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Preface to ”Prevention and Treatment of Sarcopenia”

Sarcopenia represents the decline in skeletal muscle mass and function with age, characterized

by the muscle fiber’s quality, strength, muscle endurance, and metabolic ability decreasing, as well as

the fat and connective tissue growing.

Reduction of muscle strength with aging leads to loss of functional capacity, causing disability,

mortality, and other adverse health outcomes. Because of the increase of the proportion of elderly in

the population, sarcopenia-related morbidity will become an increasing area of health care resource

utilization.

Diagnostic screening consists of individuation of body composition, assessed by DEXA,

anthropometry, bioelectrical impedance, MRI, or CT scan. Management is possible with resistance

training exercise and vibration therapy, nutritional supplements, and pharmacological treatment.

The book includes articles from different nationalities, treating the experimental and medical

applications of sarcopenia. The consequences of sarcopenia in frailty are treated in relation to other

associated pathologies or lesions, as femoral neck fractures and hepatocellular carcinoma.

Gianluca Testa

Editor

xi
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Abstract: Background: Prevalence estimates for sarcopenia vary depending on the ascertainment
criteria and thresholds applied. We aimed to estimate the prevalence of sarcopenia using two interna-
tional definitions but employing Australian population-specific cut-points. Methods: Participants
(n = 665; 323 women) aged 60–96 years old were from the Geelong Osteoporosis Study. Handgrip
strength (HGS) was measured by dynamometers and appendicular lean mass (ALM) by whole-body
dual-energy X-ray absorptiometry. Physical performance was assessed using gait speed (GS, men
only) and/or the timed up-and-go (TUG) test. Using cut-points equivalent to two standard deviations
(SDs) below the mean young reference range from the same population and recommendations from
the European Working Group on Sarcopenia in Older People (EWGSOP), sarcopenia was identified by
low ALM/height2 (<5.30 kg for women; <6.94 kg for men) + low HGS (<16 kg women; <31 kg men);
low ALM/height2 + slow TUG (>9.3 s); low ALM/height2 + slow GS (<0.8 m/s). For the Foundation
for the National Institutes of Health (FNIH) equivalent, sarcopenia was identified as low ALM/BMI
(<0.512 m2 women, <0.827 m2 men) + low HGS (<16 kg women, <31 kg men). Receiver Operating
Characteristic curves were also applied to determine optimal cut-points for ALM/BMI (<0.579 m2

women, <0.913 m2 men) that discriminated poor physical performance. Prevalence estimates were
standardized to the Australian population and compared to estimates using international thresh-
olds. Results: Using population-specific cut-points and low ALM/height2 + HGS, point-estimates
for sarcopenia prevalence were 0.9% for women and 2.9% for men. Using ALM/height2 + TUG,
prevalence was 2.5% for women and 4.1% for men, and using ALM/height2 + GS, sarcopenia was
identified for 1.6% of men. Using ALM/BMI + HGS, prevalence estimates were 5.5–10.4% for women
and 11.6–18.4% for men. Conclusions: This study highlights the range of prevalence estimates that
result from employing different criteria for sarcopenia. While population-specific criteria could be
pertinent for some populations, a consensus is needed to identify which deficits in skeletal muscle
health are important for establishing an operational definition for sarcopenia.

Keywords: sarcopenia; skeletal muscle; prevalence; muscle strength; physical functional perfor-
mance; epidemiologic studies; aging

1. Introduction

While sarcopenia is characterized by age-related declines in skeletal muscle mass,
strength and function, currently, there is no unanimously agreed operational definition
for sarcopenia [1–4]. Several operational definitions have been developed, notably by the
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European Working Group on Sarcopenia in Older People (EWGSOP1 and EWGSOP2) [3,5]
and the Foundation for the National Institutes of Health (FNIH) [4]. Sarcopenia parameters
usually include low muscle mass and low muscle strength or performance to identify sar-
copenia, but different algorithms have been proposed. For example, the EWGSOP suggests
that muscle mass be expressed relative to height, while the FNIH recommends adjustment
by BMI. Such disparities contribute to poor agreement in the literature between prevalence
estimates for sarcopenia [6–8]. Furthermore, the EWGSOP1, EWGSOP2 and FNIH present
different cut-points for identifying low muscle mass, strength and/or performance, which
have been identified on the basis of different criteria [4,5,9,10], using data largely from
European or American populations [3–5]. However, in the more recent EWGSOP2, refer-
ence data have been drawn from a range of populations [5], including Australia [11]. We
have recently published prevalence estimates for sarcopenia using criteria recommended
by the EWGSOP1, EWGSOP2 and FNIH [8], but there remains a lack of consensus about
whether or not population-specific reference data should be used to identify low muscle
mass and function [9,12]. The Australian and New Zealand Society for Sarcopenia and
Frailty Research (ANZSSFR) recently recommended EWGSOP1 criteria but suggested
employing population-specific cut-points [12].

The aim of this study was to calculate and compare prevalence estimates of sarcopenia
in a sample of older women and men using the EWGSOP and FNIH ascertainment criteria
but employing cut-points derived from the same population.

2. Methods
2.1. Study Design

The Geelong Osteoporosis Study (GOS) is a population-based, prospective study
in Australia. Further detailed information about the GOS is published elsewhere [13].
Participants were randomly selected from the electoral roll for the Barwon Statistical
Division until there were at least 100 women and 100 men in each 5-year age group from
20 to 69 years and 200 of each sex for age groups 70–79 years and ≥80 years [13]. Inclusion
criterion was a listing on the electoral roll for the Barwon Statistical Division; participants
were excluded if residency in the region was less than 6 months or if they were not able
to provide written informed consent. At baseline (1993–1997), an age-stratified sample of
1494 women was enrolled, with 77% response; in 2005, this sample was supplemented with
a further 246 women aged 20–29 years. Baseline data for 1540 men were collected during
2001–2006 (67% response). Participants were followed-up every few years. The study was
approved by the Barwon Health Human Research Ethics Committee. Written informed
consent was obtained from all participants.

2.2. Participants

Cross-sectional data from the 15-year assessment waves for women and men were
used in this analysis. To determine prevalence estimates of sarcopenia in older adults, we
included data from the 15-year assessment for 323 women (ages 60–95 years), collected
during 2010–2014, and for 342 men (ages 60–96 years), collected during 2016–2019. The
sample was almost entirely Caucasian (~98%).

2.3. Measures

Weight and height were measured to the nearest ±0.1 kg and ±0.1 cm and body mass
index (BMI) calculated as weight/height2 (kg/m2). Appendicular lean mass (ALM) (kg)
was obtained from whole-body dual-energy X-ray absorptiometry (DXA; Lunar Prodigy-
Pro, Madison, WI, USA), which provided lean mass measures for the arms and legs.
Short-term precision (calculated as the coefficient of variation on repeated whole body
scans) was 0.9% for ALM. ALM was expressed relative to height2 (ALM/height2, kg/m2)
or relative to BMI (ALM/BMI, m2).

Handgrip strength (HGS) was measured using a hand-held analog dynamometer
(Jamar, Sammons Preston, Bolingbrook, IL, USA) for women and a digital dynamometer
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(Vernier, LoggerPro3) for men. The testing procedure was demonstrated to participants
before the measurement trials. With the participant seated in a comfortable position and
the arm holding the dynamometer flexed at the elbow to 90 degrees, the participant was
asked to squeeze the device as hard as possible for several seconds and the peak reading
was recorded. This procedure was repeated for each hand. For women, the readings
were performed in duplicate on each hand with no time interval between trials, and for
men, trials were repeated in triplicate on each hand, holding the peak for 3 s with a 5-s
interval between trials. The mean of the maximum value for each hand was used in further
analyses. Measures from the Vernier device were transformed to Jamar equivalent values
according to the following equation: HGSJamar (kg) = 9.50 + 0.818*HGSVernier (kg) + 8.80*Sex,
where sex = 1 for men, which was developed by measuring the maximum HGS on each
device for 45 adults aged 21–67 years [8].

The timed up-and-go (TUG) test was used as a measure of mobility but also includes
static and dynamic balance [14]. This involved timing the participant (in seconds) to rise
from a chair (without armrests), walk to a marked line (3 m distance), turn around, return
to the chair and sit down. For men only, usual gait speed (GS, m/s) was also determined
by measuring the time taken (in seconds) to walk a distance of 4 m. All measures were
collected by trained personnel.

2.4. Population-Specific Cut-Points

Table 1 presents the Australian population-specific and international cut-points for the
components of sarcopenia. Population-specific cut-points were determined as equivalent
to 2 standard deviations (SDs) below sex-specific mean values for young reference groups
(age ≤ 49 years) generated from the same population, as previously described [11,15–17].
For women, the cut-point for low HGS was <16 kg [16]. Using the same approach, the mean
±SD for HGS among 111 men (ages 33–49 years) was 44.8 ± 6.9 kg, and thus, the cut-point
for low HGS was <31 kg. Low lean mass was identified as ALM/height2 <5.30 kg/m2 for
women and 6.94 kg/m2 for men [11], and low ALM/BMI as <0.512 m2 for women and
0.827 m2 for men [15], corresponding to T-scores < −2 [11,15].

Table 1. Applied threshold values for women and men used in different definitions.

Population-Specific Cut-Points

Women Men

ALM/height2 + HGS <5.30 kg/m2 + <16 kg <6.94 kg/m2 + <31 kg
ALM/height2 + TUG <5.30 kg/m2 + >9.3 s <6.94 kg/m2 + >9.3 s
ALM/height2 + GS - <6.94 kg/m2 + <0.8 m/s
ALM/BMI + HGS <0.512 m2 + <16 kg <0.827 m2 + <31 kg

ALM/BMIROC + HGS <0.579 m2 + <16 kg 0.913 m2 + <31 kg

International Cut-Points

ALM/height2EWGSOP1 + HGS (3) <5.67 kg/m2 + <20 kg <7.23 kg/m2 + <30 kg
ALM/height2EWGSOP1 + GS (3) - <7.23 kg/m2 + <0.8 m/s

ALM/height2EWGSOP2 + HGS (5) <5.5 kg/m2 + <16 kg <7.0 kg/m2 + <27 kg
ALM/height2EWGSOP2 + TUG (5) <5.5 kg/m2 + >20 s <7.0 kg/m2 + >20 s

ALM/BMIFNIH + HGS (4) <0.512 m2 + <16 kg <0.789 m2 + <26 kg

ALM: appendicular lean mass; ALM/height2: appendicular lean mass/height2; ALM/BMI: appendicular lean
mass/body mass index; HGS: handgrip strength; TUG: timed up-and-go; GS: gait speed; EWGSOP: European
Working Group on Sarcopenia in Older People; FNIH: Foundation for the National Institutes of Health; ROC:
receiver operating characteristic.

We used a cut-point of <0.8 m/s for GS to identify slowness (poor muscle perfor-
mance) in line with extant literature [2,6,18]. The mean ±SD for TUG among women was
6.98 ± 1.14 s, and thus, slow TUG was identified as >9.3 s. We also used TUG as a proxy
for GS [2,14] for men, and since the cut-points for slow GS are the same for both sexes in
the literature [3–5], we used the same threshold for TUG for both women and men.
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Furthermore, as the FNIH cut-points for ALM/BMI were identified on the basis
of discriminating clinically significant weakness [18], we estimated cut-points for low
ALM/BMI that best discriminated the presence or absence of slow TUG (>9.3 s) [2,6,9,18].
The locations of optimal cut-points were determined by the principle that the sensitivity
and specificity are closest to the value of the area under the receiver operating characteristic
(ROC) curve, and the absolute value of the difference between the sensitivity and specificity
is the smallest [19]. The ALM/BMI that best predicted slow TUG was <0.579 m2 (sensitivity
0.63, specificity 0.60) for women and <0.913 m2 (sensitivity 0.73, specificity 0.57) for men
(Appendix A Figure A1). The area under the ROC curve was 0.64 (95% CI 0.58–0.70) for
women and 0.68 (0.63–0.74) for men (p < 0.001).

2.5. Sarcopenia Ascertainment

Based on EWGSOP1 [3] and EWGSOP2 [5], sarcopenia corresponds to low ALM/height2

and low HGS (ALM/height2 + HGS); low ALM/height2 and slow GS (ALM/height2 + GS);
or low ALM/height2 and slow TUG (ALM/height2 + TUG). According to FNIH [4],
sarcopenia is defined as low ALM/BMI and low HGS (ALM/BMI + HGS) (Table 1).
Furthermore, severe sarcopenia was determined using a combination involving low lean
mass, muscle strength and physical performance, that is, ALM/height2 + HGS + TUG for
EWGSOP and ALM/BMI + HGS + TUG for FNIH.

2.6. Statistical Analysis

Data for women and men were analyzed separately. Histograms were used to check the
distribution of data for normality. Means and SDs were presented for normally distributed
data, and medians and interquartile ranges for skewed data. Prevalence for each age decade
was calculated. Age-standardized prevalence estimates (mean and 95% confidence interval
(CI)) were calculated according to 2011 census data from the Australian Bureau of Statis-
tics [20]. Age-adjusted multivariable logistic regression models were developed to examine
sex differences (pooled data) in the likelihood for sarcopenia. To compare prevalence estimates
obtained with different cut-points, the kappa coefficient (κ) and 95% CIs were calculated and
the strength of agreement was interpreted as small (κ < 0.40), medium (κ = 0.40–0.75) or high
(κ > 0.75) [7]. Analyses were performed using SPSS (v24, IBM SPSS Statistics Inc., Chicago, IL,
USA) and Minitab (v18, Minitab, State College, PA, USA).

3. Results
3.1. Participant Characteristics

Table 2 shows the participant characteristics. There were 12 women (3.7%) and 23 men
(6.7%) with low ALM/height2, 70 women (21.7%) and 110 men (32.2%) with low ALM/BMI
and 50 women (15.5%) and 87 men (25.6%) with low HGS. A slow TUG was recorded for
143 women (44.7%) and 169 men (49.7%) and a slow GS for 102 men (30.4%). Using the
cut-point values obtained from ROC curves, 162 (50.2%) women and 197 (57.6%) men were
identified as having low ALM/BMIROC.

Table 2. Participant characteristics. Data are presented as mean (±SD) or median (IQR).

Women (n = 323) Men (n = 342)

Age (yr) 70 (64–75) 70 (66–78)
Weight (kg) 74.0 (±15.4) 83.9 (±13.8)
Height (m) 1.59 (±0.06) 1.73 (±0.07)

BMI (kg/m2) 29.0 (±5.8) 28.0 (±4.1)
HGS (kg) 21 (±6) 36 (±6)

ALM/height2 (kg/m2) 6.60 (±0.79) 8.25 (±0.93)
ALM/BMI (m2) 0.593 (±0.102) 0.888 (±0.124)

TUG (s) 9.1 (7.9–10.8) 9.2 (8.0–10.7)
Gait speed (m/s) - 0.9 (±0.2)

BMI: body mass index; ALM: appendicular lean mass; HGS: handgrip strength; ALM/height2: appendicular lean
mass/height2; ALM/BMI: appendicular lean mass/body mass index; TUG: timed up-and-go. Missing data: HGS
n = 1 man; TUG n = 3 women, 2 men; GS n = 323 women, 7 men.
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There was a pattern of increasing prevalence of sarcopenia with advancing age in
both sexes across all the definitions (Table 3). The point estimates for men were higher
than for women, especially for those aged ≥80 yr; however, 95% CIs for different age
groups overlapped.

3.2. Sarcopenia Prevalence in Men Compared with Women

After adjusting for age, and according to FNIH-related definitions, men were more
likely than women to have sarcopenia; for ALM/BMI + HGS, odds ratio (OR) 2.45 (95%CI
1.32–4.56; p = 0.005) and for ALM/BMIROC + HGS, OR 2.27 (95%CI 1.39–3.72; p = 0.001).
When EWGSOP-related definitions were used, men appeared to be more likely than women
to have sarcopenia, but differences were not significant; for ALM/height2 + HGS, OR 2.8
(95%CI 0.77–10.5; p = 0.11), and for ALM/height2 + TUG, OR 1.5 (95%CI 0.6–3.7; p = 0.37).

3.3. Age-Standardized Estimates of Sarcopenia

The age-standardized estimates of sarcopenia according to different definitions and
population-specific cut-points are shown in Table 3 and Figure 1. Using ALM/height2 +
low HGS, point estimates for sarcopenia prevalence were 0.9% for women and 2.9% for
men. Using ALM/height2 + TUG, estimates were 2.5% for women and 4.1% for men,
and using ALM/height2 + GS, the estimate for men was 1.6%. Using ALM/BMI + HGS,
point estimates ranged from 5.5% to 10.4% for women and from 11.6% to 18.4% for men.
The prevalence estimates based on population-specific cut-points are shown in Figure 1
together with estimates based on recommended international criteria. Prevalence estimates
using international cut-points (shown in Figure 1) have been published elsewhere [8].

3.4. Agreement

Table 4 shows the levels of agreement between different definitions of sarcopenia
using international and population-specific cut-points. Levels of agreement ranged from
poor through to high (κ = 0.1–1 for women and 0–0.8 for men). Note that the 100%
agreement for women using the FNIH definition occurred because the international and
population-specific thresholds were the same, even though they were obtained using
different methods.
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κ

Figure 1. Prevalence estimates of sarcopenia for (A) women and (B) men aged 60 years and older.
Error bars show 95% confidence intervals. Bars for estimates using population-specific cut-points
are unshaded and those using international cut-points are shaded. EWGSOP: European Working
Group on Sarcopenia in Older People; FNIH: Foundation for the National Institutes of Health; ALM:
appendicular lean mass; GS: gait speed; HGS: handgrip strength; BMI: body mass index; TUG: timed
up-and-go.
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4. Discussion

We have reported sarcopenia prevalence in an Australian population using several cut-
points for EWGSOP and FNIH definitions. Using these cut-points, we obtained substantial
differences in prevalence estimates for sarcopenia, and the level of agreement between
definitions varied widely. Using population-specific cut-points equivalent to T-scores <−2,
the FNIH definition produced the greatest prevalence, while EWGSOP provided the lowest.
As the cut-point for low ALM/BMIROC that discriminated slow TUG was greater than
ALM/BMI T-score <−2, the prevalence estimates for sarcopenia were correspondingly
higher, and this was mainly a consequence of low ALM/BMIROC among the elderly.
Regardless, there was a pattern of increasing sarcopenia prevalence with advancing age
across all definitions.

The higher prevalence estimates for sarcopenia for older ages was also found in a
study in the Netherlands, where diagnostic criteria for sarcopenia influenced prevalence
estimates in a middle-aged cohort (mean age 61.8 years for n = 329 women and 64.5 years
for n = 325 men). The authors reported the prevalence of sarcopenia ranged from 0% to
15.6%, 0% to 21.8% and 0% to 25.8% in women aged <60, 60–69 and ≥70 years, respectively,
and from 0% to 20.8%, 0% to 31.2% and 0% to 45.2% in men aged <60, 60–69 and ≥70 years,
respectively. These results indicate an age-related increase in sarcopenia for all definitions
reflecting a decline in muscle mass and performance with age [6,21–23].

For both women and men, when applying population-specific cut-points, we ob-
served that for each age-decade, prevalence estimates were lower for EWGSOP than FNIH.
The age-standardized estimates were lower according to EWGSOP than FNIH for both
women and men. Dam et al. (2014) [7] of the FNIH research group reported that 2.3%
of women and 1.3% of men (proportions outside the 95% CIs of our estimates) in their
pooled samples from the USA were classified as having sarcopenia using FNIH, while
the prevalence was 13.3% for women and 5.3% for men using EWGSOP1 (point estimates
outside our 95% CIs for women, but not for men). Similarly, an Australian study by Sim
et al. [2] found that FNIH diagnosed fewer women with sarcopenia than EWGSOP (9.4% vs.
24.1%). In addition, Sim et al. [2] applied Australian female population-specific definitions
for FNIH (defined as ALM/BMI < 0.517 m2 + HGS < 17 kg) and EWGSOP (defined as
ALM/height2 < 5.28 kg/m2 + HGS < 17 kg). However, the percentage was similar after
harmonizing the cut-points.

Our results showed that overall, the agreement between FNIH and EWGSOP was poor,
regardless of the cut-points employed. The poor agreement between the original EWGSOP
(EWGSOP1) and FNIH definitions is well documented in a number of studies [6–8,24]. For
example, Dam et al. [7] examined the difference between FNIH definitions and EWGSOP1.
The agreement between the FNIH criteria (low HGS and low lean mass) and EWGSOP was
poor in women (κ = 0.14) and medium in men (κ = 0.53). However, to our knowledge, this
is the first study to examine the agreement between the EWGSOP and FNIH definitions
after applying population-specific cut-points in an Australian setting. Masanes et al. [25]
found that small differences in cut-points for low lean mass produced substantial variations
in prevalence estimates for sarcopenia, and our findings are consistent with their results.

Although the cut-points recommended by EWGSOP [3,5] were adopted from different
studies, the method for identifying deficits differed; while some identified low muscle
mass and poor performance using the lower portion of the population distribution, the
FNIH used a Classification and Regression Tree analysis [10] to identify clinically relevant
criteria [4]. In our study, the population-specific cut-points were consistently identified
using the lower portion of the population distribution, with the exception of ALM/BMI,
where we also used ROC curves to identify low ALM/BMI values that corresponded
to poor physical performance. There is still a need to reach a consensus as to which
deficits in skeletal muscle health, and the extent of these deficits, are important in defining
sarcopenia. Our results highlight disparities in prevalence estimates arising from the
thresholds employed, suggesting that population-specific cut-points might be useful in
certain populations.
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Our study has both strengths and weaknesses. The participants were selected at
random from the electoral roll and represent a broad adulthood age range. Almost the
entire sample was Caucasian, and this might limit the generalization of our results to other
ethnic groups in Australia and beyond. Whereas in this study, we used the mean of the
maximum HGS for each hand as being indicative of strength, in some other studies, the
maximum irrespective of handedness has been used. In recognition that the methods
reported in the literature to identify maximum HGS vary, our choice of one method over
another is a potential limitation. Prevalence data for sarcopenia in this study may have
been influenced by differential participation and retention bias related to muscle health.
Data were also lacking for participants who had physical impairments that prevented them
from performance testing. Although data for women and men were pooled to identify
sex differences, prevalence estimates for women and men have otherwise been analyzed
separately as they were collected at different times.

In conclusion, this study takes a step towards a response to ANZSSFR’s call to investi-
gate evidence-based cut-points for EWGSOP criteria for the populations of Australian and
New Zealand [12]. We have provided population-based data which will help clinicians and
researchers in the field establish new operational definitions for identifying individuals
with sarcopenia in the Australian population. However, it is yet to be decided which
deficits in skeletal muscle health are important in identifying sarcopenia. Until a univer-
sally agreed operational definition of sarcopenia exists internationally and in Australia,
prevalence data should be reported with consideration of the ascertainment criteria used
and, thus, interpreted in context.
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Figure A1. ROC analysis for optimal discrimination of slow timed up-and-go (TUG; slow TUG < 9.3 s)
for ALM/BMI ((A,B) for women and men, respectively). (A) ALM/BMI that best predicted slow TUG
(Women); (B) ALM/BMI that best predicted slow TUG (Men).
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Abstract: Sarcopenia is an age-related condition. However, the prevalence of sarcopenia may increase
due to a range of other factors, such as sleep quality/duration. Therefore, the aim of the study is
to conduct a systematic review with meta-analysis to determine the prevalence of sarcopenia in
older adults based on their self-reported sleep duration. Methods: Three electronic databases were
used—PubMed-Medline, Web of Science, and Cochrane Library. We included studies that measured
the prevalence of sarcopenia, divided according to sleep quality and excluded studies (a) involving
populations with neuromuscular pathologies, (b) not showing prevalence values (cases/control) on
sarcopenia, and (c) not including classificatory models to determine sleep quality. Results: high
prevalence values in older adults with both long and short sleep duration were shown. However,
prevalence values were higher in those with inadequate sleep (<6–8 h or low efficiency) (OR 0.76;
95% CI (0.70–0.83); Q = 1.446; p = 0.695; test for overall effect, Z = 6.01, p < 0.00001). Likewise, higher
prevalence levels were shown in men (OR 1.61; 95% CI (0.82–3.16); Q = 11.80; p = 0.0189) compared to
women (OR 0.77; 95% CI (0.29–2.03); Q = 21.35; p = 0.0003). Therefore, the prevalence of sarcopenia
appears to be associated with sleep quality, with higher prevalence values in older adults who have
inadequate sleep.

Keywords: muscle-mass; sleep efficiency; sleep duration; insomnia

1. Introduction

Together with the increment of the world population and life span over the years, a parallel
increase in chronic diseases [1] has been observed, such as sarcopenia. This pathology has become a
serious global public health problem [2] since it can lead to a considerable increase in costs due to the
frequency and duration of hospitalization, as well as an increase in the number of falls as a consequence
of muscle weakness [3,4]. In addition, people who suffer a high loss of muscle mass have an increased
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risk of other health problems, such as heart failure, chronic obstructive pulmonary diseases, kidney
failure [5] or osteoporosis [6] and, therefore, a greater risk of bone fracture, turning sarcopenia into a
major health problem that should be addressed in order to determine the possible factors associated
with sarcopenia.

Sarcopenia has been defined as a decrease and deterioration of muscle mass associated with
aging [7]. Thus, the skeletal muscle mass is progressively lost during aging and is partially replaced
by fat and connective tissue due to a reduction and leakage of type II fibers generated by a slow
degenerative neurological process [8]. This decrease in muscle mass due to aging also generates a
decrease in muscle strength and, therefore, a physical disability generating a functional limitation
(activities of the daily life) as well as a decrease in the life quality [9,10] with an associated increase in
the risk of mortality [11,12]. In addition, this muscle mass loss has a greater impact on women during
menopause as a consequence of the decrease in the estrogen levels after the fifth decade of life [13].
Sex differences in body composition are well known [14], with men having a higher cross-sectional
area in skeletal muscle than women and greater muscle in the upper body [15]. Additionally, women
are at higher risk of developing sarcopenic obesity due to increased fat and lower muscle mass [14].
Nevertheless, the results of prevalence related to sex are inconsistent [2]. In these circumstances, efforts
are required to identify the factors associated with sarcopenia and to implement interventions for the
prevention or the incidence reduction of this pathology among the elderly population [16], considering
sex as a modifying variable.

However, the loss of muscle mass (sarcopenia) is not only related to age and sex but also depends
on a number of endogenous and exogenous factors that influence the prevalence values of sarcopenia.
The most studied and validated factors that can generate an effect on the sarcopenia are age (main
moderating variable), genetic factors, birth weight, early growth, diet, physical activity, other chronic
diseases, and hormonal changes (secondary variables) [17,18]. In line with this, a recent systematic
review with meta-analysis on the general population [2] concludes that the prevalence of sarcopenia
can be modified by other factors such as race, nutrition, quality of life, and sex among others.

Nonetheless, the scientific literature shows a gap between the role that sleep quality could play
and the effects on the prevalence of sarcopenia. As Buchmann et al. (2016) [19] suggest, sleep is
associated with a biological and mental regeneration process. Moreover, Vitale et al. (2019) [20]
reported that the maintenance of circadian rhythms can be altered by aging and the development of
many chronic diseases, including sarcopenia. The preservation of circadian rhythm is very important
for the sustainment of cellular physiology, metabolism, and function in the skeletal muscle. Therefore,
people who have an inadequate sleeping time could have an increased risk of mortality compared
to those who sleep the recommended daily hours [21]. In addition, under low sleep conditions, the
cognitive abilities might be affected and can be an increment in the risk of mortality and falling in
older adults [22]. In this way, sex may also play a significant role in sleep quality, due to the fact that
women have a greater predisposition of insomnia found among different criteria, frequencies, and
duration [23]. Nevertheless, the association between muscle mass, sleep quality, and sex is not clear
yet and no studies have been found to support such affirmation.

Certainly, the lack of sleep not only leads to a deterioration of cognitive abilities but can also
have a negative effect at the cellular level on muscle physiology. It impairs muscle recovery due
to increased stimulation of protein degradation, which is detrimental for protein synthesis and
promotes muscle atrophy [24]. In addition to the negative effect on muscle mass, it has been associated
with cardiovascular disease [25], type II diabetes [26], hypertension [25], obesity [27], and colorectal
cancer [28]. In this regard, public health should include sleep duration/quality as one of the risk factors
associated with a large number of diseases.

Some correlational studies have determined the effect of sleep duration on muscle mass, showing
that less sleep duration or quality leads to a loss of muscle mass [29]. However, no meta-analyses
addressing the effect of sleep duration or quality on the prevalence of sarcopenia have been found.
Therefore, the objectives of this systematic review with meta-analysis are (1) to analyze the overall
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prevalence of sarcopenia in people with optimal sleep duration/quality compared to those with
inadequate sleep quality, (2) to analyze whether the prevalence of sarcopenia is correlated to the sex of
the participants. Our starting hypothesis is that people with poor rest show a higher prevalence of
sarcopenia than those who rest in better conditions and, in addition, men will have a lower prevalence
compared to women.

2. Experimental Section

2.1. Study Design

A systematic review with meta-analysis was performed following the recommendations of
PRISMA (preferred reporting items for systematic review and meta-analysis) [30]. All the analyses
were performed in duplicate (J.A.R.A. and L.A.), all disagreements on inclusion/exclusion were
discussed and resolved by consensus. The extrinsic characteristics of the publications and the
substantive characteristics—population, sex, associated pathology, habits of alcohol, tobacco, physical
activity, age, and BMI—were extracted from the studies that were finally included in the quantitative
analysis. Finally, the methodological characteristics—duration of sleep, quality of sleep, muscular
mass and presence or not of sarcopenia—were also considered. All subjects included in the analysis
were classified as cases or control differentiating sleep and sex.

2.2. Search and Data Sources

Three electronic databases were used: PubMed-Medline, Web of Science, and Cochrane Library.
The search was conducted without search date restriction and ended on 28 July 2019. The key search
words and strategy were “Sleep Disorders” OR “Sleep Deprivation” OR “Sleep Hygiene” OR “Sleep
duration” OR insomnia OR sleep* and “muscle mass” OR “muscular atrophy” OR sarcopenia.

2.3. Data extraction and Inclusion/Exclusion Criteria

The following inclusion criteria were considered: prevalence studies analyzing the effect of sleep
on sarcopenia and conducted in adults (>40). Studies were excluded if they included (a) populations
with neuromuscular pathologies, (b) studies that did not show prevalence values (cases/control) on
sarcopenia, and (c) studies that did not include classificatory models that allowed sleep quality to
be determined.

2.4. Outcomes

The variables to determine the prevalence of sarcopenia as a function of sleep were (1) the presence
or absence of sarcopenia, and (2) sleep quality. Sleep can be assessed to estimate adequate or inadequate
sleep in terms of quality or duration in different ways. For the questionnaires, adequate-sleep (sleep
well) for those who obtained between very good or quite good in the percentage of quality and
not-adequate-sleep (sleep bad), rather bad or very bad were considered [19]. Regarding the hours of
sleep, they were considered inadequate (<6–8) and adequate (≥8), following the recommendations of
the National Sleep Foundation [21].

2.5. Assessment of Risk of Bias

The Q-index was used to assess the methodological quality, a scale that allows us to quantify the
bias, obtaining a final score between 0 (minimum quality) and 1 (maximum quality). This rescaled
quality range (called Qi in MetaXL) has a monotonic relationship to ICC bias, defined as the variance of
the study bias divided by the sum of the variance of bias within and between studies [31,32]. Quality
analysis was performed on each study based on the method of assessing sleep quality and sarcopenia,
giving higher preference to the studies that measured the sleep with instruments previously validated
for this purpose, as well as sarcopenia with DXA or BIA. Therefore, the studies using both DXA
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and a validated questionnaire to analyze sleep quality were scored with 1. The following criteria
were conducted:

(Q1) Were the target population and the observation period well defined?: yes = 1 and no = 0;
(Q2) Diagnostic criteria, use of diagnostic system reported: sarcopenia = DXA or BIA and sleep

quality = instruments validated = 1 and own system/symptoms described/no system/not specified = 0;
(Q3) Method of case ascertainment: community survey/multiple institutions = 2, inpatient/

inpatients and outpatients/case registers = 1, and not specified = 0;
(Q4) Administration of measurement protocol: administered interview = 3, systematic case-note

review = 2, chart diagnosis/case records = 1 and not specified = 0;
(Q5) Catchment area: broadly representative (national or multi-site survey) = 2, small area/not

representative (single community, single university) = 1, and convenience sampling/other (primary
care sample/treatment group) = 0; and

(Q6) Prevalence measure: point prevalence (e.g., one month) = 2, 12-month prevalence = 1 and
lifetime prevalence = 0.

In addition, the overall publication bias of the studies was analyzed using the funnel plot, dividing
between older adults who slept well and those who had inadequate sleep.

2.6. Data Synthesis and Statistical Analysis

Meta-analysis and statistical analysis were performed using MetaXL software version 2.0 (Sunrise
Beach, Queensland, Australia). The prevalence of sarcopenia (cases vs. control) was initially calculated
in the included studies for random-effects model analysis (no transformation methods) and then
recalculated under a rescaled quality of bias effects model. For the analysis, the sleep category was
considered (sleep well and sleep poorly) for the calculation of the overall prevalence of sarcopenia,
and this method was applied under the random-effects model and effects in quality of the rescaled bias
using three possible transformations (None, Logit, and Arcsine) [31,32] to contrast the effects of the
prevalence of sarcopenia. In all cases, pooled prevalence values were shown, 95% CI, heterogeneity I2,
Cochran’s Q, chi2, p, tau2. On the other hand, the grouped odds ratios (OR) and their IC95% were
also calculated following a model of “quality effects” [31,33] to analyze the association between those
who sleep well (control) and those who sleep poorly (effect). In addition, OR and sleep category
analysis were estimated, excluding studies that did not report participants’ total hours of sleep and
only showed sleep quality [19,34]. Heterogeneity between studies was conducted using the I2 statistic,
and the variation between studies was calculated using the tau2 statistic (τ2) [35]. I2 values between
30–60% were considered as moderate levels of heterogeneity, while a value of τ2 > 1 suggested the
presence of substantial statistical heterogeneity. The minimum level of significance was set as p ≤ 0.05.

3. Results

3.1. General Characteristics of the Studies

A total of 551 items were identified from the selected databases, and 0/0 items were included
from other sources. After the removal of duplicated articles from the different databases, 361 titles and
abstracts, as well as 106 articles, were reviewed, and 255 were removed. Finally, statistical analysis was
performed on a total of 6 studies [19,34,36–39] (5 were performed in Asia and only 1 in Europe; Figure 1),
with a mean age of 68.7 years (range = 44–80 years). Table 1 shows the descriptive characteristics of
the studies included in our analysis. The selected studies included 6405 (990 cases and 5415 controls)
older adults with adequate sleep and 12,708 (1762 cases and 10,946 controls) adults with inadequate
sleep. However, only four studies contained data divided by sex (1232 men) including 142 cases with
adequate sleep and 95 cases with inadequate sleep. In addition, 1381 women were enrolled in the four
studies, with 109 cases in the adequate sleep group and 118 cases in the inadequate sleep group.
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Figure 1. Flow diagram of the process of study selection.
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3.2. Quality of the Studies

The assessment of the methodological quality of the studies included in the quantitative analysis
is summarised in Table 2.

Table 2. The score obtained by the studies on the quality scale.

Q1 Q2 Q3 Q4 Q5 Q6 M.S. Qi

Buchmann et al. 2016 [19] 1 1 2 3 1 2 10 1
Chien et al. 2015 [36] 1 1 2 3 1 2 9 1

Fu et al. 2019 [37] 1 1 0 3 1 2 7 0.8
Hu et al. 2017 [38] 1 1 2 3 1 2 10 1
Ida et al. 2019 [34] 1 0 0 3 0 2 7 0.6

Kwon et al. 2017 [39] 1 1 2 3 1 2 10 1

TS, Total score; Q1, Were the target population and the observation period well defined?; Q2, Diagnostic criteria; Q3,
Method of case ascertainment; Q4, Administration of measurement protocol; Q5, Catchment Area; Q6, Prevalence
measure. M.S. mean score; Qi stands for a quality rank.

When estimating a study quality, the mean score was 0.833 (range: 0.7–1). Three studies used
bioelectrical impedance analysis (BIA) [33,36], three DXA [19,38,39] and only one study used a
self-administered questionnaire [34]. Furthermore, three studies used the Pittsburg Sleep Quality
Index (PSQI) [19,34,36], and the other three assessed the sleep duration/quality with self-reports. In
addition, two studies [34,37] did not specify the case measurement system. The funnel plots suggest
the presence of significant publication bias (Figure 2).
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Figure 2. Funnel plot of the meta-analysis of the published studies. Each plotted point represents
the.standard error (SE) and the prevalence. (a) Sleep well, (b) sleep poorly.

3.3. Meta-Analysis

The overall results of the prevalence of sarcopenia in the studies included in our meta-analysis
revealed a high prevalence (Figure 3). When the methodological quality of the studies was considered
in the results (Table 2), the prevalence was decreased (Total = 19,677 participants, 2858 cases; 0.144,
95% CI (0.100–0.189); Q = 41.90, p = 0.0000) but maintaining a high heterogeneity (I2 = 88).
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χ χ

Prevalence
0.20.1

Study 

Fu et al.  

Kwon et al.  

Buchmann et al.  

Overall 

Q=43.18, p=0.00, I2=88%

Hu et al.  

Chien et al.  

Ida et al.  

    Prev (95% CI)          % Weight

   0.10  (  0.08,  0.12)     17.3

   0.14  (  0.14,  0.15)     20.2

   0.15  (  0.13,  0.17)     17.9

   0.16  (  0.14,  0.19)    100.0

   0.18  (  0.15,  0.22)     16.0

   0.19  (  0.15,  0.22)     15.2

   0.22  (  0.18,  0.27)     13.4

Figure 3. Overall prevalence of studies included in the analysis (method: random effects).

Results by Sleep Categories

The effects of the prevalence of sarcopenia sorted by categories are shown in Table 3. The
prevalence values are grouped by sleep quality categories (sleep well and sleep poorly).

Table 3. Prevalence. Pooled results and CIs for three categories by transformation method and model.

M
od

el Sarcopenia and Self-Report or PSQI Sarcopenia and Self-Report

Transf. Category Pooled LCI HCI
I2

(%)
Cochran’s

Q
χ2

(p)
tau2/

Q-Index
Pooled LCI HCI I2 Cochran’s

Q
χ2

(p)
tau2/

Q-Index

In
ve

rs
e

V
ar

ia
nc

e None
SW 0.056 0.053 0.059 95.786 118.642 0.000 0.052 0.049 0.055 94.549 55.035 0.000

SP 0.088 0.084 0.091 95.786 118.642 0.000 0.090 0.086 0.094 94.549 55.035 0.000

Logit SW 0.384 0.052 0.058 95.241 105.072 0.000 0.363 0.049 0.055 90.653 32.094 0.000

SP 0.616 0.084 0.092 95.241 105.072 0.000 0.637 0.087 0.095 90.653 32.094 0.000

Double
arcsine

SW 0.388 0.052 0.059 95.847 120.389 0.000 0.363 0.049 0.055 93.072 43.300 0.000

SP 0.612 0.084 0.092 95.847 120.389 0.000 0.637 0.087 0.095 93.072 43.300 0.000

R
an

d
om

eff
ec

ts None
SW 0.073 0.044 0.102 95.786 118.642 0.000 0.001 0.060 0.030 0.091 94.549 55.035 0.000 0.001

SP 0.090 0.061 0.119 95.786 118.642 0.000 0.001 0.093 0.062 0.124 94.549 55.035 0.000 0.001

Logit SW 0.460 0.046 0.103 95.241 105.072 0.000 0.264 0.399 0.041 0.083 90.653 32.094 0.000 0.126

SP 0.540 0.055 0.119 95.241 105.072 0.000 0.264 0.601 0.062 0.122 90.653 32.094 0.000 0.126

Double
arcsine

SW 0.453 0.044 0.102 95.847 120.389 0.000 0.018 0.395 0.036 0.086 93.072 43.300 0.000 0.011

SP 0.547 0.056 0.120 95.847 120.389 0.000 0.018 0.605 0.061 0.123 93.072 43.300 0.000 0.011

Q
u

al
it

y
eff

ec
ts None

SW 0.056 -0.001 0.113 95.786 118.642 0.000 1.698 0.052 0.000 0.104 94.549 55.035 0.000 1.356

SP 0.088 0.031 0.145 95.786 118.642 0.000 1.698 0.091 0.039 0.143 94.549 55.035 0.000 1.356

Logit SW 0.384 0.024 0.118 95.241 105.072 0.000 1.714 0.362 0.028 0.093 90.653 32.094 0.000 0.804

SP 0.616 0.040 0.182 95.241 105.072 0.000 1.714 0.638 0.051 0.158 90.653 32.094 0.000 0.804

Double
arcsine

SW 0.379 0.011 0.112 95.847 120.389 0.000 1.583 0.353 0.015 0.096 93.072 43.300 0.000 1.013
SP 0.621 0.030 0.155 95.847 120.389 0.000 1.583 0.647 0.042 0.148 93.072 43.300 0.000 1.013

Transf., transformation; HCI, higher CI; LCI, lower CI; SW, sleep well; SP, sleep poorly.

People who sleep well had lower values than those who sleep poorly and the prevalence in
all the sub-analyses was high, suggesting a prevalence of sarcopenia independently of the category.
However, the OR value was not significant (OR 0.81; 95% CI (0.41–1.60); Q = 34.04; p = 0.0000; test for
overall effect, Z = 0.12, p = 0.91) when analysing the relationship between sarcopenia and sleep quality.
Nonetheless, when the relationship between sleep quality and sarcopenia was analyzed after excluding
the Buchmann et al. [19] and Ida et al. [34] studies from the analysis due to high heterogeneity, the
sleep quality was associated with sarcopenia (OR 0.76; 95% CI (0.70–0.83); Q = 1.446; p = 0.695; test for
overall effect, Z = 6.01, p < 0.00001). Likewise, the subjects who self-reported fewer sleeping hours
showed a higher prevalence of sarcopenia.

Due to the high heterogeneity of the studies included in the meta-analysis, a gender analysis of
prevalence was performed (Figure 4). Only four studies provided sex-dependent data. Non-significant
associations for men (OR 1.61; 95% CI (0.82–3.16); Q = 11.80; p = 0.0189) or women (OR 0.77; 95%
CI (0.29–2.03); Q = 21.35; p = 0.0003) were observed. However, the heterogeneity still showed high
value in all the sub-analyses that were performed (including the quality of the studies and without
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any transformation), due to the heterogeneity of the methodologies, the types of studies and other
parameters that were not taken into consideration for the analysis of the prevalence of sarcopenia.

 

p y

Prevalence
0.40.30.20.1

Study or Subgroup  

Ida et al. MSW  

Hu et al. MSP 

Buchmann et al. MSW  

Sleep Well subgroup  

Sleep Poorly  

Q=14.90, p=0.00, I2=80%

Sleep Well  

Q=4.07, p=0.25, I2=26%

Overall 
Q=25.06, p=0.00, I2=72%

Hu et al. MSW 
Chien et al. MSW  

Sleep Poorly subgroup  

Chien et al. MSP  

Ida et al. MSP  

Buchmann et al. MSP  

    Prev (95% CI)          % Weight

   0.13  (  0.07,  0.21)      5.6

   0.15  (  0.10,  0.20)     16.1

   0.16  (  0.13,  0.19)     40.7

   0.17  (  0.14,  0.21)     62.3

   0.19  (  0.14,  0.25)    100.0

   0.21  (  0.11,  0.32)      6.0
   0.22  (  0.15,  0.31)     10.0

   0.23  (  0.14,  0.33)     37.7

   0.26  (  0.18,  0.34)     10.0

   0.26  (  0.17,  0.36)      4.6

   0.36  (  0.25,  0.47)      7.0

Figure 4. Prevalence of sarcopenia according to the sex of the participants. MSP, men sleep poorly;
MSW, men sleep well; SWP, women sleep poorly; and WSW, women sleep well.

4. Discussion

The main finding of this research is that those subjects having inadequate sleep show a higher
prevalence of sarcopenia values than those who reported adequate sleep. In addition, our results
revealed a high prevalence of sarcopenia in older adults.

The results showed that a higher prevalence of sarcopenia values from those who do not sleep
adequately were almost twice the value of the grouped prevalence, according to the model and the
transformation that were used in the analysis. In line with our findings, Chien et al. [36], observed
a significant association between sleep duration and the prevalence of sarcopenia on a sample of
488 adults (224 men and 264 women) from Taiwan, even though the assessment of sarcopenia was
performed by electrical bioimpedance (BIA). Moreover, in the only study carried out in Europe, focused
on the German subjects [19], similar results to those described above were observed, with the addition
of the association between the sleep length and the quantity of muscle mass and recommending
longitudinal studies to better understand the potential association. Similarly, Hu et al. [38] observed a
relationship between sleep hours and sarcopenia in a Chinese cohort (n = 920, 95 cases). However, in
this case, a U-shaped association in the prevalence of sarcopenia was obtained, in which older adults
with short or long sleep length obtained higher values compared to those with normal sleep duration.

