation proposed by Alcazar et al.*>:

Absolute muscle power (W)
Body weight (kg) x 0.9 x g x [height (m) x 0.5 — chair height (m)]
- 5STS test time (s)
no.of STS repetitions

(2)
where g is gravity (e.g., 9.80352 m/s?).
Relative (adjusted by body weight), allometric (adjusted by
height squared) and specific (adjusted by ASM) muscle power
values were subsequently calculated as follows:

Relative muscle power (W/kg)
__ Absolute muscle power (W)

Body weight (kg) )
Allometric muscle power (W/ mz)
__ Absolute muscle power (W) @
B Height (m2)
Specific muscle power (W/cm)
Absolute muscle power (W) ©)

- Appendicular skeletal muscle (kg)

Statistical analysis

Demographic, anthropometric and functional characteristics
of study participants according to sex and age groups are
summarised as means t standard deviation (SD). According
to the Shapiro—-Wilk test, data were not normally distributed.
Non-Gaussian distribution might be ignored if large sample
sizes (>30-40 participants) with values representative of a
‘real population’ are analysed.?®?” However, to ensure that
the type of statistics did not impact results, parametric and
non-parametric analyses were conducted. To generate sex-
and age-specific normative values for muscle power, partici-
pants were categorised into young adult (18-30 years), adult
(31-40 years), middle-aged (41-50 years), late middle-aged
(51-60 years), young old (61-70 years), old (71-80 years)
and very old (81+ years) groups.?®?° One-way analysis of var-
iance (ANOVA), with Bonferroni’s post hoc tests when appro-
priate, and Kruskal-Wallis H test, with Dunn’s post hoc tests
as needed, were used to compare participant characteristics
among age groups in the whole sample and in men and

Table 2 Mean and percentage differences in muscle power parameters relative to the 18-30 years group

Age groups (years)

51-60 (n = 3426)
—35.5 (-9.5%)

Variables

—148.7 (—39.9%)

81+ (n = 340)

71-80 (n = 1873)
—113.1 (—30.3%)

61-70 (n = 2983)
—73.0 (—19.6%)

41-50 (n = 2214)
0.9 (0.2%)

1123)

11.9 (3.2%)

31-40 (n
W)

Absolute muscle power (

Whole sample
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women separately. Pearson’s and Spearman’s correlations
were run to measure the strength of linear association
between muscle power and age. For all tests, the level of
significance was set at 5% (P < 0.05). All analyses were
performed using the SPSS software Version 23.0 (SPSS Inc.,
Chicago, IL, USA).

Smoothed percentile curves for absolute muscle power
values in men and women were constructed using the
lambda-mu-sigma (LMS) method (LMS Chart Maker Pro
Version 2.54, Medical Research Council, London, UK), as
described elsewhere.?

Results

The main characteristics of the 12 864 participants are shown
in Table 1. Mean age of participants was 55.9 + 14.8 years
(range: 18-98 years), and 7217 (56.1%) were women. Weight
increased, while height declined significantly across age
groups in the whole study sample. Calf circumference was
greater in both 31-40 and 41-50 years groups compared with

(A)
r=-0.349
400 - P <0.0001
= 350 +
2
]
32
°
o
o 300
o
E}
2
250 -
200 T T T T T T T
18-30 31-40 41-50 51-60 61-70 71-80 81+
Age (years)
©
135 + r=—0.330
P <0.0001

125 o

125

105

95 +H

Allometric muscle power (W/m?)

75 T T T T T T T

18-30 31-40 41-50 51-60 61-70 71-80 81+
Age (years)

the 18-30 years group and declined significantly hereof up to
the 81+ years group. A significant decline in ASM values was
observed starting from 51 to 60 years. The performance on
the 5STS test decreased from the fourth decade of life on-
wards. Absolute muscle power declined later, starting from
the fifth decade of life. Relative muscle power decreased
earlier, from the fourth decade of life, while allometric and
specific muscle power values declined later, starting from 50
to 60 years. Age-related changes in weight, calf circumfer-
ence and ASM were similar in men and women. However,
sex-specific patterns of age-related changes in muscle power
measures were observed. Relative muscle power declined
earlier in men, with values at 31-40 years being lower than
in the 18-30 years group. Instead, absolute muscle power de-
clined later in men, starting from the sixth decade. Women
showed a later decline in relative muscle power, which was
significantly reduced starting from 41—50 years. Findings
did not differ when ANOVA or Kruskal-Wallis H statistics
were used.

