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Relationship between strength and muscle mass in middle-aged and

elderly women: a cross-sectional study

Abstract

Odbyjective: to analyze the relationship between handgrip strength and lower limb strength
and the amount of segmental skeletal muscle mass in middle-aged and elderly women.
Methods: an observational, cross-sectional, observational study of 540 women aged
between 40 and 80 years in the cities of Parnamirim and Santa Cruz, Rio Grande do
Norte, was performed. Sociodemographic data, anthropometric measurements, handgrip
dynamometry, knee flexors and extensors of the dominant limbs, as well as the segmental
muscle mass of the limbs were evaluated. Data wete analyzed using Student's t-Test,
Chi-square test, Effect Size and Pearson's Correlation (CI 95%). Results: there were
statistically significant weak and moderate correlations between handgrip strength and
upper limb muscle mass, knee flexion strength and lower limb muscle mass, and between
knee extension strength and lower limb muscle mass for the age groups 40-59 years and
60 years or more (p<0.05). Conclusions: muscle strength correlates with skeletal muscle
mass. It could therefore be an indicator of the decrease in strength. It is not the only
such indicator, however, as correlations were weak and moderate, which suggests the
need for more studies on this theme to elucidate which components may also influence

the loss of strength with aging.
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INTRODUCTION

Aging generates many health challenges that
cover psychological, social, biological and functional
issues'. Both in Brazil and around the world
population aging has been marked by feminization,
a process in which women achieve greater rates of

longevity than men?.

The aging process is associated with a progressive
reduction in skeletal muscle mass, related to a change
in body composition and known as sarcopenia®.
There is therefore a decrease in muscle strength, with
a consequent increase in the risk of health problems

and a decline in physical and functional abilities*>

Loss of strength occurs more rapidly in women
ataround the age of 50 (the average age of the onset
of menopause) while it is observed in men at around
60 years of age®.

During the menopausal transition hormonal
changes occur which are the result of the low number
of functioning ovarian follicles’. Evidence suggests
that changes in the hormonal state, especially a
reduction in estradiol, lead to an increase in fat mass,
a decline in lean and bone mass®, and contribute,
directly or indirectly, to a reduction in functionality’.

Decreased muscle strength is mainly associated
with loss of skeletal muscle mass, however, the
reduction of muscle strength may also occur due
to other factors such as increased non-contractile
tissue'’, reductions in neural recruitment capacity
and changes in muscle contraction properties'’.

It is assumed that a decrease in skeletal muscle
mass occurs after the age of 50 and that this loss
is more evident in the lower limbs'. Almeida &
Greguol’ suggest that there is a decrease in muscle
mass of approximately 2.5% per decade, which can
lead to changes in balance, proprioception and the
ability to walk, resulting in a higher risk of falls, bed

restrictions and increased functional dependence’.

In terms of hand grip strength, which is
recognized as a method of predicting body musculat-
skeletal functioning'?, it has been demonstrated that
low grip strength may result in a greater probability
of functional limitations and consequently death .
In addition, eldetly persons with a history of frequent

falls have lower levels of hand grip strength and,
consequently, lower limb strength levels, than elderly
individuals without a history of falls".

Focusing on understanding female aging is
relevant given the feminization of the elderly
population. Studying the changes in muscle mass
associated with menopause is important, given the
high number of women going through this period
and the risks associated with the physical incapacity
it can create.

Therefore, the objective of the present study
was to analyze the relationship between hand grip
strength and lower limb strength and the amount of
segmental skeletal muscle mass in middle-aged and
elderly women in the municipalities of Parnamirim
and Santa Cruz, in the state of Rio Grande do Norte,
Brazil.

METHODS

An observational, cross-sectional analytical study
was performed. The population was made up of
women living in the municipal regions of Parnamirim
and Santa Cruz, both cities located in Rio Grande
do Norte, Brazil. In the city of Parnamirim women
between 40 and 65 years were selected, while in
Santa Cruz those between 40 and 80 years were
included. The sample was convenience based and
occurred after the disclosure of the project in basic
health units of the cities.