One plausible explanation to this findings is that the participants with an inefficient sleep
may have differences in hormonal regulation (anabolic and catabolic balance), with elevated levels
of cortisol (catabolic hormone promoting protein degradation), and low levels of IGF-1 (anabolic
hormones promoting protein synthesis), developing a positive balance towards muscle degradation
and, therefore, favoring the loss of muscle mass [19,40]. Likewise, Buchmann et al. [19] also observed
elevated c-reactive protein (CRP) values. CRP is a pro-inflammatory cytokine and has been proposed
as a possible cause of muscular atrophy [41] and also associated with sleep deprivation in high
concentrations [42]. The sleep restriction generates hormonal imbalances and pro-inflammatory effects,
favoring the loss of muscle mass with age. This could be one reason for the higher prevalence of
sarcopenia values of sarcopenia in people with inadequate sleep. We must consider that the losses of
muscle strength and muscle mass are associated and, therefore, related to a decrease in the functional
capacity and quality of life [43]. Further studies to determine the effects of sleep deprivation in patients
diagnosed with sarcopenia are necessary.
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Interestingly, our results suggest a higher prevalence of sarcopenia in men compared to women
(men = 0.19, 95% CI (0.14–0.25); women = 0.15, 95% CI (0.09–0.22)). These results are in line with
previous studies in which the prevalence of sarcopenia can occur at earlier ages, as shown by
Kwon et al. [39]. They observed a prevalence of sarcopenia of 14.3% in a group of 16,148 Koreans
(44.1 ± 0.2 years), being higher in men (18.7%) than in women (9.7%). This can be explained by the
fact that men had a higher muscle mass compared to women, but also a larger magnitude in muscle
decrease was observed in men versus women as age increased [14]. On the contrary, in previous
studies where the prevalence of sarcopenia was identified at different age intervals, a lower prevalence
in men compared to women was observed [44]. Although age is the main causal effect of sarcopenia,
the prediction ratio of increased sarcopenia based on age is difficult to verify, due to the multitude of
factors that could have an influence in the prevalence values [45]. Nonetheless, it is estimated that the
prevalence of clinically significant sarcopenia ranges from 8.8% in elderly women to 17.5% in elderly
men, but it should be noted that these values may be higher or lower depending on the environmental
factors [46]. In our study, only four articles considered gender as a sarcopenia-modifying variable, with
very different methodologies and difficult interpretation. Therefore, the effect of sex on the prevalence
of sarcopenia is unclear and more studies are needed to determine this interaction.

In summary, a direct association between sleep duration and prevalence of sarcopenia were
confirmed in all the studies included in the quantitative data analysis. However, the interaction of
gender and sleep duration/quality is not entirely clear. Hu et al. [38] observed that the prevalence of
sarcopenia due to sleep deprivation was more pronounced in women. Similar results were described
by Chien et al. [36] and Ida et al. [34]. However, Buchmann et al. [19] reported poor associations
between sleep deprivation and the prevalence of sarcopenia in women. This discrepancy could be
justified based on the ethnicity of the participants [2] or the age range difference between the studies.
This higher and more evident prevalence in women could be associated with the negative effects of
menopause. Thus, a decrease in the estrogen levels during menopause could play a potential role in
decreasing the muscle mass after the fifth decade of life [13]. In addition, muscle mass seems to play an
important role in osteoporosis in women, since muscle contractions involve a mechanical load on the
bone that could promote the rate of bone regeneration [47]. Therefore, it could be stated that there is a
close link between muscle strength, muscle mass, and bone tissue [48]; and that menopausal women
are a sensitive population for the prevalence of sarcopenia, although to determine the gender role of
this prevalence more studies would be needed. In addition, physical activity and programmed exercise
should be considered, as it could play a relevant role in the prevalence of sarcopenia by improving
sleep quality [49].

Finally, the results of this review should be interpreted with caution, since several limitations
could be influencing them. For example, the high heterogeneity shown in the analyses could not be
corrected by means of the rescaled bias scale. Another point to consider is the origin of the studied
population. In five of the analyzed studies, the subjects cohort was from Asia, while only one single
study was performed using a European population and the way of measuring the cut-off point and
the provenance could be biasing the results [2], resulting in different tendencies between men and
women. Other limitations are the way in which the sarcopenia [6] is conceptualized, resulting in
prevalence variations due to the different techniques developed to measure sarcopenia, as well as the
classification of the pathologic incidence [50] and that sleep quality was only self-reported throughout
questionnaires and not objectively monitored; and the low number of articles included for the data for
quantitative analysis (low security measure).

5. Conclusions

The main conclusion is the observed association between sleep duration/quality and the prevalence
of sarcopenia. In addition, this prevalence seems to be higher in men than in women. These results
could have a practical application for the public health since it can help us to consider sleep quality as
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a risk factor, as well as the need to incorporate therapies in order to improve the sleep quality and to
reduce the negative effects of age-associated sarcopenia.
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Abstract: The objective was to evaluate the associations of psychological distress and sleep quality with
balance confidence, muscle strength, and functional balance among community-dwelling middle-aged
and older people. An analytical cross-sectional study was conducted (n = 304). Balance confidence
(Activities-specific Balance Confidence scale, ABC), muscle strength (hand grip dynamometer),
and functional balance (Timed Up-and-Go test) were assessed. Psychological distress and sleep
quality were evaluated by the Hospital Anxiety and Depression Scale and the Pittsburgh Sleep
Quality Index, respectively. Age, sex, physical activity level, nutritional status, and fatigue were
included as possible confounders. Multivariate linear and logistic regressions were performed.
Higher values of anxiety (OR = 1.10), fatigue (OR = 1.04), and older age (OR = 1.08) were associated
with an increased risk of falling (ABC < 67%). Greater muscle strength was associated with male
sex and improved nutritional status (adjusted R2 = 0.39). On the other hand, being older and using
sleeping medication were linked to poorer functional balance (adjusted R2 = 0.115). In conclusion,
greater anxiety levels and the use of sleep medication were linked to a high risk of falling and poorer
functional balance, respectively. No associations were found between muscle strength and sleep
quality, anxiety, or depression.

Keywords: fall risk; balance; muscle strength; anxiety; depression; sleep quality

1. Introduction

Aging brings with it a series of changes that can affect the mobility and independence of people [1].
These changes affect the mood and attitude towards their environment, and this depends largely on
the degree of acceptance of aging since it contributes to the feeling of happiness and satisfaction with
life, whose lack can cause feelings of loneliness and sadness [2].

Certain disorders associated with this process, such as anxiety and/or depression, are psychological
indicators of a decrease in quality of life [3]. Specifically, the prevalence of depression in the geriatric
population worldwide is 7%, and its incidence increases with age [4]. Conversely, the prevalence of
anxiety in people over 60 years old ranges between 0.7% and 18.6%, values far below those of younger
adults [5].

Sleep quality is a key contributor to good health, and its importance among the older population
cannot be overstated, given that sleep disorders and the difficulty to fall asleep become more common
with age [6]. It has been shown that although the need to sleep remains the same throughout
an individual’s life, the ability to get enough sleep does in fact decrease with age. This brings about
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several adverse health outcomes such as reduced physical function, depression, increased risk of falls,
and mortality [7].

Falls represent a major health care problem among older people and are linked to increased
morbidity, mortality, and health costs [8]. Around 30% of older people living in the community
experience a fall each year [9]. Fall risk factors have been studied in detail and include demographic,
environmental, and health-related factors [10]. Balance confidence is one of the most important
psychological factors linked to falls and the deterioration of balance, and its decrease can lead to
diminished independence and participation in activities of daily living, thus creating a vicious circle
that affects the quality of life and creates more isolated and dependent people [11]. On the other hand,
the impaired functional balance has been shown to be one of the most important predictors of falls [12].

Muscle strength also declines with age more sharply than muscle mass [13]. It has been reported
that muscle loss in older women decreases 3.7% per decade, however, strength decreases 15% per decade
until age 70 when the loss accelerates considerably [14]. Moreover, in 2018 the European Working
Group on Sarcopenia (EWGSOP2) listed low strength as a primary indicator of probable sarcopenia [15].
A decrease in muscle strength contributes to an elevated prevalence of falls and the loss of functional
capacity and is a major cause of disability, mortality, and other adverse health outcomes [16].

Not many studies have examined the impact of psychological distress and sleep quality on balance
confidence and function, and muscle strength in older people, which, in many cases, have shown
inconclusive results and have focused on sleep duration or insomnia. Based on all of the above,
the objective of this study was to evaluate the associations of psychological distress and sleep quality
with the risk of falling according to balance confidence, functional balance, and muscle strength among
community-dwelling middle-aged and older individuals.

2. Experimental Section

2.1. Study Design and Participants

An analytical cross-sectional study was conducted, to which end 315 community-dwelling
middle-aged and older people were initially contacted and 304 finally took part. Recruitment
was performed by contacting several senior centers from the Eastern Andalusia region. Prior to
the beginning of the study, all participants provided their written informed consent. The research was
approved by the Research Ethics Committee of the University of Jaén, Spain (NOV.18/2.TES), and was
conducted in accordance with the Declaration of Helsinki, good clinical practices, and all applicable
laws and regulations.

Community-dwelling ambulatory adults aged 50 years and older, able to understand and complete
the required questionnaires and willing to give written informed consent to participate in the study
were included in the protocol. Exclusion criteria were: conditions that limit physical activity, chronic
and/or severe medical disease or any neuropsychiatric disorder that could influence their responses to
the questionnaires.

2.2. Study Parameters

2.2.1. Balance Confidence

The Activities-specific Balance Confidence scale (ABC) was used to assess balance confidence
in the performance of activities of daily living [17]. This is a 16-item questionnaire that quantifies
the level of confidence in performing a specific task without losing balance or becoming unsteady [18].
Each item score ranges from 0–100%, and the total score is obtained by summing the ratings (0–1600)
and then dividing by 16. A higher percentage indicates a greater level of balance confidence. A score
of <67% has been identified as a reliable means of predicting a future fall [19]. This cut-off was used to
identify which participants were at high risk of falling.
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2.2.2. Muscle Strength

Muscle strength was assessed with an analog dynamometer (TKK 5001, Grip-A, Takei, Tokyo,
Japan). Participants were required to apply their maximum handgrip strength three times with
the dominant hand, each separated by 30 s. The maximal measured effort was regarded as their
handgrip strength [20].

2.2.3. Functional Balance

The Timed Up-and-Go (TUG) test [21] is a simple and valid method for predicting changes
in functional balance in older adults [22]. It is a sensitive and specific measure for identifying
community-dwelling adults who are at risk of falls [23]. In the TUG test, individuals rise from a seated
position on a chair, walk three meters, turn around, return, and sit down again. The time required to
complete this task was recorded.

2.2.4. Sleep Quality

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) [24,25]. It comprises
19 self-rated questions and 5 more (only used for clinical purposes) to be completed by bedmates
or roommates. The 19 items (ranged from 0–3) generate a total score and seven different domains
or subscales (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbance, use of sleeping medication, and daytime dysfunction). Higher scores indicate poorer
subjective sleep quality.

2.2.5. Psychological Distress

The Hospital Anxiety and Depression Scale (HADS) is a self-administered questionnaire widely
used to assess psychological distress in the general population [26,27]. This questionnaire contains
14 items, 7 related to anxiety symptoms, and 7 to depressive symptoms. Each item ranges from 0–3,
and the total scores for both anxiety and depression range from 0 to 21, with higher scores indicating
more severe symptoms.

2.2.6. Fatigue Severity

In order to assess fatigue severity during the last 7 days, the Fatigue Severity Scale was used [28].
This questionnaire consists of 9 items (rated from 1–7) and produces a total score where larger values
imply greater fatigue.

2.2.7. Nutritional Status

The Mini Nutritional Assessment survey (MNA) was used to evaluate nutritional status [29,30].
It has 18 questions that include anthropometric measures, health status, dietary patterns, and subjective
assessments of nutritional and health status. Higher scores indicate better nutritional status.

2.2.8. Physical Activity Level

Physical activity level was assessed with the International Physical Activity Questionnaire-Short
Form (IPAQ-SF) [31]. It consists of seven items that measure physical activity within three intensity
levels (walking, moderate, and vigorous) during an average week. Physical activity was evaluated by
combining the activity score of both moderate and vigorous-intensity activity (min/day) for each work
and recreational activity domain. Responses were converted to Metabolic Equivalent Task minutes per
week (MET-min /week) according to the scoring protocol.

2.3. Sample Size Calculation

For sample size calculation, at least 20 subjects per variable are required in the linear regression
model [32], while a minimum of 10 subjects per variable was needed in the logistic regression model [33].
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Since 15 possible predicting variables were considered (7 domains plus the total score of the PSQI,
anxiety, depression, as well as physical activity level, nutritional status, fatigue, sex, and age as possible
confounders), over 300 subjects were required for the purposes of our analysis. The final number of
participants was 304.

2.4. Statistical Analysis

Continuous variables were described using means and standard deviations, and for categorical
variables frequencies and percentages were used. The Kolmogorov–Smirnov test was performed to
evaluate the normal distribution of the data. To analyze the differences between participants with
and without risk of falling (ABC), Student’s t test (continuous independent variables), and the Chi-squared
test (sex) were used. In order to analyze the independent associations, a multivariate logistic regression
was performed. Those variables with significant individual associations (p < 0.05) were selected for
the stepwise logistic regression model. The odds ratio (OR) can be considered as significant when the 95%
confidence interval (CI) does not include 1.00. The Chi-squared and Hosmer–Lemeshow tests were
conducted to assess the overall goodness-of-fit for each of the steps of the model, as well as for the final
model. To explore the possible individual associations of muscle strength and functional balance with
PSQI, HADS, FSS, MNA, and IPAQ-SF scores, as well as with age (independent variables), Pearson’s
correlation was used. As for the analysis of the independent associations, the same procedure was
applied, but using a stepwise multivariate linear regression. Functional balance and muscle strength were
individually introduced as dependent variables in separate models. We first looked into the bivariate
correlation coefficients, and any independent variables with significant associations (p < 0.05) were
included in the multivariate linear regression. Adjusted R2 was used to calculate the effect size coefficient
of multiple determination in the linear models. R2 can be considered insignificant when <0.02, small if
between 0.02 and 0.15, medium if between 0.15 and 0.35, and large if >0.35 [34]. A 95% confidence level
was used (p < 0.05). Data management and analysis were performed using the SPSS statistical package
for the social sciences for Windows (SPSS Inc., Chicago, IL, USA).

3. Results

A total of 304 participants (72.04 ± 7.88 years) took part in this study. When studying the ABC
score (23.42 ± 7.25), 24.01% of participants were at risk of falling. The analysis revealed (Table 1) that
participants with an ABC score < 67 were individually associated with the largest values of anxiety
(p = 0.002), depression (p = 0.001), fatigue (p = < 0.001), increased age (p < 0.001), and worse nutritional
status (p = 0.002).

Table 1. Individual differences according to the risk of falling.

All Participants
(n = 304)

Risk of Falling (ABC)

No (n = 231) Yes (n = 73) p-Value

Mean SD Mean SD Mean SD

PSQI Sleep quality 1.01 0.82 1.00 0.80 1.04 0.87 0.738
Sleep latency 1.18 1.09 1.16 1.08 1.26 1.11 0.475
Sleep duration 1.00 0.97 1.00 0.98 1.01 0.94 0.890
Sleep efficiency 0.95 1.10 0.97 1.11 0.90 1.08 0.658
Sleep disturbances 1.23 0.58 1.22 0.57 1.27 0.61 0.461
Use of sleeping
medication

1.01 1.34 1.02 1.34 0.97 1.34 0.804

Daytime
dysfunction

0.49 0.63 0.46 0.61 0.59 0.68 0.130

Total score 6.87 4.70 6.82 4.58 7.04 5.11 0.725
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Table 1. Cont.

All Participants
(n = 304)

Risk of Falling (ABC)

No (n = 231) Yes (n = 73) p-Value

Anxiety 5.74 4.02 5.34 4.07 7.01 3.58 0.002
Depression 4.99 3.44 4.62 3.38 6.14 3.39 0.001
Physical activity level,
MET-min/week

1367.96 2213.43 1310.16 1817.89 1549.29 3157.97 0.422

Nutritional status 26.31 2.08 26.52 1.99 25.64 2.22 0.002
Fatigue 21.33 15.25 18.87 13.96 29.14 16.58 <0.001
Age, years 72.04 7.88 70.99 7.27 75.38 8.82 <0.001

n % n % n %

Sex Male 255 83.88 37 16.02 12 16.44 0.932
Female 49 16.12 194 83.98 61 83.56

ABC: Activities-Specific Balance Confidence Scale. MET: Metabolic Equivalent of Task. PSQI: Pittsburgh Sleep
Quality Index. SD: Standard Deviation.

The multivariate logistic regression that looked into the risk of falls as assessed with the ABC score
revealed several significant results. Higher values of anxiety (OR = 1.10, 95% CI = 1.02–1.18), fatigue
(OR = 1.04, 95% CI = 1.02–1.06), and older age (OR = 1.08, 95% CI = 1.04–1.12) were independently
associated with ABC scores < 67%. The Hosmer–Lemeshow test showed a good fit of the model
(Chi-squared = 2.403, p = 0.966), which was able to classify correctly 78.29% of all participants at high
risk of suffering a future fall, according to the ABC score (Table 2).

Table 2. Multivariate logistic regression analyses for factors associated with the risk of falling
(determined through the ABC score).

OR 95% CI p-Value

Risk of falling (ABC)

Anxiety 1.10 1.02–1.18 0.012

Fatigue 1.04 1.02–1.06 0.000

Age 1.08 1.04–1.12 0.000

ABC: Activities-Specific Balance Confidence Scale. CI: Confidence Interval. OR: Odds Ratio.

As for functional balance (9.86 ± 2.91 s) and muscle strength (19.43 ± 6.42 kg), the individual
associations are shown in Table 3. Muscle strength was only associated with anxiety (p = 0.001), fatigue
(p = 0.020), and nutritional status (p = 0.038), whereas poor functional balance was related to greater
age (p < 0.001) and physical activity level (p = 0.035), as well as with the use-of-sleeping-medication
domain in PSQI (p = 0.028). Regarding sex differences, men displayed greater muscle strength (both p

< 0.001), but worse functional balance (p = 0.005).

Table 3. Pearson’s correlations of functional balance and muscle strength, with PSQI scores
and possible confounders.

Muscle Strength Functional Balance

r p-Value r p-Value

PSQI Sleep quality 0.06 0.264 0.03 0.654
Sleep latency 0.07 0.231 0.00 0.950
Sleep duration 0.05 0.427 0.02 0.790
Sleep efficiency −0.00 0.963 −0.02 0.747
Sleep disturbances 0.01 0.808 −0.02 0.665
Use of sleeping
medication

0.03 0.602 0.13 0.028

Daytime dysfunction 0.01 0.854 0.04 0.474
Total score 0.05 0.416 0.04 0.464
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Table 3. Cont.

Muscle Strength Functional Balance

r p-Value r p-Value

Anxiety −0.18 0.001 0.05 0.355
Depression −0.08 0.191 0.08 0.174
Nutritional status −0.12 0.038 −0.05 0.401
Fatigue −0.14 0.017 0.06 0.281
Age, years −0.104 0.070 0.33 0.000

Physical activity level (MET-min /week) 0.103 0.075 −0.12 0.035

MET: Metabolic Equivalent of Task. PSQI: Pittsburgh Sleep Quality Index. r: Pearson’s Correlation Coefficient.

Lastly, the linear regression analysis (Table 4) revealed that greater muscle strength was
independently associated with the male sex (p < 0.001) and a better nutritional status (p = 0.001),
and the effect size was large (adjusted R2 = 0.392). On the other hand, being older (p < 0.001) and the use
of sleeping medication (p = 0.033) were linked to poorer functional balance, although the effect size
was small (adjusted R2 = 0.115).

Table 4. Multivariate linear regression analyses for functional balance and muscle strength.

B β 95% CI p-Value

Muscle strength
Sex −10.74 −0.62 −12.28 −9.21 <0.001

Nutritional status 0.44 0.14 00.17 0.71 0.002

Functional balance
Age 0.12 0.34 −0.09 −0.16 <0.001

Use of sleeping medication 0.27 0.12 0.04 0.50 0.023

B: Unstandardized Coefficient. β: Standardized Coefficient. CI: Confidence Interval. MET: Metabolic Equivalent of
Task. PSQI: Pittsburgh Sleep Quality Index.

4. Discussion

The objective of this study was to evaluate the associations of psychological distress and sleep
quality with balance confidence, functional balance, and muscle strength among community-dwelling
middle-aged and older individuals. In our study, anxiety, fatigue, older age, and the use of sleeping
medication were shown to be associated with the risk of falling and poorer functional balance. Muscle
strength was associated with being male and nutritional status.

In general, balance confidence scores are able to predict perceived physical function and even
mobility in older adults [35]. Similar to our own study, a previously published paper also employed
regression models to find a significant association of anxiety with confidence in balance, while
depression was shown to be associated with avoidance of activity [36]. A systematic review with
meta-analysis found an association between balance confidence and anxiety [37], and a similar link was
established between depression and level of physical activity [38]. Regarding the association of age
with balance confidence, Medley et al. [39] reported that participants with low balance confidence were
older than those who reported high balance confidence. In our study, only anxiety, age, and fatigue
were independently associated with the balance confidence. To our knowledge, this is the first
study to observe an association between confidence in balance and fatigue in healthy middle-aged
and older people, although there are studies that demonstrate this association, but in people with some
pathology [40,41].

Muscle strength plays an important role in the execution of many activities of daily living and is
considered an indicator of functional decline among community-dwelling older adults [42]. Low
grip strength is predictive of poor outcomes and indicative of prolonged hospital stays, increased
functional limitations, poor quality of life, and death [43]. For example, it has been shown that people
who have a high level of grip strength have a significantly lower fear of falling than those who show
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lower levels [44,45]. In addition, it has been observed that the strength of the abductor muscles can
identify older adults at risk of falling [46]. A recent study looking into the association between falls
and lower-limb strength failed to find any link at a one-year follow-up [47]. Our study found no
associations whatsoever between muscle strength and sleep quality, and increased muscle strength
was independently associated only with being male (as in previous studies by Buchman et al. [48])
and with improved nutritional status. Other authors have agreed before that a poor diet is significantly
associated with lower muscle strength, but they also linked it to lower physical function, longer TUG
test time, depression, and risk of falling [49], although the results of the present study should be
interpreted with caution since they are correlations and a cause-effect relationship cannot be established.
Some recent studies even recommend the intake of supplementary proteins given their significant effect
in increasing muscle mass and strength among elderly people with sarcopenia [50]. We must consider,
however, that disparities in the literature may be due to a variety of population ages, measurement
methods, and educational and cultural levels, which may have a confounding effect.

Balance confidence contributes to functional mobility performance [39], and there seems to be
a strong link between balance self-efficacy and function capabilities [51]. A study by Brandão et al. [52]
identified an association between excessive daytime sleepiness and quality of life, and also characterized
the profile of older adults with poor sleep quality. Sleep duration is associated with inflammation
markers (serum interleukin-6, tumor necrosis factor α, and C-reactive protein) in older adults, and in
turn with mortality [53]. Loss of functional balance, as measured by the TUG test, is known to be one
of the first signs of aging and is considered a marker for general health that is strongly associated with
the risk of mortality [54]. In our results, and as far as individual associations are concerned, higher age,
poorer sleep quality (use of sleep medication), and decreased levels of physical activity were linked
to lower TUG scores. However, in the multivariate analysis model, such associations only held for
the first two variables (age and poor sleep quality). The results of a study conducted among women
indicate that a shorter sleep duration increased wakefulness after sleep onset, and decreased sleep
efficiency are risk factors for functional or physical impairment in older women [55].

There are some limitations to our study that must be acknowledged. Firstly, its cross-sectional
design did not allow for the evaluation of causal relationships. Secondly, sleep quality was assessed
using self-report methods, and therefore the influence of recall bias must be considered. Thirdly, our
study was conducted among people from a specific geographic area, and any generalization of its
results should be limited to individuals with characteristics similar to those of our population sample.
Future studies should consider exploring prospective designs, employing objective sleep quality
assessment methods (polysomnography or actigraphy), and applying them to a general population of
older adults.

5. Conclusions

Among middle-aged and older Spanish people, greater levels of anxiety and fatigue, as well as
older age were associated with an increased risk of falling (assessed with the Activities-specific Balance
Confidence scale). No associations were found with sleep quality and depression. Greater muscle
strength was associated with being male and having a better nutritional status. Finally, increased age
and the use of sleeping medication were linked to poorer functional balance.
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Abstract: Dynapenia is a key contributor to physical frailty. Cognitive impairment and dementia
accompany frailty, yet links between skeletal muscle and neurocognition are poorly understood.
We examined the cross-sectional relationship between lower limb muscle strength and global cogni-
tive function. Participants were 127 women aged 51–87 years, from the Geelong Osteoporosis Study.
Peak eccentric strength of the hip-flexors and hip abductors was determined using a hand-held
dynamometer, and dynapenia identified as muscle strength t-scores < −1. Cognition was assessed
using the Mini-Mental State Examination (MMSE), and MMSE scores below the median were rated
as low. Associations between dynapenia and low cognition were examined using logistic regression
models. Hip-flexor dynapenia was detected in 38 (71.7%) women with low cognition and 36 (48.7%)
with good cognition (p = 0.009); for hip abductor dynapenia, the pattern was similar (21 (39.6%) vs.
9 (12.2%); p < 0.001). While the observed difference for hip-flexor strength was attenuated after ad-
justing for age and height (adjusted Odds Ratio (OR) 1.95, 95%CI 0.86–4.41), low cognition was nearly
4-fold more likely in association with hip abductor dynapenia (adjusted OR 3.76, 95%CI 1.44–9.83).
No other confounders were identified. Our data suggest that low strength of the hip abductors and
low cognition are associated and this could be a consequence of poor muscle function contributing
to cognitive decline or vice versa. As muscle weakness is responsive to physical interventions,
this warrants further investigation.

Keywords: cognition; brain-body cross-talk; muscle strength; older persons; sarcopenia

1. Introduction

Dynapenia refers to age-associated loss of skeletal muscle strength [1]. From about age
50 years, muscle strength declines by 10–15% per decade up to age 70 years, reaching losses
of 25–40% per decade thereafter [2,3]. The rate of decline in muscle strength surpasses
age-related loss of skeletal muscle mass and is a key contributor to physical frailty; physical
frailty is known to accompany cognitive impairment and dementia [4].

Low muscle strength is also a key characteristic of sarcopenia. This is evident in
the revised operational definition from the European Working Group on Sarcopenia in
Older People (EWGSOP2), which focuses on low muscle strength as the primary parameter
of sarcopenia; low muscle mass (or quality) confirms the diagnosis, and poor physical
performance identifies severe sarcopenia [5]. Sarcopenia has been associated with cognitive
impairment and Alzheimer’s disease [6].

Muscle deterioration during ageing is a consequence of decreases in the number and
cross-sectional area of muscle fibres [7] and reductions in the number of motoneurons [8].
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Thus, loss of muscle strength in older people is attributable, at least in part, to neurologic
mechanisms that alter the number of functioning motor units [9]. However, links between
dynapenia and cognitive function are poorly understood. As handgrip strength is easily
measured, predicts adverse health outcomes, and is considered to indicate global skeletal
muscle strength [10], EWGSOP2 recommends handgrip strength for assessing muscle
strength in the diagnosis for sarcopenia. However, not all studies support good agreement
between handgrip and lower limb muscle strength [11]. Several reviews have described
associations between upper body strength measures and cognition by assessing handgrip
strength [12–14], but links between lower body strength measures (e.g., hip flexor or hip
abductor strength) have not been well investigated. The main goal of this study was to
examine the relationship between lower limb skeletal muscle strength and global cognitive
function in older women (>50 years), as older ages are at highest risk for age-related
physical and mental decline. We hypothesise that dynapenia will be associated with
low cognition.

2. Materials and Methods

An age-stratified, population-based cohort of 1494 women (age 20–94 years) was
recruited for the Geelong Osteoporosis Study between 1994 and 1997, with 77.1% response,
using a random-selection process from electoral rolls [15]; the cohort was predominantly
Caucasian (~98%). A listing on the electoral roll for the Barwon Statistical Division fulfilled
inclusion criteria; residence in the region for less than 6 months and inability to provide in-
formed consent necessitated exclusion. Six years later (2000–2003), 638 of 1048 women who
were re-assessed at follow-up were aged over 50 years. Among these, 127 (ages 51–87 years)
provided measures of cognitive function in combination with muscle strength, weight,
height, and information about their lifestyle behaviours, meeting criteria for inclusion in
this analysis. There were no further exclusion criteria for the analysis. Written informed
consent was obtained from all participants. The Barwon Health Human Research Ethics
Committee approved the study (project 92/01).

Global cognitive function was assessed using the Mini-Mental State Examination
(MMSE) [16]; scores below the median were rated as low cognition and scores above the
median were rated as good cognition. Peak eccentric muscle strength of the hip flexors
and abductors were measured using a hand-held dynamometer (HHD; Nicholas Manual
Muscle Tester, Lafayette Instrument Company, Lafayette, IN, USA) [17]. HHD provides
good to excellent reliability and validity when compared with fixed dynamometry for most
measures of isometric lower limb strength [18]. To measure hip flexion strength, the seated
participant raised the test thigh 10 cm above the bench; with the HHD positioned 5 cm
proximal to the patella, the examiner applied a downward force while the participant
resisted, until resistance could no longer be sustained. For hip abduction strength, the side-
lying participant raised the outstretched test leg 20 cm above the bench; the HHD was
positioned 10 cm proximal to the lateral malleolus. Measurements were repeated bilaterally,
and the maximum of triplicate measures for each muscle group was used in analyses.
Multiplying the maximal registered force (kg) by 9.81 converted the force to Newtons (N).
Dynapenia refers to muscle strength t-scores < 1 for hip flexors and hip abductors [19].
All MMSE tests were conducted by one of the authors (A.L.S.), and HHD assessments were
performed by other trained research personnel.

Data on current smoking, alcohol use, and mobility were collected by self-report.
The usual consumption of different alcoholic beverages was recorded as glasses per week,
and the average daily total was categorised as <1 or ≥1 glass/day. Participants with mobil-
ity described as someone who ‘moves, walks, and works energetically and participates in
vigorous exercise’ were classified as being physically active.

Descriptive characteristics of participants were presented as mean (±SD), median
(IQR), or n (%). Intergroup differences were identified by Student’s t-test for parametric
data, Mann–Whitney test for non-parametric data, and chi-square test for categorical data.
Associations between dynapenia (exposure) and low cognitive performance (outcome)
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were examined using binary logistic regression models before and after adjusting for
potential confounders and effect modifiers. Statistical analyses were performed using
Minitab (version 16, Minitab, State College, PA, USA).

3. Results

Participant characteristics are listed in Table 1. The median MMSE score was 29
(range 22–30). Mean muscle strength measures for hip flexors and abductors were lower for
women with low cognition in comparison with those with good cognition. The group with
low cognition was older, had shorter stature, and was less likely to consume, on average,
one or more alcoholic drinks each day; otherwise no other differences were detected.

Table 1. Participant characteristics for the whole group and according to categories of cognition.
Data are shown as mean (±SD), median (interquartile range, IQR), or number (%).

All Cognition

Low (MMSE * < 29) Good (MMSE * ≥ 29) p

n 127 53 74

MMSE * score 29.0 (28.0–30.0) 28.0 (27.0–28.0) 29.5 (29.0–30.0) <0.001

Age (year) 68.1 (59.0–75.9) 70.4 (64.7–78.3) 62.1 (56.5–73.3) <0.001

Weight (kg) 70.7 (±14.7) 68.8 (±13.9) 72.0 (±15.1) 0.216

Height (cm) 1.59 (±0.06) 1.57 (±0.06) 1.60 (±0.06) 0.001

BMI ** (kg/m2) 28.0 (±5.2) 28.0 (±4.9) 28.0 (±5.5) 0.959

Current smokers 11 (8.7%) 4 (7.6%) 7 (9.5%) 0.761

Alcohol ≥1 glass/d 20 (15.8%) 4 (7.6%) 16 (21.6%) 0.032

Physically active 6 (4.7%) 2 (3.8%) 4 (5.4%) 0.999

Muscle strength (N)

Hip flexors 144 (±0.48) 127 (±41) 156 (±49) <0.001

Hip abductors 127 (±40) 116 (±40) 135 (±38) 0.007

* MMSE Mini-Mental State Examination. ** BMI: Body Mass Index.

While hip flexor dynapenia was detected in 38 (71.7%) women with low cognition and
36 (48.7%) with good cognition (p = 0.009), this difference was attenuated after adjustments
were made for age and height (adjusted Odds Ratio (OR) 1.95, 95%CI 0.86–4.41, p = 0.110).

For hip abductors, dynapenia was detected for 21 (39.6%) women with low cognition
and 9 (12.2%) of those with good cognition (p < 0.001). This association was sustained after
adjustment for age and height; those with hip abductor dynapenia were nearly four-fold
more likely to have low cognition (adjusted OR 3.76, 95%CI 1.44–9.83, p = 0.007). Body Mass
Index (BMI), smoking, alcohol consumption, and mobility did not contribute to the model.
No effect modifiers were identified.

4. Discussion

Here we present data that describe a cross-sectional association between lower limb
muscle strength and global cognitive function in postmenopausal women. These findings
are concordant with cross-sectional data from the I-Lan Longitudinal Aging Study (ILAS)
involving 731 elderly men and women (mean age 73.4 years) for whom MMSE-derived
global cognitive impairment was associated with low handgrip strength (adjusted OR 2.23,
95%CI 1.29–3.86) [20]. Similarly, cross-sectional data for 292 men (ages 60–96 years) from
the Geelong Osteoporosis Study revealed that handgrip strength was associated with
psychomotor function and overall cognitive performance assessed by the CogState Brief
Battery [21], and another cross-sectional study of 39 men (ages 61–79 years) reported
that knee extensor strength was positively associated with global cognitive function also
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assessed by MMSE [22]. Moreover, there are longitudinal data that describe increases
in muscle strength [23] and torque [24] in association with improvements in cognitive
performance following loading of skeletal muscle through progressive resistance training
regimens. Conclusions from a recent systematic review were that resistance training elicited
functional changes in the brain, including improvements in executive function [25].

Previous work in animal models suggest that restriction of skeletal muscle activity
in the hind legs of mice affect neurogenic areas of the brain [26] and produce changes in
memory and spatial learning [27]. These findings align with observations in the literature
that physical inactivity is a common risk factor for Alzheimer’s disease and, conversely,
that voluntary exercise improves cognitive function [28,29].

Cognitive changes following skeletal muscle loading may operate through the release
from contracting muscle of chemical messengers, such as brain-derived neurotrophic factor
(BDNF), which trigger neurobiological changes [29,30]. Age-related declines in skeletal
muscle and cognitive capabilities have common pathophysiological pathways, including
chronic inflammation, oxidative stress, and endocrine imbalances; they also share risk
factors associated with adverse lifestyle behaviours, such as physical inactivity, smoking,
and excessive use of alcohol, that might contribute to brain–body cross-talk by mediating
these pathophysiological pathways [31–34]. While we accounted for differences in body
habitus and lifestyle behaviours, biomarker data that indicate biological imbalances
were not available.

However, an important forte of our study design is that assessment of muscle strength
and cognitive function were obtained independently, thereby minimising potential differ-
ential measurement bias. We also recognise as weaknesses that the data are cross-sectional,
and there is the possibility that low cognitive function might have impacted on the abil-
ity to perform the muscle strength tests. Although several variables, including lifestyle
behaviours, were considered as confounders, residual confounding is likely. It is noted
that our results should be interpreted with caution because of the small numbers of partici-
pants in some sub-groups (such as nine women with hip abductor dynapenia and good
cognition), and we recognise that the findings may not be generalisable beyond our sample
of white postmenopausal women. Moreover, while we have investigated only lower limb
muscle strength in association with global cognition, there is scope to explore this further
using other indices of muscle performance and cognitive function in specific domains.

5. Conclusions

Our cross-sectional analyses suggest that low muscle strength and low cognition are
associated, and this could be related to muscle function deficits contributing to cognitive
decline or vice versa. Longitudinal studies are needed to address temporal changes in
skeletal muscle performance and cognitive function. We propose that future cross-sectional
studies use different neuroimaging methods (e.g., functional near-infrared spectroscopy,
electroencephalography, functional magnetic resonance imaging) and/or assess neuro-
chemical substances (e.g., neurotransmitters, neurotrophic factors) in order to further
elucidate the underlying neurobiological mechanisms of the relationship between skeletal
muscle strength and cognitive performance. Emerging pharmacological therapies for
preventing muscle loss, such as antibodies against myostatin and activin receptor types
IIA and IIB [35,36], might provide potential novel agents for the management of cogni-
tive decline. Similarly, pharmacological therapies for preventing cognitive decline might
provide potential novel agents for the management of muscle decay. There is evidence
to support life course approaches for preventing and managing physical and cognitive
performance [29,37–40]. Thus, there may be potential for future clinical trials involving
such novel therapies, together with interventions focused on specific modes of exercise,
diet, and health behaviours that could be championed as public health strategies for both
physical and mental health benefits.
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Abstract: Background: The presence of oxidative stress, telomere shortening, and apoptosis in
polypathological patients (PP) with sarcopenia and frailty remains unknown. Methods: Multicentric
prospective observational study in order to assess oxidative stress markers (catalase, glutathione
reductase (GR), total antioxidant capacity to reactive oxygen species (TAC-ROS), and superoxide
dismutase (SOD)), absolute telomere length (aTL), and apoptosis (DNA fragmentation) in peripheral
blood samples of a hospital-based population of PP. Associations of these biomarkers to sarcopenia,
frailty, functional status, and 12-month mortality were analyzed. Results: Of the 444 recruited
patients, 97 (21.8%), 278 (62.6%), and 80 (18%) were sarcopenic, frail, or both, respectively. Oxidative
stress markers (lower TAC-ROS and higher SOD) were significantly enhanced and aTL significantly
shortened in patients with sarcopenia, frailty or both syndromes. No evidence of apoptosis was
detected in blood leukocytes of any of the patients. Both oxidative stress markers (GR, p = 0.04) and
telomere shortening (p = 0.001) were associated to death risk and to less survival days. Conclusions:
Oxidative stress markers and telomere length were enhanced and shortened, respectively, in blood
samples of polypathological patients with sarcopenia and/or frailty. Both were associated to decreased
survival. They could be useful in the clinical practice to assess vulnerable populations with
multimorbidity and of potential interest as therapeutic targets.

Keywords: multimorbidity; polypathological patients; sarcopenia; frailty; oxidative stress; telomere
length; apoptosis

1. Introduction

As a result of populations’ aging throughout the world, the prevalence of chronic conditions
has drastically increased; these coexist frequently in the same patient, conditioning deleterious
relationships, faster clinical and functional deterioration, poorer quality of life, and higher mortality.
Taking multimorbidity seriously is of nuclear importance for the sustainability of all healthcare

47



J. Clin. Med. 2020, 9, 2669

systems [1–3]. Multimorbidity is narrowly correlated to aging. As a matter of fact, there is a direct and
strong correlation between the development of different chronic conditions and longevity. The easy
explanation of this correlation is the longer exposure to different risk factors (environmental agents,
unhealthy lifestyles, inherited risk factors, overuse deterioration), which impact in the development of
diseases and failures of multiple organs and systems [3,4].

Sarcopenia and frailty are two major geriatric syndromes closely related to the aging process [5,6].
The development of one or both of them is linked to progressive functional disability, loss of quality
of life and death. Their prevalence in elderly populations approximates 10% and 15%, respectively;
however, in the presence of chronic conditions and multimorbidity, these prevalences can raise to
20% and 60%, respectively [7]. Both syndromes are narrowly interrelated; as a matter of fact, they
have currently an identical therapeutic approach based on physical activity and optimal nutrition.
In a recent study, both sarcopenia and frailty were present in the same patient in 18% of the studied
cases; that is to say that most sarcopenic patients were frail, and about one third of frail patients were
sarcopenic [7]. Nevertheless, these percentages are different in other studies, probably due to sample
selection criteria [8].

Both syndromes have commonalities sharing a nuclear issue, which is the physical function
impairment, usually assessed by different tools like walking speed and hand grip strength.
Such impairment may be responsible for the concurrent existence of a disability in both phenotypes,
but they also express differences; as a matter of fact, sarcopenia rather tends to assume the lineaments
of cachexia and “muscle wasting”, whereas frailty status is largely dominated by a low physical
performance, homeostasis disruption to stressors, and disabling condition.

The deep and intimal relation between sarcopenia and frailty probably reflects that they share
similar or identical pathophysiological routes and molecular mechanisms. In this field, many metabolic
imbalances and other molecular factors have been studied and correlated in some ways to both
geriatric syndromes. Sarcopenia has been associated to genetic expression of apoptosis and muscular
autophagy, muscle androgenic and vitamin D receptors, chronic inflammation, oxidative stress,
and telomere shortening [9–11]. On the other hand, frailty has been associated to inflammation pathways
(demonstrated in the case of C-reactive protein, interleukin-1β, the IL-1 receptor antagonist, IL-18,
and tumor necrosis factor alpha), unspecific immunological alterations linked to immunosenescence
(mainly thymus involution and the corresponding decrease of T and B lymphocyte precursors and the
reduction in the proliferative capacity of the T and B lymphocytes), and oxidative stress [12–14].

From these data, the narrow relation between frailty and sarcopenia can be extracted. This is
more so in patients with multimorbidity, in which aging and chronic conditions may trigger more
oxidative stress, telomere shortening, and apoptosis. In these patients, sarcopenia and frailty could be
the results of a multisite “rusting” produced by chronic inflammation processes and their consequent
imbalance between the production of reactive oxygen species (ROS) and cellular antioxidant defenses,
present in chronic neurological, pulmonary, and cardiovascular diseases, along with atherosclerosis,
diabetes, obesity, and arthritis. Nevertheless, the role and weight of any of these molecular alterations
in sarcopenic and/or frail populations with multimorbidity remain unknown.

For all these reasons, we have explored the main oxidative stress markers, telomere length,
and apoptosis parameters in a hospital-based multicenter cohort of multimorbidity patients.
We hypothesized that all these biological markers have a deep impact and association to sarcopenia
and frailty.

2. Patients and Methods

2.1. Development of the Study

This was a prospective observational, multi-institutional (6 centers) study carried out by researchers
from the Polypathological Patient and Advanced Age Study Group of the Spanish Society of Internal
Medicine (all participant centers are listed on the PROTEO Researchers list). The study was approved
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by the ethics committee of all participant centers. The study inclusion period ranged from January
2012 to March 2016.

All patients treated in the Internal Medicine and Geriatric areas who accomplished inclusion
criteria (≥18 years old and fulfilling criteria of polypathological patient (PP)) were included, after
providing their written informed consent. The patient’s sample was collected by performing prevalence
surveys every 14 days during the study period. A total of 155 surveys were performed (29 ± 19 surveys
per hospital).

After receiving informed consent, a complete set of demographical, socio-familial, clinical,
functional, biological, and pharmacological data were collected from all included patients.

Sarcopenia was defined following EWGSOP criteria [15]. This was established by the presence
of a gait speed ≤ 0.8 m/seg, plus a skeletal muscle mass <6.76 Kg/m2 in women, and <10.76 Kg/m2

in men (for those patients able to walk) or a hand grip strength lower than 50 percentile of his/her
age group and gender, and a skeletal muscle mass <6.76 Kg/m2 in women and <10.76 Kg/m2 in men
(for those patents unable to walk). Frailty was defined when fulfilling 3 or more of Fried’s criteria
(slowness, weakness, weight loss, exhaustion, and low physical activity) [16].

All patients were clinically followed during a 12-month period in order to assess mortality,
as previously described [7]. Time survival was assessed, and in case of death, chronology of the
demise was incorporated. Therefore, we looked at mortality as a time-dependent outcome. For the
dichotomous outcome, subjects were categorized depending on whether or not they survived 12 months
from their initial interview date. For the continuous outcome, survival time was defined as the number
of days between the baseline interview and the date of death. All these data were collected by clinicians
in charge who were active members of the investigation team.

Ethics Committee Approval: The present study has been approved by the ethics committee of all
participant centers (ethical approval code: CEI2012/PI242). Ethical Guidelines for Authorship and
Publishing: The authors certify that they comply with the ethical guidelines for publishing in the
Journal Clinical Medicine.

2.2. Biological Parameters Determination

We determined blood or plasma biological parameters of all included patients, including oxidative
stress markers, apoptosis expression, and telomere length.

Oxidative stress markers: We determined activity/levels of catalase, glutathione reductase (GR),
total antioxidant capacity to reactive oxygen species (TAC-ROS), and superoxide dismutase (SOD).
Colorimetric studies were performed using a monochromator-based UV–VIS spectrophotometer
(Multiskan® GO; Thermo Fisher Scientific Corporation, Carlsbad, CA, USA).

Catalase activity (nmol/min/mL) was measured in patients’ plasma using the colorimetrical
procedure provided by Cayman’s Catalase Assay Kit, Item No. 707002 (Cayman Chemical, Ann Arbor,
MI, USA). The method is based on the reaction of the enzyme wit methanol in the presence of an optimal
concentration of H2O2. The formaldehyde produced is measured colorimetrically with Purpald as the
chromogen. Purpald specifically forms a bicyclic heterocycle with aldehydes, which upon oxidation
changes from colorless to purple color [17,18].

Glutathione reductase activity (U/mL; 1 Unit = the amount of enzyme that will cause the oxidation
of 1.0 nmol of NADP to NADP+ per minute at 25 ◦C) was analyzed in patients’ plasma by measuring
the rate of NADPH oxidation, using for this purpose the Cayman’s Glutathione reductase Assay Kit,
Item No. 703202 (Cayman Chemical, Ann Arbor, MI, USA). The oxidation of NADPH is accompanied
by a decrease in absorbance at 340 nm and is directly proportional to the GR activity in the sample [18,19].

Total antioxidant capacity to reactive oxygen species (mM Trolox equivalents) was analyzed
measuring the ability of patients’ plasma antioxidants to inhibit the oxidation of ABTS®

(2,2′-Azino-di-3-ethylbenzthiazoline sulphonatel) to ABTS®+ by metmyoglobin. For this purpose,
the Cayman’s Antioxidant Assay Kit, Item No. 709001 (Cayman Chemical, Ann Arbor, MI, USA) was
used. The antioxidants cause suppression of the absorbance at 750 nm or 405 nm to a degree that is
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proportional to their concentration. This capacity of the antioxidants is compared to that of Trolox,
a water-soluble tocopherol analogue, and is quantified as millimolar Trolox equivalents [20,21].

