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Abstract

Background The loss of skeletal muscle mass (MM) or muscle function (MF) alone increases the risk for losing physical in-
dependence in older adults. We aimed to examine the independent and synergic associations of low MM and low MF, both
criteria of sarcopenia, with the risk for losing projected physical independence in later life (+90 years old).

Methods Cross-sectional analyses were conducted in 3493 non-institutionalized older adults (1166 males). Physical indepen-
dence was assessed with a 12-item composite physical function scale. Logistic regression was used to estimate the odds-ratio
(OR) for being at risk for losing physical independence.

Results Approximately 30% of the participants were at risk for losing physical independence at 90 years of age. Independent
analysis demonstrated that participants with low MM had 1.65 (95%CI: 1.27–2.31) increased odds for being at risk for losing
physical independence and participants with low MF had 6.19 (95%CI 5.08–7.53) increased odds for being at risk. Jointly, hav-
ing a low MM and a low MF increased the risk for losing physical independence to 12.28 (95%CI 7.95 to 18.96).

Conclusions Although low MM represents a risk factor for losing physical independence, low MF seems to play a more dom-
inant role in this relationship, with the presence of both sarcopenia criteria representing a substantial risk for losing physical
independence in later life.

Keywords sarcopenia; dynapenia; elderly; physical independence

Received: 26 November 2015; Revised: 7 July 2016; Accepted: 27 September 2016
*Correspondence to: L. B. Sardinha, Faculdade de Motricidade Humana, Universidade de Lisboa, Estrada da Costa, 1499-002 Cruz Quebrada – Dafundo, Portugal.
Email: lsardinha@fmh.ulisboa.pt

Introduction

The aging process is accompanied by inherent physiological
changes, which can lead to functional limitations that may
reach the point where the person cannot fully take-care of
them self with an inherent impact on family and medical
costs. Early detection of older adults at risk for losing physical
independence and better comprehension of the associated
factors are key determinants for healthy aging.1,2

The European Working Group on Sarcopenia in Older Peo-
ple as reached a consensus, defining sarcopenia as a syn-
drome characterized by progressive and generalized loss of
skeletal muscle mass (MM) and strength with a risk of

adverse outcomes such as physical disability, poor quality of
life and death.3 The working group recommends using the
presence of both low muscle mass and low muscle function
(MF) (assessed by strength or performance) for the diagnosis
of sarcopenia. The reduction of skeletal muscle mass along
with the loss of muscle strength3–5 have been linked to di-
minished health outcomes, including loss physical indepen-
dence, impairment in cognitive autonomy and an increased
risk for comorbidities and death in older adults.6–9 In older
adults the decline in muscle strength is two to five times
faster than the loss of skeletal muscle mass,10 suggesting a
loss in muscle quality11 with an impact on physical
independence.10,12,13
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Clark and Manini14 have previously suggested a conceptual
approach that dissociates the age associated losses in skeletal
muscle mass and muscle function. The authors additionally
emphasize that the loss in muscle function represents a

greater risk for poor health outcomes and physical depen-
dence than the loss of muscle mass. Accordingly, monitoring
muscle strength has greater feasibility and offers fewer limi-
tations than assessing skeletal muscle mass in everyday
practice.

The age related loss in muscle function has been associated
with a greater risk for slow gait speed and mobility
impairment when compared with obesity alone.16,17 Likewise,

low muscle function combined with abdominal obesity
increases the risk for metabolic change more than each
condition alone.18 Although both low muscle mass and low
muscle function predispose older adults to poor health
outcomes, there are differences in the associations of their

components with aging.10 For instances, it has been deter-
mined that combined obesity with low muscle function, but
not with low muscle mass, is predictive of the risk of falls in
older ages.19

Despite the evidence indicating that low muscle function
has a predominant role in health outcomes when compared
with low muscle mass, the presence of both criterion is re-
quired for the diagnose of sarcopenia. Recently, it has been

highlighted a heterogeneous predictive value for activities
of daily living (ADL) disability across the different muscle pa-
rameters that are currently used to diagnose sarcopenia.15

However, whether or not there are differences when consid-
ering the independent or the synergic role of muscle mass

and function in the projected ability for physical indepen-
dence in later life (+90 years old) is still unclear. Therefore,
the aim of this study was to examine the independent and
synergic associations of muscle mass and muscle function
with increased risk for losing physical independence in later

life.

Methods

Design and subjects

A total of 3493 participants were considered for data analysis

(1166 males and 2327 females). Data for the present study
were derived from a cross-sectional representative sample
of the community-residing Portuguese population, aged 65
and older, which included five sampling areas covering the
entire mainland of Portugal.20 The study was carried out in

full compliance with the Helsinki Declaration and approved
by the local ethics committee. All participants read and
signed the informed consent form before the testing
procedures.