Sample size calculation took into account the
hand grip strength variable and considered a 95%
confidence level, a mean difference between age
groups of 2.0 kgf and an average standard deviation
of 5.0 kgf, with a power of 95%, giving a minimum
sample of 134 subjects in each group. Considering
the sample availability, an additional 134 subjects
were added to this total.

Participants who were present at the research
site, met the inclusion criteria and signed a Free and
Informed Consent Form (FICF) made up the sample
of the present study, giving a total of 540 women,
406 of whom were aged between 40 and 59 years
and 134 of whom were aged 60 to 80 years. The data
of the present study were collected in Parnamirim
in 2014 and Santa Cruz in 2016.
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The inclusion criteria of the study were age
between 40 and 80 years, an absence of diseases that
would impair the measurement of limb dynamometry,
such as degenerative and neurological diseases, limb
fractures and pain. The project was submitted for
evaluation by the local Ethics Research Committee
and was approved under opinion no. 1,178,143, in
accordance with the provisions of the Declaration of
Helsinki and Resolution No. 466/12 of the National
Health Council. Upon arrival at the evaluation, the
objectives and procedures of the study were explained
to the women and they were asked to sign the FICF.

Data collection was performed by interviewers
previously trained in the collection procedures
and a structured questionnaire was used to record
identification data, sociodemographic information,
and anthropometric measures such as weight and
height. Body mass index (BMI) was also calculated.

An evaluation of hand grip strength of the
dominant upper limb was initially performed,
measured by the Sachan® 15 dynamometer calibrated
by the manufacturers and never previously used. This
measuring units used were kilograms/force(Kgf).
The participants were placed in a sitting position,
with the shoulder adducted and in a neutral rotation,
the elbow positioned at 90° flexion, and the forearm
and wrist, which could be moved to up to 30° of
extension, in neutral positions, and the contralateral
limb relaxed on the thigh. The participants were
instructed and verbally encouraged to exert the
greatest possible voluntary isometric force, with the
dynamometer in the second position, referring to the
size of the grip, according to the recommendations
of the American Society of Hand Therapists'®.
Three sustained contractions of five seconds were
performed, with a one-minute interval between
measurements, and the arithmetic mean of the three
measurements was considered"’.

Next, the muscle strength (MS) of the knee
extensors and flexors of the dominant lower
limb was evaluated with a MictoFET2® portable
dynamometer model (West Jordan, UT, USA), duly
calibrated by the manufacturers. Muscle strength
was recorded in units of kilograms/force (Kgf).

To evaluate the strength of the knee extensors,
the volunteer was placed on the evaluation table with
the legs dangling, knees positioned at 90 degrees and

hands on the thighs'®, with the dynamometer distal
and anterior to the dominant leg. To dynamometric
evaluation of the knee flexors, the volunteer was
positioned in a unipedal orthostatic position, knees
fully extended (0°), with the support of both upper
limbs on the evaluation table and the dynamometer
fixed to the distal surface of the dominant leg, near

to the malleolus line®.

To measure knee flexor and extensor strength,
three maximum voluntary isometric contractions
were requested, each with a duration of five seconds
and an interval of one minute between each.
The arithmetic mean of the three measures was

considered”.

To obtain muscle mass values, body composition
was evaluated on a previously scheduled day with
the InBody R20 electrical bioimpedance device,
which automatically calculates muscle mass based
on the manufacturer's prediction equations. The
device uses eight electrodes, two in each foot and
two in each hand and performs measurements in a
segmented manner and in two frequencies, 20 kHz
and 100 kHz, through an applied cutrent of 250puA*".
The bioimpedance evaluation correlates closely with
the predictions made using dual energy radiological
absorptiometry (DX A)?*' and is considered a reliable
and useful alternative for the evaluation of skeletal
muscle mass in middle-aged women®. Prior to the
test, the volunteer received instructions and was
asked to wear light clothing, to not eat or exercise
at least two hours prior to the exam, and to go to
the toilet to empty the bladder®. During the test,
which lasts from 40 seconds to 1 minute, the women
were position on the foot electrodes on the surface
of the digital scale of the device, and instructed to
hold the other electrodes that are attached to a bar.
They were asked to remain in the same posture and

to not move or speak®.