Superoxide dismutase activity (U/mL) was measured in patients’ plasma using the colorimetrical
absorbance procedure provided by Cayman’s Superoxide Dismutase Assay Kit, Item No. 706002
(Cayman Chemical, Ann Arbor, MI, USA). The method utilizes a tetrazolium salt for detection of
superoxide radicals generated by xanthine oxidase and hypoxanthine. One unit of SOD is defined
as the amount of enzyme needed to exhibit 50% dismutation of the superoxide radical. This assay
measures all types of SOD (Cu/Zn-SOD, Mn-SOD, and Fe-SOD) [18].

Telomere length: We assessed telomere length following the procedure described by O’Callaghan
and Fenech, in which the absolute telomere length (aTL) was measured [22]. For this purpose, we used
Telomere standard Human/rodent (teloF and teloR) as primers for telomere length (TL) analysis and
36B4 standard human primers for single copy gene (SCG) determinations. All these were supplied
by TaqMan™ Array Human Telomere Extension by Telomerase (Thermofisher Scientific, Waltham,
MA, USA).

First standard curves were constructed for both experiments (TL and SCG). Then, all patients’
samples were analyzed, and aTL was calculated dividing the absolute result of TL by the result of
SCG. This result was again divided by 92 (each somatic human cell has 46 chromosomes, and each
chromosome has 2 telomeres) in order to obtain the mean aTL per single telomere [22].

Apoptosis: In order to detect apoptosis, we evaluated possible DNA fragmentation in patients’
leucocytes. For this purpose, we performed a DNA conventional constant field gel electrophoresis
loading in a 0.8% agarose gel panel a total or 300 ng from a normalized purified DNA mixture
with a DNA concentration of 30 ng/uL. DNA was purified by means of standard techniques already
established [22]. When apoptosis is present, the result is fragmentation of DNA into multiples of 180
base-pair lengths; a characteristic “ladder” effect is obtained when these fragments are resolved in the
agarose gel electrophoresis [23].

Statistical analysis: The dichotomous variables were described as whole numbers and percentages,
and the continuous variables as mean and standard deviation (or median and interquartile rank (IQR)
in those with no criteria of normal distribution). The distribution of all variables was analyzed with
the Kolmorogov–Smirnov test. Possible biological parameters associated to the presence of sarcopenia
and death were investigated performing the Student’s t for normally distributed quantitative variables,
and Mann–Whitney U test.

Finally, we also evaluated the association of these biological parameters with functional status (by
means of basal Barthel index), death risk (by means of PROFUND index), and survival (considering
death as a time-dependent variable), using linear regression models. Statistical significance was
considered when obtained p values were ≤0.05. Statistics were performed using the SPSS 22.0 software
(IBM, Armonk, NY, USA).

3. Results

We included 444 patients with a mean age of 77.3 ± 8.4 years. Fifty-five percent were male.
The main clinical features and biological parameters of the recruited patients are detailed in Table 1.
Sarcopenia was present in 97 (21.8%), frailty in 278 (62.6%), and the remaining 69 (15.6%) were robust.
Eighty patients (18% of the whole cohort) out of those with sarcopenia or frailty had simultaneously
both phenotypes.

And combined sarcopenia and frailty were present in 80 (18%) patients. Mortality in the 12-months
follow-up period was 40% (N = 178). A detailed clinical description of the included patients has
already been published [7]; briefly, sarcopenia was more frequent in men, and associated to chronic
lung diseases, cancer, lower BMI, and previous hospital admissions, whereas frailty was more frequent
in women and associated to a higher number of polypathology categories, chronic pain, anxiety,
and pressure ulcers; both phenotypes shared association with age, asthenia, and lower BI scores.
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Table 1. Main clinical and biological features of a multicenter sample of 444 polypathological patients
recruited for sarcopenia and frailty assessment.

Clinical Features Mean (SD)/Median -IQR-/N (%)

Number of defining categories (major diseases) per patient 2.5 (0.5)

Prevalence of defining categories (major diseases)

Heart diseases 374 (84.6%)
Kidney/autoimmune diseases 202 (45.7%)

Lung diseases 183 (41.4%)
Neurological diseases 133 (30.1%)

Peripheral arterial disease/diabetes with neuropathy 80 (18.1%)
Neoplasia/chronic anemia 70 (15.8%)

Degenerative osteoarticular disease 43 (9.7%)
Liver disease 28 (6.3%)

Number of other comorbidities per patient 5.9 (2.3)

Most frequent comorbidities

Hypertension 380 (86%)
Dyslipemia 232 (52.5%)

Diabetes with no visceral involvement 216 (49%)
Atrial fibrillation 178 (40%)

Obesity 159 (36%)
Anxiety and depressive disorders 74 (17%)

Benign prostate hyperplasia 64 (14.5%)

Frequent symptoms

Fatigue 304 (70%)
Anorexia 212 (48%)
Insomnia 194 (44%)

Chronic pain 178 (40%)
Cough 158 (36%)

Patients with basal III-IV class of NYHA//III–IV class of mMRC 128 (29%)
PROFUND index 6 -6-

Basal Barthel’s Index 66 (30)
BMI (Kg/m2) 30 (6.6%)

Main biological parameters

Hemoglobin (d/dL) 11.3 (2)
Creatinin (mg/dL) 1.26 (1)

Albumin (g/dL) 3.2 (0.9)
Cholesterol (mg/dL) 151 (42)

Triglicerydes (mg/dL) 116 -80-
Vitamin D (ng/mL) 11 -17-
Leucocytes (n◦/µL) 8000 -4000-

Lymphocytes (n◦/µL) 1200 -400-

SD: standard deviation; IQR: interquartile range; NYHA: New York Heart Association; mMRC: Medical Research
Council. BMI: body mass index.

3.1. Oxidative Stress Markers

Median catalase and GR activity were 53 nmol/min/mL (IQR = 20–83), and 9.8 U/mL
(IQR = 6.6–13.2), respectively. Total antioxidant activity against ROS was 2.4 mM Trolox equivalents
(IQR = 1.8–3). Finally, median SOD activity was 4.6 U/mL (IQR = 2.8–6.6).

Differences of oxidative stress markers in patients with sarcopenia, frailty, or those with both
conditions with respect to those without sarcopenia, robust, or those without both conditions are
detailed in Table 2.
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Table 2. Differences of oxidative stress markers, telomere length, and apoptosis markers in patients
with multimorbidity according to their sarcopenia and frailty assessment.

Molecular Parameter Sarcopenia and Frailty Assessment p

Sarcopenia Not Sarcopenic Sarcopenic

Oxidative stress marker

CAT 52 (12.6–82) * 58 (29.4–87.8) 0.16
GR 9.8 (6.8–13.4) 9.9 (5.5–13) 0.45

TAC-ROS 2.42 (1.8–3) 2.29 (1.75–2.8) 0.12
SOD 4.4 (2.7–6.5) 5.8 (3.7–6.9) 0.02

Absolute telomere length 4.96 (0.7–19) 1.65 (0.6–3.9) 0.001
Apoptosis (WBC DNA fragmentation) No evidence No evidence -

Frailty Robust Frail

Oxidative stress marker

CAT 55.6 (21.7–80) 51.4 (19–83.5) 0.6
GR 9.1 (5.3–9) 10.2 (6.9–13.5) 0.12

TAC-ROS 3.5 (1.6–9) 3.3 (1.9–3) 0.044
SOD 3.8 (2.3–6.2) 5.1 (3.2–7) 0.002

Absolute telomere length 5.7 (1.7–19) 1.5 (0.6–3.4) <0.0001
Apoptosis (WBC DNA fragmentation) No evidence No evidence -

Sarcopenia and Frailty Not Sarcopenic and Robust Sarcopenic and Frail

Oxidative stress marker

CAT 46.4 (46.5–77.5) 51.5 (26.2–79) 0.2
GR 9.7 (6.7–13.2) 10.1 (5.9–14) 0.5

TAC-ROS 2.4 (1.8–3.1) 2.2 (1.8–2.8) 0.08
SOD 4.4 (2.8–6.4) 5.7 (4.1–6.4) 0.0012

Absolute telomere length 6.5 (0.7–20) 1.5 (0.6–3.8) <0.0001
Apoptosis (WBC DNA fragmentation) No evidence No evidence -

CAT: catalase (nmol/min/mL); GR: Glutathione reductase (U/mL); TAC-ROS: total antioxidant activity against
reactive oxygen species (mM Trolox equivalents); SOD: superoxide dismutase (U/mL); absolute telomere length
(kbases/telomere); * Interquartile range; WBC: white blood cells; DNA: deoxyribonucleic acid.

3.2. Absolute Telomere Length Analysis

Mean aTL was 2 kbases per telomere (IQR = 0.1–55). Differences of aTL in patients with sarcopenia,
frailty, or those with both conditions with respect to those without sarcopenia, robust, or those without
both conditions are also detailed in Table 2.

3.3. Apoptosis

Apoptosis by means of DNA fragmentation analysis was not present in any of the patients
included in the study.

3.4. Functional Parameters, Death Risk by PROFUND Index and Survival according to Different
Molecular Parameters

A worse functional status by means of lower Barthel’s index score was associated to shorter
telomere length (Beta = 1.25 (1.07–1.34)); p = 0.001), but not with any of the oxidative stress markers.

A higher death risk by means of PROFUND index was associated to shorter telomere length
(Beta = 0.5 (0.14–0.65); p = 0.001) and to a higher GR activity (Beta = 1.7 (1.2–2); p = 0.04). On the other
hand, a lower number of survival days was associated to shorter telomere length (Beta = 1.2 (1.01–1.32);
p = 0.003) and to a higher GR activity (Beta = 0.3 (0.1–0.24)); p = 0.02).
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4. Discussion

In the present study, we have detected enhanced oxidative stress and significant telomere
shortening in PP with sarcopenia, frailty, or both syndromes combined. On the contrary, no evidence
of apoptosis was detected.

Sarcopenia was prevalent in our cohort of polypathological patients and was associated to a
significant higher SOD activity; other oxidative stress markers activity was also elevated, and the
TAC-ROS decreased, but differences in these last were not significant. In the same way, we observed
a significant telomere length shortening in these patients compared to other PP without sarcopenia.
These results are highly concordant with the pathogenesis of sarcopenia in the elderly as already
demonstrated by other authors [24–27]. Many authors have compared these markers among elderly
and young people [28]; in the present study we have also detected important differences among elderly
patients with chronic conditions with or without sarcopenia. These findings could have two major
clinical applications: first, to use them as biological markers of sarcopenia in the elderly compared to
persons of the same age; and second, to guide future treatments towards these targets in order to avoid
or delay the development of sarcopenia. With respect to oxidative stress, SOD was the marker with the
largest differences among PP with or without sarcopenia. As a matter of fact, SOD has been already
strongly linked to muscular weakness, muscular wasting, and sarcopenia in clinical and experimental
scenarios [29–31]; in this sense, among others, probably SOD could be the optimal oxidative stress
marker in the evaluation of sarcopenia.

Frailty was also highly prevalent in the studied PP cohort and was associated to a significant
increase in SOD activity and a decreased plasma TAC-ROS. It was also associated to a significant
telomere length shortening compared to other PP without frailty. The deep relation between sarcopenia
and frailty is already known; they share molecular and physiological pathways, symptoms, signs,
and clinical phenotypes [32,33], so the presence of these molecular alterations in both of them is
biologically coherent. In this case, we also observed a decreased antioxidant fitness of the plasma in
frail PP. As main differences, frailty is more age related, whereas sarcopenia is also related to disease,
starvation, and disuse [34]; additionally, despite criteria defining the two conditions overlap, frailty
requires weight loss, whereas sarcopenia requires muscle loss [34,35].

In PP with sarcopenia and/or frailty we have observed the coexistence of telomere shortening
and enhanced oxidative stress. There is accumulating evidence of the role of oxidative stress in
DNA damage and telomere shortening with aging and chronic diseases [36]. These changes have
been observed in humans, as well as in mouse models and cell cultures [36]. There are probably
mixed mechanisms in this narrow relation of oxidative stress and telomere length. In aging and in
many chronic conditions, processes associated to chronic inflammation play a nuclear role. Chronic
inflammation is characterized by higher oxidative stress in affected tissues and circulating plasma.
This may lead to direct cell DNA damage, including telomere regions. Additionally, inflammatory
states are associated to enhanced necrosis and cellular regeneration cycles, and this increased cell
turnover directly affects telomere length [37–42]. Many authors already point out that targeting
oxidative stress could be of notable benefit in telomere length maintenance, especially in populations
with chronic conditions like patients in the present study [39–42].

We did not detect any DNA fragmentation in our patients’ leucocytes, so no apoptosis evidence
could be detected in PP’s blood samples by this technique. Apoptosis pathways have been classically
associated to sarcopenia and frailty and nowadays are considered one of the main causes of these two
syndromes [43,44]. As a matter of fact, there is multiple evidence of apoptosis presence in muscle
tissue of experimental animal models, as well as in humans with sarcopenia [45–49]. Nevertheless,
no information is available about the presence of apoptosis evidence in blood leukocytes of patients
with sarcopenia and/or frailty. Some authors have described indirect apoptosis pathways data in blood
leucocytes in elderly and in patients with dementia (like less resistance to experimental apoptosis
inducers; senescence of CD8+ T-cells; and increased expression of HLA-DR, CD95, and Bcl-2 in CD3+
lymphocytes) [50]. Recently, increased ROS production and DNA fragmentation has been observed
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in blood monocytes of atherosclerotic mice, uprising again the interrelations of oxidative stress and
apoptosis signaling [51]. Apoptosis will for sure be present in muscle tissues of patients with sarcopenia
and frailty, like enhanced oxidative stress and telomere shortening. Nevertheless, according to our
data, an easy detection of its presence in blood samples from these patients is probably not useful in
the clinical setting, and demonstrating it in tissue specimens is not clinically justified.

A poorer functional status, higher mortality risk, and less survival days in the 12-month follow-up
were associated to shorter telomere length; besides, mortality risk and survival days were also
associated to enhanced GR activity. These data are in concordance with previous studies in which
telomere shortening has been associated to poorer survival in cancer, diabetes, cardiovascular diseases,
and even to higher all-cause mortality [52–56]; additionally, oxidative stress has also been related to
poor health outcomes in many clinical scenarios, and to all-cause mortality [57–60]. Our data confirm
this deleterious relationships with sarcopenia and frailty in patients with multimorbidity, as well as the
association to poorer functional status. Some authors have already claimed the clinical usefulness of
biomarkers’ panels including aTL, if we want to accurately assess and predict outcomes in vulnerable
aged populations [61]. We suggest including also oxidative stress markers in these panels, mainly GR,
TAC-ROS, and SOD.

This study has some limitations that should be noted. The results could be limited by the number
of patients, but on the other hand, the cohort was recruited in various centers, was homogeneous,
and probably represents adequately hospital-based populations with moderate–severe multimorbidity.
Additionally, the studied biomarkers are also associated to some of the chronic conditions of the
included patients and could raise the question of their real correlation to sarcopenia and frailty;
this issue always underlies the frailty and sarcopenia phenotypes, since they have multiple concurrent
causes, with a prominent role of debilitating chronic diseases; in our opinion, they behave as parts
of the same clinical-molecular syndrome; as a matter of fact, the term “inflamm-aging” is already
established, and probably in the future, it will be necessary to add chronic conditions and call it
“inflamm-chronic-aging”.

In conclusion, oxidative stress and telomere shortening, but not apoptosis markers, were enhanced
in blood samples of polypathological patients with sarcopenia and/or frailty with respect to those
patients without these two geriatric syndromes. Telomere shortening was associated to functional
decline, and both, oxidative stress markers and telomere shortening, were associated to higher mortality
risks and decreased survival. Both of these biomarkers could be useful in the clinical evaluation of
vulnerable patients prone to sarcopenia and frailty and of potential interest as therapeutic targets.
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Abstract: Ultrasonography advantageously measures skeletal muscle size and quality, but some mus-
cles may be too large to capture with standardized brightness mode (B-mode) imaging. Panoramic
ultrasonography can capture more complete images and may more accurately measure muscle
size. We investigated measurements made using panoramic compared to B-mode ultrasonography
images of the rectus femoris with muscular performance. Concurrently, protein intake plays an
important role in preventing sarcopenia; therefore, we also sought to investigate the association
between animal-based protein intake (ABPI) and muscular performance. Ninety-one middle-aged
adults were recruited. Muscle cross-sectional area (CSA) and thickness were obtained using B-mode
and panoramic ultrasound and analyzed with Image J software. Muscular performance was assessed
using isokinetic dynamometry, a 30-s chair test, and handgrip strength. Three-day food diaries
estimated dietary intakes. Linear regression models determined relationships between measures
from ultrasonography and muscular performance. Mixed linear models were used to evaluate the
association between ABPI and muscular performance. Muscle CSA from panoramic ultrasonography
and ABPI were positively associated with lower-body strength (β ± S.E.; CSA, 42.622 ± 20.024,
p = 0.005; ABPI, 65.874 ± 19.855, p = 0.001), lower-body endurance (β ± S.E.; CSA, 595 ± 200.221,
p = 0.001; ABPI, 549.944 ± 232.478, p = 0.020), and handgrip strength (β ± S.E.; CSA, 6.966 ± 3.328,
p = 0.004; ABPI, 0.349 ± 0.171, p = 0.045). Panoramic ultrasound shows promise as a method for
assessing sarcopenia. ABPI is related to better muscular performance.

Keywords: panoramic ultrasound; echogenicity; specific force; isokinetic dynamometry; protein
intake; muscle quality; strength; endurance

1. Introduction

Earlier and more frequent assessments of muscle strength, mass, size, and quality and
physical performance could help prevent sarcopenia by indicating a need for treatment
or other intervention. According to the European Working Group on Sarcopenia in Older
People 2, low muscle strength is the first criteria of sarcopenia, and low muscle mass or
quality is the second; both must be assessed to determine sarcopenia [1]. Low physical
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performance in addition to low muscle strength and quantity is considered severe sarcope-
nia [1]. Measures of muscle strength, such as handgrip strength and physical performance
(e.g., 30-s chair stand), however, can be performed with minimal equipment and are used
across various settings [1]. Although several methods can be used to accurately assess mus-
cle quantity and quality such as computed tomography (CT), magnetic resonance imaging
(MRI), and dual x-ray absorptiometry, these techniques require expensive equipment and
are not portable, limiting their utility. Ultrasonography is a portable and relatively low-cost
method of assessing muscle size [2], making it a potentially useful tool for evaluating
sarcopenia for clinical or research purposes [3,4]. Beyond this, ultrasonography records
a measure of muscle quality in the form of echogenicity or echo intensity [5–7], making
ultrasound a potentially more powerful tool than bioelectrical impedance for assessing
sarcopenia or signs of pre-sarcopenia in middle age.

Others have used ultrasonography to successfully diagnose sarcopenia [7–9]. How-
ever, two of these studies were performed with either frail elderly patients or older adults
diagnosed with chronic kidney disease [8,9]. Not only are the causes of sarcopenia thought
to start earlier in life [1], making middle-aged adults a population of interest, but also,
older adults often have smaller muscles that can be captured using a traditional ultrasound
image at 50% of leg length. Although Ismail and colleagues [7] were able to discriminate
between those with sarcopenia and those without in a younger cohort, they did this by
using longitudinal and not transverse images of the rectus femoris. The crux of the issue
is that in populations that have greater muscle mass at the midpoint of the thigh, such as
younger populations, the entire transverse rectus femoris may be too large to capture in
one image [10]. Assuming the goal is to image the entire transverse rectus femoris, then
there are two workarounds: one is to use a feature, like the panoramic feature, to record the
entire rectus femoris at the midpoint of the thigh, and the other is to move the imaging site
distally down the leg where the rectus femoris has smaller transverse sections. Other re-
searchers have validated panoramic ultrasound of the quadriceps with MRI [11], but to our
knowledge, the relationship between ultrasonographic measures of the transverse rectus
femoris captured using the panoramic feature and muscular performance, in particular that
of the knee extensors, has not been investigated. Because muscle strength is more closely
related to sarcopenia than muscle mass [1,12], the association warranted investigation.

Beyond this, specific force, the amount of force produced per unit of muscle, like
echogenicity [6], is considered a measure of muscle quality [12]. Although echogenicity of
the rectus femoris is related to muscle quality assessed using CT [8], and to a lesser extent
knee extensor strength [13], the echogenicity of the rectus femoris has not been directly
related to the specific force of the muscle. However, Ismail and colleagues [7] reported
a significant relationship between echogenicity of rectus femoris and handgrip strength
relative to bodyweight, a crude measure of specific force. If echogenicity and specific force
reflect the muscle quality of the rectus femoris, then they should be closely related. We also
sought to determine this relationship.

Outside of assessing the condition, nutrition is another important consideration for
preventing and treating sarcopenia. Although there are many nutritional factors that
can impact sarcopenia [14], dietary protein is perhaps of greatest interest because of its
ability to stimulate muscle protein synthesis [15]. Recently though, the role of protein
intake in performance has come into question, with one group finding no relationship
between protein intake and measures of muscular performance, such as handgrip strength,
knee extensor strength, and 30-s chair stand test performance [16]. Foods from animal
and plant sources, of course, differ in their digestibility and amino acid content [17], and
therefore in their ability to stimulate muscle protein synthesis [18]. Due to the differential
impact that animal-based protein has on muscle protein synthesis, we secondarily sought
to determine the relationship between animal-based protein intake (ABPI) and lower-body
strength and endurance, handgrip strength, and 30-s chair stand performance, measures of
muscular performance.
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2. Materials and Methods

This was a cross-sectional study conducted in the North Dakota State University
Healthy Aging Lab from October 2016 to December 2018. A total of 50 women and 41 men
from the local community were recruited using e-mail, flyers, and word-of-mouth to visit
the research lab for two sessions. During the first session, anthropometric, ultrasonographic,
and performance variables were measured, and accelerometers and three-day food diaries
were provided. Within seven to 14 days, participants returned their accelerometers and
their completed food diaries to the lab. Participants were between 40 and 67 years of age,
not currently using any nicotine product, free of any untreated or nonresponsive diseases
or conditions including neuromuscular disease or conditions that might undermine muscle
health, such as diabetes, ambulatory without any assistance, and had to include both
animal-based and plant-based foods in their diets. Participants were screened using
the 2011 Physical Activity Readiness Questionnaire [19], a more detailed health history
questionnaire, and an orthostatic hypotension test. Participants were also instructed to
refrain from exercise and strenuous physical activity at least 48 h prior to the first session.
The study was approved by the North Dakota State University Institutional Review Board
(#HE26929 & 26153) and complied with the Helsinki Declaration of 1983. Written informed
consent was obtained from all participants in this study.

2.1. Participant Heath Screening and Anthropometric Measures

To screen participants for orthostatic hypotension, related to regulatory and safety
concerns, resting blood pressure and standing blood pressure were measured manually
with a stethoscope and Diagnostix 703 sphygmomanometer (American Diagnostic Corpo-
ration, Hauppauge, NY, USA). Those whose blood pressure dropped by more than 10 mm
Hg, either systolic or diastolic, from resting to standing during the orthostatic hypotension
test were excluded (n = 0). Following the orthostatic hypotension test, anthropometric
variables were measured. Age (years) was self-reported. Height (cm) was measured using
a stadiometer (Seca 213, Chino, CA, USA) and body mass (kg) was recorded using a digital
balance (Denver Instrument DA-150, Arvada, CO, USA).

2.2. Ultrasonography

Images of the right rectus femoris muscle were captured using a Philips ultrasound
system (model HD11 XE; Bothell, WA, USA) with a L12-5 50 mm linear array probe by
three trained research assistants. Images were taken while participants were standing at
marked sites 50% and 75% of the measured distance from the superior iliac spine of the hip
to the lateral condyle of the knee. Participants were instructed to use their left leg as a base
of support, while relaxing their right, resulting in a slight bend in the right knee. Previous
works have shown high test–retest reliability of ultrasound measures of muscle thickness
of healthy adults taken in the standing position [20,21]. A more recent study found the
intraclass correlation coefficient (ICC) for standing measures of the anterior thigh muscles
was 0.89, while the ICC for the same measures taken while participants were recumbent
was 0.90 [22]. Following generous application of ultrasonic gel, the probe was placed on the
skin perpendicular to the leg, and light, consistent pressure was applied to avoid excessive
depression of the dermal surface until a full, clear image was obtained. The probe was
removed from participants’ skin between each image acquisition, and markings were used
to ensure the same area was measured. Because our participants were younger and likely
have greater muscle size, the panoramic feature was used at the 50% site to record the
entire transverse rectus femoris [10]. For panoramic ultrasonography, the lateral side of
the right rectus femoris was identified, and the probe was moved medially until the entire
transverse rectus femoris was recorded. B-mode image captures were taken at the 75% site
where transverse sections of the rectus femoris are smaller. Three images were captured at
each site using a frequency of 37 Hz with a standardized depth of 7 cm and gain of 100%.

After each image was captured, a 1 cm line was added to each image to act as a known
distance during analysis. Images were transferred to personal computers, calibrated, and
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analyzed. ImageJ software (National, Institutes of Health, Bethesda, MD, USA, version 1.42)
was used to analyze echogenicity, cross-sectional area (CSA), and muscle thickness [23].
Echogenicity was defined as the mean pixel intensity of the rectus femoris measured in
arbitrary units (A.U.) ranging between 0 (i.e., black) and 255 (i.e., white). Anatomical muscle
CSA was determined by tracing the inside of the epimysium of the rectus femoris using
the polygon tool. Rectus femoris thickness was assessed with a single measurement using
the straight-line tool; using ImageJ, a line was made through the largest, middle portion
of the muscle perpendicular to the skin. Intraclass correlation coefficients (ICC) were
used to examine the reliability of these analyses. All three research assistants completed
reliability training prior to being allowed to be an operator for the testing in the study.
The test–retest reliability of three images obtained by the research assistants using ICCs
and 95% confidence intervals were as follows: panoramic muscle thickness = 0.98 (0.90,
0.95), B-mode muscle thickness = 0.98 (0.97, 0.99), panoramic muscle area = 0.95 (0.93, 0.96),
B-mode muscle area = 0.97 (0.97, 0.98), panoramic muscle echogenicity = 0.98 (0.97, 0.98),
and B-mode echogenicity = 0.81 (0.75, 0.87). For consistency, these measurements were all
analyzed by the same member of the research team. The mean of each participant’s values
across the three images at each site (i.e., 50% and 75%) was used in our analyses. Figure 1
displays an example of muscle thickness and CSA captured and analyzed at each site.

Figure 1. Examples of rectus femoris muscle thickness and CSA captured via ultrasonography for one
participant. (a) Rectus femoris muscle thickness at 50% of leg length captured using the panoramic
feature. (b) Same as A but showing muscle CSA. (c) Rectus femoris muscle thickness at 75% of leg
length captured using a standardized B-mode image. (d) Same as C but showing muscle CSA.

2.3. Performance Measures

Participants performed a self-paced, low to moderate intensity warm-up for five
minutes using a cycle ergometer. Muscle strength and endurance of the lower body
were tested using isokinetic dynamometry on a Biodex Pro IV System (Biodex Medical
Systems, Shirley, NY, USA). Lower body muscular strength was assessed using peak
torque performed during a three-repetition test at 60◦ per second for knee extension–
flexion and a three-repetition test at 30◦ per second for plantar-dorsiflexion. Lower body
muscular endurance was evaluated using the total amount of work performed during a
21-repetition test at 180◦ per second for knee extension–flexion and 60◦ per second for
plantar-dorsiflexion [24]. Muscular strength and then endurance were first assessed in
upper leg (i.e., knee extension–flexion) and then in the lower leg (i.e., plantar-dorsiflexion).
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A warm-up set was completed before each lower-body strength test (i.e., knee extension–
flexion and plantar-dorsiflexion); participants were instructed to perform three repetitions
at ≤75% of their perceived maximal effort. Thirty seconds of rest was given between all
extension-flexion tests. One minute of rest was provided between plantar-dorsiflexion
tests. To optimize performance, participants were encouraged to employ “all-out effort” by
research staff during all muscle function tests. To better capture muscular performance of
the entire right leg, peak torques from the isokinetic strength test and total work from the
isokinetic endurance test were added together to create summed peak torque and summed
total work (i.e., knee extension + knee flexion + plantarflexion + dorsiflexion).

Maximal handgrip strength (kg) was assessed using an analog Jamar Handheld Dy-
namometer (Bolingbrook, IL, USA). Participants were instructed to grasp the dynamometer
in their dominant hand and to keep their elbow at their side with a 90◦ bend between the
upper arm and forearm, while standing. Participants were told to squeeze the dynamome-
ter as hard as possible for two to three seconds. Each participant performed three maximal
attempts; the highest grip strength was used.

Participants then performed a 30-s chair stand test on a chair with a 43 cm floor-to-seat
height. All trials were performed with participants’ arms crossed and feet at a comfortable
distance apart (i.e., about hip to shoulder width). With a straight back, participants were
instructed to fully sit down and stand-up for each repetition, and practice repetitions were
performed to ensure adequate performance during the test. The total number of repetitions
completed in 30-s period was recorded, and the 30-s period began when participants started
to rise.

2.4. Physical Activity Assessment

Following performance testing, participants were given accelerometers and three-day
food diaries. Physical activity was recorded using Actigraph (ActiGraph Corp, Pensacola,
FL, USA) GT9X accelerometers. Participants were instructed to wear accelerometers on
their right hip during all waking hours, excluding activities where the device may get
wet (e.g., bathing or swimming), for a period of one week and to keep a sleep log to
record the time that the accelerometer was removed at night and put back on in the
morning. The raw acceleration data were collected at 80 Hz and processed in R software
(http://cran.r-project.org, accessed on 6 September 2016) using the GGIR package (version
1.10-10) [25]. Non-wear time was defined as intervals of at least 90 min of zero counts with
allowance of a two-minute interval of non-zero counts within a 30-min window [26]; thus,
only valid time during waking hours of each day was included for statistical analyses.
Although accelerometry captures many aspects of physical activity (e.g., sedentary time,
light physical activity, etc.), we decided to use moderate-to-vigorous physical activity
(MVPA) in our analyses because of its relationship with performance variables [27,28].

2.5. Nutrition Analysis

After performance testing, participants were also given three-day food diaries, re-
ceived training on how to record dietary intakes by a member of the research team, and
were required to watch a prerecorded training video. Dietary intakes from three-day food
diaries, including nutritional supplements, were entered into Food Processor Nutrition
Analysis Software (ESHA Research, Salem, OR, USA), which uses FoodData Central (USDA
National Nutrient Database) by trained research assistants. Data entry was then line-by-line
verified by a registered dietitian. Animal- and plant-based protein intakes were estimated
using a line-by-line examination of dietary intake by a registered dietitian. Food items
that contained less than 1 g of total protein were excluded from these calculations. Foods
containing both animal- and plant-based protein were split according to their ingredients to
distinguish protein sources. Animal-based protein sources included meat, fish and seafood,
dairy, eggs, poultry, and wild game.
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2.6. Statistical Analyses

Alpha was set at 0.05, and all statistics were performed in SPSS version 27 (IBM,
Armonk, NY, USA). All data are available as a supplemental file.

2.6.1. Primary Analyses: Measures from Ultrasonography and Their Relationships with
Muscular Performance and the Association between Rectus Femoris Echogenicity and
Specific Force

Three male participants could not be included in analyses of ultrasonography because
our ultrasound machine suffered a catastrophic failure near the very end of the data
collection window, precluding ultrasonography for these male participants. Thus, all
analyses related to ultrasonography have 88 as opposed to 91 participants.

We used multiple-linear regression models to determine the relationships between
variables derived from ultrasonography (i.e., rectus femoris muscle thickness, echogenicity,
and CSA) using the two different methodologies (i.e., panoramic versus B-mode images)
and sites (i.e., 50% and 75% of right leg length) with measures of muscular performance.
Each of these variables from ultrasonography were assessed in separate multiple-linear
regression models. Although we consider summed peak torque and summed total work to
be more representative of lower-body performance, we specifically included knee extensor
peak torque and total work in these analyses, because ultrasonography was used to measure
the rectus femoris, one of the knee extensors. Separate multiple-linear regression models
were also used to evaluate the relationship between echogenicity and specific force of the
rectus femoris, two measures of muscle quality. All aforementioned regression models
were adjusted for gender (i.e., 0 = women, 1 = men), age, and body mass in kilograms
divided by the square of height in meters (BMI), because these variables are routinely
collected in both clinical and research settings.

2.6.2. Secondary Analyses: Animal-Based Protein Intake and Muscular Performance

All participants completed a three-day food diary, completed all performance mea-
sures (i.e., isokinetic dynamometry, handgrip strength, and 30-s chair stand test), and wore
an accelerometer. For our analyses investigating nutritional variables, we first used simple
linear regression models to verify that our estimates of animal-based and plant-based
protein intakes together agreed with total protein intake. Animal-based and plant-based
protein intakes, determined by line-by-line analysis of three-day food diaries by a regis-
tered dietitian and expressed either as relative intakes or percentages of energy intakes,
were entered as predictor variables, and total protein, without partitioning into animal- or
plant-based protein intakes, was the outcome variable.

Analyses of nutritional data are complicated by the shared variance of many vari-
ables. Energy intake and macronutrient intakes, which we examined in this work, are
directly related, that is, a person’s macronutrient intake, withstanding alcohol, determines
their energy intake (i.e., protein + carbohydrates + fat = energy). Therefore, when ana-
lyzing dietary variables, relative energy (kcals/kg/day) and the relative intakes of all the
macronutrients (g/kg/day) cannot be entered simultaneously. We used Pearson Product–
Moment Coefficients to examine the collinearity of both relative macronutrient intakes and
macronutrient intakes as percentages of energy intake with one another and with relative
energy intake. Although there are other methodologies, we chose to include relative energy
intake (kcal/kg/day) in our analyses and to express the intake of the macronutrients as
percentages of energy intake. This method allowed us to control for both relative energy
intake and macronutrient intakes in our statistical models.

Mixed linear models were used to evaluate the impact of ABPI on muscular perfor-
mance. The 41 men and 50 women were first blocked according to self-reported gender
(0 = women, 1 = men). Then, each gender was split at their median of energy intake
from animal-based protein. More specifically, gender and ABPI (below median = 0, above
median = 1) were entered as fixed factors. Age, BMI, MVPA, relative energy intake, and
percent energy from protein, fat, and carbohydrates were entered as continuous covariates.
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Models were evaluated for equality of error of variance using Levene’s Test of Equality of
Variance and for heteroscedasticity using White’s Test of Heteroscedasticity; mixed models
that were significantly unequal in their variances or heteroscedastic were transformed using
the square root function. Out of an abundance of caution, we chose to use the HC3 method
to calculate the standard errors of our variables, as it is more robust to unequal variances,
heteroscedasticity, and multicollinearity than the ordinary least squares method [29]. We
did not hypothesize that there would be interaction between gender and ABPI, so only
main effects were examined in these mixed models. For those models in which ABPI is
significant, we evaluated effect size using partial eat squared. We also sought to verify
that ABPI and not total protein intake is important to performance. We verified our results
by performing the same aforementioned methods, but we split each gender at median of
total protein intake as a percentage of energy intake and included ABPI as a percentage of
energy intake as a continuous covariate.

Estimates of physical activity from accelerometry are considered valid when the
devices are worn for 10 h per day for at least four days [28], and three participants failed to
meet these criteria despite our instruction to wear the devices during all waking hours for
one week. Nonetheless, all other participants achieved at least four or more days including
one weekend day with an average of 10 or more hours of time wearing the device. These
three participants who failed to wear accelerometers as directed represent a small portion of
our sample (3.3%), and physical activity was included in our mixed models as a covariate;
physical activity is not the focus of this work, but we feel it is essential to control for in our
mixed models evaluating ABPI. For these reasons and due to small sample size, particularly
when split into groups, we decided to include these three participants, using their limited
physical activity data in our analyses.

2.6.3. Descriptive Statistics

For our descriptive statistics, we described the four groups from the secondary analy-
ses in our all of our tables, even though we chose not to investigate the association between
ABPI and measures from ultrasonography, because the three men who were precluded
from ultrasonography were, coincidently, above the median for animal-based protein
intake as a percentage of energy. Within these tables, we chose to use the Brown–Forsythe
method for comparisons, because we did not assume equal variances. We compared those
above the median of ABPI as a percentage of energy to those below the median within each
gender, so we did not adjust for multiple comparisons.

3. Results

Table 1 describes participants self-reported age, measured height, weight, and calcu-
lated BMI. There were no statistically significant differences between those below or above
the median of ABPI as a percentage of total energy within each gender.

Table 1. Self-reported age and anthropometrics for 41 men and 50 women.

Women Men

Total
(n = 50)

Below Median ABPI
(n = 25)

Above Median ABPI
(n =25)

Total
(n = 41)

Below Median ABPI
(n = 21)

Above Median ABPI
(n =20)

Age (years) 54.00 55.00 54.00 51.00 55.00 50.00

Height (cm) 165.20 164.00 165.50 181.00 176.70 181.05

Weight (kg) 68.30 67.33 69.12 87.7 85.20 92.36

BMI 25.11 24.43 25.54 26.57 26.57 26.32

All values are medians. Comparisons within gender and between those below and above the median for animal-based protein intake
(ABPI) as a percentage of energy intake were made using the Brown–Forsythe method.

Table 2 describes right rectus femoris muscle thickness, echogenicity, and CSA mea-
sured using the panoramic ultrasonography at 50% and B-mode images at 75% of the
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distance of the right leg. Within each gender, there were no statistically significant differ-
ences in these measures between those above the median of ABPI and those below.

Table 2. Rectus femoris muscle thickness, echogenicity, and cross-sectional area assessed via ultrasonography captured
using the panoramic feature at 50% and with regular B-mode images at 75% of the right leg in 88 middle-aged men
and women.

Women Men

Total
(n = 50)

Below Median
ABPI

(n = 25)

Above Median
ABPI

(n =25)

Total
(n = 38)

Below Median
ABPI

(n = 21)

Above Median
ABPI

(n =17)

Muscle Thickness at 50% (cm) 2.109 2.038 2.178 2.339 2.275 2.345

Muscle Thickness at 75% (cm) 0.707 0.710 0.706 0.994 0.918 1.070

Echogenicity at 50% (A.U.) 96.70 97.86 96.64 35.90 34.85 41.73

Echogenicity at 75% (A.U.) 91.99 93.34 90.63 81.99 74.56 84.54

Muscle CSA at 50% (cm2) 7.384 6.569 7.861 10.593 10.470 10.963

Muscle CSA at 75% (cm2) 0.957 0.790 1.055 1.934 1.660 2.088

All values are medians. CSA = Muscle Cross-Sectional Area. A.U. = Arbitrary Units. Comparisons within gender and between those below
and above the median for animal-based protein intake (ABPI) as a percentage of energy intake were made using the Brown–Forsythe method.

Table 3 presents the results of the sperate multiple-linear regression models inves-
tigating the relationship between different measures derived from ultrasonography and
muscular performance. Measures of rectus femoris size assessed using panoramic ultra-
sonography were less related to knee extensor performance but more strongly related to
overall muscular performance. More specifically, both muscle thickness (p = 0.302) and
CSA (p = 0.056) assessed using the panoramic feature of the right leg were unrelated to
knee extensor peak torque, whereas the same measures assessed using a B-mode image
at of the right leg were related to knee extensor peak torque. Similarly, muscle thickness
assessed using the panoramic feature was unrelated to knee extensor total work (p = 0.197).
Although muscle CSA captured with the panoramic feature was related to knee extensor
total work (p = 0.049), it was less closely related than muscle CSA (p = 0.013) or thickness
(p = 0.036) assessed with a B-mode image at 75% of leg length. Conversely, measures
of muscle thickness (p = 0.001) and CSA (p = 0.004) derived from panoramic ultrasound
were significantly related to handgrip strength performance, whereas the same measures
collected using B-mode were not. Muscle CSA from panoramic ultrasound was also most
closely related to summed peaked torque (p = 0.005), a relationship that was only close
to significance (p = 0.051) with a B-mode image. Both methodologies (i.e., panoramic
and B-mode) produced measures of muscle thickness and CSA that were associated with
summed total work.

Echogenicity of rectus femoris was unrelated to both knee extensor and summed
peak torque but was significantly associated with knee extensor total work when captured
using either panoramic (p = 0.001) or B-mode images (p = 0.004). Echogenicity of the rectus
femoris from both panoramic (p = 0.008) and B-mode (p = 0.007) images was also associated
with handgrip strength. Interestingly, although echogenicity was related to knee extensor
total work, it was not related to summed total work when using either methodology. No
ultrasonographic measure was associated with 30-s chair stand performance.

Table 4 describes our evaluation of echogenicity with specific force, two measures
of muscle quality. Echogenicity was not related to specific force in any regression model
nor was any model significant. We found measures from the 50% site, taken using the
panoramic feature, created better fitting models. In fact, echogenicity assessed at 50%
trended toward significance (p = 0.077).
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Table 4. Association of echogenicity assessed via ultrasonography captured using the panoramic feature and B-mode
images of the right leg with various assessments of knee extensor specific force in 88 middle-aged men and women.

Variable
Entered

Specific Force
Variable

R F4,83
Age (Beta ±

S.E.)
Gender (Beta ±

S.E.)
BMI (Beta ± S.E.)

Entered
Variable (Beta ±

S.E.)

Echogenicity at
50% (A.U.)

Peak KE Torque by
Muscle Thickness
at 50% (Nm/cm)

0.299 2.030
p = 0.098

−0.799 ± 3.154
p = 0.801

−106.185 ± 54.253
p = 0.054

10.527±4.306
p = 0.017

−1.381 ± 0.770
p = 0.077

Peak KE Torque by
Muscle CSA at 50%

(Nm/cm2)
0.311 2.226

p = 0.073
−0.625 ± 2.187

p = 0.776
−5.110 ± 37.627

p = 0.892
6.163±2.986

p = 0.042
−0.831 ± 0.534

p = 0.123

Echogenicity at
75% (A.U.)

Peak KE Torque by
Muscle Thickness
at 75% (Nm/cm)

0.239 1.253
p = 0.295

−0.074 ± 3.181
p = 0.982

−45.255 ± 41.943
p = 0.284

9.403±4.341
p = 0.033

−0.370 ± 0.702
p = 0.600

Peak KE Torque by
Muscle CSA at 75%

(Nm/cm2)
0.267 1.594

p = 0.184
−0.161 ± 2.199

p = 0.535
32.388 ± 28.991

p = 0.267
5.416±3.001

p = 0.075
−0.131 ± 0.485

p = 0.788

A.U. = Arbitrary Units. S.E. = Standard Error. Age: years. Gender: Women = 0; Men = 1. BMI: kg/m2.

Table 5 describes the nutritional variables assessed from three-day food diaries for
study participants. There were significant differences in macronutrient intake between
those above the median for ABPI as a percentage of energy intake and those below within
each gender; relative carbohydrate intake, carbohydrate intake as percentage of energy,
protein intake as percentage of energy, relative ABPI, ABPI as a percentage of energy, and
relative plant-based protein intake were all significantly different in both men and women.
Those above the median consumed less carbohydrates, more protein, and more animal
based protein than those below. In women, there were also significant differences in relative
fat and calcium intake with those above the median consuming less fat and more calcium.
In men, on the other hand, there was a significant difference in relative energy intake with
those below the median of ABPI consuming more energy.

Table 6 lists physical activity variables recorded using accelerometry. Excluding wear
days, which were greater in men below the median compared to men above the median,
there were no significant differences between those above the median of animal-based
protein as percentage of energy intake and those below.

Regression models examining estimates of animal-based and plant-based protein
intakes with total protein intake showed good agreement between our estimates and
total protein. Estimates of relative animal-based and relative plant-based protein intakes
explained 98.4% of the variance in relative protein intake (F2,88 = 2788.702, p < 0.001), and
estimates of animal- and plant-based protein intakes as percentages of energy explained
94.0% of the variance in protein as a percentage of energy (F2,88 = 683.550, p < 0.001).

Table 7 shows Pearson Product–Moment Correlations between relative macronutrient
intakes, macronutrient intakes as percentages of energy intake, and relative energy intake.
Relative macronutrient intakes showed stronger relationships with relative energy intake
than macronutrient intakes expressed as a percentage of energy intake. Withstanding the
association between percent of energy from fats and carbohydrates, macronutrient intakes
expressed as percentages of energy were less strongly correlated amongst one another
than relative macronutrient intakes. These results suggest macronutrient intakes should be
expressed as percentages of energy intake in statistical models including relative energy
intake to limit collinearity.
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Table 5. Dietary intakes accessed from three-day food diaries in 41 middle-aged men and 50 middle-aged women.

Women Men

Total (n = 50)
Below Median

ABPI
(n = 25)

Above Median
ABPI

(n = 25)
Total (n = 41)

Below Median
ABPI (n = 21)

Above Median
ABPI (n = 20)

Relative Energy
(kcal/kg/day)

24.46 30.51 22.51 28.41 31.08 * 26.73

Relative Fat
(g/kg/day)

1.04 1.14 * 0.90 1.15 1.20 0.99

Fat Percent
Energy (%)

35.66 37.03 34.88 34.85 34.02 35.63

Relative
Carbohydrate
(g/kg/day)

2.85 3.22 ** 2.30 3.56 4.12 ** 2.81

Carbohydrate
Percent Energy

(%)
46.20 48.56 * 44.36 46.86 48.82 *** 41.16

Relative Protein
(g/kg/day)

1.19 1.15 * 1.25 1.28 1.28 1.24

Protein Percent
Energy (%)

17.99 14.40 ** 21.27 17.35 14.54 *** 18.65

Relative
Animal Protein

(g/kg/day)
0.77 0.61 *** 1.00 0.87 0.82 * 0.96

Animal Protein
Percent Energy

(%)
11.99 8.59 *** 16.08 11.74 10.39 *** 15.16

Relative Plant
Protein

(g/kg/day)
0.31 0.37* 0.27 0.34 0.39 ** 0.29

Plant Protein
Percent Energy

(%)
4.92 5.23 4.81 4.56 4.77 4.26

Vitamin D
(IU/day)

155.28 105.58 236.41 149.70 206.52 135.49

Calcium
(mg/day)

849.06 743.91 ** 951.94 1166.69 1103.57 1212.28

Mg (mg/day) 202.96 196.17 210.15 315.96 254.04 332.94

Mn (mg/day) 1.67 1.50 1.98 2.03 2.31 1.89

Vitamin K
(mcg/day)

72.01 88.31 59.97 70.72 52.02 77.98

Fe (mg/day) 12.49 12.51 12.03 16.10 18.43 14.80

Vitamin C
(mg/day)

107.42 84.78 115.31 79.03 86.42 54.11

Vitamin E
(mg/day)

7.716 7.00 13.06 7.71 5.37 8.10

P (mg/day) 772.54 809.96 765.45 1314.39 1265.21 1349.81

K (mg/day) 1693.39 1692.27 1754.97 2577.01 2577.01 2576.71

All values are medians. Comparisons between those below and above the median for animal-based protein intake (ABPI) as a percentage
of energy intake within gender were made using the Brown–Forsythe method. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 6. Physical activity variables assessed using accelerometry in 41 middle-aged men and 50 middle-aged women.

