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Is there is an association between mass and skeletal muscle strength in

hospitalized elderly persons?

Abstract

Introduction: The variables mass and skeletal muscle strength contribute to the diagnosis
of sarcopenia. Objective: To evaluate the association between strength and skeletal muscle
mass in hospitalized elderly persons. Method: A cross-sectional study was carried outin a
private hospital in the city of Salvador in Bahia. The study included individuals =60 years
during their first and fifth day of hospitalization and who were neither sedated nor had
taken vasoactive drugs. Muscle mass was calculated using an anthropometric equation
and force was measured through handgrip strength. Muscle weakness was identified
as <20 kgf for women and <30 kgf for men, and reduced muscle mass was when the
muscle mass index was <8.9 kg/m? for men and <6.37 kg/m? for women. The Pearson
correlation was used to evaluate the relationship between mass and strength and the
accuracy of using mass to predict strength. Res#/ts: In 110 patients included, there was
a moderate correlation between mass and strength (R=0.691; p=0.001). However, the
accuracy of using mass to predict muscle strength was low (accuracy=0.30; CI 95% =
0.19-0.41; p=0.001). The elderly patients with muscle weakness were older than those
without muscle weakness, with no differences between the other variables. Conclusion:
There is a linear relation between skeletal muscle mass and strength, but mass did not
predict strength, which suggests that the two measures continue to perform independently.
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INTRODUCTION

Skeletal muscle is extremely important for
carrying out activities of day-to-day life. Among
the main variables that make up muscle function
are skeletal muscle mass, muscle strength and
physical performance, all of which contribute to
the diagnosis of sarcopenia.! The gradual and
generalized reduction of this skeletal muscle
strength and mass are associated with negative
outcomes such as physical incapacity, poor quality
of life and increased mortality.>?

Muscle mass can be defined as the quantity
or volume of skeletal muscle, whereas strength
is related to muscle contraction capacity. Muscle
strength can be obtained by evaluating grip strength,
which is measured with a handheld dynamometer.
This is an easy to use tool and serves as a substitute
method for measuring overall muscle strength.*
To assess the muscle mass of elderly persons, the
use of anthropometric prediction equations is a
more affordable alternative when compared with
methods such as magnetic resonance imaging and
computed tomography.*®

Longitudinal studies have shown that reduction
of muscle strength is more significant for predicting
mortality over the years than the reduction of
muscle volume.™® This shows that there is probably
no linear relationship between these variables, and
that it is necessary to understand the association
between mass and muscle strength. Thus, the
present study aimed to evaluate the association
between mass and skeletal muscle strength in
hospitalized elderly persons.

METHOD

An analytical study was carried out at the
Hospital da Cidade (the City Hospital), located
in Salvador, Bahia, from August 2013 to January
2014. The inclusion criteria were individuals
aged 60 or above; between their first and fifth
days of hospitalization; with a previous history
of functional independence for locomotion

(walking without external aids); medical permission
to ambulate and who did not use vasoactive,
inotropic medication or sedatives. Exclusion
criteria were a drop in oxygen saturation below
90% during assessment, an increase in heart rate
of approximately 30% of the base rate (before
starting the test), and those who presented dyspnea
or discomfort while performing the tests. However,
no patient was rejected due to these exclusion
criteria. The selection of individuals for inclusion
in the study was carried out by physiotherapists,
by means of daily checking of medical records on
an electronic system. The sample calculation was
based on the main objective of the initial project,
that is, to identify the frequency of sarcopenia in
hospitalized elderly persons, having adopted an
expected proportion of sarcopenia of 15% and a
7% margin of error.’

The primary variables were anthropometric
measurements (body weight in kilograms, height
in meters, skinfolds and limb circumference),
cognitive status evaluated by the Mini Mental
State Examination (MMSE), handgrip strength
and the Charlson index. The assessors were the
research physiotherapists themselves, who were
previously trained with the assessment tools in
order to minimize measurement bias.

The study was approved by the Research Ethics
Committee of the Escola Bahiana de Medicina
e Saude Publica (Bahia School of Medicine and
Public Health), under protocol number 336.469/13.
All participants of the research signed a Free and
Informed Consent Form.