Data analysis was performed using descriptive
statistics by means of central tendency (arithmetic
mean), dispersion (standard deviation) for the
quantitative variables weight, height, BMI and
dynamometry and muscle mass, and absolute and
relative frequencies for the variable ethnicity. The
findings were summarized according to the age

groups (40 to 59 years, 60 years or more).
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The Kolmogorov-Smirnov test was used to verify
the normality of the data. The Student's t-test and
the chi-square test were then performed to compare
the quantitative and categorical variables in relation
to the age groups. In addition, the Effect Size of
the sample was calculated using Cohen's 4 to verify
the magnitude of these associations. Finally, the
Pearson correlation test was applied to evaluate the
correlation between the strength measurements
and the skeletal muscle mass of the upper and lower
limbs measurements. Throughout the analysis, a 95%
confidence interval (CI) and p<0.05 were considered.

RESULTS

The present study evaluated a total of 540 women.
Table 1 shows the results of the characterization of
the sample, summarized according to age group.

The mean age of the 40-59 age group was 50.3 (4.6)
years, while in the age group of 60 or over it was
67.2 (5.9) years. The group composed of elderly
women had a lower mean number of years of study
and a higher percentage of women who declared
themselves to be mixed-race than in the younger
group. In addition, the means of mass and muscle
strength in the younger group were higher than
those found in the group aged 60 years or older.
The other characteristics of the sample related to
anthropometric, mean strength and muscle mass
measurements and effect size are shown in Table O1.

Table 2 shows the data related to the correlation
between upper limb muscle mass and grip strength,
lower limb muscle mass and knee flexor and extensor
strength. It also shows data on muscle mass and
upper and lower limb strength in relation to age.
All correlations were weak and moderate.
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Table 2. Correlation between mean segment muscle mass and upper and lower limb strength and age of middle-
aged and elderly women (N=540). Natal, Rio Grande do Norte, 2017.

Age range

40 - 59 years 260 years Total
Variables r P r P r p
Upper limb muscle mass and 0.135 0.006* 0.460 <0.001° 0.195 <0.0017
Hand grip strength
Lower limb muscle mass and 0.280 <0.001* 0.217 0.01° 0.302 <0.001*
Knee flexor strength
Lower limb muscle mass and 0.265 <0.001* 0.299 <0.001* 0.313 <0.001*
Knee extensor strength
Upper limb muscle mass and Age -0.009 0.85 -0.291 0.001* -0.140 0.001*
Lower limb muscle mass and Age -0.070 0.15 -0.343 <0.001° -0.294 <0.001*
Upper limb muscle strength and age -0.167 0.001* -0.327 <0.001* -0.302 <0.001*
Knee flexor strength and age -0.081 0.10* -0.127 0.14* -0.220 <0.001*
Knee extensor strength and Age -0.092 0.06* -0.261 0.002* -0.261 <0.001*

a— p: value for Pearson Correlation Coefficient.

DISCUSSION

The present study evaluated the relationship
between muscular manual grip and knee flexor
and extensor strength with the amount of skeletal
muscle mass present in the dominant segments of
the upper and lower limbs in middle-aged and elderly
women. When the data was analyzed, a significant
and positive correlation was observed regarding
the variables segmental muscle mass and manual
grip and knee flexor and extensor muscle strength
in the two age groups. These findings agree with
the studies by Alizadehkhaiyat et al.” and Chartlier
et al.”*, which state that muscle strength generation
capacity is directly proportional to the skeletal muscle
mass of these segments.

However, the correlations between upper limb
muscle mass and hand grip strength and lower limb
muscle strength and knee extensor and flexor strength
in the age group of 40 to 59 years were weak in the
present study. Throughout the aging process, there
is a reduction in the number of motor units®, which
can influence the generation of muscle strength in
middle-aged women, together with muscle mass,
neural factors and characteristics related to muscle
quality, such as fiber type, fat infiltration or the

extracellular matrix?>%¢

. These factors may justify
the weak correlation between strength and muscle

mass in this age group.

In older women (60 years of age or older), there
was a moderate correlation between upper limb
muscle mass and hand grip strength. With aging, the
aforementioned factors related to muscle strength
appear to diminish, resulting in a decline in muscle
strength that occurs more markedly than the decline
in muscle mass®’. Thus, in this age group, muscle
mass is more strongly correlated with skeletal muscle
strength in the upper limbs.