Women Men

Total (n = 50)
Below Median

ABPI
(n = 25)

Above Median
ABPI

(n = 25)
Total (n = 41)

Below Median
ABPI

(n = 21)

Above Median
ABPI

(n = 20)

Wear Days (days) 7.00 6.00 7.007 7.00 7.00 * 6.00

Wear Time
(min/day) 867.04 869.50 864.57 895.33 895.71 891.87

Sedentary Time
(min/day) 559.58 556.00 563.001 613.14 606.00 620.91

Light Physical
Activity

(min/day)
265.13 285.83 260.33 242.38 269.43 210.11

Moderate
Physical Activity

(min/day)
27.46 30.67 22.00 27.86 31.83 25.85

Vigorous Physical
Activity

(min/day)
0.15 0.14 0.29 0.33 2.00 0.00

Moderate to
Vigorous Physical

Activity
(min/day)

31.05 31.20 27.14 33.25 33.83 27.00

All values are medians. Comparisons between those below and above the median for animal-based protein intake (ABPI) as a percentage
of energy intake within gender were made using the Brown–Forsythe method. * p < 0.05.

Table 7. Pearson Product–Moment Correlations of macronutrient intakes, including animal-based protein, and relative
energy intake in 41 middle-aged men and 50 middle-aged women.

Variable
Variable

Relative
Energy
Intake

Relative Fat
(g/kg/day)

Fat Percent
Energy (%)

Relative Car-
bohydrate
(g/kg/day)

Carbohydrate
Percent

Energy (%)

Relative
Protein

(g/kg/day)

Protein
Percent

Energy (%)

Relative
Animal
Protein

(g/kg/day)

Relative Fat
(g/kg/day)

0.819
p < 0.001 - - - - - - -

Fat Percent
Energy (%)

−0.120
p = 0.258

0.435
p < 0.001 - - - - - -

Relative Car-
bohydrate

(g/kg/day)

0.911
p < 0.001

0.534
p < 0.001

-0.440
p < 0.001 - - - - -

Carbohydrate
Percent

Energy (%)

0.315
p = 0.002

−0.188
p = 0.074

−0.845
p < 0.001

0.648
p < 0.001 - - - -

Relative
Protein

(g/kg/day)

0.755
p < 0.001

0.617
p < 0.001

−0.144
p = 0.174

0.570
p < 0.001

−0.019
p = 0.858 - - -

Protein
Percent

Energy (%)

−0.353
p = 0.001

−0.351
p = 0.001

−0.114
p = 0.281

−0.438
p < 0.001

−0.438
p < 0.001

0.297
p = 0.004 - -

Relative
Animal
Protein

(g/kg/day)

0.548
p < 0.001

0.452
p < 0.001

−0.122
p = 0.248

0.357
p = 0.001

−0.138
p = 0.191

0.922
p < 0.001

0.473
p < 0.001 -

Animal
Protein
Percent

Energy (%)

−0.350
p < 0.001

−0.332
p = 0.001

−0.082
p = 0.439

−0.440
p < 0.001

−0.431
p < 0.001

0.277
p = 0.008

0.916
p < 0.001

0.550
p < 0.001
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Table 8 and Figure 2 present the results of our investigation of the relationship between
ABPI with performance measures. To create homoscedastic models with equal variances,
data from the handgrip strength test (kg) and the 30-s chair stand test (repetitions) were
transformed using the square root function. Using these transformed variables, all of these
mixed models had equal variances according to Levene’s Test and were homoscedastic
according to White’s test (i.e., p > 0.05).

Table 8. Animal-based protein intake and muscular performance in middle-aged men and women.

Performance
Variable

R F9,81

Age
(Beta ±

S.E.)

Gender
(Beta ±

S.E.)

BMI
(Beta ±

S.E.)

MVPA
(Beta ±

S.E.)

Relative
Energy
(Beta ±

S.E.)

Fat
Percent
Energy
(Beta ±

S.E.)

Carbohydrate
Percent
Energy

(Beta ± S.E.)

Protein
Percent
Energy
(Beta ±

S.E.)

Animal-
Based

Protein
Intake

Median
Split

(Beta ±

S.E.)

Summed
Isokinetic

Peak
Torque
(Nm)

0.887
33.111

p <
0.001

−3.767
± 1.138

p = 0.001

190.543
± 13.850
p < 0.001

1.694 ±

1.874
p = 0.369

0.287 ±

0.395
p = 0.469

−0.829
± 0.862

p = 0.339

−3.754
± 8.467

p = 0.659

−3.889 ±

8.351
p = 0.643

−5.769
± 8.007

p = 0.473

65.874 ±

19.855
p = 0.001

Summed
Isokinetic
Work (J)

0.870
28.032

p <
0.001

−46.224
± 11.546
p < 0.001

1671.298
±

126.695
p < 0.001

29.436 ±

19.814
p = 0.141

2.842 ±

4.617
p = 0.540

16.825 ±

9.500
p = 0.080

−100.977
± 76.033
p = 0.188

−95.794 ±

76.033
p = 0.204

−92.620
± 71.011
p = 0.196

549.944
±

232.478
p = 0.020

Transformed
30-Second

Chair
Stand (rep-

etitions
#)

0.437
2.128
p =

0.036

0.004 ±

0.010
p = 0.700

0.316 ±

0.128
p = 0.016

−0.024
± 0.013

p = 0.081

0.000 ±

0.003
p = 0.940

0.008 ±

0.009
p = 0.859

−0.092
± 0.077

p = 0.237

−0.103 ±

0.076
p = 0.182

−0.095
± 0.076

p = 0.214

0.086 ±

0.156
p = 0.584

Transformed
Handgrip
Strength

(kg)

0.913
45.026

p <
0.001

−0.029
± 0.008

p = 0.001

1.898 ±

0.105
p < 0.001

0.001 ±

0.018
p = 0.956

0.003 ±

0.003
p = 0.295

−0.008
± 0.008

p = 0.323

−0.083
± 0.042

p = 0.052

−0.091 ±

0.041
p = 0.027

−0.111
± 0.040

p = 0.007

0.349 ±

0.171
p = 0.045

S.E. = standard error. Age: years. Gender: Women = 0, Men = 1. BMI: kg/m2. Relative energy intake: kcal/kg/day. Animal-based protein
intake was split at the median of percent energy from animal-based protein within both men and women; below median = 0, above median
= 1. Nutritional variables were assessed using three-day food diaries. Summed isokinetic peak torque was calculated by adding the peak
torques recorded during the isokinetic strength test, 60◦ per second for knee extension–flexion and 30◦ per second for plantar-dorsiflexion.
Summed isokinetic endurance was calculated by adding total work performed during a 21-repetition test at 180◦ per second for the knee
extension–flexion and 60◦ per second for plantar-dorsiflexion. Total repetitions performed during the 30-s chair stand test and handgrip
strength were transformed using the square root function. The height of the chair for the 30-s chair stand test was 43 cm.

Our mixed models explained 78.6% of the variance of summed peak torque performed
during the isokinetic strength test, 75.7% of the variance of summed work performed
during the isokinetic endurance test, and 83.3% of the variance in handgrip strength
transformed using the square root function, indicating good model fit for these performance
variables. However, our mixed model investigating the results of the 30-s chair stand test
only explained 19.1% of the variance in this measure, indicating relatively poor model fit.
Nonetheless, all models were significant.

Animal-based protein intake was significant to mixed models evaluating lower-body
muscular strength, lower-body muscular endurance, and handgrip strength. Those consum-
ing above the median of animal-based protein as percentage of energy intake performed
better on these tests of muscular strength and endurance than those below the median. The
effect sizes assessed using partial eta squared of the ABPI median split were 0.120, 0.065,
and 0.049 for summed lower-body peak torque, summed lower-body total work, and hand-
grip strength, respectively. Animal-based protein intake was not related to performance in
the 30-s chair stand test.
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Figure 2. Animal-based protein intake and muscular performance. Animal-based protein intake
was split at the median of percent energy from animal-based protein within both men and women;
below median = 0, above median = 1. Covariates included age, gender, BMI, MVPA, relative energy
intake, and percentages of energy intake from fat, carbohydrate, and protein. All bars are means,
and error bars represent 95% confidence intervals. (a) Summed isokinetic peak torque by gender and
animal-based protein intake. Summed isokinetic peak torque was calculated by adding the peak
torques recorded during the isokinetic strength test, 60◦ per second for knee extension–flexion and
30◦ per second for plantar-dorsiflexion. (b) Summed isokinetic endurance by gender and animal-
based protein intake. Summed isokinetic endurance was calculated by adding total work performed
during a 21-repetition test at 180◦ per second for the knee extension–flexion and 60◦ per second
for plantar-dorsiflexion. (c) Square root transformed 30-s chair stand test repetitions by gender and
animal-based protein intake. The height of the chair for the 30-s chair stand test was 43 cm. (d)
Square root transformed handgrip strength by gender and animal-based protein intake.

Because ABPI was significant to lower-body muscular strength, lower-body muscular
endurance, and handgrip strength, we wanted to verify that these findings were due to
ABPI and not to greater total protein intake. Although we did control for total protein intake
as percentage of energy in our mixed models where participants were split at the median
of ABPI, Table 9 shows our analyses where participants were split at the median of total
protein intake as percentage of energy intake and ABPI as a percent of energy intake was
entered as a continuous covariate. With the exception of square root transformed 30-s chair
stand repetitions, all of these mixed models had equal variances according to Levene’s Test
and were homoscedastic according to White’s test (i.e., p > 0.05). Square root transformed
30-s chair stand performance was homoscedastic but showed unequal variances between
groups (p = 0.024) according to Levene’s test. Because our earlier analysis of square root
transformed 30-s chair stand performance (i.e., Table 8) showed equal variances between
groups, was homoscedastic, and produced nonsignificant results regarding protein intake
and ABPI, we did not transform 30-s chair stand performance using a different methodology
(e.g., Log). In other words, square root transformed 30-s chair stand performance was
included in Table 9 despite showing unequal variances between groups, although the
HC3 method is considered to be more robust to violations of unequal variance [28]. Total
protein intake split at the median of energy intake was not significant to any performance
variable, whereas APBI split at the median was significant to lower-body muscular strength,
lower-body muscular endurance, and handgrip strength, indicating that APBI is more
closely related to muscular performance than total protein intake.
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Table 9. Total protein intake and muscular performance in middle-aged men and women.

Performance
Variable

R F9,81

Age
(Beta ±

S.E.)

Gender
(Beta ±

S.E.)

BMI
(Beta ±

S.E.)

MVPA
(Beta ±

S.E.)

Relative
Energy
(Beta ±

S.E.)

Fat
Percent
Energy
(Beta ±

S.E.)

Carbohydrate
Percent
Energy

(Beta ± S.E.)

ABPI
Energy
(Beta ±

S.E.)

Total
Protein
Intake

Median
Split

(Beta ±

S.E.)

Summed
Isokinetic

Peak
Torque
(Nm)

0.871
28.366

p <
0.001

−4.013
± 1.171

p = 0.001

189.571
± 14.575
p < 0.001

2.003 ±

2.029
p = 0.326

0.194 ±

0.427
p = 0.651

−0.792
± 0.962

p = 0.413

−0.049
± 4.836

p = 0.992

−0.681 ±

4.576
p = 0.882

1.754 ±

3.637
p = 0.631

19.397 ±

23.176
p = 0.405

Summed
Isokinetic
Work (J)

0.856
24.638

p <
0.001

−47.751
± 12.387
p < 0.001

1654.781
±

134.463
p < 0.001

32.111 ±

22.256
p = 0.153

2.090 ±

5.296
p = 0.694

16.687 ±

10.609
p = 0.120

−24.735
± 61.303
p = 0.688

−24.971 ±

58.990
p = 0.673

29.836 ±

43.397
p = 0.494

−2.405±
258.849

p = 0.993

Transformed
30-Second

Chair
Stand (rep-

etitions
#)

0.409
1.806
p =

0.080

0.004 ±

0.011
p = 0.728

0.313 ±

0.130
p = 0.018

−0.024
± 0.013

p = 0.084

0.000 ±

0.003
p = 0.958

0.007 ±

0.009
p = 0.466

−0.011
± 0.043

p = 0.803

−0.024 ±

0.040
p = 0.549

0.003 ±

0.043
p = 0.939

−0.112
± 0.172

p = 0.519

Transformed
Handgrip
Strength

(kg)

0.904
40.523

p <
0.001

−0.030
± 0.009

p = 0.001

1.901 ±

0.121
p < 0.001

0.004 ±

0.0.019
p = 0.834

0.002 ±

0.003
p = 0.680

−0.008
± 0.008

p = 0.360

−0.018
± 0.043

p = 0.683

−0.031 ±

0.042
p = 0.459

0.000 ±

0.032
p = 0.997

0.187 ±

0.197
p = 0.953

S.E. = standard error. ABPI = animal-based protein intake. Age: years. Gender: Women = 0, Men = 1. BMI: kg/m2. Relative energy intake:
kcal/kg/day. Total protein intake was split at the median of percent energy from protein within both men and women; below median = 0,
above median = 1. Nutritional variables were assessed using three-day food diaries. Summed isokinetic peak torque was calculated by
adding the peak torques recorded during the isokinetic strength test, 60◦ per second for knee extension–flexion and 30◦ per second for
plantar-dorsiflexion. Summed isokinetic endurance was calculated by adding total work performed during a 21-repetition test at 180◦ per
second for the knee extension–flexion and 60◦ per second for plantar-dorsiflexion. Total repetitions performed during the 30-s chair stand
test and handgrip strength were transformed using the square root function. The height of the chair for the 30-s chair stand test was 43 cm.

4. Discussion

We found that measures of muscle size from standardized B-mode ultrasound images
better captured the performance of the knee extensors, whereas measures of muscle size
assessed from panoramic images were more closely related to overall muscular perfor-
mance, producing significant associations between muscle size with summed peak torque
and handgrip strength. However, our methodology differed from that of others who have
utilized panoramic ultrasound. We took panoramic images of the rectus femoris at one
location (i.e., 50% of leg length) as opposed to using a template to image the entire length
of the quadriceps, although one research group advocated for an investigation of a single
site at the mid-quadriceps [11].

Nonetheless, the lack of a significant relationship between muscle thickness and
CSA measured using the panoramic feature and knee extensor strength is surprising,
considering these measures of muscle size were more closely related both to lower-body
strength (i.e., summed peak torque) and upper-body strength. Low muscle strength is the
first criterion of sarcopenia according to the European Working Group on Sarcopenia in
Older People 2 and should be, albeit not necessarily linearly, related to muscle mass [1]. In
other words, changes in muscle mass or size are not as meaningful as changes in muscle
strength. Measures of muscle size or mass that are unrelated to muscle strength then may
have limited utility in assessing or screening for sarcopenia. Despite the fact measures from
panoramic ultrasonography lacked face validity in the form of a significant relationship
with knee extensor peak torque, our findings suggest that the panoramic feature is a
suitable method for assessing sarcopenia in those with greater muscle at the midpoint of
thigh, as it is related to both lower-body and upper-body strength.

We also report that in our sample echogenicity was unrelated to both knee extensor,
strength, overall lower-body strength, and rectus femoris specific force, another measure of
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muscle quality. Although Strasser and colleagues [13] reported a significant correlation
between echogenicity and knee extensor strength, the relationship was only found in
younger and not older adults. In contrast, Akima and colleagues [30] found a significant
relationship between echogenicity and sit-to-stand performance in older Japanese men and
women. However, in a subsequent work, the same research group reported no relationship
between echogenicity and knee extensor strength [6]. We also did not find a significant
relationship between echogenicity and knee extensor strength, and we were the first, at
least to our knowledge, to directly compare the echogenicity of the rectus femoris to the
muscle’s specific force. None of the relationships were significant. However, we did find
an association between echogenicity with handgrip strength and knee extensor muscular
endurance. Echogenicity has been related to both intramuscular fat [31] and fibrous
tissue [32] content of muscle. In a large study of older Italian men and women, De Stefano
and colleagues [33] reported a negative association between intramuscular fat and physical
performance but found that those who were overweight or “Class I” obese had greater knee
extensor strength than those with a normal BMI, suggesting that intramuscular fat plays
a greater role in physical performance than in maximal strength. Our findings regarding
echogenicity support that view. Echogenicity, then, is not closely related to specific force as
it is with other muscular qualities such as endurance, because specific force is dependent
on maximal muscle strength.

Our secondary findings regarding dietary intake indicate a positive relationship
between ABPI and muscle strength when controlling for gender, age, BMI, relative energy
intake, and macronutrient composition. More specifically, those above the median of ABPI
as percentage of energy intake showed greater lower-body strength and endurance and
greater handgrip strength than those below. Although greater protein intake is thought
to be protective from developing sarcopenia [34–36], a recent cross-sectional study of
older Danish adults utilizing methods similar to ours (e.g., three-day food diary and
physical activity assessment) reported that protein intake was not related to knee extensor
strength, handgrip strength, and 30-s chair stand test performance [16]. In contrast to
their methodology where participants were divided into groups based on relative protein
intake, we split ours according to ABPI as a percentage of energy intake. Although
recommendations for protein intake are made on a g/kg basis [36], an advantage of
expressing intakes as percentages of energy intake is that one can control for relative energy
intakes and for macronutrient composition in the same statistical model. There is a high
degree of collinearity between relative intakes of macronutrients and relative energy intake.
In fact, one of the main findings from Højfeldt and colleagues’ study of older Danish adults
was that relative protein intakes and relative energy intakes are related [16]. Collinearity
can bias estimates of betas in multivariate analyses [37]. Although there is still a degree of
collinearity between macronutrient intakes as percentages of energy and relative energy
intakes, we addressed this issue by using the HC3 method of calculating standard errors,
which is more robust to collinearity and heteroscedasticity [29]. Outside of expressing
intakes as percentages of energy, our methodology also differed because we evaluated
ABPI. Plant-based proteins generally contain amino acids that are oxidized to be used
as energy to a greater extent than higher quality animal-based proteins [18]. Thus, total
protein intake is likely less strongly related to muscle mass and strength than protein intake
from higher quality sources, and our findings particularly support this notion. When
split at its median, total protein intake as a percentage of energy intake was not related to
lower-body strength, lower-body endurance, and handgrip strength, whereas ABPI split at
the median was positively associated with all these measures.

There are some limitations to our investigations. We cannot determine from our
primary results if the panoramic feature inaccurately quantified muscle size, because our
study lacked a measure of criterion validity in the form rectus femoris muscle thickness and
cross-sectional area assessed using MRI or CT. Another caveat to our findings regarding
ultrasonography is the skill of our sonographers. Although our sonographers were trained
and showed good reliability, ICCs were greater than 0.95 for all measures other than B-mode
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echo intensity, which was equal to 0.81; they were and are not professional sonographers.
Panoramic ultrasound is a more difficult method to perform, as the probe must be moved
while keeping light, consistent pressure during imaging. Our results regarding panoramic
ultrasonography and knee extensor performance may indicate, then, that the method
should only be performed by those with highest levels of skill. Nonetheless, measures from
panoramic ultrasonography were related to summed peak torque and handgrip strength,
indicating these measures were related to overall performance. Another potential limitation
was the assessment of anatomical as opposed to physiological CSA, as physiological CSA
of pennate muscles, such as the rectus femoris, is thought to be more closely related to
strength [10].

Regarding the limitations of our secondary analysis, this was a cross-sectional study
incapable of establishing causality, the self-reported nature of our food-diary recording
limits its accuracy, and we included three participants’ physical activity data despite the
fact these participants did not have enough valid wear days. Our secondary investigation
did have some strengths. We objectively measured and controlled for physical activity.
We verified our partitioning of protein intake into animal- and plant-based sources using
regression models. We included relative energy and macronutrient intakes in our mixed
models to control for differences in participants’ diets outside of ABPI. Lastly, we confirmed
the importance of ABPI to muscular performance by performing another set on analyses
where participants were spilt at the median of percent energy from total protein.

5. Conclusions

We report that measures of muscle thickness and CSA derived from panoramic ultra-
sonography are more closely related to overall strength than the same measures derived
from B-mode ultrasound images. Thus, panoramic images may be a suitable method to
measure muscle size and estimate overall muscle mass when the entire transverse area of a
muscle cannot be measured with a standardized B-mode image. However, measures of
muscle size from B-mode images were more closely related to the performance of knee
extensors alone, suggesting that B-mode images may be better measures of individual mus-
cles or muscle groups. Echogenicity of the rectus femoris was unrelated to its specific force
and to overall lower-body strength. Instead, echogenicity was related to handgrip strength
and knee extensor endurance. Finally, we found a positive relationship between ABPI and
lower-body strength, lower-body endurance, and handgrip strength when controlling for
physical activity and diet.
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Abstract: (1) Background: both sarcopenia and osteoporosis are major health problems in
postmenopausal women. The aim of the study was to evaluate the quality of life (QoL) and
the associated factors for sarcopenia in osteoporotic postmenopausal women, diagnosed according
to EWGSOP2 criteria. (2) Methods: the study sample comprised 122 osteoporotic postmenopausal
women with low hand grip strength and was divided into two groups: group 1 (probable sarcopenia)
and group 2 (sarcopenia). QoL was assessed using the validated Romanian version of SarQol
questionnaire. (3) Results: the D1, D4, D5, D7 and total SarQoL scores were significantly lower in
women from group 2 compared to group 1. In group 2, women older than 70 years had significant
lower values for D1, D3, D4, D6 and total SarQoL scores. Age, history of falls and the presence of
confirmed and severe sarcopenia were predictors for overall QoL. (4) Conclusions: the frequency of
sarcopenia was relatively high in our sample, with body mass index and history of falls as predictors
for sarcopenia. Older osteoporotic postmenopausal women, with previous falls and an established
sarcopenia diagnosis (low muscle strength and low muscle mass), were more likely to have a decreased
quality of life.

Keywords: sarcopenia; quality of life; osteoporosis; postmenopausal women

1. Introduction

Sarcopenia is characterized by decreased muscle strength, loss of muscle mass and poor physical
performance [1]. The condition is associated with aging. Aging is a complex process, involving
many variables that interact with each other and include, besides genetic factors, lifestyle and chronic
diseases. Even if sarcopenia is more common among older individuals, it can also occur earlier in life.
It typically begins in the fourth decade of life, but the decline is accelerated after the sixth decade [2,3].

The decrease in muscle strength and muscle mass contributes to the loss of the ability to live
independently and thus becomes an important public health problem. Sarcopenia is associated
with physical disability, poor physical performance, functional decline, falls, and hospitalization [4].
Multimorbidity is frequent in older individuals and some diseases, such as heart failure or chronic
obstructive pulmonary disease, accelerate the loss of muscle strength and mass, creating a vicious
cycle [5]. All these have a major impact on the patient′s quality of life [6]. Sarcopenia also increases
the risk of falls. There is a high risk for hip fractures, as loss of muscle mass is frequently associated
with loss of bone [5]. The high risk of falls in sarcopenic patients was found to be regardless of age,
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gender and other confounding factors [7]. In turn, falls are associated with functional deterioration,
physical disability, impairment in activities of daily living, increased morbidity and mortality [8]. In a
meta-analysis that included 17 studies, a significant association between sarcopenia and fractures was
found, independent of study design, study population, gender, sarcopenia definition, geographical
area or study quality [9].

Considering the specificities of older individuals, a sarcopenia-specific quality of life questionnaire
(SarQoL) has been developed [10,11] and validated [12]. The Romanian version of the SarQoL® was
validated in 2017 [13]. Previous studies have reported the associated factors and the effects on the
quality of life in adults with sarcopenia, using different diagnostic criteria. Only a few studies used the
revised criteria of the European Working Group on Sarcopenia in Older People (EWGSOP2) [14–16].
The purpose of the present study was to evaluate the quality of life and the associated factors for
sarcopenia in Romanian osteoporotic postmenopausal women, using the EWGSOP2 diagnostic criteria.

2. Materials and Methods

2.1. Study Design and Participants

Participants for this observational study were recruited from the postmenopausal women admitted
to Medical Rehabilitation Clinical Hospital Băile Felix, România. To be selected, participants had to be
previously diagnosed with primary osteoporosis (T-score ≤ −2.5, evaluated by DXA) and to have low
hand grip strength. Low hand grip strength was defined according to the EWGSOP2 recommended
cut-off of < 16 kg for women and was used to quantify the loss of muscle strength [1]. Criteria for
exclusion were: (1) severe mobility disorders of the weight-bearing joints and cases with neurological
conditions that affect balance and gait; (2) inability to walk for at least 10 min without a walking aid;
(3) history of hip or knee arthroplasty; (4) inflammatory musculoskeletal conditions; (5) malignancies;
(6) infectious diseases, (7) diabetic neuropathy; (8) cognitive impairments.

All participants provided written informed consent. The study complied with the Declaration
of Helsinki and was approved by the Local Ethics Commission for Scientific Research of Medical
Rehabilitation Clinical Hospital Băile Felix, România (4016/30.04.2018).

2.2. Assessments

Socio-demographic and clinical data (age, weight, height, body mass index, marital status,
occupational status, years of menopause, history of and tendency towards falls, history of osteoporotic
fractures, clinical conditions) were collected by interview and from medical documents. From
the medical documents, the appendicular lean muscle mass determined by dual-energy X-ray
absorptiometry was recorded for each participant in the study. Based on these results, and according
to the recommended EWGSOP2 cut-off points for skeletal muscle mass index (appendicular lean
mass/height2), the participants were categorized as having low muscle mass (<5.5 kg/m2) and normal
muscle mass [1].

2.2.1. Physical Performance

Physical performance was examined by the Timed Up&Go test, with the G-Walk system (BTS
Bioengineering, Milan, Italy). It uses a validated wireless inertial sensor, made up of four inertial
platforms, each composed of a tri-axial accelerometer, a tri-axial gyroscope and a magnetometer [17].
The G-sensor was attached to the participants fifth lumbar vertebra. The subjects were asked to stand
up from a chair, to walk along a 3 m pathway at a self-selected speed, turn around and walk back to
the chair and sit down. The recorded data were transmitted to the PC through a Bluetooth connection
and processed by the BTS G-studio software (BTS Bioengineering, Milan, Italy). Women who scored ≥
20 s were considered to have low physical performance.

Cases with low muscle strength were classified as having probable sarcopenia. We considered
all participants that met the two EWGSOP2 diagnostic criteria-low muscle strength and low muscle
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mass—to have confirmed sarcopenia. Women with confirmed sarcopenia and low physical performance
were categorized as having severe sarcopenia, according to the EWGSOP2 revised criteria [1]. We
divided the study sample in two groups: group 1 comprised participants with probable sarcopenia
(n = 58) and group 2, those with an established sarcopenia diagnosis, which included participants with
confirmed and severe sarcopenia, according to EWGSOP2 (n = 64).

2.2.2. Quality of Life

The quality of life was assessed using the validated Romanian version of SarQol questionnaire
(Sarcopenia Quality of Life). This is a multidimensional questionnaire, evaluating seven domains of
health-related quality of life—physical and mental health (D1), locomotion (D2), body composition
(D3), functionality (D4), activities of daily living (D5), leisure activities (D6) and fears (D7) [10].
The 22 questions are rated on a 4-point Likert scale. Each domain is scored from 0 to 100 and
an overall score is calculated. A higher score reflects a higher quality of life [12]. The SarQol
questionnaire has good internal consistency and construct validity, good discriminative power and
good responsiveness [12–14,18].

2.3. Statistical Analysis

The statistical analysis was performed using the Medcalc Statistical Software version 19.1 (MedCalc
Software bv, Ostend, Belgium). All data were tested for normality with the Shapiro–Wilk‘s test.
Descriptive statistics were calculated for all socio-demographics’ characteristics (frequencies, means and
standard deviation), SarQoL scores and TUG (median and interquartile range (IQR)). Between-groups
differences were assessed using the independent t-test and Mann–Whitney test, respectively. Categorical
data were compared using Chi-squared test. Logistic regression analysis was used to identify the
factors associated with sarcopenia. Odds ratios (OR), 95% confidence intervals (CI) and p values
were reported. Spearman rank correlation coefficient was used to assess the relationship between
socio-demographic and clinical factors and the SarQoL scores. Variables that demonstrated significance
were then entered into a stepwise multiple linear regression analysis to assess the predictors of quality
of life, with SarQoL domains and total scores as a dependent variable. The significance level was set at
p < 0.05 for all tests.

3. Results

The study sample comprised 122 women (mean age 67.02 ± 8.3 years) (ranging between 48 and
83 years) that met the inclusion criteria and agreed to participate in the study. More than half of the
participants (52.46%) were diagnosed with confirmed and severe sarcopenia.

Table 1 summarizes the characteristics of the participants. There were no significant differences
between the two groups in participants’ characteristics, except for weight, BMI and fall history. There
was a higher percent of overweight and obese women in group 1 compared to group 2 (p < 0.0001). The
proportion of overweight or obese women in our sample was 69.67%. A total of 93.10% of participants
with probable sarcopenia and 48.43% of those with sarcopenia were overweight or obese. Women with
sarcopenia had a higher frequency of history of falls than those with probable sarcopenia (p = 0.03).
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Table 1. Socio-Demographic and Clinical Characteristics.

All (n = 122) Group 1 (n = 58) Group 2 (n = 64) p

Age, years 67.02 ± 8.03 66.48 ± 7.76 67.5 ± 8.79 NS
<60 years 26 (21.31) 10 (17.24) 16 (25)

NS60–69 years 49 (40.16) 29 (50) 20 (31.25)
>70 years 47 (38.53) 19 (32.76) 28 (43.75)
Weight, kg 67.82 ± 11.02 72.34 ± 9.56 63.72 ± 10.69 <0.0001
Height, cm 157.93 ± 6.19 158 ± 6.18 157.9 ± 6.25 NS
BMI, kg/m2 27.22 ± 4.28 29.07 ± 3.71 25.55 ± 4.1 <0.0001

Underweigth (<18.5 kg/m2) 3 (2.46) 1 (1.72) 2 (3.13)

<0.0001Normal (18.5–24.9 kg/m2) 34 (27.87) 3 (5.17) 31 (48.44)
Overweight (25–29.9 kg/m2) 55 (45.08) 33 (56.9) 22 (34.37)

Obese (>30 kg/m2) 30 (24.59) 21 (36.21) 9 (14.06)
Years of menopause 19.66 ± 9.1 19.21 ± 8.25 20.08 ± 9.85 NS

Tendency to fall 55 (45.08) 24 (41.38) 31 (48.44) NS
Fall history 28 (22.95) 8 (13.79) 20 (31.25) 0.02

Osteoporotic fractures history 30 (24.59) 18 (31.03) 12 (18.75) NS
Number of comorbitites 5.85 ± 2.07 6 ± 1.97 5.72 ± 2.17 NS

Education NS
Primary education (<8 classes) 52 (42.63) 23 (39.66) 29 (45.31)

High school 50 (40.98) 27 (46.55) 23 (35.94)
University 20 (16.39) 8 (13.79) 12 (18.75)

Marital status NS
Married 73 (59.84) 39 (67.24) 34 (53.13)
Single 49 (40.16) 19 (32.76) 30 (46.88)

Occupational status NS
Working 46 (37.7) 23 (39.66) 23 (35.94)
Retired 76 (62.3) 35 (60.34) 41 (64.06)

Physical performance
TUG (s) 19.6 (15.17–25.5) 19.45 (14.75–25.13) 19.65 (15.65–26.74) NS

TUG>20s 61 (50) 28 (48.27) 33 (51.56) NS

Data are presented as mean ± SD, number (percentage) or median [IQR]

The associations between the socio-demographic and clinical factors and the presence of sarcopenia
were analysed by logistic regression. The factors significantly associated with sarcopenia were BMI (OR
0.79, 95%CI 0.71–0.88, p < 0.0001) and the history of falls (OR 2.84, 95%CI 1.13–7.09, p = 0.003). After
adjusting for covariates (age, marital status, number of comorbidities and years since menopause),
multiple logistic regression showed that BMI (OR 0.77, 95%CI 0.69–0.87, p < 0.0001) and the history of
falls (OR 3.95, 95%CI 1.38–11.29, p = 0.01) together can predict the sarcopenic status. A lower BMI
associated with at least one fall in the past would predispose osteoporotic postmenopausal women
to sarcopenia.

Table 2 presents the total scores, as well as each domain scores of the SarQoL questionnaire. The
D1, D4, D5, D7 and total SarQoL scores were significantly lower in women from group 2 compared to
group 1.

In the whole study sample, significant lower scores were observed for D1, D4, D5, D7 and total
SarQoL scores in the > 70 years group compared to the other two age groups, and for D2 and D3 in
the > 70 years compared to the < 60 years group. In the probable sarcopenia group, no significant
differences in all the SarQoL scores were observed between age groups. In group 2, women older than
70 years had significantly lower values for D1, D3, D4, D6 and total SarQoL scores than those from the
other two age groups. For the D5 and D7 domains, women from group 2, older than 70 years, had
significantly lower scores than those younger than 60 years (p < 0.05). When comparing the SarQoL
scores between the two groups based on age, significantly lower scores were recorded only in the
>70 years old group for D3, D4, D5 and total scores.
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Table 2. Results of the SarQol Questionnaire in the Three Age Groups.

SarQoL Domains All (n = 122) Group 1 (n = 58) Group 2 (n = 64) p a

D1 52.20 (45.50–65.50) 56.65 (48.90–72.20) 54.10 (49.45–62.20) 0.01
<60 years 58.30 (51.38–75.50) 66.65 (54.68–79.13) 53.85 (48.9–69.73) NS
60–69 57.80 (48.90–67.20) 58.90 (52.20–71.1) 55.50 (42.25–65.60) NS
>70 years 47.80 (37.80–55.50) b,c 52.20 (45.50–58.9) 47.80 (35.25–51.93) b,c NS

D2 55.60 (47.20–66.70) 56.95 (50–70.10) 55.60 (42.38–63.90) NS
<60 years 59.70 (55.60–70.10) 68.05 (54.85–73.60) 58.30 (55.60–66) NS
60–69 55.60 (50–68.05) 55.60 (50–72.20) 53.50 (47.20–63.90) NS
>70 years 50 (38.90–61.10) c 55.60 (50–63.90) 47.20 (31.28–61.10) NS

D3 54.20 (45.80–66.70) 58.3 (48.95–66.07) 54.20 (41.70–65.65) NS
<60 years 60.40 (53.15–70.80) 64.6 (50–68.78) 58.30 (54.20–70.80) NS
60–69 58.30 (45.8–70.80) 58.30 (45.80–68.75) 58.30 (46.85–73.95) NS
>70 years 50 (37.50–62.50) c 50 (50–66.7) 45.80 (37.50–57.28) b,c <0.05

D4 63.50 (53.32–75) 67.3 (57.7–78.6) 59.60 (50–70.80) 0.01
<60 years 69.60 (66.35–78.65) 73.10 (67.3–80.38) 68.75 (62.75–77.85) NS
60–69 63.50 (56.45–78.7) 63.50 (57.70–78.80) 63 (52.78–75.98) NS
>70 years 55.80 (48.10–69.20) b,c 65.40 (55.80–71.20) 50 (45.18–55.80) b,c <0.05

D5 48.25 (37.30–60.17) 53.30 (43.30–66.25) 43.30 (33.30–55.60) 0.001
<60 years 56.70 (44.58–66.65) 59.15 (56.28–80.53) 51.65 (43–63.65) NS
60–69 48.30 (41.70–63.80) 51.70 (42.50–66.30) 48.30 (34.20–61.45) NS
>70 years 40 (33.30–50) b,c 46.70 (38.30–60.70) 35.85 (30.83–45.45) c <0.05

D6 33.30 (16.60–33.3) 33.30 (16.60–52.85) 33.3 (16.6–33.3) NS
<60 years 33.30 (16.60–37.45) 33.30 (12.45–41.60) 33.30 (33.30–45.75) NS
60–69 33.30 (33.30–55.80) 33.30 (16.60–66.50) 33.30 (33.30–33.30) NS
>70 years 33.30 (0–33.30) b 33.30 (16.60–33.30) 24.95 (0–33.30) b,c NS

D7 87.50 (75–87.50) 87.5 (84.38–100) 87.50 (75–87.50) 0.006
<60 years 87.50 (87.50–100) 87.5 (87.50–100) 87.50 (77.08–96.88) NS
60–69 87.5 (75–100) 87.5 (81.25–100) 87.50 (75–87.50) NS
>70 years 75 (62.50–87.50) b,c 87.5 (75–87.50) 75 (62.50–87.50) c NS

Total 55.45 (46.57–65.10) 57.90 (51.23–67.23) 53.33 (44.23–59.20) 0.003
<60 years 60.75 (54.30–68.05) 65.30 (59.33–76.2) 59 (54.30–66.98) NS
60–69 56.30 (49.85–66.45) 59.90 (51.45–67.85) 56.30 (46.15–64.60) NS
>70 years 48.10 (39.60–57.80) b,c 56.10 (48.10–59.90) 45.25 (38.75–52.75) b,c <0.05

Data are presented as median and (IQR); p a relates to group 1–group 2 comparison (p < 0.05); b relates to the
> 70 years and 60–69 years comparison (p < 0.05); c relates to the >70 years and <60 years (p < 0.05).

Physical performance did not differ significantly between the two groups. Low physical
performance assessed with TUG (TUG > 20 s) was observed in 28 women from group 1 (48.27%) and
in 34 women from group 2 (53.12%). According to the EWGSOP2 criteria, 53.12% women from group 2
were classified as having severe sarcopenia when using TUG performance. No age differences were
observed between those with confirmed sarcopenia and those with severe sarcopenia.

In the whole study sample and in the probable sarcopenia group, significant greater TUG scores
were observed in women older than 70 years compared to those younger than 60 years (21.8(17.9–30.6)
vs. 16.3(13.3–21.38) s, p = 0.001 for the whole sample; 25.10(19.06–33.3) vs. 13.90(9.54–17.18) s, p < 0.001
for the probable sarcopenia group).

Significant negative correlations were found between SarQoL domains and total scores and some
of the socio-anthropometric data for the whole study sample (Table 3). The history of falls and the
number of comorbidities were negatively correlated with all SarQoL scores, except the D6 domains.
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Table 3. Correlations between Sarqol Domaines and Clinical Variables.

SarQoL
D1

SarQoL
D2

SarQoL
D3

SarQoL
D4

SarQoL
D5

SarQoL
D6

SarQoL
D7

SarQoL
Total

Age −0.339 * −0.238 −0.141 −0.318 * −0.339 * −0.062 −0.392 * −0.392 *
BMI −0.374 * −0.171 −0.196 −0.302 * −0.207 −0.184 −0.214 −0.297 *

Years of menopause −0.379 * −0.205 −0.153 −0.264 * −0.303 * 0.017 −0.323 * −0.314 *
No of comorbidities −0.455 * −0.312 * −0.425 * −0.396 * −0.305 * −0.204 −0.307 * −0.381 *

Tendency to fall −0.110 −0.113 −0.092 −0.077 −0.006 −0.059 −0.197 −0.086
Falls history −0.406 * −0.315 * −0.344 * −0.330 * −0.263 * −0.148 −0.361 * −0.372 *
Osteoporotic

fractures history
−0.061 0.08 −0.008 −0.059 −0.057 −0.150 0.005 −0.03

TUG −0.206 −0.19 −0.137 −0.217 −0.236 0.053 −0.307 * −0.244

Data represents the Spearman correlation coefficient; * p < 0.05

The stepwise multiple linear regression analysis with SarQoL total score as a dependent variable
revealed a negative association with age, history of falls and being sarcopenic (adjusted R2 = 0.238;
F3,118 = 13.59, p < 0.0001). Being older, sarcopenic with at least one fall in the past would negatively
affect the quality of life of osteoporotic postmenopausal women. Table 4 shows the results of the
regression analysis for all the SarQoL scores. In all regression models, history of falls was negatively
correlated with all quality of life questionnaire domains, indicating that osteoporotic postmenopausal
women with low muscle strength and falls in the past will have a poorer quality of life.

Table 4. Multiple Linear Regression Analysis with the Total and the Seven Domain Scores of SarQoL as
Dependent Variables.

Independent Variable B SE Beta T p R2 Adjusted
R2

Model
Significance

SarQoL Total Score
1. Age −0.443 0.149 −0.268 −3.023 0.003

0.256 0.238
F3,118 = 13.59

p < 0.00012. Fall history −10.318 2.946 −0.306 −3.502 0.0001
3. Sarcopenia (confirmed and severe) −5.140 2.365 −0.196 0.031 0.03

SarQoL D1
1. Age −0.425 0.17 −0.222 −2.483 0.01

0.248 0.228
F3.118 = 12.97

p < 0.00012. Number of comorbidities −1.454 0.66 −0.198 −2.202 0.02
3. Fall history −11.562 3.262 −0.310 −3.544 0.0006

SarQoL D2

1. Fall history −15.035 3.608 −0.355 −4.167 0.0001 0.126 0.119
F1,120 = 17.3
p = 0.0001

SarQoL D3
1. Number of comorbidities −1.628 0.653 −0.222 −2.491 0.01

0.135 0.116
F2,119 = 9
p = 0.00022. Fall history −9.679 3.208 −2.66 −3.017 0.003

SarQoL D4
1. Age −0.474 0.145 −0.286 −3.259 0.001

0.261 0.249
F2,119 = 21.07

p < 0.00012. Fall history −12.440 2.865 −0.369 −4.341 <0.0001

SarQoL D5
1. Age −0.540 0.190 −0.252 −2.838 0.006

0.189 0.168
F3,118 = 9.186

p < 0.00012. Fall history −7.976 3.820 −0.188 −2.088 0.01
3. Sarcopenia (confirmed and severe) −7.522 3.066 −0.220 −2.453 0.01

SarQoL D6

1. Fall history −12.402 4.671 −0.235 −2.655 0.009 0.055 0.047
F1,120 = 7.04

p = 0.009

SarQoL D7
1. Years of menopause −0.458 0.137 −0.293 −3.344 0.001

0.187 0.174
F2,119 = 13.75

p < 0.00012. Fall history −8.802 2.954 −0.263 −2.980 0.003

4. Discussion

The main aim of this study was to assess the relationship between sarcopenia and the quality
of life in osteoporotic postmenopausal women. Both sarcopenia and osteoporosis are major health
problems in postmenopausal women, negatively affecting the quality of life [19–21], the incidence of
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falls, and mortality [22–25]. To the best of our knowledge, there are no studies investigating the quality
of life in Romanian postmenopausal osteoporotic women diagnosed with sarcopenia according to the
updated EWGSOP diagnostic criteria.

There are several definitions, diagnostic criteria and cut-offs used for the diagnosis of
sarcopenia [1,26–31]. In our study, we used the revised EWGSOP2 criteria. The percentage of
confirmed and severe sarcopenia in osteoporotic postmenopausal women aged between 48 and
83 years at the time of assessment was 52.46%. Similar results were also found in other studies, showing
the association of sarcopenia and osteoporosis [32–37]. Walsh et al., reported a similar prevalence
of sarcopenia of 50% in osteoporotic postmenopausal women, using the loss of muscle mass for the
sarcopenia diagnosis [38]. Hamad et al. found that sarcopenia was present in 74.6% of postmenopausal
women with osteoporosis, supporting the results of Yoshimura that osteoporosis increases the risk of
sarcopenia [39,40]. Studies indicate that the prevalence of sarcopenia increases with age [41,42]. In our
study, the percentage of osteoporotic postmenopausal women diagnosed with sarcopenia increased
with age, with 43.75% of women being older than 70 years. The true prevalence of sarcopenia cannot
be correctly estimated, since various definitions, cut-offs or populations were used across studies.

History of falls and BMI were significantly associated with the presence of sarcopenia in
osteoporotic postmenopausal women. Our results showed that osteoporotic postmenopausal women
with at least one fall in the past had a significantly higher risk of developing sarcopenia. Similar
results were presented by Clynes et al., who reported an association of falls in the last year and
sarcopenia, diagnosed using the IWGS (International Working Group of Sarcopenia) definition, but not
the EWGSOP one [43]. In their meta-analysis, Yeung et al. also reported a positive association between
sarcopenia and falls [9]. Sepulveda-Loyola et al. found a strong association between osteosarcopenia
(defined as the concomitant presence of osteoporosis/osteopenia with sarcopenia [44]) and falls and
fractures history in community-dwelling older adults [45]. Other prospective studies have reported
the association between sarcopenia and the incidence and risk of falls [7,46–48].

We found that BMI was lower in sarcopenic women than in those with probable sarcopenia
from group 1. There was a higher percent of overweight and obese women with probable sarcopenia
compared to those with an established sarcopenia diagnosis. In the sarcopenic group, we identified
14.06% cases of sarcopenic obesity. In recent years, the prevalence of obesity combined with sarcopenia
had increased, resulting in a high-risk geriatric syndrome. Affected individuals are at risk of synergistic
complications from both sarcopenia and obesity [49].