Mensuration

Skeletal muscle mass was obtained using the
anthropometric equation of Lee, which had a
high correlation with magnetic resonance imaging
(MRI) scan® and dual-energy x-ray densitometry.”

The equation used for the elderly patients with
BMI <30 kg/m? to estimate skeletal muscle mass
was based on weight and height: [height (meters)



x (0.244 x body mass) + (7.8 x height) + (6.6 x
gender) — (0.098 x age) + (ethnicity — 3.3)].6

For the eldetly patients with BMI=30 kg/m?,
a specific anthropometric equation was used:*
[height x (CAC?x 0.007444 + 0.00088 x CTG*
+ 0.00441 x CCC?) + 2.4 x gender — 0.048 x age
+ ethnicity + 7.8]. Where: CAC= Corrected Arm
Circumference; CTG= Corrected Thigh Girth;
CCC= Corrected Calf Circumference.

The skinfold measurements (S) were taken by
trained assessors on the arm, thigh and medial part
of the calf; and the circumferences of the limbs
(C,,,) were also measured in the medial part of
the arm, thigh and calf within an accuracy of 1
mm, according to anthropometric standards."” The
Lange adipometer (USA) was used to measure the
thickness of skinfolds. Three measurements were
taken and the average of these was utilized. In order
to remove the fat component, the corrected value of
the circumference was calculated (C__ C.  —nxS).°

Subsequently, the skeletal muscle mass was
divided by height squared in order to obtain the
skeletal muscle mass index. The criteria used to
identify reduction in skeletal muscle mass was
based on the values of body mass index <6.37 kg/
m? for women and =8.90 kg/m?* for men, which
are equivalent to 20% of the lower percentile
encountered by Alexandre et al.,'" according to
studies by Newman et al.'”” and Delmonico et al.”

Grip strength measurement was used in
order to evaluate muscular strength. Individuals
were seated on a chair with elbows positioned at
90° and applied maximum force on the manual
Saehan dynamometer (Sachan Corporation, 973,
Yangdeok-Dong, Masan 630-728, Korea), which
is highly correlated with the Jamar dynamometer,
considered to be gold standard." This measurement
was performed three times with an interval of
one minute between each measurement, and the
highest result was utilized. The reference values
for gender and age in the identification of muscle
weakness were values of less than 20 kgf for women
and less than 30 kgf for men.*

Mass and muscle strength in elderly persons

Cognitive function was measured by means of
the MMSE, the variation of which is 0 to 30 points
and serves as a parameter for the characterization
of the sample group.” The Chatlson comorbidity
index'® was used for evaluation of the presence of
comorbidities in the hospitalized elderly persons,
since most of the individuals assessed were not
in the intensive care unit, which prevented the
measurement of other severity scores.

Statistical analysis

The data from the numeric variables was
described in averages and standard deviations
and the categorical variables were described in
proportions, with the respective confidence
interval. The correlation between muscle mass
and strength was obtained by means of the
Pearson correlation. The Kappa concordance
index was used to assess the concordance between
weakness and reduced muscle mass. In order to
evaluate the predictive capacity of mass in relation
to muscle strength, sensitivity, specificity and
accuracy were measured using the ROC curve
(Receiver Operator Characteristic). Regarding
the comparison of patients with and without
weakness, the Student’s 7 test for independent
samples was used. The analyses were carried out
using SPSS version 14.0.

RESULTS

In the sample of 110 elderly patients, the
average age was 71.0 (£ 8.5) and the Charlson
index was 5.4 (£ 1.8), with a predominance of
males (58.2%) and a clinical admission profile of
59.1%. Abdominal surgery (34.5%), heart problems
(20.0%) and pneumonia (13.6%) were the most
frequent reasons for admissions, and the average
time for carrying out the measurements was 2.7
days (Table 1). Among the elderly patients studied,
30.9% presented reduced muscle mass and 36.4%
had muscle weakness.
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Table 1. Descriptive sample data of the 110 hospitalized eldetly persons. Salvador, BA, 2013-2014.