In terms of knee extensor and flexor strength,
the correlation between mass and muscle strength
remained weak. Samuel et al.*® found that the
strength of the lower limbs declines more severely
than that of the superior limbs during aging. This
finding is due to the upper limbs being constantly
used in all stages of life, while the use of the lower
limbs diminishes with age®.

Although muscle mass reduction has been found
to be associated with loss of strength and performance

over the years®, Legrand et al.”’

suggested that poor
physical performance is associated with low strength
generation, even after considering other risk factors
for sarcopenia in the elderly, thus supporting the
hypothesis that muscle strength is a better indicator

of physical performance than muscle mass™.

It is therefore important to consider that although
the amount of muscle mass may be a major contributor
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to strength generation, muscle strength tends to
decrease faster than muscle mass, thus suggesting

a decline in muscle quality'®*.

Muscle strength results from a combination of

26 Variations in

muscle mass and muscle quality
muscle quality*® and factors such as low physical
activity and protein intake, biological factors,
oxidative stress, inflammation, estrogen deficiency®,
among other predictors of sarcopenia, may explain
why muscle mass is a relatively weak indicator of

functional capacity.

Thus, loss of muscle mass alone does not have
such significant clinical implications, since muscle
strength or performance does not depend exclusively
on muscle mass, but also other factors involved in the
generation of strength, such as neural and hormonal
components’.

The present study reveals the importance of
the careful study and clinical evaluation of muscle
strength, which can identify important aspects of
the aging process. Low muscle strength in elderly
individuals is an important marker of the risk of
mortality in this population, with the amount of
muscle mass presented by the individual of little
relevance®.

Also from the data obtained in this study, a
negative result was found when correlating age with
muscle mass and muscle strength. Although the
values obtained show weak and moderate correlations
for the two age groups, they indicate a reduction in
muscle mass and muscle strength with advancing age.
This finding is consensual in scientific research*".

The main consequences of the loss of strength that
occurs with advancing age are physical limitations,
the mobility deficit and incapacity, which increase the
risk of falls, fractures, hospitalizations, dependency,
fragility and mortality’>’.

This quantitative decline coupled with the
qualitative decline in the functionality and structure of
the muscular system results in significant implications
for the functional capacity of the eldetly. These
modifications that occur in the muscular system
due to the aging process impair the performance of

motor skills, directly altering the ability of elderly
individuals to perform instrumental and basic
activities of daily living and making it difficult to
adapt to the environment in which they live*".

Thus, for the population of this study, this
evaluation may indicate important aspects relating
to the physical performance, health and quality of
life of women. Although women live longer, they
have worse health outcomes throughout the aging
process®, especially regarding to the deficit of
strength and muscle mass, which seems to occur
at an earlier age than men at around the time of

menopause’.

Considering that satisfactory muscle strength
is necessary for the accomplishment of functional
activities, studies that investigate the relationship
between the quantitative and qualitative aspects
of skeletal muscle more closely, establishing the
relationship between these aspects and corporal
composition and other factors that influence muscle
function, are important for identifying clinical
parameters that are easy to access and interpret for
health professionals.

From this perspective, effective diagnosis
enables the development of effective strategies and
interventions for prevention, such as physical activity
and the treatment and rehabilitation of disabilities,
optimizing functional independence, which will have
repercussions on the health, longevity and quality
of life of this population.

In terms of limitations, as a cross-sectional study
the present study did not allow the exploration of the
relationship between skeletal muscle mass and muscle
strength over time, and a cause-effect relationship
cannot be established, limiting research into factors
that influence the correlation found in this study.
Another possible limitation of the study was the
sample formation process, which occurred in a
non-random manner (for convenience). However,
considering that the socioeconomic characteristics
are similar to those found in another study in this

area34,35

, and the consistency and robustness of the
results, we believe that this limitation had a limited

impact on the established inferences.
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CONCLUSIONS

The results of the present study suggest that the
grip strength and knee flexor and extensor strength
of women aged between 40 and 80 years correlated
positively with the skeletal muscle mass of the
respective segment. The correlations were weak for
grip strength in women aged 40 to 59 years and also
for knee flexor and extensor strength in both age

REFERENCES

1. Schneider RH, Irigaray TQ. O envelhecimento
na atualidade: aspectos cronoldgicos, biolégicos,
psicolégicos e sociais. Estud Psicol [Internet]. 2008
[acesso em 10 dez 2016];25(4):585-93. Disponivel em:
http://www.scielo.bt/pdf/estpsi/v25n4/a13v25n4.pdf.