The logistic regression results in our study showed that osteoporotic postmenopausal women with
a higher body mass index had a significantly reduced risk of developing sarcopenia. Similar results
were found in previous studies [50–52], although in these studies the comparisons were made with
non-sarcopenic subjects. Other studies also reported the protective effect of high body mass against
sarcopenia in Asian population [53–55]. Moreno-Aguilar et al. found that a higher BMI represents
a protective factor against the presence of osteosarcopenia [56]. Despite these findings, in a recent
meta-analysis Shen et al. suggested, as well as Gonzales et al. in 2017, that BMI should not be used for
making clinically important decisions at the individual patient level, since it could not differentiate
between body weight components (body fat and lean mass) [57,58].

The SarQoL questionnaire is a specific health-related quality of life questionnaire for sarcopenia
and muscle impairments [59]. Previous studies have demonstrated the ability of SarQoL to discriminate
sarcopenic individuals with regard to their quality of life, as long as for the diagnosis of sarcopenia
both muscle mass and muscle strength criteria were used [12,13,59–61]. The present study showed
that osteoporotic postmenopausal women with probable and established sarcopenia had a reduced
quality of life, as assessed with the SarQoL questionnaire. Our results were slightly lower than those
obtained in previous studies by the sarcopenic participants [12,14,59–62]. We have to mention that,
in previous studies, the EWGSOP criteria were used for establishing the diagnosis of sarcopenia,
with a few exceptions where the revised EWGSOP2 criteria were used [14,62,63]. We found that the
domains of physical and mental health (D1), functionality (D4), activities of daily living (D5), fears
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(D7) and total SarQoL scores were significantly lower in women with sarcopenia than those with
probable sarcopenia. For locomotion (D2), body composition (D3) and leisure activities (D6) domains
we have not found significant differences between sarcopenic groups. Similar results were found for
the D6 domain in the study of Gasparik et al., with no significant differences between sarcopenic and
non-sarcopenic participants when using the Romanian version of the SarQoL, as well as in the study of
Konstantynowicz et al., who used the Polish version of the SarQoL [13,60]. The reason could be due to
the fact that Romanian and Polish older people are not involved in many leisure activities [60].

In our study, osteoporotic postmenopausal women with sarcopenia who were older than 70 years
had significantly lower values for physical and mental health (D1), body composition (D3), functionality
(D4), leisure (D6) and total SarQoL scores than the younger ones. In the probable sarcopenia cases, the
SarQoL scores were not influenced by age.

The negative impact of sarcopenia on quality of life has been largely investigated, although
different criteria and questionnaires were used. The physical function domain of the quality of life has
been proved to be impaired in sarcopenic patients, as assessed by the SF-36 questionnaire [52,64–67].

The multiple regression analysis in the present study showed a significant impact of age, history
of falls and the presence of sarcopenia on the overall quality of life of postmenopausal osteoporotic
women, as assessed with the SarQoL questionnaire. Older osteoporotic postmenopausal women with
previous falls were more likely to have lower scores on physical and mental health (D1), functionality
(D4) and activities of daily living (D5) domains. In association with the history of falls, the number of
comorbidities was found to be a predictor only in the physical and mental health domain (D1) and
body composition domain scores, respectively. Years since menopause, along with the history of falls,
negatively influenced the fear domain (D7) score.

Several limitations of this study should be addressed. The study sample comprised only
osteoporotic postmenopausal women with low grip strength, and no control group (premenopausal,
non-sarcopenic) was included. Another issue that has to be mentioned is that the number of
comorbidities was quite high and could influence the quality of life. The sample could have also been
biased compared to the normal population, since the subjects were recruited from a rehabilitation clinic.

5. Conclusions

In summary, in our sample of osteoporotic postmenopausal women, the frequency of sarcopenia,
as defined with the EWGSOP2 criteria, was relatively high. The body mass index and the history of
falls could predict, together, sarcopenia in osteoporotic postmenopausal women. Our results showed
that osteoporotic postmenopausal women with at least one fall in the past and a lower body mass
index had a significantly higher risk of developing sarcopenia. History of falls and the number of
comorbidities were negatively correlated with all quality of life questionnaire domains, indicating
that postmenopausal women with low muscle strength and falls in the past will have a poorer quality
of life. Older osteoporotic postmenopausal women, with previous falls and a confirmed sarcopenia
diagnosis (low muscle strength and low muscle mass) were more likely to have a decreased quality
of life. Future studies are required to identify women at risk, in order to reduce the prevalence of
sarcopenia and its negative effects.
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Abstract: Recently the European Working Group on Sarcopenia in Older People (EWGSOP2) has
updated diagnostic criteria for sarcopenia, which consist of one or more measures of muscle strength,
muscle mass, and physical performance, plus an initial screening test called SARC-F. The main
objective was to compare the number of cases of sarcopenia, using the different measurements
and screening options. A cross-sectional study was conducted on Spanish older adults (n = 272,
72% women). Combining the different measures proposed by the steps described in the EWGSOP2
algorithm, 12 options were obtained (A–L). These options were studied in each of the three models: (1)
using SARC-F as initial screening; (2) not using SARC-F; and (3) using SARC-CalF instead of SARC-F.
A χ2 independence test was statistically significant (χ2(6) = 88.41, p < 0.001), and the association
between the algorithm used and the classification of sarcopenia was moderate (Cramer’s V = 0.226).
We conclude that the different EWGSOP2 measurement options imply case-finding differences in
the studied population. Moreover, when applying the SARC-F, the number of people classified as
sarcopenic decreases. Finally, when SARC-CalF is used as screening, case finding of sarcopenic
people decreases. Thus, clinical settings should consider these outcomes, since these steps can make
preventive and therapeutic interventions on sarcopenia vary widely.

Keywords: sarcopenia; older adults; diagnostic criteria; clinical

1. Introduction

The prevalence and impact of sarcopenia increase with age, and consequently, global
aging of the population has turned sarcopenia into a public health concern of great priority
both for clinicians and researchers [1]. Thus, the concept of sarcopenia has evolved in
recent years at the same time that the number of scientific publications has increased in
order to identify its possible causes and consequences [2–4].

Although there are different international teams which have published their guidelines
or consensus for sarcopenia [5], the European Working Group on Sarcopenia in Older Peo-
ple of 2010 (EWGSOP) guideline has been one of the most widely used and has catalyzed
research activity of sarcopenia worldwide [6–8]. In 2018, the Working Group updated
the original definition (EWGSOP2), which since then considers low muscle strength as an
essential characteristic of sarcopenia, uses detection of low muscle quantity or quality to
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confirm its diagnosis, and regards poor physical performance as confirmation of severe
sarcopenia [7].

Therefore, in this recent definition (EWGSOP2), muscle strength is brought to the
forefront of the diagnostic algorithm [9]. To measure muscle strength, handgrip strength or
chair stand are recommended; for measuring muscle mass, two different options are given
in order to adjust Appendicular Skeletal Muscle Mass (ASM) either by height squared,
weight, or body mass index (BMI); finally, for physical performance, four assessment
options are given: gait speed, the Short Physical Performance Battery (SPPB), the Timed-Up
and Go test (TUG), and the 400 m walk [7]. Therefore, one or more measures of muscle
strength, muscle mass, and/or physical performance together with gender-specific cut-off
points for some of these measurements are needed for diagnosing sarcopenia [10,11]. From
the clinical perspective, it has to be taken into account that these different options imply
that the correct implementation of sarcopenia diagnosis in daily clinical practices requires
many factors such as acquisition and financial costs of diagnostic measurement equipment,
evaluator training and knowledge, and time constraints of diagnostic measures, among
other factors [12]. The assessment in sarcopenia has become a challenge for healthcare
professionals in order to identify those who may benefit from intervention [13], leading
to a small percentage using diagnostic measures in clinical practice [12]. Therefore, while
all different options of the definition are convenient and reliable [12,14], the impact of the
different measurements on case finding of sarcopenia is to be elucidated and could help
transfer the diagnosis of sarcopenia from research to the clinical context [12,14].

In addition, to facilitate the detection of sarcopenia, a screening test called SARC-F
has been proposed to be carried out, before performing the measurements of strength
and muscle mass, as indicative of the risk of sarcopenia [15]. SARC-F consists of five
questions answered by the patients themselves, so it is a simple, practical, and easily
applied screening tool for older adults and for the applicant. However, the use of SARC-F
is not mandatory for healthcare professionals, except with screening purposes in high-risk
patients [16]. Thus, EWGSOP2 recommends the SARC-F questionnaire as a way to obtain
self-reports from patients with signs of sarcopenia and as a formal approach [16].

Moreover, although in previous studies conducted in community-dwelling older
adults, SARC-F has shown very good specificity to diagnose sarcopenia, its sensitivity is
low, which may be not desirable for a questionnaire aimed at screening purposes [17–20].
With the intention to solve this, SARC-CalF, which adds calf circumference (CC) to SARC-F,
has been suggested as an option that may significantly increase the sensitivity of SARC-
F [21]. If not only community-dwelling people are studied, but also institutionalized older
adults are included, a broader population is characterized and therefore clinicians have
more information about the use of these tools. Therefore, they should be validated in
different populations and living settings [21], plus the new EWGSOP2 definition has to be
taken into account.

It was hypothesized that although there are different measurement options for each
step of the algorithm of the EWGSOP2 definition, no difference in case finding will be
found in older adults, allowing healthcare professionals to use the most feasible in their
daily clinical practice. We also hypothesized that by not using the SARC-F, case finding of
sarcopenia could be increased. Moreover, it may be increased when using the SARC-CalF
instead of the SARC-F in these populations.

Therefore, the aim of this study was to compare the number of cases of sarcopenia in
older adults using the different measurement options of each step of the algorithm of the
European Working Group on Sarcopenia in Older People 2018 (EWGSOP2). We also aimed
to evaluate the impact of using SARC-F, SARC-CalF, or no screening on the case finding of
sarcopenia in Spanish older adults living in the province of Valencia.
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2. Experimental Section
2.1. Study Design

A multicenter cross-sectional study was carried out between January 2019 and Febru-
ary 2020 in institutionalized and community-dwelling older adults, living in the province
of Valencia (Spain). This study was approved by the Ethics Committee for Human Research
of the University of Valencia (H1542733812827) and was conducted in accordance with the
Declaration of Helsinki. This research was registered in the ClinicalTrials.gov database (ID:
NCT03832608). Before entering in the study, participants signed a written consent, briefed
beforehand.

2.2. Participants

The sample included 272 adults aged 65 or older, living in the community (n = 139) or
institutionalized in residential facilities (n = 133). Candidates were not included if they: (1)
had edema which could interfere with the bioimpedance analysis (BIA); (2) had a cognitive
impairment measured with the Mini-Mental State Examination (MMSE) < 18 points [22];
(3) were suffering from any acute or unstable chronic disease, or had a hospital admission
in the last month.

2.3. Sarcopenia Definition

The algorithm of the EWGSOP2 was followed for case finding and diagnosing sar-
copenia and determining its severity [7]. It included the SARC-F and the measurements of
muscle strength, muscle quantity, and physical performance.

The SARC-F questionnaire is composed of five items questioning strength, assistance
in walking, rise from a chair, stair climbing, and falls. It is scored between 0 and 2, and it
allows identifying cases with a score of ≥4 points from a total of 12 points [15].

Muscle strength was measured by:

- Handgrip strength technique, with a Jamar Plus+ digital hand dynamometer (Pat-
terson Medical, Sammons Preston, Bolingbrook, IL, USA) [23]. Cut-off points were
gender-specific for low grip strength: <27 kg for men and <16 kg for women [24].

- Chair stand, in which participants had to stand up five times as quickly as possible
from a chair without stopping, with arms folded across the chest. Time (in seconds)
was used for the present analyses. The cut-off point for strength was >15 s for five
rises for both men and women [25].

Muscle quantity as Appendicular Skeletal Muscle Mass (ASM) was measured with
BIA using the Bodystat® 1500MDD (Bodystat Ltd., Douglas, UK). This device was cali-
brated previous to the measurements. Prior to the assessment, the following criteria were
checked [26,27]: participants could not have done previous physical exercise; 2–3 h of
fasting was needed, including alcohol or a large amount of water, and emptying their
bladder; every metal piece was taken off; and the test was not implemented if they were
wearing a pacemaker and/or had edema (diagnosed by the physician). When applying the
BIA test (alternating sinusoidal electric current of 200 µA at 50 kHz), the patient was asked
to lie in supine position, on a nonconductive surface, with no contact between the limbs.
Electrodes were applied with an ipsilateral tetrapolar method, on previously cleaned skin.
The electrodes of the upper limb were placed at the knuckles and wrist, and those of the
lower limb were placed at the metatarsal head bones line and the anterior side of the ankle.
ASM was calculated following Sergi’s BIA equation: ASM (kg) = −3.964 + (0.227 × RI) +
(0.095 × weight) + (1.384 × sex) + (0.064 × Xc) [28]. The proposed ASM cut-offs were:

- ASM: low muscle mass was <20 kg for men and <15 kg for women [29].
- ASM Index (ASMI, defined as ASM/height squared): low muscle mass was <7.0 kg/m2

for men and <5.5 kg/m2 for women [7,8].

Physical performance of participants was measured by:
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- Gait speed (m/s): participants were asked to walk along a 4 m corridor at usual
speed and, if needed, using an aid [30], with <0.8 m/s being the cut-off for men and
women [31,32].

- Short Physical Performance Battery (SPPB): this test assessed balance, gait, strength,
and endurance. Participants were asked to stand with the feet together, semi-tandem,
and tandem positions, the time they needed to walk 4 m was measured, and also the
time to rise five times from sitting position [33], with ≤8 points being the cut-off for
men and women [34].

- Timed-Up and Go test (TUG): participants were asked to rise from sitting position,
walk a 3 m distance, turn around, walk back, and sit down, with ≥20 s being the
cut-off for men and women [35].

Following these assessments, participants were classified according to the EWGSOP2
algorithm [7,8]: (1) they had probable sarcopenia with a score of ≥4 points SARC-F and
low muscle strength (grip strength < 27 kg for men and <16 kg for women; or chair
stand > 15 s); (2) they had confirmed sarcopenia when low quantity muscle was also
detected (ASM < 20 kg for men and <15 kg for women; or ASMI <7.0 kg/m2 for men
and <5.5 kg/m2 for women); and (3) they had severe sarcopenia, when low physical
performance was added (gait speed < 0.8 m/s; SPPB ≤ 8 points; or TUG ≥ 20 s).

2.4. Additional Measurements

Anthropometric variables: Age and gender were registered; body weight (kg) was
measured using a Tanita BC 601 (TANITA Ltd., Amsterdam, The Netherlands); height (cm)
was assessed with a stadiometer SECA 213 (Seca Ltd., Hamburg, Germany); and finally,
BMI (kg/m2) was calculated.

SARC-CALF consists of the same five items as SARC-F which are scored the same [36]
and adds the CC that was measured as the widest circumference of calf. The CC item is
scored as 0 points when the participant had more than 31 cm circumference and as 10 points
if it was less than or equal to 31 cm. A SARC-CalF ≥ 11 indicates positive screening for
sarcopenia [37–39].

All the assessments were done on the same day for each participant, and different
physiotherapists took these measurements for all the samples. Intraclass Correlation
Coefficients (ICCs) were calculated to know the interrater reliability, and they ranged from
0.802 to 0.985, which may be considered very good reliability (values between 0.75 and 0.90
indicate good reliability; values over 0.90 show excellent reliability) [40].

2.5. Applied Models

Three models were applied: Model 1: using SARC-F as initial screening; Model 2: not
using any initial screening; and Model 3: using SARC-CalF as initial screening instead
of SARC-F. By combining the different measures proposed by the steps described in the
EWGSOP2 algorithm (Find–Assess–Confirm–Severity), 12 options were obtained (A to L),
and to each one of the three models, each of their twelve options was tested (Table 1).
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Table 1. Description of the three models and their 12 options.

Name of
Combination

Model * Option
Muscle Strength

Measurement
Muscle Quantity

Measurement
Physical Performance

Measurement

A1 1
A Handgrip strength ASMI SPPBA2 2

A3 3
B1 1

B Handgrip strength ASM SPPBB2 2
B3 3
C1 1

C Handgrip strength ASM Gait speedC2 2
C3 3
D1 1

D Handgrip strength ASMI Gait speedD2 2
D3 3
E1 1

E Handgrip strength ASM TUGE2 2
E3 3
F1 1

F Handgrip strength ASMI TUGF2 2
F3 3
G1 1

G Chair stand ASMI SPPBG2 2
G3 3
H1 1

H Chair stand ASM SPPBH2 2
H3 3
I1 1

I Chair stand ASM Gait speedI2 2
I3 3
J1 1

J Chair stand ASMI Gait speedJ2 2
J3 3
K1 1

K Chair stand ASM TUGK2 2
K3 3
L1 1

L Chair stand ASMI TUGL2 2
L3 3

* Model 1: using SARC-F as initial screening; Model 2: not using any initial screening; and Model 3: using SARC-CalF instead of SARC-F.

2.6. Statistical Analyses

With descriptive purposes, means, standard deviations, and 95% confidence intervals
(CI) for all variables were calculated. All statistical analyses were performed with R [41],
also employing the packages vcd [42] and DescTools [43]. Descriptive statistics (propor-
tions) of multinomial variables were performed [44] including 95% CI for the proportions of
each category by the method of Glaz and Sison [45,46]. Chi-square tests of goodness-of-fit
and independence were also performed together with their association measures (Pearson
residuals and Cramer’s V). The CI for V coefficient was bias-corrected [47]. Whenever
multiple statistical tests were made, the Sidak correction was employed.

3. Results
3.1. Sample Characteristics

A total of 272 participants were included in this study. The age range for all the
participants was 65–97 years, the mean age was 77.0 (8.7) years old, and according to
setting, the mean was 72.3 and 81.9 years old for community dwelling and institutionalized
participants, respectively. Seventy-two percent of participants (n = 197) were women
(Table 2).
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Table 2. Characteristics of the participants (n = 272) according to setting and gender: mean (standard deviation) and [95%
confidence interval].

Community Dwelling (n = 139, 51.1%) Institutionalized (n = 133, 48.9%)

Variable Total
Men

(n = 44,
31.7%)

Women
(n = 95,
68.3%)

p-value Total
Men

(n = 31,
23.3%)

Women
(n = 102,
76.7%)

p-Value

Anthropometrics

Age (years) 72.3 (6.1)
[71.2–73.3]

72.8 (6.32)
[70.9–74.7]

72.0 (6.1)
[70.8–73.3] 0.498 81.9 (8.4)

[80.5–83.3]
78.2 (9.0)

[74.9–81.5]
83.0 (7.9)

[81.5–84.6] 0.005 *

Weight (kg) 71.6 (12.4)
[69.5–73.7]

79.5 (10.5)
[76.3–82.7]

67.9 (11.5)
[65.6–70.3] <0.001 † 66.6 (13.4)

[64.4–69.0]
75.6 (12.5)
[71.0–80.2]

63.9 (12.5)
[61.5–66.4] <0.001 †

Height (cm) 158.9 (7.8)
[157.6–160.2]

166.5 (6.8)
[164.4–168.6]

155.4 (5.3)
[154.3–156.5] <0.001 † 154.1 (9.1)

[152.5–155.6]
164.9 (7.9)

[162.0–167.8]
150.8 (6.5)

[149.5–152.0] <0.001 †

BMI (kg/m2)
28.3 (4.2)

[27.6–29.0]
28.7 (3.7)

[27.5–29.8]
28.1 (4.4)

[27.2–29.0] 0.486 28.0 (4.9)
[27.2–28.9]

27.8 (3.8)
[26.4–29.2]

28.1 (5.2)
[27.1–29.1] 0.075

Calf circumference 36.3 (3.2)
[35.7–36.8]

37.5 (3.1)
[36.6–38.5]

35.7 (3.0)
[35.1–36.3] 0.001 * 33.4 (3.4)

[32.8–34.0]
33.9 (3.0)

[32.8–35.0]
33.3 (3.5)

[32.6–34.0] 0.387

EWSGOP2 algorithm

SARC-F (0–10 score) 0.7 (1.2)
[0.5–0.9]

0.3 (0.6)
[0.1–0.5]

0.9 (1.3)
[0.7–1.2] <0.001 † 3.9 (2.6)

[3.5 – 4.4]
3.5 (2.8)
[2.5–4.5]

4.0 (6.5)
[3.5–4.5] 0.330

SARC-CalF (0–20
score)

0.9 (2.0)
[0.6–1.3]

0.5 (1.6)
[0.04–1.0]

1.1 (2.1)
[0.7–1.6] 0.088 5.6 (5.1)

[4.7–6.5]
4.8 (5.1)
[2.9–6.7]

5.8 (5.2)
[4.8–6.9] 0.338

Grip strength 28.4 (9.0)
[26.9–29.9]

38.1 (8.4)
[35.6–40.7]

23.8 (4.7)
[22.9–24.8] <0.001 † 18.8 (7.8)

[17.4–20.1]
26.6 (9.8)

[23.0–30.2]
16.4 (5.1)

[15.4–17.4] <0.001 †

Chair Stand 15.3 (13.0)
[13.1–17.5]

11.4 (3.5)
[10.4–12.5]

17.1 (15.2)
[14.0–20.2] 0.001 * 31.2 (20.0)

[27.8–34.7]
29.4 (19.2)
[22.4–36.5]

31.8 (20.3)
[27.8–35.8] 0.564

ASM (kg) 17.8 (4.0)
[17.1–18.5]

22.3 (2.8)
[21.4–23.2]

15.8 (2.5)
[15.3–16.3] <0.001 † 15.1 (3.5)

[14.5–15.7]
19.5 (3.2)

[18.3–20.7]
13.8 (2.3)

[13.4–14.3] <0.001 †

ASM/height2

(kg/m2)
7.0 (1.1)
[6.8–7.2]

8.1 (0.9)
[7.8–8.3]

6.5 (0.9)
[6.3–6.7] <0.001 † 6.3 (1.0)

[6.2–6.5]
7.2 (0.8)
[6.8–7.5]

6.1 (0.9)
[5.9–6.2] <0.001 †

Gait speed (m/s) 1.1 (0.3)
[1.1–1.2]

1.2 (0.2)
[1.1–1.3]

1.1 (0.3)
[1.0–1.1] 0.012 * 0.6 (0.3)

[0.5–0.6]
0.6 (0.3)
[0.5–0.7]

0.6 (0.3)
[0.5 –0.6] 0.576

SPPB (0–12 score) 10.4 (2.0)
[10.1–10.8]

11.1 (1.1)
[10.8–11.4]

10.4 (2.0)
[9.6–10.6] 0.001 * 5.3 (3.0)

[4.8 –5.8]
6.1 (2.8)
[5.1–7.2]

5.0 (3.0)
[4.4–5.6] 0.064

TUG (s) 9.8 (3.3)
[9.2–10.3]

9.1 (2.0)
[8.5–9.7]

10.1 (3.7)
[9.3–10.8] 0.044 * 26.9 (18.7)

[23.6–30.1]
28.8 (24.1)
[20.0–37.6]

26.3 (16.7)
[23.0–29.6] 0.588

Abbreviations: BMI = Body Mass Index; ASM = Appendicular Skeletal Muscle Mass; SPPB = Short Physical Performance Battery;
TUG = Timed-Up and Go test. p-value unpaired Student’s t-test. * p < 0.05; † p < 0.001.

3.2. Analysis of the Models

For each of the three models, and each of their 12 options (A to L), 95% CI and each
category of classification (no sarcopenia, probable sarcopenia, confirmed sarcopenia, and
severe sarcopenia) were calculated. These CIs are presented in Figures 1–3.

Figure 1. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 1.
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Figure 2. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 2.

Figure 3. Multinomial 95% confidence intervals for the proportion of each category in the 12 options of Model 3.

Once these CIs were calculated, they were averaged for each model, and each of
the 12 options (A to L) in each model was compared with a goodness-of-fit chi-square
test with expected probabilities the average probabilities of each model. Therefore, the
12 tests within each model (algorithm) tested whether the classification of the different
steps was statistically equal or different. Table 3 offers the results of all these chi-square
tests. Regarding Model 1, all but two tests showed statistical significance, indicating that
the different steps of the algorithm significantly affect the classification. Model 2 tests
showed significant results in all cases, and therefore this supports that the different steps
of the algorithm lead to different classifications. However, in Model 3, the results showed
no statistical significance, and therefore for this algorithm, the different steps do not lead to
significantly different classifications.

Table 3. Goodness-of-fit chi-square tests, probability level corrected with Sidak method.

Model 1 χ2 df p-Value Model 2 χ2 df p-Value Model 3 χ2 df p-Value

A1 10.45 3 >0.05 A2 30.43 3 <0.05 A3 1.64 3 >0.05
B1 21.47 3 <0.05 B2 48.49 3 <0.05 B3 3.12 3 >0.05
C1 21.47 3 <0.05 C2 44.05 3 <0.05 C3 3.12 3 >0.05
D1 10.45 3 >0.05 D2 27.92 3 <0.05 D3 1.64 3 >0.05
E1 31.86 3 <0.05 E2 57.01 3 <0.05 E3 8.39 3 >0.05
F1 10.45 3 <0.05 F2 34.16 3 <0.05 F3 8.12 3 >0.05
G1 37.98 3 <0.05 G2 72.80 3 <0.05 G3 4.35 3 >0.05
H1 26.07 3 <0.05 H2 56.71 3 <0.05 H3 5.78 3 >0.05
I1 22.79 3 <0.05 I2 46.70 3 <0.05 I3 5.78 3 >0.05
J1 37.98 3 <0.05 J2 69.28 3 <0.05 J3 4.35 3 >0.05
K1 41.36 3 <0.05 K2 90.20 3 <0.05 K3 14.45 3 <0.05
L1 42.65 3 <0.05 L2 81.24 3 <0.05 L3 9.56 3 >0.05

Notes: Model 1: using SARC-F; Model 2: not using any initial screening; Model 3: using SARC-CalF; p-values corrected with Sidak’s
correction.

A chi-square independence test was performed to compare the classifications into
the different groups the three algorithms made. This chi-square was statistically signifi-
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cant (χ2 (6) = 88.41, p < 0.001), and the association between the algorithm used and the
classification of sarcopenia was moderate (Cramer’s V = 0.226, 95% CI [0.177, 0.276]).

In addition, we have analyzed how each model on the whole is associated with severity
levels. Figure 4 graphically presents the association based on the Pearson’s residuals. It can
be seen that Model 1 is not significantly associated with any classification as represented
by the grey color. However, Model 2 is associated with the classification into the different
groups of sarcopenia with a positive association (blue color) with the levels of severity,
being higher with probable sarcopenia, and with negative association (red color) with
nonsarcopenic older adults. On the contrary, Model 3 is associated positively (blue color)
with no sarcopenia.

Figure 4. Association between the three models and the severity levels of sarcopenia (no sarcopenia (NS), probable
sarcopenia (PS), confirmed sarcopenia (CS), and severe sarcopenia (SS)). Note: blue indicates positive association of row
and column and red negative association.

4. Discussion

The present study showed that using the different measurement options for each step
of the EWGSOP2 implied differences in case finding in the studied population. These differ-
ences have been analyzed in relation to each of the steps, describing which measurements
detect more or less cases of sarcopenia. Moreover, our results indicate that when applying
the SARC-F, case finding of sarcopenia decreases, thus by not applying it, more cases are
found, especially among those with probable sarcopenia. Finally, when SARC-CalF is used
as screening, the number of people classified as sarcopenic decreases.

To the best of our knowledge, this is the first study to analyze the different mea-
surement options of the EWGSOP2 in Spanish older adults, and the fact that there are
differences in case finding has important clinical consequences. Taking into account that
sarcopenia is frequently not noticeable in earlier stages [48], detecting probable sarcopenia
is of paramount importance in order to be able to start intervention. In Model 1, using
SARC-F, and Model 2, using no screening, there are significant differences in case finding
among most of the options. When analyzing these differences, it can globally be seen that
those which use the chair stand for measuring muscle strength (G to L) are the ones that
find more probable sarcopenic participants. This is interesting considering that previous re-
search has highlighted that handgrip strength seems to be used widely for the measurement
of muscle strength [13]. However, it requires the use of a calibrated handheld dynamometer
under well-defined test conditions [23]. Therefore, commercial dynamometers are usually
limited in clinical settings by the need to purchase specialized equipment, the relative
expense, and the lack of trained staff [13]. In addition, sometimes measurement of grip is
not possible due to hand disability, such as with patients who are suffering from advanced
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arthritis or stroke [7]. On the whole, these facts could explain why only a small percentage
of healthcare professionals use diagnostic measures in clinical practice as stated before [12].
On the other hand, in previous research, the chair stand has been shown to be able to
provide a valid tool for assessing lower body strength [49]. This is in line with our results,
which seem to show chair stand can be a reliable method for case finding of probable
sarcopenia in the studied population. From the clinical approach, detection of cases as early
as possible is important considering that it is better to prevent the skeletal muscle mass
depletion and loss of strength and function rather than trying to restore them when they
have progressed [50]. Therefore, for clinical settings where a handgrip dynamometer is
not always available, the chair stand could be used as an alternative assessment of muscle
strength [13]. This way, preventive strategies together with treatment interventions could
be implemented before the muscle deterioration occurs [50].

After detecting probable sarcopenia cases, the second step of the EWGSOP2 algorithm
evaluates muscle quantity. The EWGSOP2 consensus presents cut-off points for both ASMI
(kg/height squared) [51] and ASM (kg) [29] for use when calculating muscle mass. In
relation to Model 1, when analyzing the different options, there are more cases of severe
sarcopenia in those options that previously have confirmed it by using the ASM (kg) cut-off
for muscle quantity (B1, C1, E1, H1, I1, K1). Considering that low muscle mass is highly
related to disability and frailty in older adults [52], measuring muscle mass in a precise way
is crucial for confirming sarcopenia in this population. There is an ongoing debate about the
preferred adjustment for muscle mass indices and whether the same method can be used for
all populations [7]. For our population, the results show the ASMI is a more restrictive cut-
off, whereas with the ASM, more sarcopenic participants are detected and, consequently,
more are classified as suffering severe sarcopenia. This could also explain why G1, J1, and
L1 show more cases of probable sarcopenia, since they are using the ASMI and therefore
more participants are not being confirmed with sarcopenia and stay as probable. Therefore,
some participants could present low strength, however, their amount of muscle mass
would still be within the EWGSOP2 criteria, preventing categorization in more advanced
stages of the pathology, as similarly stated in previous research [53]. Although the most
accurate way to define muscle mass remains uncertain [54], our results show ASMI is more
restrictive for our population, classifying them mostly as probable, whereas they could
have been classified as severe if the ASM had been used. Thus, methods used to define low
lean mass can make preventive and therapeutic interventions on sarcopenia vary widely.

In relation to Model 2, with no initial screening, there are significant differences in case
finding among all of the options. When analyzing them individually, again the same trend
can be found in relation to muscle strength and muscle mass, that is, chair stand detects
more probable sarcopenia (options G to L) and ASMI is more restrictive (A, D, F, G, J, L). In
relation to physical performance, the options which confirm sarcopenia with the ASM and
then classify its severity with the SPPB or gait speed (B, C, and G to J) are the ones which
detect more cases of severe sarcopenia. Detection of low physical performance predicts
adverse outcomes [7], so it becomes of paramount importance for the clinical approach.
However, in older populations, physical performance is frequently difficult to measure due
to acute illness or because of dementia, gait disorder, or a balance disorder [55–57], thus
finding a safe and valid assessment becomes necessary. Gait speed is considered a quick
and reliable test for sarcopenia, which is why it is widely used in practice [58]. Although the
SPPB also predicts outcomes [34], it is a more time-consuming test to apply and therefore,
it is more used in research than in clinical practice. Therefore, and considering our results,
clinicians can rely on SPPB and gait speed to detect the severe cases, although the latter
can be considered as a more approachable measurement in the clinical context.

Regarding the use or not of SARC-F, it was not implemented in Model 2, and more
cases were found as probable, confirmed, or severe sarcopenia. Therefore, when using
SARC-F for screening in our population, it is at the expense of missing cases who would
have been at least in the category of probable sarcopenia, since more cases were detected
in Model 2. Although the SARC-F has shown excellent specificity [15,17,18,59–61], it has
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shown some problems in relation to its low sensitivity [17,59], which means that there is a
high risk of missed diagnosis of individuals who have sarcopenia. Moreover, as noted in
the EWGSOP2 definition, in clinical settings, case finding should start when a patient has
symptoms or signs of sarcopenia, and in these situations, further testing is recommended,
the use of any screening tool not being mandatory [16]. This is in line with our results,
which suggest SARC-F does not always detect possible cases of sarcopenia in our sample.

In relation to Model 3, which screens using the SARC-CalF, our results show case
finding of sarcopenic people is not increased. Moreover, it is the model with which a lower
amount of sarcopenic people are found. Although previous research has shown promising
results regarding SARC-CalF, with a better sensitivity than SARC-F [21,39], this does not
concur with our results. This may be explained by the cut-offs that have been used, since
again different options are found in this regard [37], and should be addressed in future
research. Moreover, the few participants that were detected as suffering from sarcopenia
with any of the options of Model 3 were classified as severe sarcopenia, thus indicating
they were highly impaired in their physical performance, which allows less options of
recovery. From the clinical approach, if a sarcopenia screening test is used, it is expected
to dismiss from further testing as many healthy individuals as possible but should also
guarantee diagnosis of those who do have sarcopenia [39] in order to start the appropriate
intervention, thus this may not be possible using the SARC-CalF in a population like ours.

Considering that from the three models, Model 2 has shown the highest positive asso-
ciative probability in case finding of participants with sarcopenia, especially in probable
and confirmed, this finding would allow clinicians to detect sarcopenia in earlier stages.
This model has different options which have shown statistical differences and using one
or other to detect the presence of sarcopenia can be time consuming and expensive and
might require highly specialized equipment [50]. Moreover, selecting a way of diagnosing
sarcopenia requires balancing the possible benefit of including functional and ASM mea-
surements against the difficulties related to their inclusion [62]. Therefore, on the whole,
those options of Model 2 which include the chair stand and use the ASM may be finding
more cases of sarcopenia in its different classifications.

Limitations and Strengths

The main limitation of our study, common to other studies, is related to sample size. A
larger sample size would be advisable, as well as studying case finding and implementing
this model analysis in other populations besides the Spanish one to confirm our promising
results. Another limitation is that the sample had a higher percentage of women, and
although this is characteristic related to aged population in Spain, greater gender equality
would be important in future research. Another interesting line to be implemented in the
future could be analyzing how those older adults found to be sarcopenic in one model
behave in the other models. However, this study offers the novelty of analyzing the
different options of the EWGSOP2 to show the one that can find sarcopenia cases in an
accurate way, which would promote an adequate and early intervention.

5. Conclusions

There are differences in case finding of sarcopenia in the studied Spanish older adults
when the different measurement options for each step of the EWGSOP2 definition are
applied. For muscle strength, the chair stand seems to be detecting more cases of probable
sarcopenia, for muscle mass, ASM detects more confirmed and severe, and for physical
performance, SPPB and gait speed seem to be reliable options. In addition, more sarcopenia
cases are identified when no initial screening is used, therefore, in clinical practice, when a
patient shows symptoms or signs of sarcopenia, a screening questionnaire may be surpassed
and further testing is recommended to confirm sarcopenia. Thus, clinical settings should
take into consideration that the methods used to define these steps can make preventive
and therapeutic interventions on sarcopenia vary widely.
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Abstract: Background: Sarcopenia is defined as a progressive loss of muscle mass and muscle strength
associated to increased adverse events, such as falls and hip fractures. The aim of this systematic
review is to analyse diagnosis methods of sarcopenia in patients with hip fracture and evaluate
prevention and treatment strategies described in literature. Methods: Three independent authors
performed a systematic review of two electronic medical databases using the following inclusion
criteria: Sarcopenia, hip fractures, diagnosis, treatment, and prevention with a minimum average of
6-months follow-up. Any evidence-level studies reporting clinical data and dealing with sarcopenia
diagnosis, or the treatment and prevention in hip fracture-affected patients, were considered. Results:
A total of 32 articles were found. After the first screening, we selected 19 articles eligible for full-text
reading. Ultimately, following full-text reading, and checking of the reference list, seven articles
were included. Conclusions: Sarcopenia diagnosis is challenging, as no standardized diagnostic and
therapeutic protocols are present. The development of medical management programs is mandatory
for good prevention. To ensure adequate resource provision, care models should be reviewed,
and new welfare policies should be adopted in the future.

Keywords: sarcopenia; hip fracture; diagnosis; treatment; prevention; dual-energy X-ray
absorptiometry; bisphosphonate; β-hydroxy-β-methylbutyrate; exercise intervention

1. Introduction

Sarcopenia-related falls and fractures play an important role in our society due to the increased
average age of the population [1]. Hip fractures are becoming an evolving and more current problem,
as well as one of the most serious medical and social concerns. Hip fractures result in enhanced mortality,
perpetual physical morbidity and reduced activities of daily living (ADL) [2,3], with a decrease of
the quality of life for caregivers and an increased economic impact on society and government
spending [4–6]. Nowadays, the prevention of hip fractures is considered crucial for preserving an
acceptable quality of life in older patients. For these reasons, the role of the muscles trophism and
function is crucial to prevent traumas in older patients [1]. Ageing is inversely related to the mass and
strength of skeletal muscles, and their loss accelerates after 65 years of age, leading to an increased risk
of adverse outcomes [7]. For the last 30 years, a considerable effort has been made to understand the
condition of sarcopenia, and several definitions have been proposed. Sarcopenia was first defined by
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Rosenberg as an age-associated loss of skeletal muscle mass [8], but recently, it has been identified as a
disease, and is included in the ICD-10 code (M62.84) [9]. Several disease descriptions were suggested
during the last 20 years, but substantial operative variances are present concerning definitions, including
nomenclature, the technique of assessment of lean mass, the technique of standardization of lean mass
to body size, cut-points for weakness and cut-points for slowness [10]. One of the most accepted was
described by the EWGSOP (European Working Group on Sarcopenia in Older Persons), updated in
2018 (EWGSOP2), considering sarcopenia as a “progressive loss of muscle mass and muscle strength,
associated to an increased likelihood of adverse events, such as falls, fractures, physical disability and
death” [7]. Several authors investigated the differences in sarcopenia cases, agreeing with EWGSOP1
and EWGSOP2 and noting substantial discordance and limited overlap of the definitions [11,12].
Nevertheless, the EWGSOP2 is crucial suggestion to evaluate a possible condition of sarcopenia by
measuring the muscle strength, muscle mass and physical performance [13]. Aging is related to
variations in body structure and uncontrolled weight loss. The progressive loss of skeletal muscle mass
(SMM) and strength promotes functional and physical disability, leading to poor quality of life [7]. The
body composition changes were reported in several studies [7,14,15]. Cruz-Jentoft et al. [7] showed a
loss of muscle strength in older patients through measurement grip strength with a dynamometer.
Hida et al. [14] demonstrated a greater sarcopenia prevalence and more diminished leg muscle mass in
subjects following a hip fracture than uninjured subjects with the same age. The most efficient technique
to date, dual energy X-ray absorptiometry (DXA), assesses lean mass [16]. Bioelectrical impedance
analysis (BIA), CT, and MRI can be used in selected cases [16]. DXA has several advantages, including
low cost, low irradiation exposure and easy availability and usability. However, the difficulty of
performing this examination in patients with hip fracture or in subjects undergoing recent orthopaedic
surgery, due to post-surgical pain and immobility, the use of machines with non-uniform calibrations
between them and the lack of universally shared protocols, makes DXA not always reliable in the
quantification of MM and in the instrumental diagnosis of sarcopenia [11,17]. No specific drugs have
been approved for the treatment of sarcopenia and the literature lacks evidence [16]. Research activity
is focused on developing new drugs for sarcopenia, although progress has not been straightforward.
Initial interest in selective androgen receptor modulators is related to small phase I and II trials [18,19].
For these reasons, the interest in sarcopenia is rising in orthopaedic surgery, due to the high prevalence
of older patients, especially those suffering for hip fractures [20], and sarcopenia could be considered
as a hip fracture risk factor.

The aim of this systematic review was to analyse diagnosis methods of sarcopenia in patients
with hip fracture and evaluate prevention and treatment strategies described in literature.

2. Experimental Section

2.1. Study Selection

From their date of inception to 19th March 2020, two independent authors (AV and GT)
systematically reviewed the main web-based databases, Science Direct and PubMed, agreeing to the
Preferred Reporting Items for systematic Reviews and Meta-Analyses (PRISMA) recommendations [19].
The research string used was “sarcopenia AND (diagnosis OR treatment OR prevention) AND (femoral
neck fracture OR hip fracture)”. In order to extract the number of patients, mean age at treatment,
sex, type of treatment, follow-up, and year of the study a standard data entry form was used for each
included original manuscript. Three independent reviewers (MA, PV and DZ) performed the quality
evaluation of the studies. Discussing conflicts about data were resolved by consultation with a senior
surgeon (VP).

2.2. Inclusion and Exclusion Criteria

Eligible studies for the present systematic review included sarcopenia diagnosis, treatment and
prevention in hip-fractured patients. The original titles and abstracts examination were selected using
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the following inclusion criteria: Sarcopenia, hip fractures, diagnosis and treatment and prevention
with a minimum average of 6-months follow-up in last 20 years. The exclusion criteria were: Patients’
cohort with no sarcopenia diseases, less than 6 months of symptoms and no human trials. Each residual
duplicate, articles related on other issues or with inadequate technical methodology and available
abstract were ruled out.

2.3. Risk of Bias Assessment

According to the ROBINS-I tool for nonrandomized studies [21], a three-stage assessment of
the studies included risk of bias assessment was performed. The first step involved the design of
the systematic review, the next phase was the assessment of the ordinary bias discovered in these
manuscripts and the final was about the total risk of bias. “Low risk” and “Moderate risk” studies were
considered acceptable for the review. The assessment was separately performed by three authors (MA,
PV and DZ). Any discrepancy was discussed with the senior investigator (VP) for the final decision.
All the authors agreed on the result of every stage of the assessment.

3. Results

3.1. Included Studies

Thirty-two manuscripts were recovered. Twenty-four articles were chosen, following the exclusion
of duplicates. At the end of the first screening, according to the selection criteria previously described,
nine articles were chosen as eligible for full-text reading. Metanalysis or systematic reviews were
eliminated from the study. Finally, after reading the complete articles and examining the reference list,
we chose seven manuscripts comprised of randomized controlled human trials (hRCT), prospective
and retrospective cohort or series studies, according to previously described criteria. A selection and
screening method PRISMA [22] flowchart is provided in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart.
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3.2. The Diagnosis of Sarcopenia in Patients Affected by Hip Fracture

Kramer et al. [23] performed biopsies of vastus lateralis to assess the muscle changes. The sample
was divided in to three groups: Healthy young women (HYW) (18–25 years), healthy older women
(HEW) (>65 years) and older women (>65 years) affected by traumatic hip fracture (FEW). FEW Type 2
fibers (2.609 ± 185 µm2) were noted significantly smaller compared to HEW (3.723 ± 322 µm2; p = 0.03)
and HYW (4.755 ± 335 µm2; p < 0.001).

Hansen et al. [16] compared the Computed Tomography (CT) and dual-energy X-ray
absorptiometry (DXA) efficiency in the assessment of midthigh muscle mass (SMM) and midthigh
cross-sectional area (CSA) respectively, after a hip fracture with 12 months follow-up. The two measures
were significantly linked to baseline (r = 0.86, p < 0.001). Ratios of midthigh fat to lean mass were
comparably related (interclass correlation coefficient = 0.87, p < 0.001). Data of the change from
baseline to follow-up showed a low correlation (interclass correlation coefficient = 0.87, p = 0.019).
The assessment of muscle mass by DXA-derived midthigh slice has been shown to be reasonably
accurate in comparison to a single-slice CT technique in this sample of frail older patients.

Villani et al. [24] evaluated the agreement degree between DXA and bioelectrical impedance
spectroscopy (BIS) associated to corrected arm muscle area (CAMA). No significant changes (p = 0.78)
were found when comparing fat-free mass (FFM) with BIS (FFMBIS) to FFM with DXA (FFMDXA)
mean bias. Nevertheless, when included as an independent covariate, gender demonstrated an
influence on variation in the mean bias over time (p = 0.007). The influence of BMI had no effect on
change in the mean bias (p = 0.19). Similarly, no significant changes in the mean bias were observed
between SMMDXA and SMMCAMA across each assessment time point (p = 0.18). At each assessment
follow-up, both the techniques were observed overestimated SMM and FFM.

3.3. Treatment of Sarcopenia in Patients Affected by Hip Fracture

Flodin et al. [25] evaluated the efficacy of nutritional supplementation on body composition
(BC), handgrip strength (HGS) and health-related quality of life (HRQoL) in 79 hip-fractured patients
(mean age 79 ± 9 years). Patients were divided into a protein and bisphosphonate group (PB) group,
bisphosphonate-only group (BO) and a control group (CG) with 12 months follow-up. All groups
included the CG, received calcium and Vitamin D supplementation. No significant differences in
changes of FFM Index, HGS and HRQoL were detected during the follow-up period between the groups.

Invernizzi et al. [26] assessed the essential amino acid supplementation (AAS) in hip-fractured
patients. Thirty-two patients (sarcopenia-affected = 71.9%) underwent to a 2-month rehabilitative
protocol combined with dietetic counselling. The AA group (16 subjects) had an AAS, while the NAA
group did not receive AAS. According to Janssen criteria, both groups were divided in subgroups:
Sarcopenic (Sac) and non-sarcopenic (No-Sac) patients. At 2 months follow-up, the Sac AA group
(n = 10) obtained better significant results in the Iowa Level of Assistance scale (ILOA) and all the
primary outcomes (p < 0.017) compared to Sac NAA cohort (n = 13). The No-Sac groups had
similar results.