Mean and percentage differences in muscle power param-
eters across ages compared with the 18-30 years group are
shown in Table 2. In men, absolute muscle power peaked at

(B)
r=—0.491
6.0 P <0.0001
¥
E
]
2 50 -
o
Q
@
2
3
E
[
2
g 40 -
<
o
3.0 T T T T T T T
1830 3140 41-50 51-60 61-70 71-80 81+
Age (years)
(D)
r=—0.375
10.0 4 P <0.0001

g
=)
1

b
o
I

Specific muscle power (W/kg)
©
o
1

o
o
1

5.0 T T T T T T T
18-30 3140 4150 51-60 61-70 71-80 81+
Age (years)

Figure 1 Relationship between age and lower extremity muscle power in the whole study sample as assessed by Pearson’s statistics. (A) Absolute
muscle power. (B) Relative muscle power. (C) Allometric muscle power. (D) Specific muscle power.
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41-50 years and declined thereafter at a mean rate of 12%
per decade up to 70 years. Afterwards, the rate of decline
per decade was approximately 34%, such that men older than
80 showed approximately 40% less muscle power compared
with the 18-30 years group. In women, muscle power peaked
at 31-40 years, after which it declined at a mean rate of
11.4% per decade up to 70 years. As in men, the rate of de-
cline accelerated past the age of 70, with a mean loss of
35% per decade. In women older than 80, muscle power
was approximately 40% lower than in those 18-30 years. In
both sexes, the largest reduction with age was observed for
relative muscle power, which was 40.6% and 46.4% lower in
men and women older than 80, respectively, compared with
the 18-30 years group.

Figures I-3 show the relationship between age and muscle
power parameters in the whole study sample and in men and
women, respectively. Age was significantly and negatively
correlated with absolute, relative, allometric and specific
muscle power in the whole study population and in the two
sexes separately (Table SI). Results remained unchanged af-
ter adjustment for BMI (Table S2), suggesting that body size
did not influence the association between age and muscle
power parameters.
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Normative values for absolute muscle power in men and
women, stratified by age groups, are listed in Tables 3 and
4, respectively. Normative values for relative, allometric and
specific muscle power values in men and women are shown
in Tables S3-S8. For each muscle power parameter, mean
values * SD and the 5th, 25th, 50th, 75th and 95th percen-
tiles are reported. Reference percentiles for absolute muscle
power are also depicted as charts in Figure 4 to facilitate their
practical implementation.

Discussion

The present study provides normative values of lower
extremity muscle power, estimated according to 5STS
equations,”® in a large and relatively unselected sample of
Italian men and women across 18-98 years of age. Results
of our investigation indicate that muscle power of lower
extremities declines with age in men and women, with sub-
stantial losses during the last decades of life. Men displayed
a significant decline in absolute, allometric and specific
muscle power from the fifth decade of life. An earlier
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Figure 2 Relationship between age and lower extremity muscle power in men as assessed by Pearson’s statistics. (A) Absolute muscle power. (B) Rel-
ative muscle power. (C) Allometric muscle power. (D) Specific muscle power.
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Figure 3 Relationship between age and lower extremity muscle power in women as assessed by Pearson’s statistics. (A) Absolute muscle power. (B)

Relative muscle power. (C) Allometric muscle power. (D) Specific muscle power.

Table 3 Normative values for estimated absolute muscle power in men, stratified by age groups

Centiles
Age groups (years) Observations (n) 5th 25th 50th 75th 95th Mean (SD)
Muscle power (W)
18-30 369 265.3 358.3 441.0 514.3 665.9 444.3 (119.5)
31-40 541 289.8 368.6 434.1 514.4 657.1 448.5 (113.9)
41-50 966 270.0 360.7 441.7 524.2 666.7 449.1 (122.4)
51-60 1430 256.5 338.3 398.4 480.6 605.8 414.0 (111.6)
61-70 1282 228.2 296.7 356.2 428.7 552.5 368.3 (102.0)
71-80 875 188.5 254.6 305.0 365.5 468.7 313.7 (87.4)
81+ 184 154.7 210.5 258.9 3171 414.6 267.1 (80.9)

Table 4 Normative values for estimated absolute muscle power in women, stratified by age groups

Centiles
Age groups (years) Observations (n) 5th 25th 50th 75th 95th Mean (SD)
Muscle power (W)

18-30 536 197.8 267.1 311.7 369.5 488.9 323.3(90.0)
31-40 582 194.3 263.4 313.4 376.6 492.0 325.2 (92.2)
41-50 1248 185.9 253.9 300.0 262.9 477.6 311.7 (87.0)
51-60 1996 168.2 225.7 272.4 325.6 436.0 282.0 (82.3)
61-70 1701 145.1 203.4 240.6 286.2 366.9 247.7 (68.7)
71-80 988 119.1 134.4 206.2 249.2 321.7 211.5 (66.1)
81+ 166 77.3 125.6 171.2 214.7 279.1 176.0 (66.0)
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Figure 4 Reference percentiles for lower extremity absolute muscle power in men and women from 18 to 98 years. The 5th, 25th, 50th, 75th and 95th
percentiles are depicted in black, red, green, light blue and purple, respectively.

decrease, approximately in the third decade of life, was
observed for relative muscle power. A similar pattern of
decline was detected in women, except that relative
muscle power declined significantly from the fourth decade
onwards.