2. Camarano AA. Envelhecimento da populagio
brasileira: uma contribui¢do demografica. In: De
Freitas EV, Py L.Tratado de Geriatria e Gerontologia.
Rio de Janeiro: Guanabara Koogan; 2006.

3. Anton SD, Hida A, Mankowski R, Layne A, Solberg
L, Mainous AG, et al. Nutrition and exercised
in sarcopenia. Curr Protein Pept Sci [Internet].
Epub ahead of print 2016 [acesso em 15 jan 2017].
Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/28523992.

4. Asaduroglu AV, Tablada M, Cosiansi BL, Carillo M,
Canale M, Gallerano R. Body profile and physical
and cognitive function by age ambulatory elderly
women from the city of Cérdoba. Rev Fac Ciénc Med
Univ Nac Cordoba [Internet]. 2015 [acesso em 10 dez
2016];72(2):78-92. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/26544054.

5. Ramirez-Campillo R, Diaz D, Martinez-Salazar
C, Valdés-Badilla P, Delgado-Floody P, Méndez-
Rebolledo G, et al. Effects of different doses of high-
speed resistance training on physical performance
and quality of life in older women: a randomized
controlled trial. Clin Interv Aging [Internet]. 2016
[acesso em 15 jan 2017];11:1797-1804. Disponivel
em: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5167493/.

6. Maltais ML, Desroches ], Dionne IJ. Changes
in muscle mass and strength after menopause. J
Musculoskelet Neuronal Interact [Internet]. 2009
[acesso em 15 jan 2017];9(4):186-97. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/19949277.

groups. In addition, a moderate correlation between
grip strength and muscle mass was verified in women
aged 60 years or older. These findings support the
hypothesis that muscle mass is one of the aspects that
determine the ability of muscles to produce strength.
However, muscle mass does not fully explain the
decrease in muscle strength, suggesting a decline
in muscle quality which is also determined by other
factors that were not addressed in the present study.

7. Almeida EW, Greguol M. Analise da composicio
corporal e pratica de atividade fisica em mulheres
pés-menopausa. Rev Fac Educ Fis UNICAMP
[Internet]. 2013 [acesso em 10 dez 2016];11(3)129-46.
Disponivel em: https://petiodicos.sbu.unicamp.bt/
ojs/index.php/conexoes/atticle/view/8637607.

8. Vilaca KHC, Carneiro umJAO, Pessanha FPAS, Lima
NKC, Ferriolli E, Moriguti JC. Estudo comparativo
da composicao corporal de idosas fisicamente ativas
pelos métodos DXA e antropométrico. Rev Bras
Cineantropom Desempenho Hum [Internet]. 2012
[acesso em 10 dez 2016];20(3):5-13. Disponivel em:
http://www.scielo.bt/pdf/tbedh/v14n6/201v14n6.

9. Karvonen-Gutierrez C, Kim C. Associaton of mid-
life changes in body size, body composition and
obesity status with the menopausal transition.
Healthcare [Internet]. 2016 [acesso em 18 jan
2017]:4(3):1-16. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/2741763.

10. Carvalho J, Soares JMC. Envelhecimento e forca
muscular: breve revisio. Rev Port Ciénc Desporto
[Internet]. 2004 [acesso em 27 dez 2016];4(3):79-93.
Disponivel em: http://www.fade.up.pt/tpcd/_arquivo/
artigos_soltos/vol.4_nr.3/2.01_joana_carvalho.pdf.

11. Seene T, Kaasik P, Riso EM. Review on aging,
unloading and reloading: Changes in skeletal
muscle quantity and quality. Arch Gerontol Geriatr
[Internet]. 2012 [acesso em 18 jan 2016];54(2):374-
80. Disponivel em: http://www.scienceditect.com/
science/article/pii/S0167494311001129.