Outcomes measures

Anthropometry
Participants were weighed to the nearest 0.1 kg, height was
measured to the nearest 0.1 cm, according to standardized
procedures21 (Seca, Hamburg, Germany), and body mass in-
dex (BMI) was calculated (kg/m2).

Skeletal muscle mass
Skeletal muscle mass was estimated using the Lee et al.22

equation and adjusted by height square to create the skeletal
muscle index (SMI). Following previous studies,23–25 low mus-
cle mass was categorized based on the lower 20th percentile,
which in the present sample corresponded to a SMI lower
than 9.1 kg/m2 for males and lower than 6.5 kg/m2 for
females.

Muscle function
Muscle function was estimated using the 30-s chair stand
test.26 Low muscle function was then classified based on
the 20th percentile for each sex adjusted for age and SMI.
This represented a cutoff of nine repetitions for males and
eight for females.

Physical independence
Having the physical ability needed to live independently was
assessed through self-report using the 12-item Composite
Physical Function (CPF) scale.26 The age-adjusted scoring op-
tion for defining moderate functioning that reflects projected
ability for physical independence at age 90 years was used in
this study. In participants aged 90 and older, the scoring re-
fers to current ability for physical independence.27 Accord-
ingly, physical independence was dichotomized as: low
functioning (high risk) and moderate to high functioning
(low risk).

Covariates
Self-reported education, medical history and medication
were assessed by interviewer-administered questionnaires.
Educational attainment was categorized as: (a) no formal
education, (b) 4 years of education, (c) 9 years of education,
(d) 12 years of education and (e) higher education. Medical
history for hypertension, elevated cholesterol or glycemia,
current medication, the presence of any long-standing condi-
tion (diabetes, asthma, cancer or cardiac disease) and current
smoking status were also reported and classified in two cate-
gories (yes or no). BMI was included as a continuous variable.

Statistical analysis
Analyses were performed with SPSS (v.22.0, 2013 SPSS Inc.,
Chicago, Illinois, U.S.A.). Descriptive statistics (mean ± SD)
were calculated for all outcome measurements.
Independent-sample Kruskal-Wallis test were used to com-
pare means between categories and groups of joint associa-
tion between low muscle mass and low muscle function
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categories. Logistic regression analyses, with dichotomized
physical independence as the dependent variable, were used
to estimate odds-ratio (OR) and 95% confident intervals (CI)
according to exposure categories: (1) muscle mass or muscle
function and (2) joint associations: muscle mass and muscle
function categories (normal muscle mass and normal muscle
function; normal muscle mass and low muscle function; low
muscle mass and normal muscle function; low muscle mass
and low muscle function). All analyses were adjusted for
age, sex, education, medical history for chronic disease, hy-
pertension, elevated cholesterol or glycemia, and current
medication status, and BMI as continuous variable. For all
tests significance was set at P< 0.05.

Results

Approximately 30% (22.5% males and 34% females) of the
participants were classified at high risk for losing physical in-
dependence at 90+ years. The participants’ characteristics are
summarized in Table 1.

The results for the independent association of muscle
mass and muscle function with the risk for losing physical in-
dependence in older adults are presented in Table 2. Partici-
pants with low muscle mass had a 1.65 (95% CI 1.27 to 2.31)
increased odds-ratios for being at risk for losing physical inde-
pendence comparing to normal muscle mass participants. In-
dependent analysis also demonstrated that low muscle
function was associated with an approximate six-fold increase
in the odds for being at risk for losing physical independence
(OR: 6.19, 95%CI 5.08 to 7.53).

The participants’ characteristics according to the joint cat-
egories of muscle mass and muscle function are summarized
in Table 3. Participants with a low muscle mass are older than
normal muscle mass participants (P< 0.05). The body weight
of older adults with low muscle mass was lower than partic-
ipants with normal muscle mass (P< 0.05). The CPF scores
were lower for participants with low muscle function, regard-
less of their muscle mass category, compared with the other
categories (P< 0.05).

The synergic associations of muscle mass and muscle func-
tion with the risk for losing physical independence are illus-
trated in Figure 1.

About 5% of the participants were within the low muscle
mass and low muscle function category (69.8% at risk for los-
ing physical independence), 15% in the low muscle mass and
normal muscle function category (28.6% at risk for losing
physical independence) and 15% in the normal muscle mass
and low muscle function category (57.5% at risk for losing
physical independence). Combined low muscle mass and
low muscle function participants (OR: 12.28, 95%CI 7.95 to
18.96), normal muscle mass and low muscle function partici-
pants (OR: 5.68, 95%CI 4.56 to 7.07) and low muscle mass
and normal muscle function participants (OR: 1.46, 95%CI
1.09 to 1.97) had increased odds for being at risk for losing
physical independence comparing to the normal muscle mass
and normal muscle function older adults.