Malafarina et al. [27] investigated the effectiveness of β-hydroxy-β-methylbutyrate (HMB) oral
NS on muscle mass and nutritional markers (BMI, proteins) in patients >65 years with hip fracture.
Fifty-five patients (IG) received standard diet plus HMB NS and 52 patients (CG) received standard
diet only. The authors used the EWGSOP criteria to diagnose sarcopenia and its prevalence among the
entire population was 72%. The sarcopenia diagnostic markers were gait speed (GS), HGS and BC
(assessed with BIA). Positive results were recorded in IG for grip work index (p = 0.188), muscle mass
(MM) (p = 0.031) and appendicular lean mass (aLM) (p = 0.020). GS analysis did not show a significant
difference (p = 0.367).

108



J. Clin. Med. 2020, 9, 2997

3.4. Prevention of Sarcopenia in Patients Affected by Hip Fracture

In a study by Ding-Cheng Chan et al. [28], 110 patients over 50 years of age with high-risk fracture
underwent 3-month exercise interventions. According to different modalities of the exercise, the cohort
were randomly divided into integrated care (IC) group and machine-based low extremities exercise
(LEE) group. The authors observed a gain in limb mass in the entire cohort (1.13%, p < 0.05) with a
significant change in the LEE group (1.13%, p < 0.01). Both groups obtained significant improvement
in muscle strength measured with curl, press and leg extension, grip strength, gait speed, chair stand
test and time up and go test. Improvements were seen in leg curl in the LEE group (29.78%, p = 0.001).

The most important results of the included articles were summarized (Table 1).
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4. Discussion

4.1. General Considerations and Key Findings

According to the review findings the diagnosis is still a challenge. The lack of an optimal
instrumental tool for diagnosis in hip-fractured patients demonstrates the crucial role of physicians in
these cases. The diagnosis is not instrumental data but the correct analysis of the clinical examination
and patients’ physical status evaluation in association with the results of the tool. At the same time,
the nutritional supplementation and hip fracture prevention exercise program are mandatory to avoid
the variances in body composition after midlife. Therefore, body composition evaluation is a crucial
element for measuring health status in older adults.

The higher incidence of fractures, especially in the spinal column and femoral neck, is attributable
to the condition of osteopenia or osteoporosis. Several authors have debated the correlation of
bone mineral density (BMD) to muscle mass (MM). However, this association is controversial.
Gillette-Guyonnet et al. [29] and Walsh et al. [30] claimed there was no muscle–bone relationship.
On the other hand, Locquet et al. exhaustively explored the correlation between muscle and identified
a subpopulation affected by the reduction in bone and muscle mass [31]. Moreover, Hirschfeld et al.
suggested considering the two condition as a new pathologic disorder, where the subjects affected
should be defined as “osteosarcopenic patients” [32]. The controversial findings should be explained by
the different diagnosis protocols used. In fact, the sarcopenia diagnosis is often challenging, and there is
not an instrumental method or standard algorithm commonly accepted for the evaluation. EWGSOP2
suggests combining clinical tests and instrumental investigations to evaluate the muscle strength,
physical performance and muscle mass [11].

4.2. Sarcopenia Diagnosis in Hip-Fractured Patients

Determining grip strength is easy, inexpensive and routine in clinical practice. The evaluation
requires calibrated handheld dynamometer use under well-definite exam circumstances with
interpretive data from appropriate reference populations [11,33]. On the other hand, the technique
measurements can be influenced by the examiner [33]. Similarly, the chair stand test (also called the
chair rise test), aims to assess the quantity of time that the patient needs to rise five times from a seated
position without using their arms [30]. The Gait Speed test is helpful in the evaluation of physical
performance. The principles are the Short Physical Performance Battery (SPPB), and the Timed-Up
and Go test (TUG), but the results can be influenced by patient compliance. The Gait Speed test is a
rapid, secure and reliable test to assess sarcopenia by EWGSOP2 [11]. The patient walks for 4 m while
the clinical staff records the walking speed using an electronic device or manually with a stopwatch.
A Gait Speed of ≤0.8 m/s is a severe sarcopenia marker [34–36]. The SPPB is a complex test aimed to
analyse gait speed using a balance test and a chair stand test. The highest score is 12 points, and a score
of ≤8 points suggests inadequate physical performance. The TUG test assesses the taken time to rise
from a standard chair, walk 3 m away, turn around, walk back and sit down again. A score of >20 s is
indicative of poor physical performance [37].

Due to the reduced mobility in the hip-fractured patients, and consecutively, to the impossibility
in performing the main tests used to assess the disease, the instrumental tools are important part of
diagnosis, even if they can replace the clinical evaluation.

DXA is a more widely accessible tool to establish MM [38], and can be defined as total body SMM,
as ASM or as muscle cross-sectional area of specific muscle groups [16]. New methods have been
studied, including midthigh muscle measurement by CT or MRI, BIS, psoas muscle measurement with
CT, the detection of specific biomarkers and other tests [16,24,25]. CT and MRI allow for a precise
and detailed study of soft tissues and they offer reliable and universally shared data. On the other
hand, these methods have a high cost and it is difficult to find institutes where it is possible to quickly
perform them. Moreover, CT exposes patients to a high rate of irradiation [16,34]. Hansen et al. [16]
compared SMM estimated by DXA to midthigh muscle CSA, determined by CT, in a group of older

112



J. Clin. Med. 2020, 9, 2997

patients with hip fracture, observing a positive correlation between CT-determined midthigh muscle
CSA and DXA-derived midthigh SMM. The assessment of MM and body composition by DXA-derived
midthigh slice has been shown to be reasonably accurate in comparison to a single-slice CT technique
in this sample of frail older patients [16].

BIS is another technique used to estimate SMM. The measurement is not a direct evaluation of
MM, but an estimation on the whole-body electrical conductivity, through conversion equations [37].
BIS needs highly trained personnel, and the institutes where it can be performed are very difficult
to find. Villani et al. [24] compared BIS associated to CAMA and DXA, noting BIS were reliable,
but the difficulties in carrying out the examination and in the use of conversion equations led to
DXA as the preferred reference technique. Muscle mass evaluation is not the only parameter that
can be associated to sarcopenia. A low muscle quality is considered as one of the diagnosis criteria
by EWGSOP [11]. Muscle quality is one of the main determinants of muscle function, depending on
different factors (fibre composition, architecture, metabolism, intermuscular adipose tissue, fibrosis,
motor unit activation) [39]. In particular, the decline of type II muscle fibres (II-MF) is responsible for
muscle mass reduction [40].

Kramer et al. [22] performed vastus lateralis biopsies in different groups, confirming a significant
II-MF atrophy in older women with hip fractures when compared to healthy older or young women.
Since muscle atrophy is associated to loss of function, the author suggested that II-MF atrophy could
lead to a higher risk of falls and consequent fractures. This study has some limits. There was no
measure of strength and the sample was exclusively female, but the findings could be relevant to treat
sarcopenia and to understand the II-MF atrophy causes. The histological diagnosis of sarcopenia could
be a valuable way to understand physiopathology of sarcopenia in patients with hip fractures, even if
it is not obviously suitable for routine diagnosis.

4.3. Sarcopenia Treatment in Hip-Fractured Patients

The treatment of sarcopenia in patients affected by hip fractures is a multidisciplinary challenge and,
according to our findings, great attention should be given to nutritional status. Malnutrition is a highly
prevalent condition in the geriatric population affected by this fracture [27]. Therefore, oral nutritional
supplementation (ONS), in addition to rehabilitation programs, has become the subject of debate
between different authors. Flodin et al. [25] investigated the effects of protein-rich supplementation and
bisphosphonate on body composition, handgrip strength and quality of life in patients with hip fracture
at 12-months follow-up. In a group, the combination of bisphosphonates and protein supplementation
had no significant effects on handgrip strength (HGS), body composition and health-related quality of
life (HRQoL). In another group, a positive effect of protein-rich supplementation and bisphosphonates
on HGS and HRQoL was demonstrated.

Malafarina et al. [27] showed good results using oral nutritional supplementation with
β-hydroxy-β-methylbutyrate (HMB). This approach improves MM, function and general nutritional
status in hip-fractured patients [27]. HMB, a metabolite of leucine, has beneficial effect on MM and
function in older people [41], but considering the lack of evidence focused on hip-fractured people,
more investigations are needed in the treatment of sarcopenia with HMB in these patients. On the
other hand, the role of a nutritional intervention without exercise for the treatment of sarcopenia is
debated [41]. Although many studies have described good results in increasing protein intake in the
older population [42,43], the timing and distribution is unclear [44].

4.4. Sarcopenia Prevention in Hip-Fractured Patients

Despite the few studies focused on sarcopenia prevention in our study, it could be considered the
major area of research for future clinical activity and observational epidemiological trials [39] in order
to identify and modify the sarcopenia risk factors. A midlife lifestyle approach could be more proper
to limit the sarcopenia incidence [45].
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Physical activity programs have been suggested as a relevant technique in reducing the risk of
hip fracture in older patients [46,47]. In the study by Piastra et al. [47], data showed a significant
improvement in MM, muscle mass index, and handgrip strength in muscle reinforcement training group,
demonstrating that a muscle reinforcement program moved participants from a condition of moderate
sarcopenia at baseline to a condition of normality. Ding-Cheng Chan et al. [28] evaluated effects of
programs in community-dwelling older adults with high risk of fractures (> or =3% for hip fracture).
The exercise authors clarified the lack of differences in the types of exercise to improve sarcopenia
when compared an integrated care model to a lower extremity exercise model. However, several
authors promoted rehabilitation protocols for hip-fractured patients, consisting of oral nutritional
supplementation with proteins and amino acids and exercise programs [46,47]. Singh et al. [47]
proposed a new rehabilitation protocol in the older with hip fracture after orthopaedic surgery. The
12-month rehabilitation program was characterized by a high-intensity progressive resistance training
and a targeted treatment of balance, osteoporosis, nutrition, vitamin D and calcium, depression, home
safety and social support. The authors showed a statistically significant reduction in mortality, nursing
home hospitalization and disability, especially in those subjects with a systematic good health status.

A life course approach to prevention is paramount and offers chance to intervention when lifestyle
changes, inspiring the increase of physical activity with immediate to lifelong advantages for skeletal
muscle health [16].

4.5. Limits of the Study

The limits of the study are represented by the heterogenicity of the definition of sarcopenia and by
the tools considered to assess the patient functional outcome. We extensively searched and identified
all relevant last 20 years sarcopenia diagnosis-, treatment- and prevention-related articles. Therefore,
risk of bias assessment showed moderate overall risk, which could influence our analysis. Moreover,
in the diagnosis section, only instrumental tool evaluations without clinical assessment were detected.

5. Conclusions

Sarcopenia is a physiological condition and contributes to the increased risk of falls and hip
fractures in the older population. However, the diagnosis of sarcopenia is challenging, especially in
hip-fractured patients, and there are currently no standardised diagnostic and therapeutic protocols.
The development of medical management programs is mandatory for good prevention. To ensure
adequate resource provision, care models should be reviewed, and new welfare policies should be
adopted in the future.

Author Contributions: Conceptualization, G.T., A.V. and V.P. (Vito Pavone); methodology, A.V.; software,
M.A.; validation, G.T., V.P. (Vincenzo Petrantoni) and G.I.R.; formal analysis, A.V.; investigation, M.A., V.P.
(Vincenzo Petrantoni) and D.Z.; resources, A.V.; data curation, G.T.; writing—original draft preparation, D.Z.;
writing—review and editing, G.T. and A.V.; visualization, G.I.R.; supervision, G.S.; project administration, V.P.
(Vito Pavone); funding acquisition, V.P. (Vito Pavone). All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest. The author GT declares to be the Guest Editor of
the Special Issue “Prevention and Treatment of Sarcopenia” of Journal of Clinical Medicine.

References

1. Auais, M.; Morin, S.; Nadeau, L.; Finch, L.; Mayo, N. Changes in frailty-related characteristics of the
hip fracture population and their implications for healthcare services: Evidence from Quebec, Canada.
Osteoporos. Int. 2013, 24, 2713–2724. [CrossRef]

2. Kitamura, S.; Hasegawa, Y.; Suzuki, S.; Sasaki, R.; Iwata, H.; Wingstrand, H.; Thorngren, K.G. Functional
outcome after hip fracture in Japan. Clin. Orthop. Relat. Res. 1998, 348, 29–36. [CrossRef]

114



J. Clin. Med. 2020, 9, 2997

3. Cummings, S.R.; Melton, L.J. Epidemiology and outcomes of osteoporotic fractures. Lancet 2002, 359,
1761–1767. [CrossRef]

4. Marottoli, R.A.; Berkman, L.F.; Leo-Summers, L.; Cooney, L.M., Jr. Predictors of mortality and
institutionalization after hip fracture: The New Haven EPESE cohort. Established Populations for
Epidemiologic Studies of the Elderly. Am. J. Public Health 1994, 84, 1807–1812. [CrossRef]

5. Saltz, C.; Zimmerman, S.; Tompkins, C.; Harrington, D.; Magaziner, J. Stress among caregivers of hip fracture
patients. J. Gerontol. Soc. Work 1998, 30, 167–181. [CrossRef]

6. Duclos, A.; Couray-Targe, S.; Randrianasolo, M.; Hedoux, S.; Couris, C.M.; Colin, C.; Schott, A.M. Burden of
hip fracture on inpatient care: A before and after population-based study. Osteoporos. Int. 2009, 21, 1493–1501.
[CrossRef] [PubMed]

7. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on sarcopenia in older people. Age Ageing 2010, 39, 412–423. [CrossRef]
[PubMed]

8. Rosenberg, I.H. Sarcopenia: Origins and clinical relevance. Clin. Geriatr. Med. 2011, 27, 337–339. [CrossRef]
9. International Classification of Diseases 11th Revision (Version 04/2019). Foundation Id. Available online:

http://id.who.int/icd/entity/1254324785 (accessed on 23 December 2019).
10. Cawthon, P.M. Recent progress in sarcopenia research: A focus on operationalizing a definition of sarcopenia.

Curr. Osteoporos. Rep. 2018, 16, 730–737. [CrossRef]
11. Reiss, J.; Iglseder, B.; Alzner, R.; Mayr-Pirker, B.; Pirich, C.; Kässmann, H.; Kreutzer, M.; Dovjak, P.; Reiter, R.

Consequences of applying the new EWGSOP2 guideline instead of the former EWGSOP guideline for
sarcopenia case finding in older patients. Age Ageing 2019, 48, 719–724. [CrossRef]

12. Villani, A.; McClure, R.; Barrett, M.; Scott, D. Diagnostic differences and agreement between the original and
revised European Working Group (EWGSOP) consensus definition for sarcopenia in community-dwelling
older adults with type 2 diabetes mellitus. Arch. Gerontol. Geriatr. 2020, 89, 104081. [CrossRef]

13. Bruyère, O.; Beaudart, C.; Reginster, J.Y.; Buckinx, F.; Schoene, D.; Hirani, V.; Cooper, C.; Kanis, J.A.; Rizzoli, R.;
Cederholm, T.; et al. Assessment of muscle mass, muscle strength and physical performance in clinical
practice: An international survey. Eur. Geriatr. Med. 2016, 7, 243–246. [CrossRef]

14. Hida, T.; Ishiguro, N.; Shimokata, H.; Sakai, Y.; Matsui, Y.; Takemura, M.; Terabe, Y.; Harada, A. High
prevalence of sarcopenia and reduced leg muscle mass in Japanese patients immediately after a hip fracture.
Geriatr. Gerontol. Int. 2013, 13, 413–420. [CrossRef]

15. Gentil, P.; Lima, R.M.; Jacó de Oliveira, R.; Pereira, R.W.; Reis, V.M. Association between femoral neck
bone density and lower limb fat-free mass in postmenopausal women. J. Clin. Densitom. 2007, 10, 174–178.
[CrossRef] [PubMed]

16. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef]
17. Hansen, R.D.; Williamson, D.A.; Finnegan, T.P.; Lloyd, B.D.; Grady, J.N.; Diamond, T.H.; Smith, E.U.;

Stavrinos, T.M.; Thompson, M.W.; Gwinn, T.H.; et al. Estimation of thigh muscle cross-sectional area by
dual-energy X-ray absorptiometry in frail elderly patients. Am. J. Clin. Nutr. 2007, 86, 952–958. [CrossRef]

18. Dalton, J.T.; Barnette, K.G.; Bohl, C.E.; Hancock, M.L.; Rodriguez, D.; Dodson, S.T.; Morton, R.A.; Steiner, M.S.
The selective androgen receptor modulator GTx-024 (enobosarm) improves lean body mass and physical
function in healthy elderly men and postmenopausal women: Results of a double-blind, placebo-controlled
phase II trial. J. Cachexia Sarcopenia Muscle 2011, 2, 153–161. [CrossRef]

19. Papanicolaou, D.A.; Ather, S.N.; Zhu, H.; Zhou, Y.; Lutkiewicz, J.; Scott, B.B.; Chandler, J. A phase IIA
randomized, placebo-controlled clinical trial to study the efficacy and safety of the selective androgen
receptor modulator (SARM), MK-0773 in female participants with sarcopenia. J. Nutr. Health Aging 2013, 17,
533–543. [CrossRef]

20. Hong, W.; Cheng, Q.; Zhu, X.; Zhu, H.; Li, H.; Zhang, X.; Zheng, S.; Du, Y.; Tang, W.; Xue, S.; et al. Prevalence
of Sarcopenia and Its Relationship with Sites of Fragility Fractures in Elderly Chinese Men and Women.
PLoS ONE 2015, 10, e0138102. [CrossRef]

21. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

115



J. Clin. Med. 2020, 9, 2997
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Abstract: Sarcopenia is defined as a syndrome characterized by progressive and generalized loss of
skeletal muscle mass and strength. It has been identified as one of the most common comorbidities
associated with femoral neck fracture (FNF). The aim of this review was to evaluate the impact of
physical therapy on FNF patients’ function and rehabilitation. The selected articles were randomized
controlled trials (RCTs), published in the last 10 years. Seven full texts were eligible for this review:
three examined the impact of conventional rehabilitation and nutritional supplementation, three
evaluated the effects of rehabilitation protocols compared to new methods and a study explored
the intervention with erythropoietin (EPO) in sarcopenic patients with FNF and its potential effects
on postoperative rehabilitation. Physical activity and dietary supplementation are the basic tools of
prevention and rehabilitation of sarcopenia in elderly patients after hip surgery. The most effective
physical therapy seems to be exercise of progressive resistance. Occupational therapy should be
included in sarcopenic patients for its importance in cognitive rehabilitation. Erythropoietin and
bisphosphonates could represent medical therapy resources.

Keywords: sarcopenia; elderly; frailty; fractures; ageing fractures; complications; recovery;
rehabilitation; nutritional supplements; physical therapy

1. Introduction

Sarcopenia is defined as a syndrome characterized by progressive and generalized loss of skeletal
muscle mass and strength, with risk of adverse outcomes such as physical disability, poor quality of life
and death. [1] Prevalence of sarcopenia varies among age groups, geographic regions and evaluated
context. Estimated prevalence is 1% to 29% in community-dwelling older people, 14% to 33% in long-
term care and 10% in acute hospital care populations [2,3]. Starting from 40 years of age, each ten years,
healthy adults lose approximately 8% of their muscle mass. Moreover, between 40 and 70 years old,
healthy adults lose an average of 24% of muscle, which accelerates to 15% per decade past the age of
70. [4] The diagnosis of sarcopenia should be based on concomitant presence of low muscle mass and
low muscle function [4,5].

The European Working Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as
an acute or chronic disease based on low levels three measured parameters: muscle strength, muscle
quantity/quality and physical performance, as an indicator of its severity [1,6].
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Early sarcopenia is characterized by size reduction in muscle. Gradually, it also occurs as
a decrease in the quality of muscle tissue, which leads to loss of functionality and fragility [7,8].
The assessment of sarcopenia requires objective measurements of muscle strength and muscle mass.
Several methods of evaluation for sarcopenia considered walking speed, the circumference of the calf,
the analysis of bioimpedance, grip strength and DEXA imaging methods. However, none of these
measurements are sufficiently sensitive or specific [8–10]. Sarcopenia has been identified as one of
the most common comorbidities associated with femoral neck fracture (FNF) patients [11]. Among
these different comorbidities, apart from Sarcopenia, protein-energy malnutrition has been reported in
20 to 85 % of cases, depending on age and gender [12,13]. Besides the age-related loss of muscle mass,
trauma mechanism, and consequent associated immobilization, cause negative adjustment in body
composition. Bed confinement, and the reduced mobility of hospitalized older patients, are associated
with loss of muscle mass, muscle function and bone mineral density from the 10th day, and up to two
months, after the fracture [13,14]. During the first year from fracture, about 5–6% of muscle mass may
be lost [15,16]. It was reported that 28% of patients who were outpatients before hip fracture were
unable to walk 12 months after surgery, while as many as 25–30% of patients were unable to return to
their previous situation. [16–18].

Treatment of sarcopenia is mainly nonpharmacological. First, an adequate nutrition to ensure
the intake of micronutrients and macronutrients is needed. Calories should be 24 to 36 kcal/kg per day;
a minimum daily protein intake of 1.0 g/kg body weight, up to 1.5 g spread equally over three meals
and maintenance of serum vitamin D levels to 100 nmol/L (40 ng/mL) from vitamin D–rich diet or
vitamin D supplementation. Supplementation with creatine monohydrate, antioxidants, amino acid
metabolites, omega-3 fatty acids and other compounds are being studied [3]. A crucial role is played
by physical activity, especially resistance training, which is the key element for increasing muscle
strength and physical performance. Currently, the strategy of combined nutrition supplementation
and exercise appears encouraging in the management of sarcopenia.

The aim of this review is to evaluate the impact of rehabilitation with or without other interventions,
including nutritional supplementation and pharmacological therapy, on indicators of sarcopenia for
FNF (femoral neck fracture) patients.

2. Experimental Section

2.1. Literature Search Strategy

To find clinical trials involving the rehabilitation of sarcopenia and FNF, two authors (M.A,
G.R.A.M.) searched in three medical databases (PubMed, Cochrane Library and PEDro) during
the month of June 2020. The terms used for the research were sarcopenia and hip fracture
and rehabilitation.

2.2. Selection Criteria

The selected articles had to be published in the last 10 years, written in the English language
and had to be randomized controlled trials (RCT), observational studies or cases reports published
in peer reviewed journals. The authors excluded articles written in other languages, studies with no
results or subjects involved and reviews about the topic. Papers with no accessible data, or no available
full texts, were also excluded. M.A. and G.R.A.M. selected the studies independently, resolving any
discrepancies about the selection by discussion. The senior investigator (M.V.) was consulted to revise
the selection process.
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3. Results

3.1. Search Progress and Data Extraction

A total of 74 articles were selected based on their titles. Excluding doubles, 63 articles were screened
upon their titles. At the end of this screening, 14 abstracts were selected and read independently by
the two authors. Five abstracts were excluded: three were not trials, two were reviews and one did not
assess sarcopenia in the subjects studied. The authors screened and read eight full texts, one of which
was excluded, being a rehabilitation protocol without results on patients.

Every full text was examined, and characteristics of the study, study sample, type of rehabilitation
and treatment, outcome measures and results were extracted from the full text and summarized in
Table 1.
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Upon the seven full texts eligible for this review, three examined the impact of conventional
rehabilitation and nutritional supplementation, based on food richness of proteins and aminoacids,
on patients affected by sarcopenia following FNF [16,19,20] Three papers evaluated the effects of
rehabilitation protocols only, especially comparing new methods to conventional rehabilitation
and evaluating the impact of sarcopenia on rehabilitation progress [21–23]. A study explored
the intervention with erythropoietin (EPO) in sarcopenic patients with femoral intertrochanteric
fractures and its potential effects on postoperative rehabilitation. [24]

3.2. Sarcopenia Diagnosis

Various definitions of sarcopenia have been developed by different international consensus panels,
(the Asian Working Group on Sarcopenia (AWGS), the European Working Group on Sarcopenia in
Older People (EWGSOP) and the Foundation of the National Institute of Health, International Working
Group on Sarcopenia) each defining cut-off values from mobility limitation measures (appendicular
skeletal mass index, grip strength and physical performance). In our review, the authors specifically
used the diagnostic criteria included in the AWGS [21–25] and EWGSOP [1,16,19,20].

The EWGSOP defines sarcopenia when ASM is less than 20 kg for men and 15 kg for women,
ASM/height2 is less than 7.0 kg/m2 for men and 5.0 kg/m2 for women (muscle quantity), grip strength
is less than 27 kg for men and 16 kg for women, chair stand > 15 s for five rises (muscle strength), gait
speed is no more than 0.8 m/s, short Ppysical performance battery (SPPB) is less than 8 points, timed
up and go (TUG) test is less than 20 s and 400 m walk test is completed in more than 6 min or not
completed at all (physical performance) [1].

AWGS criteria include decreased handgrip strength (males < 28 kg, females < 18 kg), physical
performance evaluated with gait speed ≤ 0.8 m/s or 5-time chair stand test: ≥12 s or short physical
performance battery: ≤9, and loss of muscle mass, indexed by appendicular skeletal muscle mass
(ASM) divided by height squared evaluated through dual-energy X-ray absorptiometry (M: <7.0 kg/m2,
F: <5.4 kg/m2) or bioelectrical impedance analysis (M: <7.0 kg/m2, F: <5.7 kg/m2) [25].

3.3. New Rehabilitation Protocols

In Study 1 (Table 1), the functional outcomes of a new integrated rehabilitation management (FIRM)
were assessed in sarcopenic and nonsarcopenic inpatients [21]. Sixty-eight patients (32 Sarcopenic and
36 nonsarcopenic) who had undergone surgery for fragility FNF were included.

FIRM included intensive physical and occupational therapy, fall prevention education with
discharge planning and referral to community-based care. After surgery, the patients stayed in hospital
with 10 days of physical therapy with two sessions per day and four days of occupational therapy.
Physical therapy consisted of weight bearing exercises, strengthening exercises, gait training and
aerobic exercise, and functional training progressed gradually based on the individual’s functional
level. Occupational therapy aimed to train the patients in ADL (transfer, sit to stand, bed mobility,
dressing, self-care retraining and using adaptive equipment).

The outcome measures used in the eligible studies were walking ability through two scales:
the KOVAL walking ability scale [26] and the functional ambulatory category (FAC) [27]; general
mobility; balance and fall risk; cognitive functioning; quality of life; mood; ADL; frailty and handgrip
strength of the patients; modified Rivermead mobility index [28]; Berg balance scale [29]; MMSE [30];
Korean version of the geriatric depression scale [31]; the Euro quality-of-life questionnaire 5-dimensional
classification [32]; the Korean modified Barthel index [33]; the Korean instrumental ADL [34] and
the Korean version of the fatigue, resistance, ambulation, illnesses and loss of weight (FRAIL) scale [35])
at admission to the in-hospital rehabilitation unit and at discharge.

KOVAL and FAC were significantly improved in both sarcopenic and nonsarcopenic patients.
Prefacture ambulatory functioning, rather than the presence of sarcopenia, was significantly correlated
with short-term recovery of ambulatory functioning. Mobility, balance, cognitive functioning and
quality of life improved in both groups, demonstrating the clinical effectiveness of FIRM in sarcopenic
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patients. In contrast, K-IADL (p = 0.029) and K-FRAIL (p = 0.023) scores were significantly improved
in only the nonsarcopenia group after rehabilitation.

Limitations of this study were the short time after which the outcomes were evaluated (after two
weeks of interventions) and the exclusion of several patients before the start of the treatment. The use
of the sarcopenia classification itself may have affected the group allocation. Even though the results of
Study 1 suggest that FIRM was effective for short-term functional recovery in older patients with or
without sarcopenia who have suffered fragility hip fracture, further research comparing FIRM with
conventional therapy is needed.

Study 2 (Table 1) [22] evaluated the FIRM program in a prospective observational investigation of
80 patients (35 Sarcopenic and 45 nonsarcopenic) older than 65 after FNF surgery. The author, unlike
the previous study, ruled out gait speed from the diagnostic criteria for sarcopenia in the sample
evaluated because this result could not be estimated before the fracture or surgery. The FIRM program
was administered during two weeks of hospital stay after surgery. All functional outcomes (KOVAL,
FAC, EQ-5D, K-IADL, and K-FRAIL) were assessed on admission for rehabilitation, at discharge,
and at the three and six months follow-up visits after surgery (or with a telephone interview). In
the considered sample, patients with sarcopenia had impairment in cognitive function in a significantly
superior percentage than the nonsarcopenic group. Both groups had improvement in the primary
outcome (KOVAL) and functional outcome (FAC score) after discharge. Other evaluations, excluded
HGS, significantly improved in both groups with no significant difference. Even though sarcopenia
was not a predictor of poorer results in ambulatory independence, at six months from surgery, the type
of operation and high HGS (handgrip strength) were significantly correlated.

Study 2 [22] demonstrated that ambulation and functional outcomes were improved in patients
with or without sarcopenia suffering from fragility after FNF surgery, due to a complete multidisciplinary
rehabilitation. Limitations were caused by the assessment of sarcopenia in patients soon after the surgery,
namely the time of follow-up that in fragile patients may have been longer, and the lack of a control
group following conventional rehabilitation.

Study 3 [23] compared the efficacy of an antigravity treadmill (AGT) combined with conventional
physical therapy, and physical therapy alone, in a double-blinded (to outcome) study. Selected patients
were 65–90 years old, who had undergone surgery for FNF associated with sarcopenia, according to
the AWGS recommendation [25]. Thirty-eight patients included in the primary analysis were treated.
One group (n = 19) had only standardized rehabilitation treatment for 30 min per day for 10 days,
the other (n = 19) received standardized treatment plus AGT for 20 min per day. Standardized therapy
consisted in passive hip and knee mobilization, strengthening of the hip abductor and extensor muscles,
transfer, and gait training on the floor and stairs.

The outcomes evaluated were the same as Studies 1 and 2 [21,22], except for the absence of
the I-ADL measurement. The experimental group experienced higher and longer therapeutic effects,
with improvement in all outcomes. However, in both groups, KOVAL and FAC scores were slightly
improved and then decreased from 3 three to 6 months. This study provided evidence not only that
AGT with CR is more effective than only CR for sarcopenic patients, but also that there is a strong
association between muscle mass and bone mass, supporting the theory that muscle forces mediate
mechanical loading effects on bones [36]. Limitations of Study 3 were the high amount of drop outs
after hospital discharge, it was carried out in only one center, and the number of the sample was not
sufficient to significantly represent subgroups with different cognitive function, hip fracture and hip
operation type.

3.4. Nutritional Supplements and Physical Therapy

Study 4 (Table 1) [16] was a randomized controlled study evaluating the effects of combined
therapy with bisphosphonate, protein-rich nutritional supplementation and conventional rehabilitation
in 79 sarcopenic patients after FNF [16]. Measured parameters were body composition, hand grip
strength (HGS) and health-related quality of life (HRQoL). Patients were randomized into three
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treatment groups. All patients received calcium 1 g and vitamin D 800 I.E. divided into two daily
doses for 12 months. The nutritional supplementation group (protein + energy = N group, n = 26)
received a 200 mL package twice daily, each containing 20 g of protein and 300 kcal. This supplement
was given for the first six months after FNF, combined with 35 mg risedronate once weekly for 12
months. The second group (B, n = 28) received risedronate alone, 35 mg once weekly for 12 months.
The controls (C, n = 25) received only calcium and vitamin D for 12 months. Treatment began as soon
as the patients were medically stable after surgery, able to take orally administered medications and
able to sit upright for one hour after intaking bisphosphonates.

Energy supplementation combined with bisphosphonate, vitamin D and calcium had no positive
effect on hand-grip strength, HRQoL, or lean mass, when compared to administration of bisphosphonate
along with vitamin D and calcium supplementation, or just vitamin D and calcium supplementation,
after FNF. Protein and energy supplementation combined with conventional rehabilitation was not
able to preserve lean mass after a hip fracture better than vitamin D and calcium alone or combined
with bisphosphonates. There were no intergroup differences concerning effects on HGS or HRQoL,
but intragroup improvement in HGS, and a positive effect on HRQoL, were seen in the nutritional
supplementation group. A limitation of this study was the small sample size.

In Study 5 (Table 1) [19], 32 patients (23 Sarcopenic, nine nonsarcopenic) aged more than 65 years
were enrolled three months after osteoporotic FNF and treated with total hip replacement. The authors
evaluated the impact of a two months rehabilitative protocol, combined with dietetic counseling with
or without essential aminoacid supplementation, on functioning. Patients were divided into two
groups. Patients in group A (n = 16, 11 Sarcopenic, five nonsarcopenic) were treated for two months
with essential aminoacid supplementation sachets of 4 g per day. Furthemore, patients performed
a concomitant specific physical exercise rehabilitative program consisting of five sessions of 40 min
each per week for two weeks with the supervision of an experienced physiotherapist, and received
dietetic counseling. The physical activity included walking training, resistance and stretching exercises
and balance exercises. After these two two weeks, all participants performed a home-based exercise
protocol up to the end of the study period, two months from intervention. Patients in group B
(n = 16, 12 Sarcopenic and four nonsarcopenic) performed the same physical exercise rehabilitative
program as group A and received concomitant dietetic counseling alone, without essential amino
acid supplementation.

Outcome measures were the hand grip strength test (HGS), physical performance, using the timed
up and go test (TUG) [37], level of assistance measured by the Iowa level of assistance scale
(ILOA) [38], nutritional assessment, with evaluation of daily caloric intake and daily protein intake, and
the health-related quality of life (HRQoL) evaluation. All outcome measures were assessed at baseline
(T0) and after two months of treatment (T1). Patients in both groups were divided into sarcopenic and
nonsarcopenic patients. All patients in both groups showed statistically significant differences in all
primary outcome measures (HGS, TUG, ILOA) at the T1 evaluation (p < 0.017). Sarcopenic patients in
group A showed statistically significant differences in all primary outcomes (HGS, TUG, ILOA) at T1
(p < 0.017), whereas sarcopenic patients in group B showed a significant reduction of ILOA at the end
of treatment. On the other hand, in nonsarcopenic patients, they found no differences at T1 in the TUG
test and level of assistance test. In both groups, there were no differences at T1 in all other outcome
measurements. Furthermore, there were no differences between groups in all outcome measuresments
both at baseline and after two months of treatment.

Even though it was performed on a small sample size, data emerging from this study showed
a good impact of this combined intervention on function and disability in hip fracture patients after
two months of treatment. Essential amino acid supplementation induced considerable improvements
in the sarcopenic subpopulation of the study.

Study 6 (Table 1) [20] was a multicentric randomized trial evaluating a nutritional supplement,
enriched with β-hydroxy-β-methylbutyrate (HMB), calcium (Ca) and 25-hydroxy-vitamin D (25(OH)D)
during rehabilitation therapy to improve muscle mass and, thereby, functional recovery. It included 107
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sarcopenic patients aged more than 65 years old with FNF. There were 15 drop-outs during the study.
This was the first study to evaluate the effects of HMB in sarcopenic patients with hip fractures. Patients
in the intervention group (IG, n = 49) received a standard diet plus oral nutritional supplementation
enriched with 0.7 g/100 mL of HMB, 227 IU/100 mL of 25(OH)D and 227 mg/100 mL of Ca, while
those in the control group (CG, n = 43) received a standard diet only. Physical therapy was based on
moving patients early, using technical aids, and rehabilitation of activities of daily living including
exercises to strengthen the lower limbs, balance exercises and walking retraining in individual or group
50 minute sessions, once a day five days a week. Outcomes measured were gait speed, hand grip
strength, appendicular lean mass (aLM, kg/height2), nutritional assessment carried out by the Mini
Nutritional Assessment-Short Form (MNA-SF) [39] and patients’ functional situation using the Barthel
index (BI) [40] and the functional ambulation categories (FAC) score [27].

The outcome variable was the difference between aLM upon discharge and aLM upon admission
(∆-aLM). BMI and aLM were stable in intervention group (IG) patients, whilst these parameters
decreased in the control group (CG). The concentration of proteins (p = 0.007) and vitamin D (p.001)
increased more in the IG than the CG. A positive effect of oral nutritional supplementation was reported
on recovery of ADL. The recovery of ADL was more common in the intervention group (68%) than in
the control group (59%) (p = 0.261).

This study had a number of limitations. Patients received rehabilitation five days a week. It would
be interesting to see whether participation in a program of resistance exercises during the patients’
stay at a rehabilitation center improved the functional results reported. The authors could not do
any follow-up of patients after discharge to assess whether the benefits obtained were maintained.
Furthermore, diagnostic criteria for sarcopenia proposed by the EWGSOP were difficult to apply in
patients with hip fractures admitted to rehabilitation units, because most of the patients were unable
to walk when they arrived. Despite these limitations, this research had some important strengths.
Due to the characteristics of the patients included, this study could be representative of the geriatric
population admitted to rehabilitation centers.

3.5. Other Treatments

Study 7 (Table 1) [24] assessed the effects of recombinant human erythropoietin (EPO), already
used in in sarcopenic patients for perioperative recovery, in patients with femoral intertrochanteric
fracture and sarcopenia, to investigate its potential benefits on postoperative rehabilitation. EPO,
through the activation of the signaling cascades in hematopoietic cells, may stimulate proliferation and
differentiation of skeletal muscle myoblasts, making the skeletal muscle a potential target [41,42].

The effects of EPO were analyzed in 141 sarcopenic patients older than 60 years with
intertrochanteric femoral fracture, randomly divided in intervention and control groups and examined
by sex. The intervention group (n = 83) received recombinant human erythropoietin via intravenous
injection once per day for 10 days after surgery. All patients, including the control group (n = 58)
received adequate nutrition and exercise for recovery. The outcomes evaluated were: handgrip
strength, appendicular skeletal muscle (ASM) index and postoperative hospitalization and infection.
The intervention group, especially in female patients, had significant improvement in handgrip
strength during the first week after the surgery. The improvement was consistent in the following three
weeks. Even the ASM index was improved, with a more important improvement, but not significant,
in the intervention group. The rate of post-operative infection and length of hospitalization were
significantly decreased in patients who received EPO intervention.

4. Discussion

In this review, we considered seven studies of older adults (>60 years) in which both rehabilitation
and nutrition, alone or combined, were used to improve recovery after hip fracture surgery in
terms of walking independence, muscle strength, mobility, live activity and fragility. The studies
included participants with different degrees of general, cognitive and mobility functions, who had
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experienced different types of fracture and undergone various surgery methods. The rehabilitation
and supplementation strategies, as well as study designs (duration and setting) were different.

The main finding was that sarcopenia, being a multifactor disease, needs a treatment that
cannot rely on a single drug. The treatment should be a combination of methods including nutritional
intervention, intervention of functional exercise and medications [24]. Physical inactivity was negatively
linked to losses of muscle mass and strength, suggesting that increasing levels of physical activity
should have protective effects. Also, muscle strength is a critical component of walking, and its decrease
in the elderly contributed to a high prevalence of falls [6,43]. Furthermore, early ambulation after hip
fracture had beneficial effects on functioning, readmission rate and multidisciplinary rehabilitation
reducing the risk of poor outcomes, such as death and admission to nursing homes following FNF [44].

To strengthen muscle and physical function, progressive resistance exercise training is a commonly
used tool [21–23]. Ambulatory independence is a crucial outcome to examine in patients after
hip-surgery, and it must be evaluated before and after the surgery intervention and rehabilitation
protocol. In Study 1 [21], it was found that ambulatory independence is more associated with
individual ambulatory function before the fracture than in the presence of sarcopenia. However,
Study 2 [22] considered poor ambulatory independence as predictive factor for worse results in
the evaluated outcome.

Progressive resistance training, associated with occupational therapy, in the above-mentioned
studies, resulted in important improvements in walking ability, strength and general mobility, especially
in the short-term rehabilitation of sarcopenic patients. Occupational therapy may also have an important
role in cognitive function. Cognitive function is a crucial factor, affecting the rehabilitation outcomes
after FNF in patients. When occupational therapy was not involved, there was no significant difference
in outcome measurements between the two groups at all follow-ups in K-MMSE [21,22].

Type and intensity of exercise is an important variable that significantly influences functional
outcomes in FNF patients. Study 3 [23], compared the effects of antigravity treadmill rehabilitation
with conventional rehabilitation and conventional rehabilitation alone, and which did not include
progressive resistance training and was uncertain in terms of compliance, found an important and
significant improvement in the ability to walk, ambulatory function, general mobility, balance and
quality of life in the experimental group. The antigravity treadmill, in fact, allowed a task-specific
repetitive approach, facilitating the practice of numerous complex gait cycles, which were not possible
in the control group.

In the literature, less is reported about the role of diet in older age, although there is evidence that
improvements in diet among older adults at risk of developing sarcopenia may have the potential both to
prevent, or delay, age-related losses of muscle mass and function, as well as being potential management
strategies for sarcopenic patients. However, existing evidence from nutrient supplementation studies
is mixed [2,6].

In our review, the effects of provision of additional amino acids, protein, bisphosphonates,
calcium, Vitamin D and HMB, in combination with a standardized diet and exercise training, were
reported. The supplements differed in type, dose, frequency and delivery among the patients, as
did the results and improvement in patients. The sample was somewhat evenlydistributed in terms
of age, sex and type of fracture. All three studies (Studies 4, 5 and 6) showed that supplemental
nutrition improved functional results in patients with sarcopenic FNF. However, some findings must
be discussed. Study 4 [16] did not confirm any hypothesis because the improvements were not
significant between the different groups. However, in the nutritional supplementation group, analysis
did show a positive effect on quality of life and handgrip strength. In the other two studies, significant
improvement was seen in ADLs, in particular, and in HGS and walking ability in the intervention
groups [19,20]. Moreover, Study 5 [19] found that sarcopenic patients with amino acid intake had
important improvements in ADLs, compared to other groups. The same difference did not occur in
the nonsarcopenic patients. The improvement disappeared after two months when the intake was
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suspended. This may prove the importance of amino-acid supplementation, especially in sarcopenic
patients after hip surgery, beinmg maintained for a longer period in older adults.

As for medical therapy, no drugs are specifically designed for the treatment of sarcopenia.
Testosterone, growth hormone and beta-adrenergic receptor agonists are commonly used to improve
sarcopenia [45], but more research is needed because they do not always improve muscle function [46].

Study 7 [24] tried to include EPO as a drug to treat sarcopenia when used as a perioperative red
blood cell mobilization drug in patients with FNF. The authors found that EPO improved the muscle
strength of female patients with sarcopenia during the perioperative period, increased muscle mass of
both women and men to a certain degree and significantly reduced the incidence of complications
during the preoperative period. EPO may work as a new treatment option for patients with FNF in
short-term postoperative rehabilitation.

5. Conclusions

Physical activity, in its various forms, and dietary supplementation, are the basic tools of prevention
and rehabilitation of sarcopenia in elderly patients after hip surgery. Exercise training increases muscle
mass in the elderly population with varying fragility and nutritional status, helping outpatient recovery,
which is the primary outcome in these patients. The most effective physical therapy seems to be
exercise of progressive resistance. However, occupational therapy should be included in sarcopenic
patients for its importance in cognitive rehabilitation, especially in older adults, to help their return
to normal daily activities. Nutritional support, combined with task-specific repetitive exercises, is
supported by accumulating evidence for improving sarcopenia and preventing disability. Protein-rich
dietary supplementation should primarily include amino acids for a long period in elderly patients.
Treatment should include medical therapy, such as erythropoietin and bisphosphonates, which are
increasingly important resources, even though they need further research for their validation.
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Abstract: It has been shown that resistance exercise (RT) is one of the most effective approaches
to counteract the physical and functional changes associated with aging. This systematic review
with meta-analysis compared the effects of RT, whole-body vibration (WBV), and electrical muscle
stimulation (EMS) on muscle strength, body composition, and functional performance in older adults.
A thorough literature review was conducted, and the analyses were limited to randomized controlled
trials. In total, 63 studies were included in the meta-analysis (48 RT, 11 WBV, and 4 EMS). The results
showed that RT and WBV are comparably effective for improving muscle strength, while the effects of
EMS remains debated. RT interventions also improved some outcome measures related to functional
performance, as well as the cross-sectional area of the quadriceps. Muscle mass was not significantly
affected by RT. A limitation of the review is the smaller number of WBV and particularly EMS studies.
For this reason, the effects of WBV and EMS could not be comprehensively compared to the effect
of RT for all outcome measures. For the moment, RT or combinations of RT and WBV or EMS, is
probably the most reliable way to improve muscle strength and functional performance, while the best
approach to increase muscle mass in older adults remains open to further studies.

Keywords: sarcopenia; falls; elderly; resistance exercise; vibration; electrical stimulation

1. Introduction

With rising life expectancy and the increasing proportion of older adults in the population [1,2],
effective interventions that promote lifelong well-being and health are more needed than ever before.
There is no doubt that performing physical exercise is one of the most effective ways for older adults to
maintain functional independence, maintain physical abilities, and reduce the risk of various diseases
and injuries [3–7]. One of the most notable changes associated with aging is sarcopenia, which is
characterized by a loss of muscle mass and other subsequent changes, such as reduced muscle strength
and impaired functional ability [8]. Together with nutritional interventions, resistance exercise training
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(RT) seems to be the most effective approach to prevent and treat sarcopenia [9–11]. Falls are also one
of the major problems in the older adult population [12] and are thus given considerable attention
in terms of prevention. It has been shown that the best way to prevent falls is by performing RT
alone or in combination with other exercise types or other interventions [13,14]. Despite extensive
research regarding the effects of resistance exercise on sarcopenia, fall risk, and general health of
older adults, the recommendations for prescribing exercises in this population are still relatively
vague and generic [3,11,15]. In contrast, previous studies have investigated several factors that are
worth considering in order to maximize the effects of RT for older adults, such as intensity [16],
speed of movement [17], and supervision of the training sessions [18]. Certain types of RT, such as
speed-power training [19], are also increasingly being investigated as potentially superior to traditional
resistance exercise.