Variables Average/sd n (%)
Age (years) 71.0(x8.5)
BMI (kg/m? 25.4(+4.7)
Low weight 32.7)
Normal 51 (46.4)
Overweight/obese 56 (50.9)
Gender
Masculine 64 (58.2)
Feminine 46 (41.8)
Hospitalization time (days) 2.7(x1.6)
Admission profile
Clinical 065 (59.1)
Surgical 45 (40.9)
Chatlson Index 5.4(x1.8)
MMSE 23.7(x5.0)
Skeletal muscle mass (kg) 219(x5.4)
Handgrip strength (kgf) 279(£9.4)

BMI= body mass index; MMSE= mini mental state examination; sd= standard deviation.

There was a moderate correlation between (K=0.45; p=0.001). In relation to the capacity of
skeletal muscle mass and strength (R=0.691;  muscle mass predicting strength, poor accuracy
»=0.001), as demonstrated in figure 1. In the = was also observed (accuracy=0.31; IC 95%=0.19-
analysis of reduced muscle mass and muscle  0.41; p=0.001) (Figure 2).
weakness, weak concordance was observed
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Figure 1. Correlation between appendicular skeletal muscle mass and muscle strength. Salvador, BA,

2013-2014.
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Figure 2. Accuracy of skeletal muscle mass for predicting muscle weakness. Salvador, BA, 2013-2014.
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In the comparison between patients with and
without muscle weakness, it was observed that
the elderly patients with muscle weakness were

older, with no significant difference in other
variables (Table 2).

Table 2. Intergroup comparison of elderly patients with and without muscle weakness. Salvador, BA,

2013-2014.
With weakness Without weakness
(n=40) (n=70) p
Age 75.2(x£9.8) 68.7(£6.7) 0.002
Chatlson 5.9(*1.9) 5.1(1.7) 0.638
MMSE 21.4(£5.3) 25.2(#4.2) 0.058
BMI 24.2(+4.9) 26.1(x4.4) 0.528
HTDC (days) 3.0(x£1.5) 2.5(*1.7) 0.088

MMSE= mini mental state examination; BMI= body mass index; HTDC: hospitalization time during collection.

DISCUSSION

In the present study, there was a moderate
correlation between strength and skeletal muscle
mass, corroborating other studies,"'® despite the
low correlation between reduced muscle mass
and muscle weakness. This study also identified
poor accuracy of muscle mass in predicting
muscle weakness, which demonstrates the need
for independent measurement of the two variables,
even when the patient has normal muscle mass.
This occurs because, despite muscle mass being
considered the fundamental variable for the
diagnosis of sarcopenia, some elderly persons may
have dynapenia, which is a reduction of muscle
strength and is not associated with reduced mass.

Orsatti et al.” also found a direct relationship
between muscle mass and strength in people
aged over 40. In this study, muscle strength was
evaluated in the muscle groups of limbs by means
of the one repetition maximum test (IRM) and
not by handgrip strength as in the present study.
Despite non-assessment of overall muscle strength,
grip strength reflects peripheral muscle strength,
which justifies its use in daily practice to identify
muscle weakness.” Clark & Manini®” reported

that loss of muscle strength related to age has
a weak association with loss of muscular cross-
sectional area. The present study did not evaluate
the reduction of mass and strength over time, given
that it is a cross-sectional study. However, it was
concluded that mass alone is not a good predictor
of strength due to the low accuracy obtained.

Studies evaluating these variables over periods
of years have demonstrated that muscular weakness
has greater influence than muscle mass reduction
on negative outcomes such as mortality.”® Cawthon
etal”' reported that muscle weakness (RR=1.52; CI
95%=1.3-1.78), reduced muscle density (RR=1.47,
CI 95%=1.24-1.73) and low gait speed (RR=1.70; CI
95%=1.45-1.98) increased the risk of hospitalization
during five years of monitoring, which was not
observed in relation to muscular mass. Therefore,
itis suggested that the focus of interventions should
be primarily on the variables of strength and physical
performance, rather than muscle mass alone.

Over time, it has been observed that the decline
in strength occurs in a more accentuated manner
than the reduction of skeletal muscle mass due to
factors associated with muscle quality being related
to this condition.””*> Muscle power generation



is influenced by several morphological factors,
which are related to tension per unit of mass, great
activation capacity of the neuromuscular system,
deterioration of contractile fibers, increase in the
percentage of muscle infiltration by fat tissue,
and decreased tendon stiffness, in addition to the
reduction of muscle mass itself.>**** These factors
may explain, in part, the low accuracy of mass in
predicting strength shown in the study.