Discussion

In the current investigation it was found that low muscle
mass and low muscle function, both criteria to diagnose
sarcopenia, independently predispose older adults for being
at risk for losing projected physical independence at older
ages (90+ years). Low muscle function seems to have the
greatest impact on the risk for physical dependence com-
pared with having low muscle mass alone. Additionally, there
seems to be a synergic role between both parameters as

Table 1 Participants’ demographic, anthropometric and muscular strength characteristics

All (n=3493) Males (n=1166) Females (n=2327)

Age (y) 75.05± 7.3 75.31±7.4 74.92± 7.3
Height (m) 1.57± 0.1 1.65±0.1 1.53± 0.1
Weight (kg) 69.38± 12.2 74.89±11.8 66.62± 11.5
Skeletal muscular mass (kg) 20.75± 5.6 27.07±3.4 17.57± 3.3
Skeletal muscular index 8.27± 1.6 9.91±1.0 7.45± 1.2
Body mass index (kg/m2) 28.03± 4.3 27.42±3.8 28.33± 4.6
30-s chair stand test (no rep.) 13.19± 5.8 13.48±5.6 13.04± 5.8
Composite physical function (score) 18.62± 6.4 19.75±6.1 18.05± 6.4

Table 2 Odds-ratio for being at risk for losing physical independence

N n (%) at risk Odds-ratio (95% CI)

Muscle mass
normal (reference) 2795 789 (28.2) 1.00
low 698 265 (38.0) 1.65 (1.27–2.31)

Muscle function
normal (reference) 2795 633 (22.6) 1.00
low 698 421 (60.3) 6.19 (5.08–7.53)

Model adjusted for sex, age, education, medical history for chronic
disease, hypertension, elevated cholesterol or glycemia, current
medication status and body mass index.
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older adults combining both low muscle mass and function
presented the highest risk for losing physical independence.

Sarcopenia is a multifactorial syndrome; the aging process
is responsible for a reduction in skeletal muscle mass of ap-
proximately 4.7% in males and 3.7% in females from the sev-
enth decade of life. These age-related changes seem to be
more pronounced in the muscles of the lower limbs,10 and
disuse, disease or anorexia accelerate these processes.28 Pre-
vious studies have highlighted low muscle mass as an inde-
pendent risk factor for impairment in mobility29 and
physical weakness.30 Corroborating these findings in the
present study, it was verified that participants within the low-
est muscle mass group were more likely to be at risk for phys-
ical dependence than their counterparts.

Recent data from longitudinal studies indicate that main-
taining or gaining muscle mass does not prevent aging-

related declines in muscle function.31 Loss of muscle function
after 75 years of age is two to five times faster than loss of
skeletal muscle mass10 and has a greater impact in the loss
of physical independence in older adults.10,25,31 In the pres-
ent study, participants with lower muscle mass had lower
scores in the CPF scale comparing to older adults with low
muscle mass. Additionally, having the lowest muscle function
was associated with increased odds for being at risk for losing
physical independence.

Low muscle quality and low muscle strength of the lower
limbs have been related to the loss of physical independence
and mobility.12,32,33 These conditions have been associated
with the aging process and aggregate factors, including re-
duced physical activity and associated diseases.10 Diagnosing
low muscle strength has been made with the use of handgrip
and isokinetic dynamometer force,11,23,25,34 and despite the
precision of these methods, their applicability in population
studies is limited. The 30-s CST provides a valid indicator of
functional muscle strength of the lower limbs in older
adults,35 with good reproducibility and low cost, and includ-
ing the functional component of muscle strength.36 In this
study, we used the 20th percentile to determine the cutoff
points for low muscle function, verifying that performing
fewer than nine repetitions in males and eight in females in-
creased the risk of losing physical independence. The 30-s
CST is suggested as a useful tool to diagnose low muscle func-
tion in population studies, interventions and clinical practice.

The independent associations of low skeletal muscle mass,
low muscle function and mortality risk were previously exam-
ined by Newman et al.,25 demonstrating that low skeletal
muscle mass does not explain the association between mus-
cular strength and mortality. Huang et al.37 found that low
muscle strength was associated with cognitive impairment
in multiple dimensions and global cognitive function, but
low muscle mass was associated only with impaired verbal
fluency. Scott et al.19 examined the relationship between
obesity, low muscle mass and low muscle strength with the

Table 3 Participants’ demographic, body composition and muscular strength characteristics according to joint muscle mass and muscle function
categories

Normal MM and MF
(n=2256, 757 males)

Normal MM low MF
(n=539, 176 males)

Low MM normal MF
(n=539, 191 males)

Low MM and MF
(n=159, 42 males)