Our findings are in line with prior investigations. Using
data from 1030 participants of the InCHIANTI study (age
range 20-102 vears), Lauretani et al.®> found that lower
extremity muscle power, measured through a leg extensor
power rig, declined linearly from the third decade onwards.
The pattern of decline was comparable between men and
women. Similar findings were obtained by Suetta et al.*°
who assessed lower extremity muscle power by a leg extensor
power rig in 1305 adults (age range 20-93 years) enrolled in
the Copenhagen City Heart Study. In the same study popula-
tion, Alcazar et al.3! observed that lower extremity relative
muscle power remained substantially unvaried between 20
and 45 years and started to decline thereafter. The authors
demonstrated that, up to ~70 years, relative muscle power
decreased because of both a loss of absolute power and an in-
crease in body weight. Past the age of 70, relative muscle
power declines were due to losses of absolute power only.
In line with data of the present study, losses in absolute mus-
cle power were found to be greater between 50 and 80 years
in a large European cohort.'”

Only few studies analysed age-related changes in lower
extremity muscle power using 5STS-based estimates.
Baltasar-Fernandez et al.'® examined 1369 older adults (age
range 66—97 years) from the Toledo Study for Healthy Ageing
and found that muscle power-related parameters declined
significantly with age. In particular, absolute muscle power
dropped by 1.2-1.4% yearly in men and up to 2.0% yearly in
women.*® In 3689 Colombian community-dwellers, Ramirez-
Vélez et al."® estimated reference values for absolute muscle
power from 60 to 85+ years of age. Mean values of muscle
power-related parameters across age groups were lower than
those reported in the present study.

Relative, allometric and specific lower extremity muscle
power measures provide information on crosstalk among
different physiologic domains. Therefore, their assessment al-

lows for exploring the influence of various parameters on ab-
solute muscle power. As shown in this study and by
others,”! relative muscle power declines earlier than abso-
lute muscle power, especially in men, which may reflect a
combined effect of weight gain and declining neuromuscular
function. Early adulthood is commonly associated with high
familiar and work requirements. To optimise time, people of-
ten increase consumption of processed and takeaway
foods,>*** while concomitantly quitting or drastically reduc-
ing physical activity and exercise.>* The later decline in rela-
tive muscle power observed in women might be explained,
at least partly, by the societal pressure to maintain body
shape.®®

The absence of appreciable declines in specific muscle
power in men and women until late middle-age suggests that
loss of muscle mass contributes marginally to absolute mus-
cle power declines. Detriments in neuromuscular junction,®®
loss of motor neurons®’ and declines in the capacity of
generating tension (i.e., muscle strength)®?%3® are candidate
factors underpinning the age-related decrease in absolute
muscle power.

Our study has limitations that should be mentioned.
First, only a limited number of participants 18-30 and 90
+ years were enrolled. Second, adjusted analysis was not
corrected for many covariables that may influence neuro-
muscular function, including physical activity levels,*® diet
quality,”® sleep®* and medical conditions.** Third, the un-
conventional settings (e.g., exhibitions, shopping centres
and prevention campaigns) in which data collection was
carried out might have selected a relatively healthy and
functionally competent population. Fourth, although efforts
were put forth to enrol a heterogeneous population, no
detailed information was collected on the sociodemo-
graphic characteristics of participants. Hence, potential se-
lection biases cannot be ruled out. Fifth, the study sample
only included Caucasian individuals, and extrapolations of
findings to other ethnic groups should be made carefully.
Finally, the results shown in this work are derived from
cross-sectional observations and it is possible that differ-
ences in birth cohorts may have influenced some of the
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assessed parameters. For the same reason, curves and
centile values should not be used to follow an individual’s
trajectory of muscle power over time. A deeper under-
standing of age-dependent trajectories of muscle power
requires the analysis of prospective data that are not avail-
able at this stage for our study.

Conclusions

Our results indicate that lower extremity muscle power esti-
mated using simple equations is significantly associated with
age in men and women. Absolute muscle power declined sig-
nificantly from the fifth decade onwards in both men and
women. An earlier decline was observed for relative muscle
power. The normative values produced may be a useful tool
to quickly examine people across a wide age spectrum and
identify those who should be offered further evaluation and
prescription of lifestyle interventions.
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