In the present study, greater muscle weakness
was also observed in older individuals, as in
previous studies.” The causal factor may be related
to the reduced voluntary activation of contractile
tissue which is observed in individuals over the
years and with advanced age.”” Other information
in the present study that agrees with previous
studies was reduced cognitive function in elderly
individuals with muscle weakness, compared to
those with no weakness.*”

With regard to the two variables studied and
their impact on activities of daily living, studies
show that it is more important to monitor
strength in the elderly rather than muscle mass,
due to its significant association with physical
performance.”?¢ In this context, the manual
dynamometer is a useful tool for identifying
patients with muscular weakness, as it presents a
correlation with overall muscular strength, as well
as a correlation with mortality.>*" It is important
to note that strength deficit is not the only

REFERENCES

1. Cruz-Jentoft AJ, Baeyens JP, Bauer M, Boirie Y,
Cederholm T, Landi I, et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older
People. Age Ageing 2010;39(4):412-23.

2. Taeckema DJ, Gussekloo J, Maier AB, Westendorp
R, De Craen AJ. Handgrip strength as a predictor
of functional, psychological and social health. A

prospective population-based study among the oldest
old. Age Ageing 2010;39(3):331-7.

3. Ling C, Tackema DJ, Craen A, Gussekloo ],
Westendorp R, Maier AB. Handgrip strength and
mortality in the oldest old population: the Leiden 85-
plus study. CMAJ 2010;182(5):429-35.

Mass and muscle strength in elderly persons

determinant of worsening physical performance,
as there are other systems involved.*

The study has some limitations such as the fact
that it is a cross-sectional study, therefore making
it impossible to associate the evaluation of these
variables over time. Another limitation was the
use of a less accurate tool for quantification of
muscle mass, since the instruments considered
to be gold standard are expensive. However, the
anthropometric equation correlates well with
high accuracy instruments in addition to having
a lower cost and greater operational ease. Another
limitation was that the anthropometric equation
used for patients with a BMI 230 kg/m? is less
accurate for estimating muscle mass. This was
used on 12 of the total patient sample.

CONCLUSION

Despite the linear relationship between muscle
mass and strength in the sample of hospitalized
elderly persons evaluated, there was no correlation
between reduced muscle mass and muscle weakness,
and mass presented low accuracy for predicting
strength. This data reinforces the need for the
evaluation of mass and strength to be carried
out independently in the diagnosis of sarcopenia.
Further studies are required to identify the temporal
relationship between mass and muscle strength in
the elderly during periods of hospitalization.

4. Lauretani, F, Russo CR, Bandinelli S, Bartali B,
Cavazzini C, Di lorio A, et al. Age-associated changes
in skeletal muscles and their effect on mobility: an

operational diagnosis of sarcopenia. ] Appl Phys
2003;95(5):1851-60.

5. Rech CR, Dellagrana RA, Marucci MFN, Petroski
EL. Validity of anthropometric equations for the
estimation of muscle mass in the elderly. Rev Bras
Cineantropom Desempenho Hum 2012;14(1):23-31.

6. Lee RC, Wang Z, Heo M, Ross R, Janssen I,
Heymsfield SB. Total-body skeletal muscle mass:
development and cross-validation of anthropometric
prediction models. Am ] Clin Nutr 2000;72(3):796-803.

263



264

Rev. Bras. Gewite. GerontoL., Rio ot Janeiro, 2016; 19(2):257-264

10.

11.

12.

13.

14.

15.

16.

17.

Gale CR, Martyn CN, Cooper C, Sayer AA. Grip
strength, body composition, and mortality. Int |
Epidemiol 2007;36(1):228-35.

Newman AB, Kupelian V, Visser M, Simonsick EM,
Goodpaster BH, Kritchevsky SB, et al. Strength, but
not muscle mass, is associated with mortality in the

health, aging and body composition study cohort. |
Gerontol Ser A Biol Sci Med Sci 20006;61(1):72-7.