Age (y) 73.71±6.6c,d 74.30±7.2c,d 80.06±7.8a,b 79.62± 7.3a,b

Height (m) 1.58±0.1c,d 1.57±0.1d 1.57±0.1d 1.54± 0.1a,b,c

Weight (kg) 73.81±10.4d,c 73.01±11.1c 56.07±7.7a,b 53.46± 7.7a,b

SMM (kg) 21.76±10.2c,d 21.64±5.3c,d 17.09±5.2a,b,d 15.69± 4.9a,b,c

SMI 8.64±1.4c,d 8.68±1.5c,d 6.83±1.4a,b 6.48± 1.3a,b

BMI (kg/m2) 29.27±3.7c,d 29.61±3.8c,d 22.84±2.1a,b 22.57± 2.5a,b

30-s CST (no rep.) 15.29±4.6b,c,d 6.48±3.8a,c,d 13.60±4.7a,b 4.69± 3.6a,b

CPF (score) 19.28±6.0b,c,d 14.61±7.6a,c,d 18.35±6.1a,b,d 12.26± 7.0a,b,c

Number at risk* 479 (21.2%) 310 (57.5%) 154 (28.6%) 111 (69.8%)

Abbreviations: MM, muscle mass; MF, muscle function; SMI, skeletal muscle index; BMI, body mass index; 30-s CST, 30-seconds chair
stand test; CPF, composite physical function scale; number the participants at risk for physical dependence.
aDifference vs normal MM and MF;
bDifference vs normal MM low MF;
cDifference vs low MM normal MF;
dDifference vs low MM and MF (P< 0.05).

Figure 1 Joint association of muscle mass (MM)/muscle function (MF)
categories [normal MM and MF; normal MM low MF; low MM normal
MF; low MM and MF] with the risk for losing physical independence in
older adults (n = 3493). *Results are presented as odds-ratio (95% confi-
dent intervals) Model adjusted for sex, age, education, medical history
for chronic disease, hypertension, elevated cholesterol or glycemia, cur-
rent medication status and body mass index.
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risk of falling, concluding that obesity combined with low
muscle strength but not with low muscle mass predisposes
older adults to the risk of falling. Alexander et al.23 demon-
strated that low muscle mass but not low muscle strength
was associated with an increased risk for impaired physical
independence. Cesari et al.15 have recently verified that the
different parameters that are present in the sarcopenia defi-
nition are heterogeneous in predicting the incidence of ADL
disability. In the current investigation, we observed that, al-
though participants with low muscle mass but normal muscle
function were at risk for losing physical independence
(OR = 1.5), the higher odds were observed in low muscle func-
tion older adults, regardless of their muscle mass status
(normal muscle mass but low muscle function: OR = 5.7; SD:
OR = 12.3).

From a practical point of view, the results presented in this
investigation show that despite the inherent risk of losing of
skeletal muscle mass with the aging process, the greater
damage seems to be the loss of muscle function and muscle
quality. Knowing that the loss of muscle function occurs
faster and with a greater magnitude than the loss of skeletal
muscle mass, it is of extreme importance to increase physical
activity in older ages and promote the practice of exercise
among older adults, with an emphasis in resistance training.
Indeed, resistance training seems to be the most effective
in maintaining and increasing muscle strength and quality in
this population.38,39 Even relatively short periods of interven-
tion are able to promote significant changes in muscle
strength and muscle quality.40

Strengths and limitations
The present study was performed with a large nationally rep-
resentative database of older adults. Regardless, the investi-
gation presents some limitations. In this study, skeletal
muscle mass was estimated with the use of an equation. Im-
aging techniques (computed tomography, magnetic reso-
nance and dual energy X-ray absorptiometry) provide more
accurate measures of skeletal muscle mass but are limited
in population studies. The Lee et al.22 equation provides a
valid alternative in determining the skeletal muscle mass in
older adults and can be used on a large scale with fewer as-
sociated costs, which facilitates its use in the clinical setting.

The current study was a cross-sectional design; longitudi-
nal studies should examine the association between low mus-
cle mass and low muscle function with physical dependence
to more definitively identify cause and effect.

Conclusions

Despite the fact that sarcopenia has been widely accepted
has the age-related loss of muscle mass and muscle function,
in the current investigation it was demonstrated that, inde-
pendently, older adults with low skeletal muscle mass or
low muscle function, both criteria to diagnose sarcopenia,
are more likely to be at risk for losing physical independence
in later life (90+ years). Although a low muscle mass repre-
sents a single risk factor for physical independence, muscle
function seems to have a leading role in this relationship,
and together, both conditions play a synergetic role in
increasing the risk for losing physical independence. Promot-
ing physically active aging with a focus on resistance training
programs, that not only aim to increase muscle mass but also
muscle strength and function, are determinant to postpone
physical dependence in later life.
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