Recent literature reviews have found numerous barriers, such as decreased physical ability,
walking disability, lack of companionship, and lack of motivation, that are decreasing the participation
of older adults in exercise programs [20,21]. For this reason, different methods to combat sarcopenia,
prevent falls, and increase well-being in older adults should be considered as an alternative to RT.
Recently, whole-body vibration (WBV) has been shown to improve postural balance [22] and muscle
strength [23] and to reduce the likelihood of falls in older adults [24]. WBV is therefore a possible
alternative to RT; however, direct comparisons between the effects of RT and WBV are lacking. Roelants
et al., reported similar improvements in knee extension strength, jumping performance, and speed
of movement after 12 and 24 weeks of RT and WBV interventions in older women [25]. Similarly,
Bogaerts et al., showed comparable effects of WBV and RT on muscle mass and muscle strength in
older men [26]. Another promising alternative to RT is electrical muscle stimulation (EMS) [27–31].
EMS has been shown to improve functional performance of aging muscles [27,31] and to counteract
muscle decline in old age [30]. Moreover, EMS has been appreciated as a convenient intervention for
older adults with lower physical abilities or low motivation to exercise [32].

Although many positive effects of RT, WBV, and EMS in older adults have been consistently
demonstrated, it is not entirely clear which interventions should be prioritized for the best health
benefits. Moreover, studies often follow only a limited set of outcome measures, making comparisons
between interventions difficult. Therefore, the objective of this work was to provide a comprehensive
systematic review with meta-analysis of high-quality studies that assessed the effects of RT, WBV, or
ES in older adults. To obtain a broad overview of these effects, we included studies that assessed
various outcome measures, including muscle strength, body composition, and muscle morphology,
and the outcomes of functional performance tests. In addition, the aim of this review was to examine
the effects of several independent variables, pertaining to the intervention programs, such as (but not
limited to) intervention duration, weekly frequency, volume, intensity, supervision, and compliance.
We hypothesized that RT, WBV, and EMS will have similar effects on body composition, muscle
strength, and functional performance.

2. Materials and Methods

2.1. Inclusion Criteria

Study inclusion criteria were structured according to PICOS tool [33]:

• Population (P): Male or female older adults. The criterion for inclusion was mean sample age ≥
65.0 years. Patients with sarcopenia were included if they met this criterion (age ≥ 65.0 years);
however, sarcopenia was not an inclusion criterion.

• Intervention (I): RT, EMS, or WBW interventional programs of any duration. Studies exploring
multimodal interventional programs (e.g., RT programs combined with stretching exercise)
were excluded.
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• Comparisons (C): Control groups, receiving no intervention or placebo intervention. Groups
that received cognitive training or other non-physical interventions were also accepted as control
groups. Studies in which control groups received any type of exercise, vibration intervention,
electrical stimulation, or nutritional supplementation were excluded.

• Outcomes (O): (a) Muscular strength or power, not limited to type of testing or body part; (b)
body composition and muscle architecture (including body fat, fat free mass, muscle mass,
regional muscle mass, skeletal muscle mass, cross-sectional muscle area, circumference measures,
and sarcopenia index) and (c) functional mobility outcomes (timed up-and-go test, stepping tests,
sit-stand tests, functional reach tests, etc.).

• Study design (S): Only randomized controlled trials (RCT) that included at least one intervention
group (RT, EMS, or WBV) and control group.

2.2. Search Strategy

Multiple databases of scientific literature (PubMed, Cochrane Central Register of Controlled Trials,
PEDro, and ScienceDirect) were searched in May 2020 without regard to the date of publication. For
the databases that enable using Boolean search operators, we used the following combination of search
key words: (sarcopenia OR muscle atrophy OR muscle wasting) and (training OR exercise OR vibration
OR electrical stimulation OR electrostimulation OR magnetic stimulation OR vibration training OR
physical therapy) and (strength OR power OR muscle mass OR muscle diameter) and (elderly OR
older OR older adults OR ageing OR age-related). Otherwise, we used several reduced combinations
of key words, including, but not limited to resistance exercise older adults, vibration training elderly,
electrical stimulation elderly and older adults sarcopenia intervention. Additionally, reference lists of
several review articles describing interventions for older adults were carefully scrutinized. Finally, we
carefully reviewed reference lists of all articles that were already retrieved through the database search
and were published within the last 4 years. The database search was performed independently by
two authors (N.Š. and Ž.K.). Two reviewers (N.Š. and S.L.) also screened the titles and the abstracts
independently. Potentially relevant articles were screened in full text, followed by additional screening
for their eligibility by the additional reviewers.

2.3. Data Extraction

The data extraction was carried out independently by two authors (Ž.K. and C.H.)
and disagreements were resolved through consultation with other authors. The extracted data
included: (a) baseline and post-intervention means and standard deviations for all eligible outcome
measures for interventional and control groups; (b) baseline demographics of participants (gender, age,
body height, body mass, body mass index); (c) intervention characteristics (target body area (upper,
lower or whole-body), duration of the intervention, number of sessions per week, volume (number of
exercises, sets, and repetitions), breaks between exercises and sets, supervision, and progression of
exercise difficulty). For studies examining RT, we also extracted the type of load used (bodyweight,
machine, elastics, weights, etc.) and intensity as a percentage of 1-maximum repetition (1RM) or
subjective measures, such as the Borg scale. For EMS studies, we further extracted the stimulation
frequency and amplitude, the stimulated body parts, pulse shapes, and breaks between repetitions
or sets. For WBV studies, we additionally extracted the amplitude and the frequency that was used
during training. Data were carefully entered into Microsoft Excel 2016 (Microsoft, Redmond, WA,
USA). If the data were presented in a graphical rather than tabular form, we used Adobe Illustrator
Software (version CS5, Adobe Inc., San Jose, CA, USA) to accurately determine the means and standard
deviations. In case of missing data, the corresponding author of the respective articles was contacted
by e-mail. If no response was received after 21 days, the author was contacted again. If the author did
not reply to the second inquiry, the data was considered irretrievable.
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2.4. Assessment of Study Quality

Two authors (Ž.K. and N.Š.) evaluated the quality of the studies using the PEDro tool [34], which
assesses study quality based on a ten-level scale. Potential disagreements between ratings were
resolved by consulting the other authors. Studies scoring from 9–10 were considered as “excellent,”
6–8 as “good,” 4–5 as “fair,” and less than 4 as “poor” quality. The PEDro scale was chosen because
it was developed specifically to assess the quality of randomized controlled trial studies evaluating
physical therapist interventions [34].

2.5. Data Analysis and Synthesis

The main data analyses were carried out in Review Manager (Version 5.3, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014, London, UK). Before the results were entered into
the meta-analytical model, the pre-post differences and pooled standard deviations were calculated
according to the following formula SD =

√
[(SDpre

2 + SDpost
2) − (2 × r × SDpre × SDpost). The correction

value (r), which represents the pre-test–post-test correlation of outcome measures, was conservatively
set at 0.75. It should be noted that a change in the correction value in the range between 0.5 and 0.9
had little effect on the pooled SD and would not change the outcomes of the meta-analyses. For
the meta-analyses, the inverse variance method for continuous outcomes with a random-effects model
was used. The pooled effect sizes were expressed as mean difference (MD) where possible, which
allows the effect size to be expressed in units of measurement. Where this was not possible due
to the heterogeneity of the outcome variables (e.g., muscle strength reported in kg, N, Nm, N/kg,
and Nm/kg), the effect sizes were expressed as standardized mean difference (SMD). For MD and SMD,
the respective 95% confidence intervals were also calculated and reported.

Basic analysis compared the effects of the RT, EMS, and WBV interventions. Further subgroup
analyses were conducted where possible (depending on the number of studies reporting a given
outcome) based on several independent variables, related to the characteristics of the interventions
(e.g., weekly number of sessions). Some outcomes did not appear in EMS and WBV studies and were
thereby only analyzed in view of RT studies. Statistical heterogeneity among studies was determined
by calculating the I2 statistics. According to Cochrane guidelines, the I2 statistics of 0% to 40% might
not be important, 30% to 60% may represent moderate heterogeneity, 50% to 90% may represent
substantial heterogeneity, and 75% to 100% indicates considerable heterogeneity [35]. The threshold
for statistical significance was set at p ≤ 0.05 for the main effect size and the subgroup difference tests.

Sensitivity analysis was performed when deemed necessary i.e., by examining the effect of
exclusion of certain studies from the analyses (e.g., studies that could have included subsets of
previous studies, studies with very low compliance, studies that did not report intensity, studies with
and without elderly with sarcopenia, etc.). The sensitivity analyses showed no or very little effect on
the main results (SMD changes = 0.01–0.10), except where noted and reported in the results.

3. Results

3.1. Summary of Search Results

The results of the search steps are summarized in Figure 1. The search resulted in 64 studies
in total, 48 of which included RT interventions (55 intervention groups in total), 12 included WBV
interventions (14 intervention groups in total) and 4 included EMS interventions (4 intervention groups
in total). A table encompassing all the details regarding the participants, interventions and outcomes
of individual studies is included in Supplementary data 1.
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Figure 1. Summary of search results. RT—resistance training; WBV—whole-body vibration; EMS—electrical
muscle stimulation.

3.2. Study Quality Assessment

The PEDro scale scores indicated overall fair to good quality of the RT studies (mean = 5.25
± 1.26; median = 5.0; range = 2–8) and WBV studies (mean = 5.41 ± 1.24; median = 5.5; range =
4–7). Studies exploring EMS were all rated as good (mean = 6.52 ± 1.03; median = 6.0; range = 6–8).
The most common items that almost all studies failed to satisfy were blinding of the subjects, therapists
and assessors.

3.3. Participant Data and Intervention Characteristics

In total, there were 2017 participants (1158 in intervention groups and 1026 in control groups) in
the RT studies, 606 in WBV studies (325 in intervention groups and 284 in control groups), and 192 in
the EMS studies (99 in intervention groups and 93 in control groups). Across all studies, the pooled
participant age was 73.5 ± 4.8 years (range of means: 65–92 years), the pooled participant body mass
was 65.8 ± 10.33 kg (range of means: 40.5–101.8 kg), and the pooled body mass index was 26.39 ±
3.77 kg/m2 (range of means: 18.8–36.7 kg/m2). In total, 36 included participants of both genders, 24
studies included only females, and 4 studies included only males. In 16 RT studies, sarcopenia was
listed as an inclusion criterion. In 47 studies, the interventions were supervised, while the interventions
in the remaining studies were not supervised (n = 9) or the information regarding the supervision
was missing (n = 7). The most typical duration of the interventions was 12 weeks (n = 28), while 12
interventions were shorter (4 interventions lasted 5–6 weeks, and 8 interventions lasted 8–11 weeks)
and 23 interventions were longer (12 interventions lasted 13–24 weeks, and 11 interventions lasted 25
weeks or more). Most interventions included either 2 (n = 23) or 3 (n = 32) sessions per week, while 5
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interventions were performed once per week and 3 interventions were performed 4–5 times per week.
Only 4 WBV and 19 RT studies reported adherence to the intervention program, with mean values of
90 ± 3% and 84 ± 9%, respectively.

Across the RT studies, 14 intervention programs used machines, 6 used free weights, 5 used
elastic resistance, 4 implemented bodyweight exercises, 1 used weighted tai-chi exercises, and 1
used isoinertial exercises on a flywheel device. The remaining 17 studies used mixed approaches
(5 combined bodyweight and elastic exercise, 2 combined free weights and bodyweight exercises, 3
combined free weights and machines, and 7 used more three or four types of load). RT interventions
included either full body workout (n = 32) or focused on the lower limb muscles (n = 16), while no
interventions focused only on the trunk or the upper limbs. Most often (n = 29), the intervention
included a combination of single-joint and multi-joint exercises; however, some interventions included
predominantly single-joint (n = 12) or multi-joint (n = 7) exercises. The volume of exercise varied
substantially between studies, with the number of exercises ranging from 1 to 12 (mean: 5.9 ± 2.9),
the number of sets ranging from 1 to 5 (mean: 2.7 ± 0.8), and number of repetitions within sets ranging
from 7 to 25 (mean: 11.0 ± 3.5). Intensity was set as percentage of 1-repetition-maximum in 27 studies
(mean: 66.2 ± 15.3%; range: 20–80%) or using the 6–20 Borg scale for assessment of the rate of perceived
exertion in 10 studies (all studies used 13 as the target value). One study determined the intensity as
percentage of maximal heart rate (set between 60 and 80%). The remaining 12 studies did not report
the intensity of the exercise. Breaks between sets were reported in 11 studies and ranged from 30 s to
150 s (mean: 100 ± 45 s). Breaks between exercises were only reported in 5 studies (range: 90–180 s).

In WBV studies, the number of exercises ranged from 1 to 9 (mean: 3.8 ± 3.1) and the number of
sets ranged from 1 to 10 (mean: 3.5 ± 2.7). With the exception of 1 study, which used highly varying
vibration frequency (27–114 Hz), the frequencies used ranged from 20 to 60 Hz (mean: 35.7 ± 10.1 Hz).
The amplitude of the vibration ranged from 2 to 6 mm (mean: 3.8 ± 1.4 mm). Breaks between sets
ranged from 30 to 180 s (mean: 75 ± 53.8 s).

Finally, 3 EMS studies targeted full body (all used stimulation frequency of 85 Hz, impulse width
at 350 µs, moderate intensity (subjectively determined) and lasted 20 min per session), while 1 study
stimulated only the lower limbs (frequency: 100 Hz; amplitude: 40–120 mA; impulse width: 400 µs).

3.4. Effects of RT and WBV on Muscle Strength

Knee extension strength was by far the most common outcome across studies and was reported in 2
EMS studies with 2 intervention groups [36,37], 6 WBW studies with 8 intervention groups [25,26,38–42],
and 26 RT studies with 29 intervention groups [25,43–67]. In total, 5 studies measured isokinetic
strength (1 study at 30◦/s, 3 studies at 60◦/s and 1 study sat 90◦/s), and the rest measured isometric
strength. Figure 2 displays the main analysis, comparing the effect of WBV, RT, and EMS on knee
strength. Due to substantial discrepancy between the studies in terms of units of reporting, only
the SMD could be computed.

There was a statistically significant increase in knee extension strength in the intervention groups
across all studies compared to control groups (SMD = 1.12 (0.86–1.37); p < 0.001; I2 = 83%). Both WBV
interventions (SMD = 0.97 (0.34–1.59); p = 0.00; I2 = 90%) and RT interventions (SMD = 1.24 (0.96–1.52);
p < 0.001; I2 =79%) improved knee extension strength, while EMS did not (SMD = −0.08 (−1.08–0.91);
p = 0.88; I2 = 81%). RT appeared superior to WBV; however, the difference between intervention
types was not statistically significant (p = 0.32). For WBV, the subgroup analysis was performed for
intervention duration and indicated that interventions longer than 24 weeks have a higher effect (SMD
= 1.61 (0.35–2.87) than interventions lasting up to 12 weeks (SMD = 0.55 (0.21–0.88) or interventions
lasting 13–24 weeks (SMD = 0.55 (−0.29–1.40)), although the subgroup test showed that this difference
was not statistically significant (p = 0.28). Within the RT studies, most interventions lasted 12 weeks
(17/26 studies). Subgroup analyses showed no effect of intervention duration on knee strength
increases (SMD = 0.94–1.26 across subgroups). The effect of RT was the highest in studies with
participants aged > 80 years (SMD = 1.76 (1.01–2.52), lower in the < 70-year-old subgroup (SMD =
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1.17 (0.73–1.61) and the lowest in the 70–80-year-old subgroup (SMD = 0.95 (0.65–1.25)) (p = 0.14 for
subgroup differences). The effect was comparable in studies using predominantly single-joint (SMD
= 1.38 (0.70–2.07), predominantly multi-joint (SMD = 1.12 (0.33–1.90)), or a combination of single-
and multi-joint exercises (SMD = 1.27 (0.91–1.62)) (p = 0.88 for subgroup differences). No differences
between studies were found (p = 0.68) based on the type of resistance, though there was a trend for
higher effect of interventions based on machine training (SMD = 1.36 (0.97–1.75)) and free weights
(SMD = 1.33 (0.37–2.29)) compared to elastic resistance (SMD = 0.91 (0.20–1.63)) and approaches
that combined multiple types of resistance (SMD = 0.98 (0.49–1.47)). Finally, studies were grouped
according to number of sessions per week and no differences were found between interventions
performed ≤2 times per week (SMD = 1.30 (0.92–1.68)) and ≥3 times per week (SMD = 1.15 (0.75–1.55))
(p = 0.59 for subgroup differences).

Figure 2. Effects of whole-body vibration, resistance exercise, and electrical muscle stimulation
interventions on knee extension strength.

Sensitivity analysis was performed to examine the effect of certain concerns regarding the studies.
Since it was not entirely clear if Bogaerts et al. (2007 and 2009, see Figure 2, top section) reported
the data for entirely different sample in the two studies, we excluded the study with smaller sample size.
The pooled effect of WBV was decreased from 0.97 to 0.88; however, it was still statistically significant
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(p = 0.01). Furthermore, 4 WBV studies included in this analysis involved some component (lunges,
squats) of RT. Therefore, it is unclear if this RT component contributed to the overall improvements.
Removing these studies from the analysis yields a lower overall effect (SMD = 0.59 (0.30–0.87), which
is statistically still significant (p = 0.03); however, with this reduction in studies, the subgroup analyses
indicate statistically significant difference (p = 0.001) between RT and WBV, indicating the superiority
of RT compared to WBV without any RT components. Additionally, we repeated the analysis with
exclusion of RT studies on sarcopenia patients (SMD increased from 1.24 to 1.34) and vice versa (SMD
dropped to 1.01). Therefore, a slight tendency for larger effect in healthy older adults was indicated.
A final sensitivity analysis was performed for type of measurement. Removing the studies that
measured isokinetic strength increased the main effect slightly (from 1.24 to 1.33). However, the studies
with isokinetic measurements also had large and statistically significant pooled effect (SMD = 0.88; p <

0.001), which suggest isokinetic and isometric strength both substantially increased with RT.
Leg press strength was reported in 5 RT studies (8 interventional groups) [46,60,61,68,69]. There was

a statistically significant increase in intervention groups across studies (SMD = 1.45 (0.85–2.06); p <

0.001; I2 = 83%) (Figure 3). Interventions performed 3 times per week tended to have a larger effect
(SMD = 1.98 (0.50–3.45)) than interventions performed 2 times per week (SMD = 1.12 (0.78–1.47)), but
the subgroup difference was not statistically significant (p = 0.27 for subgroup differences). Two RT
studies reported back extensor strength [45,70] and showed a statistically significant increase (MD =
7.97 kg (3.07–12.88 kg); p < 0.001; I2 = 0.0%) (Figure 3). Three RT studies [71–73] reported a composite
score for strength (i.e., sum of several strength tasks). There was a statistically significant improvement
in intervention groups (SMD = 3.55 (2.28–4.83); p < 0.001; I2 = 90%) (Figure 3). Grip strength was
reported in 19 RT studies [44,45,49,52,53,55,56,59,61,65,67,69,70,74–79]. There was a mean increase of
1.48 kg (0.26–2–23 kg; p < 0.001) across studies with pre-post mean differences ranging from −1.00 to
5.70 kg.

3.5. Effects of RT on Body Composition

Muscle mass was reported in 7 RT studies (8 intervention groups) [45,52,70,71,74,78,80].
Compared to control groups, there was not a statistically significant increase in muscles mass
in intervention groups across studies (MD = 0.60 kg (−0.18–1.37 kg); p = 0.13; I2 = 83%) (Figure 4).
There were no differences between interventions performed 2 times a week (MD = 0.60 kg (−1.01–2.22
kg)) and 3 times a week (MD = 0.68 kg (0.23–1.14 kg)) (p = 0.93 for subgroup differences). Appendicular
muscle mass was reported in 7 RT studies [51–53,65,70,80–82]. The pooled effect showed no change
after RT interventions compared to control groups (MD = 0.01 kg (−0.26–0.28 kg); p = 0.92; I2 = 8%)
(Figure 4). Lower-limb muscle mass was reported in 8 RT studies [51–53,55,56,67,80,82], with an overall
small and statistically non-significant increase (MD = 0.18 kg (−0.11—0.47 kg); p = 0.22; I2 = 45%)
(Figure 4). No statistically significant differences were shown between interventions performed 3 times
per week (MD = 0.55 kg (−0.44–1.55 kg)) compared to interventions performed 2 times per week (MD
= 0.10 kg (−0.10–0.31 kg)) (p = 0.39 for subgroup differences). Upper limb muscle mass was reported
in 5 RT studies [53,56,67,80,82], and the pooled effect was negligible (MD = 0.01 kg (−0.11–0.13 kg); p =

0.84; I2 = 0%) (Figure 4).
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Figure 3. Effect of resistance exercise interventions on back extension, leg press, and composite
strength scores.

Figure 4. Effect of resistance exercise interventions on muscle mass.

Fat-free mass was recorded in 2 WBV [39,83], 7 RT [55,62,73–76,81], and 1 EMS studies [84], with
a very small and statistically non-significant reduction across studies (MD = −0.27 kg (−0.84–0.31 kg);
p = 0.46; I2 = 0%). The pooled effect of the two WBV studies showed a slight increase (MD = 0.53
kg (−1.75–2.81 kg); p = 0.15), as did one EMS study (MD = 0.61 kg (−0.81–2.03 kg); p = 0.40), while
there was a small and statistically non-significant decrease across RT interventions (MD = −0.60 kg
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(−1.28–0.09 kg); p = 0.09). The differences between WBV, RT, and EMS were not statistically significant
(p = 0.25).

Body fat mass was reported in 2 WBV [39,41] and 14 RT (16 intervention groups)
studies [45,50,53,55,58,62,70,71,73,74,76,80,81,85], with a statistically significant decrease overall (SMD
= −0.65 (−1.09–−0.21); p < 0.001; I2 = 86%). For the purposes of MD calculation, three studies (4
intervention groups) [45,58,74] that reported body mass in kg instead of the percentage of body
weight were removed and the analysis was repeated. SMD slightly increased (SMD = −0.74) and MD
calculation showed a mean reduction of body fat mass percentage of −1.99% (−3.75–−0.22%).

Nine RT studies [44,50,67,70,74,77,78,82] and one EMS study [86] also reported the sarcopenia
index (sometimes termed skeletal muscle index) (Figure 5). Mainly (7 studies), the index was computed
as the ratio of appendicular skeletal muscle mass and the square body height. However, since two
studies did not report the exact calculation of the index, we opted for SMD in order analyses to be
conservative. There was a moderate, but statistically non-significant improvement across all studies
(SMD = 0.65 (−0.02–1.32); p = 0.06; I2 = 90%). Subgroup analyses favored RT interventions, performed
2 times weekly (p = 0.008); this is being heavily influenced by one RT study that showed substantial
improvement (SMD = 3.44). Most of the studies showed very small negative or very small positive
effects, while the pooled effect was heavily influenced by the aforementioned study. Furthermore, 3
WBV studies [42,87,88] (5 intervention groups) and 3 RT studies [47,62,66] reported the quadriceps
muscle (or individual heads of quadriceps muscle) cross-sectional area. In order to obtain a sufficient
number of studies for meaningful comparison, these results were compared together and expressed
as SMD. Overall, there was a statistically significant effect of interventions (SMD = 0.29 (0.03–0.55);
p = 0.03; I2 = 0%) (Figure 5). Subgroup differences showed no differences between RT (SMD = 0.61
(0.04–1.18)) and WBV (SMD = 0.20 (−0.09–0.49) (p = 0.21 for subgroup differences). For the RT studies
(all reported the cross-sectional area for the full quadriceps muscle), the MD was 1.80 (0.51–3.09) cm2.
One RT study [57] reported thigh circumference, with no effect of the intervention (MD = −0.10 cm
(−2.55–2.35 cm); p = 0.94; I2 not applicable).

Two RT studies [58,89] reported the percentage of type I fibers, with small and statistically
non-significant pooled effect (MD = 0.14% (−1.38–1.66%); p = 0.86; I2 = 0%). The same two studies
reported the percentage of type IIa fibers, showing slight but statistical non-significant increase (MD =
1.03% (−0.43–2.48%); p = 0.17; I2 = 11%). Finally, one RT study [58] reported a statistically significant
increase in the percentage of type IIx fibers (MD = 2.42% (1.96–2.88); p < 0.001; I2 not applicable).

3.6. Effects of RT and WBV on Body Functional Performance

The results on functional performance are summarized in Figure 6. The timed up-and-go test was
performed in 2 WBV [87,88] and 6 RT studies [52,55,69,75,90]. Overall, there were no differences between
intervention and control groups across all studies (MD = −0.12 s (−1.36–1.12 s); p = 0.85; I2 = 93%).
There were also no differences between the WBV and RT (MD = 0.20 and −0.08 s, respectively; p = 0.89
for subgroup differences). The 30-s sit-stand test was performed in 6 RT studies [55,59,68,76,80,85], with
an overall improvement of 2.68 repetitions (1.90–3.47 repetitions, p < 0.001; I2 = 0.50%). There was no
difference between interventions performed 2 times per week (MD = 2.85 (1.16–4.54 repetitions)) and 3
times per week (MD = 2.73 (2.07–3.39 repetitions)) (p = 0.90 for subgroup differences). The 5-repetition
sit-stand test was recorded in 4 RT studies [65,67,75,76], and there was a significant improvement (i.e.,
decreased time to complete the test) across all studies (MD = −2.36 s (−3.9–−0.82 s); p = 0.003; I2 = 83%).
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Figure 5. Effects of whole-body vibration and resistance exercise on sarcopenia index and quadriceps
cross-sectional area.
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Figure 6. Effects of whole-body vibration and resistance exercise on functional mobility tests.

4. Discussion

The purpose of this systematic review with meta-analysis was to investigate the effects of RT, WBV,
and EMS interventions on muscle strength, body composition, and functional performance in older
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adults. It included randomized controlled trials involving at least one intervention group (RT, EMS, or
WBV) and a control group were included. In total, 64 studies were included in the meta-analysis (48
RT studies, 12 WBV studies, and 4 EMS studies). The main findings of the present systematic reviews
are: (1) knee extension strength was improved by RT and WBV, but not ES; (2) the remaining strength
outcomes were only assessed in RT studies and significant positive effects were observed; (3) the effects
of RT on body composition were small, while the effects of WBV and EMS are unclear due to the small
number of studies; (4) there were small effects on sarcopenia index, while quadriceps cross-sectional
area was improved in RT studies, but not WBV studies; (5) functional performance was improved by RT
interventions, though not in all tests. Overall, the RT interventions proved to be effective for improving
muscle strength, muscle cross-sectional area and functional performance, while the effects on body
composition were small or non-existent. WBV seems to be comparably effective for improving muscle
strength, but not muscle cross-sectional area. A major limitation of the review is the smaller number
of WBV and particularly EMS studies. Comparisons between the different intervention types were
therefore limited and were not possible for several outcome measures. Subgroup analyses revealed
that some of the independent variables (duration of intervention, weekly frequency, type of resistance
in RT studies, and age of participants) might have influenced the results; however, these findings were
not statistically significant and cannot be conclusively confirmed.

The positive effects of RT, WBV, and EMS in older adults have been reported numerous
times [9–11,13,14,19,22,23,25,26,30,31,91–93]. In this review, we included only randomized controlled
trials that included at least one group that did not receive any interventions (control group). While
the positive effects of RT were clearly demonstrated, the effects of WBV, and in particular EMS, were
smaller or absent. Individual studies that directly compared RT and WBV have shown similar effects
of the two interventions related to muscle strength and power outcomes [25,26]. In a non-controlled
single-group study, improvements in muscle strength and power and functional performance were
also observed after 9 weeks of WBV [94]. While the present review showed improvements in muscle
strength after WBV interventions, only 2 WBV studies that assessed functional performance were
included. Therefore, the effects of WBV on functional performance remain unclear. Since improvements
in functional performance are often observed in parallel with increases in muscle strength [92,95,96]
and muscle power [97], it can be expected that WBV will also increase functional performance. In
addition to increases on muscle strength and possible improvements in functional performance after
WBV, previous research also showed positive effects of WBV on postural balance [22], cardiovascular
outcomes [98] and possibly muscle activation [99] in older adults. Overall, we can recommend
the prescription of WBV to older adults, but it cannot be guaranteed that WBV will produce comparable
effects to RT in view of all outcomes relevant to health and well-being.

EMS has been used extensively in people who cannot engage in normal physical activity and has
been shown to produce somewhat similar responses to exercise at the muscular level [100]. In this review,
a very limited amount of randomized controlled trials has been identified to investigate the effects of
EMS in older adults. Our analyses could not confirm or indicate any effects of EMS interventions. EMS
has previously been shown to be effective in counteracting muscle weakness in advanced disease [101]
and sarcopenia in older adults [30,32], and even to provide additive effects in terms of morphological
outcomes when combined with RT in healthy adults [102]. However, the effect of EMS on functional
performance of the older adults are less consistent [103]. Nevertheless, the above-mentioned promising
results should be re-evaluated in randomized controlled trials to strengthen the findings and enable
better comparison to RT and WBV. Based on the results of this and previous research [92], the use of
EMS should be encouraged when performing physical activities is not possible or older adults are not
motivated to perform it.

Across all interventions, the improvements in muscle strength were much more evident than
improvements in muscle mass. It is known that improvements in strength due to neural adaptations
occur much earlier before a meaningful increase in muscle mass is seen [104]. While most of
the interventions in the present review lasted 12 weeks or longer, improvements in muscle mass could
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nonetheless be expected. It is possible that muscle mass measurements are not reliable enough to
detect the effect of the interventions. Alternatively, the cross-sectional area of the quadriceps was
statistically significantly increased across RT studies in this review. Moreover, a previous review also
reported notable increases in the cross-sectional area of thigh muscles (+2.31 cm2) in older adults aged
>75 years [105]. Interestingly, the latter review reported such effects for WBV, while the pooled effects
of the WBV studies in our review were small.

The results on functional performance were different across outcome measures. Neither WBV, RT
nor EMS improved the performance of the timed up-and-go test. Conversely, the sit-stand performance
was significantly improved by RT interventions (an increase of 2.68 repetitions in 30-s sit-stand task
and a decrease of 2.36 s in the 5-repetition sit-stand task time). It should be noted that the results
regarding functional performance were significantly influenced by the heterogeneity of the studies.
In particular, the timed up-and-go test performance was substantially improved (−1.77 s) in one
study and reduced even more in the second study (+1.99 s). Similarly, most RT studies showed
improvements in this test, but one study [69] showed a large reduction (+3.6 s), which led to a negligible
pooled effect. This particular study was conducted on very old participants (> 90 years) and included
a short-term resistance exercise program, based on light to moderate loads. If this study is excluded
from the analysis, the pooled effect size would show statistically significant positive improvements
(MD = −0.93 s; p < 0.001).

The secondary aim of this paper was to determine the independent variables, related to
the interventions, that can influence the magnitude of the outcomes. Most of the subgroup analyses
that could be conducted as the number of studies was sufficient, showed no such statistically significant
effects. There were statistically non-significant trends for lower limb muscle mass and leg press strength
to be improved more with a higher (≥3) weekly session frequency. The literature in the field of sports
science [106,107] suggests that weekly frequency is not an independent factor for improvements in
muscle strength and muscle mass. A recent meta-analysis suggested that similar is true for older
adults [108], although a minimum of 2 sessions per week is typically recommended. Our results also
indicated a potentially higher effect of interventions based on machine training and free weights,
compared to elastic resistance and approaches combining several types of resistance. In the general
population, the effect of elastic resistance appears to be essentially the same as machine-based resistance
and free weights [109]. Note that our observation on lesser effects of elastic resistance compared
to machines and free weights is limited to knee extension strength and that the difference between
the effect of elastic resistance (SMD = 0.91) and machine-based resistance (SMD = 1.36) and free weights
(SMD = 1.33) was not statistically significant (p = 0.68). Therefore, it is probably appropriate to include
elastic resistance in RT programs for older adults.

The first limitation of this systematic review with meta-analysis is the inclusion of only randomized
controlled trials. While this was done to compile only high-quality evidence, important findings from
studies with different designs were omitted. In particular, the number of EMS studies was very small.
It should be emphasized that the lack of reported effects of EMS in the review is partly due to the lack of
randomized controlled trials and not necessarily because the EMS is not effective. Furthermore, a major
limitation of the review is the high heterogeneity of the studies, which precluded more subgroup
analyses and is potentially a major confounding factor. Partially, we investigated this issue with several
sensitivity analyses which showed that the results were not heavily influenced by certain factors,
such as type of measurements (for knee strength), presence of sarcopenia (though somewhat smaller
effects were observed in elderly sarcopenia patients), and adherence to studies. Because there are
several factors that can influence response to resistance exercise (in particular, the characteristics of
the intervention in addition to those mentioned above), we did our best to perform subgroup analyses
to exclude or confirm several factors, such as exercise frequency, intervention duration, and resistance
exercise type. Nevertheless, some of the variability between the interventions could not be accounted
for. Therefore, we strongly emphasize that these results should be viewed with high caution. Future
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studies and practitioners should not use the numbers we obtained as a standalone guideline, but rather
view our analyses as an exploration of general trends in the field of interventions for older adults.

5. Conclusions

This paper reviewed RCT studies that examined the effects of RT, WBV, and EMS on muscle
strength, body composition, and functional performance of older adults. It was found that RT and WBV
are effective for increasing muscle strength, while the data was very limited for EMS. RT interventions
also improve functional performance and increase muscle-cross sectional area but have no effect on
muscle mass. Further studies exploring the effect of WBV and in particular of EMS are needed for
better comparison with RT. For the time being, EMS can be recommended for people that are unable to
perform RT or WBV. Otherwise, RT or a combination of RT and WBV or EMS is probably the most
efficient way to improve muscle strength and functional performance, while the best approach to
increase muscle mass in older adults still needs to be determined by further studies. Due to the several
limitations of this review, we urge the readers to view the results with caution.
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Abstract: Mitochondrial dysfunction is thought to be involved in age-related loss of muscle mass and
function (sarcopenia). Since the degree of physical activity is vital for skeletal muscle mitochondrial
function and content, the aim of this study was to investigate the effect of 6 weeks of aerobic
exercise training and 8 weeks of deconditioning on functional parameters of aerobic capacity and
markers of muscle mitochondrial function in elderly compared to young individuals. In 11 healthy,
elderly (80 ± 4 years old) and 10 healthy, young (24 ± 3 years old) volunteers, aerobic training
improved maximal oxygen consumption rate by 13%, maximal workload by 34%, endurance capacity
by 2.4-fold and exercise economy by 12% in the elderly to the same extent as in young individuals.
This evidence was accompanied by a similar training-induced increase in muscle citrate synthase
(CS) (31%) and mitochondrial complex I–IV activities (51–163%) in elderly and young individuals.
After 8 weeks of deconditioning, endurance capacity (−20%), and enzyme activity of CS (−18%) and
complex I (−40%), III (−25%), and IV (−26%) decreased in the elderly to a larger extent than in young
individuals. In conclusion, we found that elderly have a physiological normal ability to improve
aerobic capacity and mitochondrial function with aerobic training compared to young individuals,
but had a faster decline in endurance performance and muscle mitochondrial enzyme activity after
deconditioning, suggesting an age-related issue in maintaining oxidative metabolism.

Keywords: aerobic exercise training; mitochondria; sarcopenia; endurance; deconditioning; skeletal
muscle; elderly

1. Introduction

Age-related loss of muscle mass and function, referred to as sarcopenia, is an inevitable process,
affecting more than 40% of individuals above 80 years of age [1]. Sarcopenia and reduced aerobic capacity
in elderly individuals are strong mediators of morbidity [2] and mortality [3,4]. The ability to perform
activities of daily living in healthy individuals is progressively reduced with age, seemingly associated
with a decrease in aerobic capacity [5]. Lower levels of aerobic capacity can contribute to a loss
of independence, increased incidence of disability, frailty, and reduced quality of life in older
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people. Sarcopenia and age-related impaired aerobic capacity are related to a multitude of factors,
including muscle mitochondrial degeneration [6,7].

It is well established that aerobic exercise training increases maximal aerobic exercise capacity
(VO2peak), accompanied by improvements in mitochondrial content, function, and enzyme expression
in young, untrained individuals [8–11]. In elderly, findings have been equivocal. Some studies found
that 6–16 weeks of intense aerobic exercise training improved aerobic capacity and mitochondrial
enzyme activity [12–17], while others were not able to confirm significant effects of training in
elderly [18–20]. Thus, it is unclear whether elderly have an attenuated response to training in aerobic
capacity compared with young individuals [13,21,22]; in particular, it is not fully understood whether
the plasticity for mitochondrial adaptations to aerobic training occurs to the same extent in young and
elderly individuals.

A training-induced increase in muscle mitochondrial content and enzyme activity were shown to
return to baseline with as little as 4–8 weeks of deconditioning in healthy, young individuals [23–27].
Thus, aerobic training and deconditioning are effective ways to provoke mitochondrial plasticity.
In elderly, it could be hypothesized that the age-associated impairments in aerobic capacity and
muscle mitochondrial function could relate to relatively faster loss of mitochondrial capacity with
deconditiong, but the effect of deconditioning on mitochondrial content and enzyme activity has never
been studied in elderly.

Mitochondria are important for many vital functions of the cell, including being a key initiator of
programmed cell death (apoptosis). Studies in rats showed an increased apoptotic activity in the aging
muscle, accompanied by a lowered expression of the mitochondrial outer membrane antiapoptotic B-cell
lymphoma 2 (Bcl2) protein, which was reversed by 12 weeks of aerobic training [28–30]. Furthermore,
cleavage of cysteine-dependent, aspartate-specific protease-3 (caspase-3), indicative of increased
activation of caspase-3, is a key factor in induction of apoptosis, and it was found to be increased in
skeletal muscle of 24-month-old compared to 12-month-old rats [31]. Collectively, these findings in
rodents led to the idea that increased apoptotic activity driven by mitochondria could be a contributing
mediator of age-related muscle loss in humans that can be reversed by exercise training [32]. These data
imply that mitochondria-driven apoptosis could be a key factor behind age-related muscle function
and mass loss. However, studies investigating mitochondrial and apoptotic biomarkers in skeletal
muscle of elderly in response to aerobic training and deconditioning—and, thus, potential explanation
for age-related muscle mass—are scarce.

The aim of this study was to investigate the effect of aerobic training and deconditioning on
aerobic capacity and muscle mitochondrial function in elderly (>75 years old) and young healthy
individuals (age < 30 years old). We hypothesized that elderly individuals would have indices of
mitochondrial dysfunction, but that elderly would increase their aerobic and endurance capacity,
as well as measures of mitochondrial content and function, to the same extent as the young individuals
after aerobic training.

2. Materials and Methods

2.1. Individuals

The aim was to include a minimum of 10 elderly healthy individuals (age above 75 years
old) and 10 healthy young individuals at the age of 20 to 30 years old. Exclusion criteria were
nonsedentary, illness that required medication other than antihypertensive and antithrombotic
treatment, severe musculoskeletal pain, neurological disorder, smoking, cardiovascular disease,
attendance rate below 80% of total training sessions, additional training during the training phase,
or failure to comply with instructions of inactivity during the deconditioning phase. Sedentary was
defined as performing less than one hour of exercise a week at low to moderate intensity or a maximum
of 5 km of cycling for transportation a day.
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All participants completed a detailed medical history and electrocardiography, and all had a
normal neurological examination before entering the study.

In total, 21 healthy individuals, 11 elderly (four women and seven men; 80 ± 4 years) and 10 young
(five women and five men; 24 ± 3 years) individuals were included in the study. Every included
participant completed the study in full.

All individuals gave oral and written consent to participate according to the Helsinki declaration.
The study was approved by the Ethics Committee of the Capital Region (No. KF-293615).
The individuals were all informed about the nature and risks of the study and gave written consent to
participate before inclusion.

2.2. Study Design

The 11 elderly and 10 young participants completed a 6 week aerobic exercise training intervention
on a bicycle ergometer followed by 8 weeks of deconditioning (Figure 1). Maximal aerobic exercise
capacity (VO2peak) and maximal workload were evaluated by an incremental test and aerobic endurance
capacity evaluated by a time-to-exhaustion test at 80% of pretraining maximal workload before and
after aerobic exercise training, and again after 4 and 8 weeks of deconditioning. Skeletal muscle
biopsies were taken from vastus lateralis muscle before and after aerobic exercise training and after
8 weeks of deconditioning for measurement of mitochondrial and apoptotic markers. Dual-energy
X-ray absorptiometry (DEXA) scanning of body composition was performed at baseline.

 

 

Figure 1. Study design overview. Twenty-one participants completed a 6 week aerobic exercise training
intervention followed by 8 weeks of deconditioning (detraining—no exercise). Maximal aerobic exercise
capacity and aerobic endurance capacity were evaluated using a maximal oxygen consumption rate
test and an endurance time-to-exhaustion test, respectively, before and after aerobic exercise training
and after subsequent 4 and 8 weeks of deconditioning. Skeletal muscle biopsies were taken from
vastus lateralis muscle at baseline, after 6 weeks of aerobic training and after 8 weeks of deconditioning.
DEXA: Dual-energy X-ray absorptiometry, VO2peak: Peak oxygen consumption rate.

2.3. DEXA Scanning

A whole-body dual-energy X-ray absorptiometry (DEXA) scan (GE Medical Systems, Lunar,
Prodigy, Chicago, IL) was performed prior to the intervention. Elderly and young individuals
were instructed to drink 2.5 L of liquid and, hence, be well hydrated the day before the DEXA
scan. They arrived overnight-fasted and were encouraged to empty their bladder prior to the scan.
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They underwent the DEXA scan by lying straight and centered on the table with the hip region within
two sets of hash marks on either side of the long edge of the table to ensure the entire body was
within the scan area according to the manufacturer’s instructions. The images were analyzed using
enCORE™2004 Software (v.8.5) (GE Medical Systems, Lunar, Prodigy, Chicago, IL, USA). Reliability of
this DEXA scanning procedure was recently described [33].

2.4. Maximal Oxygen Consumption Test

Before initial testing, individuals were familiarized with the equipment and test protocol on a
separate day with a training session to reduce the impact that skill learning has on strength performance.

On each test day, individuals carried out an incremental cycling test to exhaustion on a
stationary bicycle (Monark 939E, Sweden), and VO2 was measured by pulmonary gas exchange
with a breath-by-breath gas analyzer using an open-circuit online respirometer for indirect calorimetry
measurements (Cosmed, Quark B2, Pavona, Italy). Load was set individually, increasing every other
minute for the first 10 min, and thereafter every minute until exhaustion. Heart rate (HR) was measured
during exercise, and the subject’s self-assessed feeling of exertion, on a Borg scale, was assessed every
minute. Maximal workload (Wmax) was the maximal power output (in Watt) achieved and sustained
for at least 1 min during the incremental test.

2.5. Endurance Test

After the incremental test, individuals rested for 1 h before carrying out an endurance test on a
stationary bicycle (Monark 939E, Sweden) evaluating time to exhaustion at 80% of pretraining Wmax,
obtained under the test for maximal oxygen consumption. Exhaustion was achieved when individuals
could not maintain a self-chosen pedal cadence rpm minus 10 rpm for 10 s (e.g., if a chosen rpm at
70 dropped to less than 60 rpm for more than 10 s, exhaustion was achieved). During this test, VO2 was
measured by pulmonary gas exchange as described above, and HR was also measured continuously
throughout the test. Exercise economy during the endurance test was calculated as average VO2

during the test divided by the workload (Watt).

2.6. Aerobic Exercise Training and Deconditioning Interventions

During the 6 week aerobic exercise training intervention, volunteers trained four times per week
on a cycle ergometer. Each session lasted 35 min, and sessions alternated between continuous exercise
bouts and intermittent exercise bouts. Continuous exercise sessions involved 35 min of continuous
cycling at an intensity of 70% of the maximal heart rate (HRmax) reserve (the dynamic area between
the resting HR (HRrest) and HRmax). Intermittent exercise consisted of 5 × 4 min intervals at an
intensity of 95% of HRmax reserve, with 3 min of rest between intervals.

HRmax reserve has been shown to be well correlated to the intensity as percentage of VO2peak.
Heart rate intervals were estimated using the following formula, described by Swain et al. (2000) [34]:

HR% intensity = (HRmax − HRrest) × Intensity (%) + HRrest.

Heart rate intervals were set to the calculated HR ± 5 bpm. Training was carried out in a
progressive manner, with an increasing workload during the training period to achieve the determined
HR intervals. All training sessions were supervised to ensure correct exercise intensity and were
carried out on stationary bikes (Monark 939E, Sweden or Tunturi T6, Finland). Heart rate was recorded
during exercise by a heart-rate monitor. After 6 weeks of aerobic training, participants stopped the
training program and returned to their habitual sedentary lifestyle and were instructed not to initiate
any new form of training for the following eight weeks. Individuals wore a step counter during the
entire study, i.e., the training and deconditioning period, to ensure that the level of daily activity during
the training period corresponded to the activity level of the deconditioning period. Step counters were
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checked once per week throughout the period to ensure that the physical activity level did not vary
more than 10% on a weekly basis.

2.7. Skeletal Muscle Biopsies

A skeletal muscle biopsy was performed after the endurance test in vastus lateralis right leg
muscle pre- and post-training and after 8 weeks of deconditioning within 15 min of the endurance test.
The biopsy was performed as previously described using a 5 mm percutaneous Bergström needle [35].
Needle entry was at least 3 cm away from the previous insertion to avoid scar tissue and interference
with data due to post-biopsy edema. Muscle samples were immediately frozen in liquid isopentane
cooled by liquid nitrogen before storage at −80 ◦C for later analysis.

