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Muscle power‑related parameters 
in middle‑aged and older Brazilian 
women: a cross‑sectional study
Hélio José Coelho‑Júnior 1*, Ivan de Oliveira Gonçalves 2, Francesco Landi 1,3, 
Riccardo Calvani 3, Matteo Tosato 3, Anna Picca 3,4 & Emanuele Marzetti 1,3*

The present study was conducted to provide normative values for lower‑limb muscle power estimated 
through equations based on the 5 times sit‑to‑stand (5STS) test in Brazilian older women. In addition, 
we investigated the association between muscle power parameters and age. The study followed a 
cross‑sectional design. Participants were community‑dwelling women. Candidates were considered 
eligible if they were 18 years or older, lived independently, and possessed sufficient physical and 
cognitive abilities to perform all measurements required by the protocol. The 5STS test was performed 
as fast as possible using a standard protocol. Absolute, relative, and allometric muscle power 
measures were estimated using 5STS‑based equations. Two thousand four‑hundred seventy‑one 
women participated in the present study. Results indicated that muscle power‑related parameters 
decreased linearly with age. Women 60–69 years showed a marginal reduction in absolute (− 5.2%), 
relative (− 7.9%), and allometric (− 4.0%) muscle power. A larger reduction was observed in those 
70–79 years and reached ¼ of loss in participants ≥ 80, in comparison to middle‑aged participants. 
Pearson’s correlation and linear regression analyses indicated that power‑related parameters were 
negatively associated with age. In conclusion, data of the present study provide normative values 
for lower‑limb muscle power parameters according to 5STS‑based equations. We observed that 
muscle power‑related parameters declined with age, such that participants 60–69, 70–79, and ≥ 80 
years displayed lower absolute and relative muscle power compared middle‑aged women. A later 
decline was observed in allometric muscle power. Relative muscle power declined to a greater extent 
than other parameters, suggesting a possible window of opportunity for interventions.

Physical performance is a multifaceted construct that involves motor tasks that allow interface between an indi-
vidual and the  environment1–3. Physical function commonly increases during childhood, remains substantially 
stable in adulthood, and decreases significantly past the fifth decade of  life1–3. This scenario is especially con-
cerning in older adults, given that a reduction in physical performance increases the risk of numerous negative 
 outcomes4–7. Regarding sex-specific differences in physical function, women have lower physical performance 
than  men1–3,8, higher prevalence of functional  problems9 and  disability10, and are at a greater risk of losing inde-
pendence in daily activities due to impairments in physical  function9.

Muscle power refers to the capacity to produce strength as fast as  possible11,12. It has long been known 
as an important physical capacity for sports  performance13–15. A growing number of studies have observed 
that muscle power declines earlier and faster with age than other important physical performance parameters 
(e.g., muscle strength)8,16,17. Furthermore, it might predict physical independence, functional performance, and 
mobility disability during old  age8,16–18. More recently, it has been observed that muscle power is critical to the 
maintenance of  functionality19. These premises led experts in the field to suggest that muscle power should be 
actively monitored during  aging11,12.

The assessment of muscle power is based on laboratory tests (e.g., computer-interfaced pneumatic resist-
ance machine) that are not completely adapted to the old  population20. The existing tests also lack standard-
ized protocols, have high costs, and are possibly associated with an increased risk of adverse  events20. Such a 
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scenario hampers the clinical assessment of muscle power in older adults. Recently, Alcazar et al.21 validated 
an easy-to-apply equation to estimate lower-limb muscle power using the time to complete the 5-time sit-to-
stand test (5STS), chair’s height, and the test person’s body mass and height. 5STS-based muscle power values 
are associated with numerous health aspects, including dynapenia, mobility problems, cognitive decline, frailty, 
disability, and low quality of  life22–24. This approach may therefore be proposed as a feasible alternative to esti-
mate lower-limb muscle power in clinical settings. A few studies have provided normative values according to 
Alcazar’s  equation22–24. Available evidence includes data exclusively based on older  adults24 or combined different 
 populations23. Furthermore, only one study examined South American  people24.

The projections of demographic transition in Latin America indicate a dramatic shift in population age 
 structure25. Brazil is expected to have one of the largest old populations in Latin America by 2050, with almost 
30% of citizens 60+  years26. Hence, the availability of normative values of muscle power across ages based on 
Alcazar et al.21 equations might represent a feasible evidence-based low-cost instrument for monitoring older 
adults and identify those at risk of negative events.

Based on these premises, the present study was designed to provide normative values for lower-limb muscle 
power using the 5STS  equation21 in a large sample of middle-aged and older Brazilian women. In addition, we 
investigated the association between muscle power parameters and age.