12. Sallinen J, Stenholm S, Rantanen T, Heli6vaara M,
Sainio P, Koskinen S. Hand-Grip strength cut-points
to screen older persons at risk for mobility limitation.
J Am Geriatr Soc [Internet]. 2010 [acesso em 20 dez
2016];58(9):1721-6. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/20863331.



Rev. Bras. Geriatr. Gerontol., Rio de Janeiro, 2017; 20(5): 660-669

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bohannon RW. Hand-grip dynamometry predicts
future outcomes in aging adults. ] Geriatr Phys Ther
[Internet]. 2008 [acesso em 20 dez 2016];31(1):3-

10. Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/18489802.

Arvandi D, Strasser B, Meisinger C, Volaklis

K, Gothe RM, Siebert U, et al. Gender differences in
the association between grip strength and mortality in
older adults: results from the KOR A-age study.

BMC Geriatr [Internet]. 2016 [acesso em 15 jan
20171;16(1):1-8. Disponivel em: https://www.ncbi.
nlm.nih.gov/pmc/articles/ PMC5131446/.

Roberts HC, Denison HJ, Martin HJ, Patel HP,
Syddall H, et al. A review of the measurement of
grip strength in clinical and epidemiological studies:
Towards a standardised approach. Age Ageing
[Internet]. 2011 [acesso em 17 jan 2016];40(4):423-
9. Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/21624928.

Fess E. Grip Strength. 2nd ed. Chicago: American
Society of Hand Therapists; 1992.

Pereira LSM, Narciso FMS, Oliveira DMG, Coelho
FM, Souza DG, Dias RC. Correlation between
manual muscle strength and interleukin-6 (IL-0)
plasma levels in elderly community-dwelling women.
Arch Gerontol Geriatr [Internet]. 2009 [acesso em 30
jan 2017];8:313-6. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/18462819.

Bohannon RW. Reference values for extremity muscle
strength obtained by hand-held dynamometry from
adults aged 20 to 79 years. Arch Phys Med Rehabil
[Internet]. 1997 [acesso em 30 jan 2016];78(1):26-

32. Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/9014953.

Martin HJ, Yule V, Sydall HE, Dennison EM, Cooper
C, Sayer AA. Is hand-held dynamometry useful for
the measurement of quadriceps strength in older

people?: a comparison with the gold standard biodex
dynamometry. Gerontology. 2006;52(3):154-9.

Demura S, Sato S, Kitabayashi T. Percentage of

total body fat as estimated by three automatic
bioelectrical impedance analyzes. ] Physiol Anthropol
Appl Human Sci [Internet]. 2004 [acesso em 02 fev
2017];23(3):93-9. Disponivel: https://www.ncbi.nlm.
nih.gov/pubmed/15187381.

Rech C, Salomons E, Lima L, Petroski EL., Glaner
MF. Validity of Bioelectrical impedance analysis
for the estimation of skeletal muscle mass in elderly
women. Rev Bras Med Esp [Internet]. 2010 [acesso
em 10 dez 2016];16(2):95-8. Disponivel em: http://
www.scielo.bt/scielo.phpPscript=sci_arttext&pid
=S1517-86922010000200003.

22.

23.

24.

25.

26.

27.

28.

29.

Sowers M, Zheng H, Tomey K, Karvonen-
Gutierrez C, Jannausch M, Li X et al. Changes

in body composition in women over six years at
midlife: qvarian and chronological aging. | Clin
Endocrinol Metab [Internet]. 2007 [acesso em 20 dez
20161;13:895-901. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/17192296.

Alizadehkhaiyat O, Hawkes DH, Kemp GJ, Howard
A, Frostick SP. Muscle strength and its relationship
with skeletal muscle mass indices as determined by
segmental bioimpedance analysis. Eur ] Appl Physiol
[Internet]. 2013 [acesso em 08 dez 2016];114(1):177-
85. Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/24178819.

Charlier R, Mertens E, Lefevre J, Thomis M. Muscle
mass and muscle function over the adult life span:

a cross-sectional study in Flemish adults. Arch
Gerontol Geriatr [Internet]. 2015 [acesso em 07 jan
2016];61(2):161-7. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/26164372.