Martinez BP, Batista AKMS, Gomes 1B, Olivieri FM,
Camelier FWR, Camelier AA. Frequency of sarcopenia
and associated factors among hospitalized elderly
patients. BMC Musculoskelet Disord 2015;16(108):1-7.

Lohman TG, Roche AF, Mortel R. Antrhropometric
standardization reference manual. Champaign:
Human kinetics; 1998.

Alexandre TS, Duarte YAO, Santos JLF, Wong R,
Lebrao ML. Prevalence and associated factors of
sarcopenia among elderly in Brazil: findings from the
study SABE. | Nutr Health Aging 2014;18:284-90.

Newman AB, Kupelian V, Visse M, Simonsick E,
Goodpaster B, Nevitt M, et al. Sarcopenia. Alternative
definitions and associations with lower extremity
function. ] Am Geriatr Soc 2003;51(11):1602-9.

Delmonico MJ, Harris TB, Lee ]S, Visser M, Nevitt
M, Kritchevsky SB, et al. Alternative definitions
of sarcopenia. Lower extremity performance and

functional impairment with aging in older men and
women. ] Am Geriatr Soc 2007;55(5):769-74.

Reis MM, Arantes PMM. Medida da forca de preensio
manual: validade e confiabilidade do dinamometro
Sachan. Fisioter Pesqui 2011;18(2):176-81.

Lourenco RA, Veras RP. Mini-mental State
Examination: psychometric characteristics in eldetly
outpatients. Rev Saude Publica 2006;40(4):712-9.

Charlson ME, Pompei P, Ales K., MacKenzie CR.
A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. |
Chronic Dis 1987;40(5):373-83.

Newman AB, Haggerty CL, Goodpaster B, Harris T,
Kritchevsky S, Nevitt M, et al. Strength and muscle
quality in a well-functioning cohort of older adults:
the Health, Aging and Body Composition Study. |
Am Geriatr Soc 2003;51(3):323-30.

Received: April 24, 2015
Revised: October 21, 2015
Accepted: January 19, 2016

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Rolland Y, Czerwinski S, Abellan Van Kan G,
Mortley JE, Cesari M, Onder G, et al. Sarcopenia:
its assessment, etiology, pathogenesis, consequences
and future perspectives. ] Nutr Health Aging
2008;12(7):433-50.

Orsatti F1., Danalesi RC, Maesta N, Nahas EAP,
Burini RC. Muscle strength reduction is related to
muscle loss in women over the age of 40. Rev Bras
Cineantropom Desempenho Hum 2011;13(1):36-42.

Clark BC, Manini TM. What is dynapenia? Nutrition
2012;28(5):495-503.

Cawthon PM, Fox KM, Gandra SR, Delmonico M],
Chiou C, Anthony MS, et al. Do muscle mass, muscle
density, strength and physical function similarly
influence risk of hospitalization in older adults? ] Am
Geriatr Soc 2009;57(8):1411-9.

Manini TM, Clark BC. Dynapenia and aging:
an update. ] Gerontol Ser A Biol Sci Med Sci
2012;67(1):28-40.

Kim K, Jang S, Lim S, Park Y], Payk NJ, Kim
KW, et al. Relationship between muscle mass
and physical performance: is it the same in older
adults with weak muscle strength? Age Ageing
2012;41(6):799-803.

Baptista RR, Vaz MA. Muscle architecture and aging:
functional adaptation and clinical aspects; a literature
review. Fisioter Pesqui 2009;16(4):368-73.

Garcia PA, Dias JM, Dias RC, Souza R, Zampa C. A
study on the relationship between muscle function,
functional mobility and level of physical activity

in community-dwelling elderly. Rev Bras Fisioter

2011;15(1):15-22.

Woods JL, Luliano-Burns S, King SJ, Strauss BJ,
Walker KZ. Poor physical function in eldetly women
in low-level aged care is related to muscle strength

rather than to measures of sarcopenia. Clin Interv
Aging 2011;6:67-76.

Ali NA, O’Brien JM Jr, Hoffmann SP, Phillips G,
Garland A, Finley JC, et al. Acquired weakness, hand

grip strength, and mortality in critically ill patients.
Am J Respit Crit Care Med 2008;178(3):261-8.