Results
Two thousand four-hundred seventy-one women participated in the study. The main characteristics and power-
related parameters of study participants are shown in Table 1. Women 60–69 years had greater body mass than 
those in the ≤ 59 years group. Absolute and relative muscle power was lower in participants 60–69, 70–79 and 
80+ years compared with those in the youngest groups (≤ 59 and 60–69 years). Allometric muscle power was 
lower in women 70–79 and 80+ years relative to participants 60–69 years. In addition, women 70–79 years had 
lower muscle power-parameters than those 60–69 years. No significant differences were observed between par-
ticipants in the oldest groups (70–79 and 80+ years).

Table 2 shows absolute and relative differences in muscle power-related parameters. Muscle power param-
eters decreased linearly with age. Women 60–69 years showed a marginal reduction in absolute (− 5.2%), rela-
tive (− 7.9%), and allometric (− 4.0%) muscle power. A larger reduction was observed in those 70–79 years and 
reached ¼ of loss in the oldest participants (≥ 80 years) in comparison to middle-aged participants, except for 
allometric muscle power (16.5%). A mean decline rate of 13.2, 15.0, and 11.7% was observed for absolute, rela-
tive, and allometric muscle power, respectively.

Pearson’s correlation and linear regression analysis of the relationship between age and muscle power 
parameters are shown in Fig. 1. Pearson’s correlation indicated that age was weakly, negatively, and significantly 
correlated with absolute (r =  − 0.21), relative (r =  − 0.27), and allometric (r =  − 0.23) muscle power measures. 
According to the linear regression, absolute  (R2 =  − 0.04, 95% confidence interval [CI] =  − 0.03, − 0.02, P < 0.001), 

Table 1.  Main characteristics of study participants (n = 2471). Data are shown as mean ±standard deviation 
or absolute numbers (%). BMI body mass index. a P < 0.05 versus ≤ 59 years group. b P < 0.05 versus 60–69 years 
group c P < 0.05 versus 70–79 years group.

Variables

Age groups (years)

 ≤ 59 (n = 652) 60–69 (n = 622) 70–79 (n = 1027) 80+ (n = 170)

Age (years) 56.0 ± 2.4 63.9 ± 3.1a 74.0 ± 2.5ab 82.4 ± 3.9abc

Body mass (kg) 68.6 ± 15.0 71.5 ± 14.9a 70.8 ± 15.8 70.4 ± 15.1

Height (m) 1.57 ± 0.6 1.57 ± 0.6 1.57 ± 0.6 1.57 ± 0.5

BMI (kg/m2) 27.6 ± 5.7 28.8 ± 5.9a 28.5 ± 6.1 28.3 ± 5.8

Absolute muscle power (W) 203.8 ± 806.8 193.1 ± 646.6a 172.3 ± 576.8ab 164.9 ± 627.1ab

Relative muscle power (W/kg) 2.9 ± 0.8 2.6 ± 0.6a 2.4 ± 0.7ab 2.3 ± 0.7ab

Allometric muscle power (W/m2) 81.4 ± 30.5 78.1 ± 24.5 69.3 ± 22.4ab 67.9 ± 23.7ab

Hypertension (n, %) 326 (50.0) 311 (50.0) 414 (40.3) 47 (27.6)

Type II diabetes (n, %) 236 (36.2) 174 (28.0) 257 (25.0) 22 (13.0)

Osteoarthritis (n, %) 261 (40.0) 369 (59.3) 726 (70.7) 123 (72.4)

Cardiovascular (n, %) 39 (6.0) 50 (8.0) 158 (15.4) 14 (8.0)

Table 2.  Absolute and relative variations in power-related parameters (n = 2471). Values are presented as 
absolute (relative) changes in power-related parameters.

Variables

Age groups (years)

60–69 (n = 622) 70–79 (n = 1027) 80+ (n = 170)

Absolute muscle power (W)  − 10.7 (− 5.2%)  − 31.5 (− 15.4%)  − 38.9 (− 19.1%)

Relative muscle power (W/kg)  − 0.23 (− 7.9%)  − 0.49 (− 16.8%)  − 0.59 (− 20.3%)

Allometric muscle power (W/m2)  − 3.3 (− 4.0%)  − 12.1 (− 14.8%)  − 13.5 (− 16.5%)
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relative  (R2 =  − 0.07, 95% CI =  − 3.73, − 2.88, P < 0.001), and allometric muscle power measures  (R2 =  − 0.04%, 
95% CI =  − 0.08, − 0.06, P < 0.001) were negatively and significantly associated with age.