Kaya RD, Nakazawa M, Hoffman RL, Clark BC.
Interrelationship between muscle strength, motor
units, and aging. Exp Gerontol [Internet]. 2013
[acesso em 09 jan 2016];48(9):920-5. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/23832080.

Barbat-Artigas S, Rolland Y, Vellas B, Aubertin-
Leheudre M. Muscle quantity is not synonymous
with muscle quality. ] Am Med Dir Assoc
[Internet]. 2013 [acesso em 02 fev 2016];14(11):1-
7. Disponivel em: https://www.ncbi.nlm.nih.gov/
pubmed/23896368.

Iwamura M, Kanauchi M. A cross-sectional study of
the association between dynapenia and higher-level
functional capacity in daily living in community-
dwelling older adults in Japan. BMC Geriatr
[Internet]. 2017 [acesso em 10 dez 2016];17(1):1-6.
Disponivel em: https://www.ncbi.nlm.nih.gov/pmc/
articles/ PMC5210273/.

Samuel D, Wilson K, Martin HJ, Allen R, Sayer AA,
Stokes M. Age-associated changes in hand grip and
quadriceps muscle strength ratios in healthy adults.
Aging Clin Exp Res [Internet]. 2012 [acesso em 16
dez 2016];24(3):245-50. Disponivel em: https://www.
ncbi.nlm.nih.gov/pubmed/23114550.

Geraldes AAR, Oliveira ARM, Albuquerque

RB, Carvalho JM, Farinatti PTV. A forca de
preensdao manual ¢ boa preditora do desempenho
funcional de idosos frageis: um estudo correlacional
multiplo. Rev Bras Med Esporte [Internet]. 2008
[acesso em 16 dez 2016];14(1):12-6. Disponivel

em: http://www.scielo.bt/scielo.php?pid=S1517-
86922008000100002&script=sci_abstract&tlng=pt.



Relationship between strength and muscle mass

30. Legrand D, Adriaensen W, Vaes B, Mathei 33. Zampieri S, Mammucari C, Romanello V, Barberi L,
VC, Wallemacq P, Degryse ]. The relationship Pietrangelo L, Fusella A, et al. Physical exercise in aging
between grip strength and muscle mass (MM), human skeletal muscle increases mitochondrial calcium
inflammatory biomarkers and physical performance uniporter expression levels and affects mitochondria
in community-dwelling very old persons. Arch dynamics. Physiol Rep [Internet]. 2016 [acesso em 17
Gerontol Geriatr [Internet]. 2013 [acesso em 07 jan dez 2016];4(24):1-15. Disponivel em: https://www.ncbi.
2016];57(3):345-51. Disponivel em: https://www.ncbi. nlm.nih.gov/pmc/atticles/ PMC5210373/.
nlm.nih.gov/pubmed/23830056. 34. Sousa ACPA, Guerra RO, Thanh Tu M, Phillips

31. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie SP, Guralnik JM, Zunzunequi MV. Lifecourse
Y, Cederholm T, Landi F, et al. Sarcopenia: adversity and physical performance across countries
European Consensus on definition and diagnosis: among men and women aged 65-74. Plos One
Report of the European Working Group on [Internet]. 2014 [acesso em 05 jan 2016];9(8):1-10.
Sarcopenia in older people. Age Ageing [Internet]. Disponivel em: https://www.ncbi.nlm.nih.gov/
2010 [acesso em 10 jan 2016];39:412-3. Disponivel em: pubmed/25101981.
https://www.ncbi.nlm.nih.gov/pubmed/20392703. 35. Gomes CDS, Maciel ACC, Freire ADNF, Moreira

32. Abellan Van Kan G. Epidemiology and consequences MA, Ribeiro MDO, Guerra RO. Depressive

of sarcopenia. ] Nutr Health Aging [Internet]. 2009
[acesso em 18 dez 2016];13(8):708-12. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/19657554.

symptoms and functional decline in an elderly
sample of urban center in Northeastern Brazil. Arch
Gerontol Geriatr [Internet]. 2014 [acesso em 15 dez
2016];58(2):214-8. Disponivel em: https://www.ncbi.
nlm.nih.gov/pubmed/24256975.

Received: February 21, 2017
Reviewed: June 21, 2017
Accepted: August 31, 2017