Normative values for absolute, relative, and allometric muscle power stratified by age groups are listed in 
Tables 3.

Figure 1.  Person’s correlation for the association between age and (A) absolute, (B) relative, and (C) allometric 
muscle power.
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For each muscle power parameter, mean values ± SD and the 5th, 25th, 50th, 75th, and 95th percentiles are 
reported. Reference percentiles for muscle power measures are also depicted as charts in Fig. 2 to facilitate their 
practical implementation.

Discussion
The main findings of the present study indicate that muscle power parameters are significantly associated with 
aging in Brazilian older women. Specifically, participants 60–69, 70–79, and 80+ years displayed reduced absolute 
and relative muscle power in comparison to middle-aged women. A significant decline in allometric muscle 
power was observed later in life, from the seventh decade. We also noted a greater decline in relative muscle 
power in comparison to other parameters, suggesting a possible target for interventions.

Our results are partially supported by prior studies that reported an age-related decline in muscle power. 
Lauretani et al.8 examined Italian older adults and found a linear association between age and lower-limb mus-
cle power. Suetta et al.27 reported that power-related parameters started to decline in the fifth decade of life in 
Danish people. Similar findings were observed by Alcazar et al.28 in Spanish adults. Although these results are 
encouraging, they were obtained through laboratory-based tests.

A few studies examined the association between age and muscle power estimated using 5STS-based equations. 
In line with our findings, these investigations reported reductions in muscle power according to  age22. However, 
sample characteristics differed from our study. Ramírez-Vélez et al.24 examined participants with lower average 
relative muscle power than those of the present study. When percentile values were compared, Colombians in 
the extremely high percentile (97th) had comparable values to those in the  50th percentile of the present study. 
In contrast, Alcazar et al.23 examined a large cohort of European older adults with relatively greater percentiles 
for relative and allometric muscle power.

Cut-off values for muscle power parameters have been proposed. Baltasar-Fernandez et al.22 indicated that 
a cut-off value of ≤ 1.9 W/kg should be used to detect women at risk of frailty and impaired physical function. 
In their study, 45% of participants had values below this cut-off. Alcazar et al.23 proposed 2.1 W/kg and 61.5 W/
m2 as cut-off values for relative and allometric muscle power, respectively, to identify older adults with mobility 
limitations. According to the cut-off points proposed by Baltasar-Fernandez et al.22 and Alcazar et al.23, 18.4% 
(n = 454) and 28.0% (n = 693) participants of the present study had low relative muscle power values, respec-
tively. This suggests that region- and cultural-based cut-off values for muscle power parameters are necessary to 
properly identify older adults at risk of negative health-related events.

Results of Pearson’s correlation and linear regression suggest that variables other than chronological age 
impact the observed variations in muscle power parameters. When a complementary analysis adjusting the 
results according to the presence of hypertension (HTN), type II diabetes mellitus (T2DM), osteoarthritis (OA), 
and cardiovascular diseases (CVD) was performed (supplementary Table 1), age was only independently associ-
ated with muscle power parameters in women 70–79 years and with relative muscle power in those 60–69 and 
80+ years. Although further analysis is needed, these findings indicate a possible effect of chronic  conditions29–32 
and pharmacological  treatments33,34 on the associations between muscle power and age.

For instance, people with HTN might experience worse mobility and balance performances in comparison 
to normotensive  counterparts31,32. The progression of T2DM leads to peripheral and autonomic nerve dam-
age, which impacts lower-limb muscles and vision, thereby interfering with movement  capacity30. OA involves 
pain, joint stiffness, and reduced range of  motion29. Limited physical function and reductions in the capacity to 
perform activities of daily living are commonly observed in older adults with  OA35. Regarding CVD, numerous 

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

Age groups (years) Observations (n)

Centiles

Mean (SD)5th 25th 50th 75th 95th

Muscle power (W)

 ≤ 59 697 87.5 156.9 202.9 243.1 315.1 203.8 (06.8)

60–69 770 98.0 146.8 191.4 235.3 308.8 193.1 (646.6)

70–79 1051 83.8 128.2 168.4 212.3 277.7 172.3 (576.8)

 ≥ 80 202 84.7 129.0 159.9 204.3 273.3 164.9 (627.1)

Relative muscle power (W/kg)

 ≤ 59 697 1.8 2.4 2.8 3.3 4.2 2.9 (0.8)

60–69 770 1.5 2.1 2.6 3.1 4.0 2.6 (0.6)

70–79 1051 1.4 1.9 2.3 2.8 3.5 2.4 (0.7)

 ≥ 80 202 1.4 1.8 2.2 2.6 3.3 2.3 (0.7)

Allometric muscle power (W/m2)

 ≤ 59 697 39.9 64.2 79.9 96.9 123.2 81.4 (30.5)

60–69 770 41.3 60.2 77.0 93.1 120.7 78.1 (24.5)

70–79 1051 36.1 52.5 66.8 83.7 109.9 69.3 (22.4)

 ≥ 80 202 37.1 51.5 64.4 79.6 115.7 67.9 (23.7)
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studies have observed that stroke, myocardial infarction, and heart failure predispose to the development of 
other conditions associated with physical decline (e.g., sarcopenia)36,37.

Sarcopenia38, a neuromuscular disease characterized by the combination of reduced muscle strength and 
low muscle mass, and  frailty39, a clinical condition triggered by a multisystem physiological derangement that 
results in a reduced ability to restore homeostasis after a stressful event, are frequently observed in advanced 
age. Both conditions are characterized by significant reductions in muscle strength and function and recognize 
disability as a common  outcome38,39. Hence, the possibility that the presence of sarcopenia and frailty might have 
impacted our results cannot be ruled out.

Relative muscle power declined to a greater extension than other power-related parameters. Such declines 
were accompanied by significant increases in body mass and body mass index (BMI). This scenario might be 

Figure 2.  Reference percentiles for (A) absolute, (B) relative, and (C) allometric muscle power.
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explained, at least partly, by alterations in the hypothalamic—pituitary axis that occur during menopause and 
involve substantial reductions in energy expenditure and deposition of intra-abdominal  fat40,41. Indeed, signifi-
cant gains in fat, and consequently increases in BMI, occur for approximately 6 years after the final menstrual 
period, after which it  stabilizes40.

Several social aspects with important influence on body composition undergo modifications at the beginning 
of old age. Retired women, for example, typically experience a 5% gain in body mass in the first two years of 
retirement compared with those who continue to work at least 20 h per  week42. These findings suggest that early 
during old age women pass through important changes in body composition that might affect their physical 
performance. On the other hand, reductions in absolute muscle power might reflect an age-related decline in 
neuromuscular function (e.g., neuromuscular junction)43 and structure (e.g., reduction in alpha-motoneurons)44, 
in addition to being associated with muscle atrophy and  dynapenia1,2,8.

Another important result of the present study is that older women 80+ years experienced a decline of ~ 25% 
in muscle power-related parameters in comparison to middle-aged participants. These results are concerning 
and indicate that very old women require special attention to prevent losses in muscle power. The mechanisms 
underlying this pattern of changes are beyond the scope of our study. However, several aspects have repeatedly 
been observed in very old adults that might help to explain these findings, including chronic  pain45, mental 
 distress46, sedentary  behavior47,48, and protein  intake49.

The current study offers normative values by which Brazilian older women might be monitored. Results 
also provide evidence to compare muscle power parameters in older adults from different geographic regions. 
Moreover, we observed two timeframes when strategies appear to be necessary to prevent or at least limit sub-
stantial losses in muscle power. Specifically, the beginning of old age is accompanied by important gains in body 
mass, suggesting that specific diet patterns, psychosocial support, and physical activity recommendations might 
be required. In contrast, very old adults might require a more complex approach. A recent large multicentric 
randomized clinical trial observed that a 24-month intervention based on physical activity plus personalized 
nutritional counseling improved physical performance in older adults with functional  limitations50.

Resistance training, the type of exercise in which muscle contractions occur to maintain or move a  load51, 
is a widely accepted strategy to improve muscle power in people with different  conditions52,53, including frail 
older  adults54. Experts in the field have mentioned that resistance training should include muscle concentric 
contractions performed as fast as possible (i.e., explosive resistance training) to produce optimal gains in mus-
cle power and functional  improvements52, likely avoiding  disability12. Numerous exercise protocols including 
different configurations (set, volume, rest interval) and using machines, elastic bands, or body mass have been 
tested, demonstrated effectiveness, and might be easily reproduced in clinical  practice55,56. Health professionals 
responsible for exercise prescription should adequate the exercise program according to women’s age, health 
status, and expected goals.

Our study is not free of limitations. First, specific muscle power, adjusted according to muscle mass, was not 
estimated in the present study and the possibility that muscle atrophy influenced our results cannot be ruled out. 
Second, older women were not screened for  sarcopenia38 or  frailty39. Third, important information associated 
with the presence of chronic conditions, such as pharmacological therapy and disease status, was not recorded. 
Fourth, hormonal levels were not assessed. Fifth, only community-dwelling women were examined, and extrapo-
lations to men or people in other contexts (e.g., institutionalized) should be made with caution. Sixth, correlation 
analysis was not corrected according to numerous covariables that might influence muscle power, including 
physical activity levels, diet quality, and sleep. Seventh, normative values were not tested against health-related 
events. Finally, the results shown in this work are derived from cross-sectional observations. The possibility 
cannot be ruled out that differences in birth cohorts may have influenced some of the assessed parameters. A 
deeper understanding of age-dependent differences in muscle power requires an analysis of prospective data 
that are unavailable at this stage for our study.

In conclusion, data of the present study provide normative values for lower-limb muscle power parameters 
according to 5STS-based equations. We observed that muscle power-related parameters declined with age, such 
that participants 60–69, 70–79, and ≥ 80 years showed reduced absolute, relative, and allometric muscle power 
compared with middle-aged women. Finally, we observed that relative muscle power declined to a greater extent 
than other parameters, suggesting a possible target for interventions.

Methods
This study used a large-scale cross-sectional design and was approved by the Research Ethics Committee of the 
University of Mogi das Cruzes (UMC, São Paulo, Brazil). All study procedures were conducted in compliance 
with the Declaration of Helsinki and the Resolution 196/96 of the National Health Council.

Participants. Participants were recruited between January 2015 and January 2018 in a community senior 
center located in the metropolitan area of São Paulo, Brazil. The study was advertised through posters placed in 
public sites (e.g., parks, city hall, public offices, bus stops, train stations), local radios, and newspapers. People 
were also invited to participate by direct contact by the research team. Candidate participants were eligible if 
they were 18 years or older, lived independently, and possessed physical and cognitive abilities to perform the 
5STS test. All participants provided written informed consent prior to inclusion.

Anthropometric measurements. An analog weight scale with a stadiometer (Filizola, Brazil) was used 
to measure body mass and height. The BMI was calculated as the ratio between body mass (kg) and the square 
of height  (m2).
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Five‑time sit‑to‑stand test. The 5STS test was administered by two experienced exercise physiologists in 
a dedicated room within the senior center. One examiner was responsible for detailing the operational proce-
dures, demonstrating the test before the assessment, quantifying performance, and evaluating motor patterns. 
The other examiner ensured participant safety by providing occasional verbal and/or tactile cueing, if needed, 
without interfering with the physical function test. After the explanation and before testing, participants per-
formed a familiarization trial to ensure they had fully understood the test. All tests were performed twice, and 
the best result was used for the analysis.

The test involved rising from a chair 5 times as quickly as possible with arms folded across the chest. Timing 
began when participants raised their buttocks off the chair and was stopped when they were seated at the end of 
the fifth  stand2. Time performance was quantified using a stopwatch (Vollo Sports, São Paulo, Brazil). The test 
reliability in the present study was higher than 0.8 (κ = 0.97).

Absolute, relative (adjusted by body mass), and allometric (adjusted by height) muscle power values were 
estimated according to the equations proposed by Alcazar et al.21:

(a) Absolute muscle power :
[

Bodymass (kg)× 0.9 × g×
(

height (m)× 0.5 - chair height (m)
)]

/

5STS (s)× 0.1
(b) Relative muscle power : Absolute muscle power (W)/kg

(c) Allometric muscle power : Absolute muscle power (W)/m2

Disease conditions. Information pertaining to disease conditions was collected through self-report and 
careful review of medical charts of the community senior center.

Statistical analysis. 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  investigated57,58. 
Continuous variables are expressed as mean ± standard deviation (SD) or absolute numbers (percentage). Dif-
ferences in continuous variables among groups (i.e., ≤ 59, 60–69, 70–79, 80+) were assessed via one-way analysis 
of variance (ANOVA). When appropriate, Bonferroni post hoc analyses were performed to determine whether 
there were significant differences between groups. Posttests were performed to investigate linear trends of 
decline in power-related parameters in relation to age. Pearson’s correlations were used to explore the relation-
ship between muscle power and age. Coefficients were classified as: negligible (0.00–0.10), weak (0.10–0.39), 
moderate (0.40–0.69), strong (0.70–0.89), and very strong (0.90–1.00)59. Linear regression analysis was used to 
test the associations between age and muscle power-related parameters. Confidence intervals (CIs) that included 
the number of 1 were not statistically significant. Significance was set at 5% (P < 0.05) for all tests. All analyses 
were performed using the SPSS software (version 23.0, SPSS Inc., Chicago, IL). Smoothed percentile curves for 
absolute muscle power values were constructed using the lambda-mu-sigma (LMS) method (LMS Chart Maker 
Pro Version 2.54, Medical Research Council, London, UK), as described  elsewhere1.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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