2.8. Mitochondrial Enzyme Activities

Citrate synthase (CS) and mitochondrial complex I–IV enzyme activities were determined as
previously described [23,36]. Muscle tissue was homogenized in 19 volumes of ice-cold medium
containing protease and phosphatase inhibitor cocktail. Enzyme assays for CS and complex I–IV
were performed at 25 ◦C in a Lambda 16 spectrophotometer (Perkin Elmer) [37]. Complex I specific
activity was measured by following the decrease in absorbance due to the oxidation of nicotinamide
adenine dinucleotide (NADH) at 340 nm with 425 nm as the reference wavelength. Sample was added
to a buffer containing 25 mM potassium phosphate (pH 7.2), 5 mM MgCl2, 2 mM KCN, 2.5 mg/mL
antimycin A, 0.13 mM NADH, 0.1 mg/mL sonicated phospholipids, and 75 µM decylubiquinone.
Complex I activity was measured 3–5 min before addition of 2 µg/mL rotenone, after which the activity
was measured for an additional 3 min. Complex I activity was the rotenone-sensitive activity [37,38].
Complex II specific activity was measured by following the reduction of 2,6-dichlorophenolindophenol
(DCPIP) at 600 nm. Samples were preincubated in buffer containing 25 mM potassium phosphate
(pH 7.2), 5 mM MgCl2, and 20 mM succinate at 30 ◦C for 10 min. Antimycin A (2 µg/mL), 2 µg/mL
rotenone, 2mM KCN, and 50 µM DCPIP were added, and a baseline rate was recorded for 3 min.
The reaction was started with decylubiquinone (50 µM), and the enzyme-catalyzed reduction of DCPIP
was measured for 3–5 min [37,38].

Complex III specific activity was determined in a reaction mixture containing the sample and
100 µM ethylenediaminetetraacetic acid (EDTA), 0.2% defatted bovine serum albumin (w/v), 3 mM/L
sodium azide, and 60 µM/L ferricytochrome c in 50 mM/L potassium buffer (pH 8.0). The reaction
was started by addition of 150 µM decylubiquinol in ethanol and monitored for 2 min at 550 nm [39].
Complex IV activity was measured by following the oxidation of cytochrome c (II) at 550 nm with
580 nm as the reference wavelength. The reaction buffer contained 20 mM potassium phosphate
(pH 7.0) and 15 µM cytochrome c (II). Sample was added to the reaction buffer, and the initial activity
was calculated from the apparent first-order rate constant after fully oxidizing cytochrome c [37,38].

CS activity was measured following the NADH changes at 340 nm at 25 ◦C by 50-fold dilution in a
solution containing 100 µM acetoacetyl-CoA, 0.5 mM NAD (free acid), 1 mM sodium malate, 8 µg/mL
malate dehydrogenase, 2.5 mM EDTA, and 10 mM Tris-HCl (pH 8.0). Samples were preincubated with
0.25% Triton X-100.

2.9. Western Blotting Analysis

Western blot analysis was performed as previously described [23,40]. For Western blotting,
biopsies were sectioned on a cryostat (Microm HM550, Thermo Fisher Scientific, Waltham, MA, USA) at
−20 ◦C and homogenized in ice-cold lysis buffer mixed with sample buffer. Proteins were separated on
an SDS-PAGE gel, blotted to polyvinylidene difluoride (PVDF) membranes, and incubated in primary
and secondary antibodies. Antibodies were directed toward Bcl2 (diluted 1:5000; Cell Signalling
Technologies, Beverly, MA, USA) and alpha-tubulin (diluted 1:30.000; Abcam, UK, no 4074),
with alpha-tubulin used as a loading control. Secondary goat anti-rabbit and goat anti-mouse antibodies
coupled with horseradish peroxidase at a concentration of 1:10,000 were used to detect primary
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antibodies (DAKO, Glostrup, Denmark). Immunoreactive bands were detected by chemiluminescence
using Clarity Max, (BioRad), quantified using a GBox XT16 darkroom, and GeneTools software was
used to measure the intensities of immunoreactive bands (Syngene, Cambridge, UK). Immunoreactive
band intensities were normalized to the intensity of the alpha-tubulin bands for each participant to
correct for differences in total muscle protein loaded on the gel.

2.10. Bioplex Analysis

Muscle tissue was homogenized in the same way as described above (see Western blotting
analysis). The prepared homogenates were diluted to a final protein concentration of 400 µg/mL.
The Human Apoptosis 3-plex Panel (Invitrogen, CA, USA) was used for protein quantification of
cleaved caspase-3 (cl. caspase-3) and a single-plex magnetic bead assay for beta-tubulin (loading
control) (Millipore, Merck KGaA, Darmstadt, Germany). Then, 100 µL of prepared standards were
added to separate wells and incubated at room temperature in the dark for 2 h. The plate was washed
twice, before adding a 1× detection antibody to the wells, and then incubated for 1 h in darkness at
room temperature. The plate was again washed twice, and 50 µL of streptavidin-R-Phycoerythrin
(RPE) was added to the wells, followed by 30 min of incubation. The plate was washed three times,
and 130 µL of wash solution was added to each well, upon reading the plate on a Luminex Bio-plex
200 system (Biorad, Hercules, CA, USA).

2.11. Statistical Analysis

All statistical analyses were carried out using SigmaPlot 11.0 and GraphPad PRISM 8 (GraphPad,
La Jolla, CA, USA). All data are expressed as the mean± standard error of mean (SE), except for baseline
anthropometric characterization of participants shown as mean ± standard deviation (SD) (Table 1).
A Shapiro–Wilk test was performed to test for normal distribution of data. The differences among
groups were analyzed by a repeated-measures two-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison tests, when ANOVA revealed significant interactions. Baseline subject
characteristics were evaluated with unpaired t-tests between young and elderly groups. Correlation
analyses were performed with the Pearson’s product-moment correlation coefficient. Differences were
considered statistically significant when p < 0.05.

Table 1. General demographic data.

Demographic Parameter Young Group Elderly Group

Age, years 24 ± 3 80 ± 4 ***
Height, cm 175 ± 13 169 ± 9
Weight, kg 70 ± 14 76 ± 14
BMI, kg/m2 22.5 ± 2.5 26.5 ± 3.5 *

FFM, kg 50.7 ± 14.3 48.4 ± 10.5
FM, kg 15.5 ± 6.0 26.0 ± 6.9 **

Body fat, % 24.2 ± 9.9 34.9 ± 7.7 *
VO2 peak, mL O2/kg/min 37.5 ± 9.0 22.5 ± 6.1 ***

BMI, body mass index; FFM, fat-free mass; FM, fat mass, VO2peak, maximal oxygen consumption rate. Data are
shown as means ± SD. n = 10 in young and n = 11 in elderly. */**/*** Significantly different (p < 0.05/0.01/0.001) from
young group.

3. Results

3.1. Anthropometry

Height, total body weight, and fat-free mass were similar among the young and the elderly
individuals, whereas the elderly had a higher BMI (+15%), fat mass (+40%), and body fat% (+31%)
and a lower VO2peak (−40%) compared with the young individuals (p < 0.05; Table 1).
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3.2. Functional Parameters of Aerobic Capacity

The elderly individuals had lower absolute values of VO2peak (~40%) and Wmax (~60%) compared
with the young individuals (p < 0.001; Figure 2A,B). Six weeks of aerobic training improved VO2peak

and Wmax by 13% and 34%, respectively, in elderly individuals (p < 0.05) and to the same extent by
9% and 26%, respectively, in young individuals (p < 0.05) (Figure 2A,B). VO2peak was lowered by 13%
already after 4 weeks of deconditioning in the elderly only (p < 0.05), and VO2peak returned to baseline
in both the elderly and the young individuals after 8 weeks of deconditioning (Figure 2A). In the elderly
individuals, Wmax also returned to pretraining level after 8 weeks of deconditioning, while Wmax was
still increased by 11% in the young individuals compared with pretraining level (p < 0.05; Figure 2B).
Endurance capacity, measured as time to exhaustion on 80% of pretraining Wmax, was improved to a
similar extent by 2.4- and 1.5-fold in elderly and young individuals (p < 0.05), respectively (Figure 2C).
Endurance capacity was impaired by 20% and 25% in the elderly by 4 and 8 weeks of deconditioning,
but remained at post-training levels in the young individuals during deconditioning (Figure 2C).

 

 

Figure 2. Functional parameters of aerobic capacity. (A) Maximal oxygen consumption rate (VO2peak)
and maximal workload (B) measured in an incremental bicycle test before and after 6 weeks of aerobic
exercise training and after 4 and 8 weeks of subsequent deconditioning in elderly and young men
and women. Time to exhaustion (C), average VO2 (D), average heart rate (E), and exercise economy
(F) during an endurance test on bicycle at 80% of maximal workload in elderly and young men and
women. n= 10 in young and n= 11 elderly. * Significantly different (p< 0.05) from pretraining within age
group. # Significantly different (p < 0.05) from 6 weeks of training within age group. §§§ Significantly
different (p < 0.001) from young participants. All data are presented as means ± standard error (SE).

VO2 (Figure 2D) and heart rate (Figure 2E) during the endurance test were overall ~30% lower
in the elderly compared with the young individuals (p < 0.001). VO2 (Figure 2D) and heart rate
(Figure 2E) were ~15% decreased during the endurance test in both the elderly and the young subjects
(p < 0.05) and remained so during 4 and 8 weeks of deconditioning. Exercise economy during the
endurance test was improved by 12% and 10% in elderly and young individuals (p < 0.05), respectively,
and remained improved after 4 weeks of deconditioning, but returned to pretraining levels after 8 weeks
of deconditioning in both groups (Figure 2F). As a consequence of the relatively lower workload
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compared with oxygen use during the endurance test in the elderly, exercise economy during the
endurance test was overall ~30% lower in the elderly compared with the young individuals (p < 0.001)
(Figure 2F).

3.3. Mitochondrial Enzyme Activities

At baseline, maximal muscle CS and mitochondrial electron transport chain complex I–IV activities
did not differ between elderly and young individuals (Figure 3A–E). Six weeks of aerobic training
increased muscle CS activity by 31% in elderly individuals (p < 0.05), which was the same as that
observed in the young individuals (45%) (Figure 3A). Eight weeks of deconditioning decreased CS
activity in the elderly individuals by 18% (p < 0.05), while CS activity remained at post-training level in
young individuals (Figure 3A). The training-induced increases in complex I (163% and 152%; Figure 3B),
II (63% and 58%; Figure 3C), III (63% and 49%; Figure 3D), and IV (51% and 40%; Figure 3E) activities
were similar in elderly and young individuals. In elderly individuals, 8 weeks of deconditioning
decreased complex I (Figure 3B), II (Figure 3C), III (Figure 3D), and IV activities (Figure 3E) by 40%, 8%,
25%, and 26% (p < 0.05), respectively, whereas only complex I (26%; Figure 3B) and II (9%; Figure 3C)
activities decreased in young individuals after 8 weeks of deconditioning (p < 0.05). Interestingly,
the change in enzyme activity with deconditioning significantly correlated with change in endurance
capacity for complex I (r = 0.47, p < 0.05) and tended to correlate for complex III (r = 0.43, p = 0.05)
and CS (r = 0.39, p = 0.09), whereas the change in enzymatic activity for complex II and IV was not
significantly correlated to the change in endurance capacity with deconditioning.

 

− −

Figure 3. Mitochondrial enzyme activities. Maximal enzyme activity of citrate synthase (CS; A),
and mitochondrial complex I (B), II (C), III (D), and IV (E) in skeletal muscle pre and post six weeks
of aerobic exercise training and after subsequent 8 weeks of deconditioning in young and elderly
individuals. n = 10 in young group and n = 11 in the elderly group. */**/*** p < 0.05/0.01/0.001,
significantly different from pretraining within age group. #,## significantly different from 6 weeks of
training within age group.

When correcting mitochondrial electron transport chain complex I–IV activities individually to CS
activity, to take mitochondrial content into account, complex II (−26%) and III (−31%) activities were
overall lower in the elderly compared with the young individuals pretraining and also after training
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and deconditioning (p < 0.05), whereas the CS-corrected complex I and IV activity was similar between
young and elderly at all time points.

3.4. Apoptosis Markers: Cleaved Caspase 3 and Bcl2

There was no effect of aerobic training on cleaved caspase-3 protein content in either the elderly or
the young individuals. Pretraining, elderly individuals had a 48% lower expression of cleaved caspase-3
protein content compared with young individuals (p < 0.05); however, after aerobic training and
deconditioning, there was no longer any difference between the two groups (Figure 4A). Bcl2 protein
expression decreased by 21% and 20% after aerobic training to a similar extent in the elderly and young
individuals (p < 0.05), respectively; however, after 8 weeks of deconditioning, this was not different
from pretraining levels in both groups (Figure 4B).

 

 

Figure 4. Apoptosis markers. Protein expression of cleaved caspase-3 (A) and B-cell lymphoma 2 (Bcl2)
(B) in skeletal muscle pre and post 6 weeks of aerobic exercise training and after subsequent 8 weeks
deconditioning period in young and elderly individuals. n = 10 in young group and n = 11 in the elderly
group; however, due to lack of samples, only n = 6 in both groups in (B). (C) representative Western
blots. Values are arbitrary units (means ± SE) and expressed relative to young group pretraining.
§ p < 0.05, young vs. elderly group within pretraining. * p < 0.01, main effect of training compared to
pretraining independently of age.

4. Discussion

Age-related loss of muscle mass and function may be related to changes in mitochondrial function
with age and an impaired response to adapt to the physical activity level. However, only a few
studies investigated age-related changes in mitochondrial function in response to aerobic training
and deconditioning. In the present study, we investigated age-related changes of aerobic capacity,
mitochondrial function, and apoptotic signaling markers with aerobic training and deconditioning
and found that (1) only 6 weeks of aerobic training efficiently improved maximal aerobic capacity and
mitochondrial function in the elderly individuals, (2) the training effect on aerobic capacity, endurance,
mitochondrial enzyme activities, and apoptosis signaling markers in the elderly individuals was similar
to that found in the young individuals despite an age difference of more than 50 years, and (3) with
deconditioning, the training-induced increases in endurance and mitochondrial enzyme activities
decreased in a faster manner in elderly compared with young individuals.
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It was suggested that differences in aerobic capacity in elderly versus young healthy humans,
at least in part, may be a result of differences in the ability to gain and maintain VO2peak with
age [13,21,22]. However, in the present study, 6 weeks of intensive aerobic exercise training resulted in
the same increase in VO2peak in elderly individuals compared with that found in young, gender-matched,
sedentary individuals, indicating a similar ability to increase oxidative capacity in elderly vs. young
individuals. Although the training period was longer than in the present (8–16 weeks), the effect on
aerobic capacity was overall the same as previously observed [12–17]. The increase in VO2peak in the
present study was found after only 6 weeks of aerobic training, suggesting that elderly individuals can
increase oxidative capacity after a relatively short training period to the same extent as that seen in
young healthy individuals.

Citrate synthase has been shown to be a strong marker of mitochondrial content. Thus, maximal CS
activity strongly correlated with mitochondrial volume measured by electron microscopy in skeletal
muscles of healthy, young men [41]. Moreover, maximal CS activity correlated with the improvement
in mitochondrial volume after 6 weeks of aerobic training in skeletal muscle of young individuals [42].
In the literature, it has been debated whether there is an age-related decline in mitochondrial enzyme
activities, since results from studies investigating this have been ambiguous. Several studies found
decreased activity of CS and complex I–IV in muscle of elderly [15,43–47], indicating an age-related
decline in mitochondrial content and function. Supporting this view, a study investigating the effect of
age on mitochondrial content by transmission electron microscopy found a decrease in the content
of mitochondria in elderly compared with young individuals [47]. In contrast, in the present study,
CS and mitochondrial complex activities were similar at baseline between young and elderly, as we also
recently showed between a similar cohort of young (~22 years) and elderly individuals (~82 years) [36]
and in accordance with several other studies [13,48–50]. Interestingly, when mitochondrial complex
activities were corrected relative to CS activity to take mitochondrial content into account, in the present
study, complex II and III activities were lower in the elderly compared with the young individuals,
implying a loss in the electron transport chain efficiency relative to mitochondrial content. It is possible
that the mixed results from studies investigating the effect on age and mitochondrial function in part are
related to differences in the pretraining level of physical activity in the investigated elderly individuals.
Interestingly, in the present study, elderly individuals were able to increase CS activity (+31%) and
mitochondrial complex activities (ranging between 61–163%) with training that matched that found in
the healthy young individuals, which emphasizes that the ability to respond to an increase in demand
in muscle enzymes in tricarboxylic acid (TCA) cycle and oxidative phosphorylation is preserved at
least to the eighth decade of life. The few studies that investigated CS and/or mitochondrial complex
activities in elderly of 60–80 years of age did not compare results to young but found a similar increase
after 12–16 weeks of training [13,15,16,43], suggesting a similar ability of elderly of 60 and 80 years of
age to respond to aerobic training. A recent study with only 6 weeks of high-intensity exercise training
also showed improved CS activity and mitochondrial complex protein contents in “younger” elderly
(63 years old) men and women [12], which, together with the intense protocol in the present study,
underscores that mitochondria can adapt to even short-term training interventions in elderly of both
60 and 80 years of age, when the intensity and frequency of the training are high.

In addition to the exercise training intervention, we included a subsequent deconditioning
period to evaluate mitochondrial dynamics in aged human skeletal muscle, which, to our knowledge,
has not been studied previously in elderly healthy individuals. Deconditioning after exercise training
was investigated in a few studies in healthy young individuals, and data implied that oxidative
capacity, muscle mitochondrial protein content, and enzyme activities return to pretraining levels after
6–8 weeks in young individuals [23–27]. In the present study, mitochondrial content judged by CS
and mitochondrial complex activities returned to pretraining levels after 8 weeks of deconditioning
in the elderly, which was not seen in the young healthy individuals. Thus, enzyme activity of CS
and complex I, III, and IV decreased in the elderly to a larger extent than in the young individuals.
This indicates that the turnover rate of mitochondrial enzymes in the TCA cycle, as well as the oxidative
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phosphorylation, is fast and even more rapid in skeletal muscle of elderly. Thus, it seems as the ability
to obtain oxidative capacity and increase mitochondrial volume with intensive aerobic training is
preserved with age, but is lost faster in aged than in young muscle during subsequent deconditioning.
A sedentary lifestyle in elderly individuals may, therefore, be even more deleterious to muscle health
than in young individuals.

Endurance capacity is essential in order to maintain independence, reduce incidence of disability,
and sustain a high quality of life in older people. In the present study, we found that 6 weeks of intensive
aerobic exercise resulted in a remarkable increase in the time to exhaustion during an endurance
test in the elderly individuals by 2.4-fold. Moreover, this training-induced increase in endurance
was likely, at least in part, mediated by an improved exercise economy, reflecting the capacity to
turn oxygen consumption into mechanical work and, hence, lower usage of VO2 at the given power.
This finding suggests a functional relevance of the training-induced increase in muscle mitochondrial
respiratory enzyme activities, through an improved ability to sustain a high energy-production and
also a more energy-efficient power production over a longer period of time. The present study is,
to our knowledge, the first to demonstrate that the effect on aerobic capacity and muscle mitochondrial
function and efficiency seemingly translates into functional improvement of endurance and exercise
economy in elderly. In this line, it should be mechanistically studied in future investigations whether
aerobic exercise training prevents sarcopenia by improving mitochondrial function and dynamics [51].
Interestingly, with deconditioning, a faster decrease in endurance capacity was observed among elderly
compared with young individuals in accordance with similar decreases in CS and mitochondrial
complex activities, indicating that, although elderly individuals improve endurance with training in
the same manner as young individuals, aerobic endurance seems to be lost faster in elderly individuals,
likely related to enhanced degradation of muscle mitochondrial enzymes. To support this notion,
we found, despite the modest number of participants in the present study, that the loss of enzyme
activity of CS and complex I and III in response to deconditioning tended to correlate to the reduction
in endurance capacity. Of note, the faster decline in mitochondrial enzyme activity with deconditioning
was in the present study observed in elderly of ~80 years of age, and it remains to be clarified whether
60–75-year-old individuals that are often investigated in the scientific literature would be more affected
by deconditioning compared with young individuals. Importantly, a faster decline in endurance
performance during deconditioning contrasts with the loss of strength performance after 6 weeks of
resistance training, which we recently showed to be similar between young and elderly individuals
(~82 years) after comparable 8 weeks of deconditioning [36].

Even though some studies in rodents indicated that apoptosis may play a role during muscle
senescence [32], the involvement of age-related apoptosis of skeletal muscle and its regulation with
training and deconditioning is poorly understood. Caspase-3 plays an important role in mediating
cell death, and Bcl2 is thought to be an antiapoptotic driver. Interestingly, we found a lower muscle
content of active caspase-3 (cleaved caspase-3) and a similar Bcl2 expression in the elderly compared
with young individuals at baseline. This indicates, at least in healthy elderly individuals, that markers
of the muscle intrinsic apoptotic pathway are not upregulated. These findings contrast with findings
in rodents, in which increased apoptosis in old muscle of rodents was suggested on the basis of
findings of an increased expression of proapoptotic marker cleaved caspase-3 protein [31] and a
lower expression of the antiapoptotic Bcl2 protein [28–30]. Moreover, in the present study, caspase-3
activity remained similar in elderly and young skeletal muscle after 6 weeks of aerobic training,
indicating that exercise training does not induce a higher apoptosis activity. In contrast, Bcl2 protein
content decreased slightly in response to training to the same extent in young and elderly, implying
either less antiapoptotic signaling after training independently of age or that Blc2 content is not directly
coupled to apoptosis rate. To our knowledge, this study is the first to investigate apoptotic markers
with training and deconditioning in human muscle of elderly compared with young individuals.
Although we only investigated a few markers of a complex signaling, the present results do not
substantiate the hypothesis that increased apoptosis with time is the mediator of age-related muscle
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mass. The faster decline with deconditioning in endurance capacity and mitochondrial enzyme activity
could relate to an age-related decline in mitochondrial fusion/fission regulation or an impaired matching
of lysosomal mitophagy flux to the demand in aged muscle during deconditioning [51]. In support of
the latter, we previously showed in young individuals that 3 weeks of one-legged aerobic training
improved the capacity for autophagosomal formation [40], which is also found to occur in elderly [52],
emphasizing the importance of physical activity to improve or maintain lysosomal mitophagic capacity.
From studies in rodents [53–55] and humans [52], it is known that both muscle disuse and aging
are associated with impaired mitophagy regulation, and it is, hence, likely that impaired mitophagy
and mitochondrial function with deconditioning contribute to accelerated impairment in elderly,
which should be addressed in future studies. Overall, accelerated decline in mitochondrial function
and sarcopenia seems not to be driven by increased muscle apoptosis in human muscle, and further
investigations are needed to elucidate the responsible molecular mechanisms driving sarcopenia and
age-related inactivity-induced mitochondrial impairments.

The present study had some limitations that must be acknowledged. It was suggested that
potential sex-specific adaptations to aerobic training exist [12]. We recognize that the present study
included both men and women but that the number of participants was not optimal to detect an
intervention × sex interaction; however, the present study was primarily designed to investigate the
effects of training and deconditioning in elderly vs. young individuals. Studies with more subjects are
warranted to evaluate potential sex-specific age-related adaptations to training and deconditioning.

5. Conclusions

In the present study, we found that 6 weeks of aerobic training efficiently improved maximal
aerobic capacity and mitochondrial function in elderly individuals to the seemingly same extent as in
young individuals despite an age difference of more than 50 years. This implies that aerobic exercise
training is a potent tool to combat age-related loss of aerobic capacity and mitochondrial function.
However, with deconditioning, we present the novel finding that the training-induced increases in
performance and mitochondrial enzyme activities seemingly decreased in a faster manner in elderly
compared with young individuals. This accelerated loss of mitochondrial function in the elderly with
deconditioning could play a role in the development of mitochondrial dysfunction and sarcopenia
during aging, and responsible mechanisms need to be investigated further in future studies.
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Abstract: Objective: In order to promote physical activity (PA) in patients with complicated type 2
diabetes, a better understanding of daily movement is required. We (1) objectively assessed PA in
patients with type 2 diabetes, and (2) studied the association between muscle mass, dietary protein
intake, and PA. Methods: We performed cross-sectional analyses in all patients included in the
Diabetes and Lifestyle Cohort Twente (DIALECT) between November 2016 and November 2018.
Patients were divided into four groups: <5000, 5000–6999, 7000–9999, ≥ 10,000 steps/day. We studied
the association between muscle mass (24 h urinary creatinine excretion rate, CER) and protein
intake (by Maroni formula), and the main outcome variable PA (steps/day, Fitbit Flex device) using
multivariate linear regression analyses. Results: In the 217 included patients, the median steps/day
were 6118 (4115–8638). Of these patients, 48 patients (22%) took 7000–9999 steps/day, 37 patients (17%)
took ≥ 10,000 steps/day, and 78 patients (36%) took <5000 steps/day. Patients with <5000 steps/day
had, in comparison to patients who took ≥10,000 steps/day, a higher body mass index (BMI) (33 ± 6
vs. 30 ± 5 kg/m2, p = 0.009), lower CER (11.7 ± 4.8 vs. 14.8 ± 3.8 mmol/24 h, p = 0.001), and lower
protein intake (0.84 ± 0.29 vs. 1.08 ± 0.22 g/kg/day, p < 0.001). Both creatinine excretion (β = 0.26,
p < 0.001) and dietary protein intake (β = 0.31, p < 0.001) were strongly associated with PA, which
remained unchanged after adjustment for potential confounders. Conclusions: Prevalent insufficient
protein intake and low muscle mass co-exist in obese patients with low physical activity. Dedicated
intervention studies are needed to study the role of sufficient protein intake and physical activity in
increasing or maintaining muscle mass in patients with type 2 diabetes.

Keywords: type 2 diabetes; physical activity; muscle mass; protein intake; accelerometer

1. Introduction

Type 2 diabetes is a predominately lifestyle-related disease and has become one of the major
global public health concerns, with highest prevalence in older adults [1]. Sufficient physical activity
(PA) is a main focus of treatment, in addition to improving diet quality. There are two different aspects
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of PA: aerobic training and resistance exercise. While guidelines first mainly recommended moderate
to vigorous PA, contemporary public health guidelines state that ‘some physical activity is better than
none’ by suggest reducing the time spent in sedentary behaviour [2]. Total steps per day is a good
indicator of the overall volume of physical activity [3].

However, the vast majority of patients with type 2 diabetes do not adhere to the American Diabetes
Association (ADA) guidelines of >150 min per week of moderate to vigorous PA, which is comparable
with 7000 steps per day [3–5]. Traditionally, a goal of 10,000 steps per day has been advocated by
popular media, although this goal is under debate in scientific literature [6,7]. In order to promote PA
and reduce sedentary behaviour, a better understanding of total daily movement is required, especially
in patients with complicated type 2 diabetes.

In regard to PA, sufficient muscle mass is mandatory to perform PA, and conversely, PA promotes
an increase in muscle mass. Compared with non-diabetic subjects, patients with type 2 diabetes show
decreased muscle strength and mass [8,9]. In type 2 diabetes, reduced muscle mass and muscle function,
defined as sarcopenia, have been implicated both as a cause and as a consequence of increased insulin
resistance [8–10]. Furthermore, it is known that low muscle mass in obese individuals is associated
with frailty, disability, and increased morbidity and mortality [11].

However, dietary counselling (such as is performed in the geriatric population) consists mainly of
caloric restriction, and not the preservation of muscle mass. Adequate protein intake is an important
requirement for sustaining, and especially increasing, muscle mass, which has been confirmed by
several observational and intervention studies [12–17]. Moreover, combining physical exercise with
protein intake has a positive synergistic effect on muscle protein synthesis [16,17]. Therefore, adequate
protein intake might be a current blind spot in the treatment of type 2 diabetes.

We hypothesize that in patients with complicated type 2 diabetes, low protein intake and low
muscle mass are associated with low PA, and the former could be an important actionable item to
improve PA. Therefore, here we (1) objectively measure PA (in steps/day) in patients with complicated
type 2 diabetes, and (2) investigate the association between protein intake and muscle mass and PA.

2. Materials and Methods

2.1. Patient Inclusion

This study was performed in the DIAbetes and LifEstyle Cohort Twente (DIALECT),
an observational cohort study in patients with complicated type 2 diabetes mellitus, treated in
the secondary healthcare level in the outpatient clinic of the Ziekenhuisgroep Twente (ZGT), Almelo
and Hengelo, the Netherlands. The study consists of two sub-cohorts: DIALECT-1 and DIALECT-2.
The general procedures have been described extensively previously [18]. In DIALECT-2, the data
collection at baseline is more extensive, including a one-week PA registration.

The study was performed in accordance with the Helsinki agreement and the guidelines of good
clinical practice, has been approved by the local institutional review boards (METC-registration numbers
NL57219.044.16 and 1009.68020) and is registered in the Netherlands Trial Register (NTR trial code 5855).
Prior to participation, all patients signed an informed consent form. All adult patients with type 2 diabetes
treated in the secondary healthcare level in the outpatient clinic of internal medicine in ZGT Hospital were
eligible for participation. The patients were treated in the secondary healthcare level because the diabetes
care became complex for primary healthcare services (for example, in the presence of complications such as
nephropathy or because of a complex insulin schedule). Exclusion criteria were renal replacement therapy,
inability to understand the informed consent procedure, and inability to walk. We report here on all patients
included in DIALECT-2 between November 2016 and November 2018.

2.2. Data Collection

Participation in DIALECT-2 consisted of at least two hospital visits with one week in between.
Information on medical condition and medication was obtained from electronic patient files and verified
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with the patient during the baseline visit. Smoking habits were collected through questionnaires.
Anthropometric measurements, leg length, and presence of diabetic polyneuropathy were obtained
from physical examination at baseline. Leg length was measured using a tape measure from the anterior
superior iliac spine to the ground. Polyneuropathy was assessed by touch test (Semmes Weinstein
monofilament) and vibration (Vibratip) by the on–off method; both tests have been validated as
screening methods for polyneuropathy [19]. Polyneuropathy was present if at least one of the two tests
was positive. Body composition parameters were determined by Bio impedance using a TANITA device
(type BC-418MA, Tokyo, Japan), which calculates segmental body composition, including fat percentage
and predicted muscle mass. Blood samples were taken from a single non-fasting venapunction, and
patients collected 24 h urine to provide objective data on nutritional intake, including protein intake.
We used the 24 h urinary creatinine excretion rate (CER) as a measure of muscle mass [11,20,21].
The estimated daily protein intake (g/kg/day) was calculated using the universally adopted formula of
Maroni, ((24 h urea excretion × 0.18) + 15 + 24 h protein excretion)/weight (kg) [22]. Blood pressure was
measured in supine position by an automated device for 15 min with one-minute intervals (Dinamap®;
GE Medical systems, Milwaukee, WI, USA). The mean systolic and diastolic pressure of the last three
measurements was used for further analysis.

2.3. Main Outcome: Physical Activity

During 8 consecutive days, daily movement was measured by a triaxial Fitbit accelerometer
worn around the wrist on the non-dominant side. The devices used were either a Fitbit Flex (Fitbit
Inc., Boston, MA, USA), a Fitbit charge HR (Fitbit, San Francisco, CA, USA), or Fitbit Charge 2 (Fitbit
Inc., San Francisco, CA, USA). These Fitbit devices share the same recording mechanisms and record
the number of steps taken on a minute-to-minute basis. Patients were asked to adhere to their daily
activities as normal and were blinded from the online activity data. Also, the Fitbit screens showed no
results. Only during swimming or showering was the Fitbit removed. At visit 2 (day 8), the patients
returned the Fitbit and data were transferred to a hospital server for further analysis. Patients were
asked to write down information regarding non-wearing time in a lifestyle diary. Valid days were
defined as days without significant non-wearing time (i.e., >2 h non-wearing time during waking
hours). Patients with more than two days of significant non-wearing time were excluded. To indicate
the total daily movement, we used the average of the total steps per day, excluding day 1 and 8 from
the average because of non-wearing time.

2.4. Statistical Analysis

Statistical procedures were performed by using SPSS statistics (IBM Statistics for Windows, Version
23.0, Armonk, NY, USA). Normality of data was determined by visual inspection of histograms. Data
were presented as mean ± standard deviation (normal distribution), as median and interquartile range
(IQR 25th–75th percentiles, skewed data), or as number and percentage (dichotomous and categorical
data). To compare the characteristics of total steps per day, the population was divided into four
different groups based on reference values from current literature (i.e., <5000, 5000–6999, 7000–9999,
≥10,000 steps per day) [3]. Differences between the groups were analysed using One-Way ANOVA,
Kruskal–Wallis, or Chi-square test when appropriate. A two-sided p < 0.05 was considered statistically
significant. The estimated daily protein intake was divided into three groups (i.e., <0.8 g/kg/day,
0.8–1.2 g/kg/day, and >1.2 g/kg/day). The recommended dietary protein intake is ≥0.8 g/kg/day [12,23].

To investigate whether 24 h CER and protein intake were associated with total steps/day,
we performed multivariate linear regression analyses. First, we identified possible confounders
using univariate analyses. Model 2, adjusted for age and gender, was the main basis for confounder
selection. Parameters with a p < 0.15 were considered contenders for the multivariate model. For each
group of closely associated variables (for example, body mass index (BMI), waist circumference, and
hip circumference as measures of body size), we included the variable with the highest β for the
multivariate model. Potential interaction of protein intake and CER with total steps/day was evaluated
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by inclusion of the product term in the linear regression analysis. We considered a p < 0.10 to be
statistically significant for the product term. To graphically represent the interaction between protein
intake, CER, and total steps per day, we created nine groups based on the tertiles of protein intake and
tertiles of muscle mass. Low, medium, and high represent respectively the lowest, middle, and highest
tertiles of protein intake and muscle mass.

3. Results

3.1. Baseline Characteristics and Total Steps per Day

Of 231 eligible participants, 217 patients were included in the study. The reasons for exclusion
were: hardware malfunction (n = 6), non-fitting wristband (n = 4), patient dropped out during
participation (n = 2), and patient not able to walk (n = 2) (Figure S1). Patient characteristics stratified
by total steps per day are shown in Table 1.

Median total steps per day was 6118 (4115–8638, data not shown). Of the total study population,
85 patients (39%) took ≥7000 steps/day, of whom 37 patients (17%) reached ≥10,000 steps/day (Table 1).

The mean age of the total study population was 65 ± 12 years, two-thirds were men, and the mean
BMI was 32 ± 6 kg/m2. Of all patients, 64% used insulin, and the mean HbA1c was 60 ± 13 mmol/mol
(7.6% ± 3.3%). The prevalence of micro- (74%) and macrovascular (35%) complications was high.
Compliance with wearing of the Fitbit sensor was good; 22 patients reported significant non-wearing
time (>2 h/day) at any day during day 2 until day 7, however, no patient had more than two days of
non-wearing time (compliance data not shown).

The mean age was highest (69 ± 11 years) in the group of patients with <5000 steps per day
(p < 0.001). There were no differences in gender between the groups (p = 0.99). Patients with
<5000 steps/day had the highest BMI (33 ± 6 kg/m2, p = 0.009) and the highest waist- and hip
circumference (waist: 116 ± 14 cm, p = 0.001; hip: 115 ± 14 cm, p = 0.009). Both measurements of
muscle mass (i.e., 24 h CER and percentage of predicted muscle mass (PMM) using bio-impedance)
were lowest in patients with 5000 steps/day (p = 0.001 and p = 0.06, respectively).

No significant differences were observed in HbA1c, insulin use, and years of diabetes between
the groups. Patients with <5000 steps per day had the most pack-years of smoking (p = 0.005), the
lowest diastolic blood pressure (0.02), and the lowest HDL-cholesterol (p = 0.03). The prevalence of
micro- and macrovascular complications was consistently and progressively lower in each group of
increasing number of steps/day, especially for diabetic kidney disease (p = 0.004), polyneuropathy
(p = 0.008), and cerebrovascular disease (p = 0.008). Protein intake was also lowest in patients with
<5000 steps/day (0.84 g/kg/day, p < 0.001, Figure 1). Almost half of all patients with <5000 steps per
day had a protein intake <0.8 g/kg/day.
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Figure 1. Protein intake, body mass index (BMI), and 24 h urinary creatinine excretion according to
total steps per day. Distribution of total protein intake (A) and urinary creatinine excretion and body
mass index (B) in four groups of total steps per day. (A) demonstrates that insufficient protein intake
is significantly more prevalent in patients with <5000 steps/day. (B) shows higher body mass index
and lower creatinine excretion in patients with <5000 steps/day, demonstrating a more unfavourable
body composition.

3.2. Association between Urinary Creatinine Excretion, Total Protein Intake, and Total Steps per Day

To analyse the association between total steps per day, muscle mass (24 h CER), and daily dietary
protein intake, we performed linear regression analyses. Unadjusted, both CER (β = 0.28, p = 0.03) and
dietary protein intake (β = 0.29, p = 0.004) (Model 1) were positively associated with steps/day. When
adjusting for possible confounders (Table S1), both for CER and protein intake, the association with
total steps/day did not markedly change (Table 2). It should be noted that the predicted variance of
both models remained low (0.23 and 0.24, respectively). There was a significant interaction between
CER and protein intake on total steps per day, where higher CER combined with higher protein was
associated with more steps/day (p = 0.096, Figure 2). As there was a very strong correlation between
CER and dietary protein intake (R = 0.57), both variables could not be inserted simultaneously in
the analysis.
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Table 2. Multivariate linear regression analyses on the associations between CER, protein intake and
total steps/day (dependent variable)

Independent Variables
Total Steps per day (Dependent) Independent Variables Total Steps per day (Dependent)

Standardized Beta p-Value R2 Standardized Beta p-Value R2

Model 1 CER 0.28 0.003 0.08 Protein intake 0.29 0.004 0.08
Model 2 CER 0.23 0.03 0.10 Protein intake 0.28 0.004 0.13
Model 3 CER 0.23 0.04 0.19 Protein intake 0.18 0.10 0.19
Model 4 CER 0.26 0.04 0.21 Protein intake 0.23 0.04 0.22
Model 5 CER 0.26 0.02 0.23 Protein intake 0.23 0.04 0.24

CER: creatinine excretion rate. Model 1 is unadjusted; Model 2 is adjusted for model 1 and age and gender; Model 3
is adjusted for model 2 and BMI and leg length; Model 4 is adjusted for model 3 and pack-years; Model 5 is adjusted
for model 4 and eGFR < 60 mL/min/1.73 m2, polyneuropathy, and presence of macrovascular disease.

≥
≥

Figure 2. Low, medium, and high represent the lowest, middle, and highest tertiles of protein intake
and creatinine excretion. The figure shows the interaction between urinary creatinine excretion (CER)
and protein intake on total steps per day. Both high CER and high protein intake were associated with
more steps/day, and total steps per day was highest in those with both high CER and high protein intake.

4. Discussion

We investigated the total daily physical activity (PA) of patients with complicated type 2 diabetes.
We found that more than one-third of the study participants had limited activity (less than 5000 steps
per day). On the other hand, 39% of participants took ≥7000 steps per day, which has been advocated
as the movement target for adults ≥ 65 years and/or patients with chronic diseases [3], demonstrating
that sufficient PA in a complicated type 2 diabetes population is indeed a reachable goal.

Our main finding was that low muscle mass was an important determinant of low PA. Additionally,
protein intake was significantly and relevantly lower in patients with both low PA and low muscle
mass. It is tempting to speculate on a downward spiral of reduced protein intake, lower muscle mass,
and reduced PA, against the background of a sedentary lifestyle. The insight that insufficient protein
intake is associated with low muscle mass and physical inactivity may provide an important actionable
item to improve physical fitness in patients with type 2 diabetes: namely, increase protein intake.

Low muscle mass is increasingly recognized as an important health concern in patients with
chronic disease, diminishing physical fitness and PA. In contrast to previous beliefs, declining
muscle mass is not only due to ageing and physical inactivity, but has many other contributing
causes, such as mitochondrial dysfunction [11,24,25]. This is especially important in patients with
type 2 diabetes, as data suggest skeletal muscle lipid content is associated with systemic insulin
resistance [11]. Damage to the skeletal muscles, with pronounced and accelerated decline in muscle
quality, has been described as a new complication of diabetic patients attributed to their longer
survival [8]. Insulin resistance and oxidative stress are components of the pathophysiological basis of
sarcopenia, which would be related to characteristic components of diabetes, such as vascular alterations,
chronic inflammation, and lipid infiltration in muscles [8,11]. In regard to our population, 24 h CER in
the group with ≤5000 steps per day (11.7 ± 4.8 mmol/24 h) was significantly lower compared to the
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total study population (13.2 ± 5 mmol/24 h), and also lower when compared to the general Dutch
population (13.3 ± 4.1 mmol/24 h, based on data from the Lifelines cohort study) [12]. However, it
should be noted that no diagnostic methods or definitive cut-off points exist to identify patients who
might benefit from muscle-boosting therapy.

Adequate protein intake is an important requirement for sustaining, and especially increasing,
muscle mass, which has been confirmed by several observational and intervention studies [12–17].
Moreover, combining physical exercise with protein intake has a positive synergistic effect on muscle
protein synthesis [16,17].

The recommended dietary allowance (RDA) and the Netherlands Nutrition Centre [12,23]
recommend a dietary protein intake of ≥0.8 g/kg/day. However, for elderly adults, the Dutch guideline
suggests a higher protein intake (1.2–2.0 g/kg/day) to maintain optimal muscle health [26,27]. We found
that almost half of all patients (46%) in the group of <5000 steps per day had a daily protein intake < 0.8
g/kg/day, and only 12% had an intake of >1.2 g/kg/day. To our knowledge, this is the first study in
patients with type 2 diabetes that has highlighted the insufficient protein intake of inactive patients with
type 2 diabetes. However, BMI and waist circumference were higher in patients with low PA, consistent
with altered body composition in inactive patients. This is in line with previous studies in patients
with type 2 diabetes [4,28,29]. Low muscle mass and function have strong negative prognostic impacts
in obese individuals, which may lead to frailty disability and increased morbidity and mortality [11].
However, awareness of the importance of muscle maintenance in obesity is low among clinicians
and scientists [11]. The European Society for Clinical Nutrition and Metabolism (ESPEN) and the
European Association for the study of Obesity (EASO) recognize and identify obesity with altered
body composition due to low skeletal muscle function and mass as a scientific and clinical priority for
researchers and clinicians. ESPEN and EASO therefore call for action in particular regard to optimal
nutritional therapy. Generally, the first step in treating obese patients with type 2 diabetes is weight
loss interventions by following a caloric restricted diet, which, however, might increase the risk for
undesirable decreases in muscle mass.

To our knowledge, this is the first study to objectively measure daily PA by using steps/day in
complicated type 2 diabetes. Most of the previous studies in type 2 diabetes used metabolic equivalent
(MET) or counts per minute (CPM) to measure daily movement, which makes it somewhat difficult to
compare previous results with our findings [4,24,25,28–34]. However, in a study population with older
patients (≥55 years) with type 2 diabetes, the average total steps per day was similar to our results [34].
In contrast to this previous study, which showed that older women had fewer steps per day, we found
no difference in steps/day between genders.

Additionally, we found that the presence of micro- and macrovascular complications was higher
in patients with physical inactivity. This is in line with a recent review on diabetic polyneuropathy and
nephropathy [35]. Interestingly, diabetic polyneuropathy is associated with lower muscle strength
measured by knee extension force [25,32,35], providing an alternative cause of muscle mass decline in
addition to reduced dietary protein intake. Additionally, in patients with chronic kidney disease, uremic
muscle mass decline has been suggested by a significant inverse association between uremic toxin
indoxyl sulphate and skeletal muscle mass [33,35]. Of note, in our study, a third of the patients with
≥10,000 steps per day had polyneuropathy and nephropathy (28% and 33%, respectively), suggesting
that sufficient PA is indeed possible in spite of the presence of these complications. However, in contrast
to other studies in patients with type 2 diabetes, we found associations between HDL-cholesterol,
diastolic blood pressure, macrovascular complications, and physical activity [4,28,29].

Strengths of our study included the objective measurements of daily movement by the Fitbit Flex,
a light and simple wristband, well applicable in daily life clinical practice that hardly interferes with
daily activities. We chose to present steps/day, which is easily interpretable by clinicians and patients.
Another strength of our study was muscle mass estimation by 24 h CER, which is well accepted for
estimation of total body skeletal muscle mass, even in patients with advanced renal failure [12,21].
Additionally, we objectively determined protein intake by 24 h urinary urea excretion. In the future,
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we plan to extend our analysis to also include muscle quality using gait speed, as well as quality of life
questionnaires. An important limitation of our study is the cross-sectional design, which allows only
research of associations and not causality. Additional prospective studies are warranted to confirm our
findings. Another limitation is that one-week record of the Fitbit may not be sufficiently representative
of PA, as certain activities, such as swimming, and seasonal variations were not taken into account.
However, only 8 patients of the total 217 patients (4%) recorded swimming in their lifestyle diary.
Secondly, we had the sampling periods of our population distributed over the seasons. Making these
effect negligible.

Our study has important clinical implications. We found clear associations between low protein
intake, loss of muscle mass, and low PA in patients with complicated type 2 diabetes. Our study suggests
that optimizing protein intake might be a first step to improving physical fitness in patients with type
2 diabetes. As current dietary guidelines focus on reducing overall caloric intake, and carbohydrate
intake in particular, adequate protein intake might be an important blind spot in current nutritional
management. This has also been advocated in previous studies, which suggest that dietary protein
should be prescribed together with physical exercise in order to optimize muscle health [12,16,17,36].
The review by Scot and colleagues also emphasizes that lifestyle modification programs for older adults
with type 2 diabetes, particularly for those with sarcopenia, should incorporate progressive resistance
training, along with adequate intakes of protein and vitamin D, which may improve both functional
and metabolic health and prevent undesirable decreases in muscle mass associated with weight loss
intervention [9]. In the future, we want to include data from the Food Frequency Questionnaire (FFQ)
in the analyses in order to investigate how intakes of total energy, carbohydrate, fat, and vitamin D
may contribute to muscle mass and physical activity. It is important to note that the source of dietary
protein (animal or vegetable) should also be taken into account, as we have previously shown that
higher vegetable protein intake is associated with lower prevalence of renal function impairment [37].

5. Conclusions

In conclusion, our study shows that prevalent low protein intake and low muscle mass co-exist in
patients with complicated type 2 diabetes with low physical activity. Dedicated intervention studies
are needed to study the role of sufficient protein intake and PA in increasing or maintaining muscle
mass in patients with type 2 diabetes.
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Abstract: The study of reduced respiratory muscle strengths in relation to the loss of muscular
function associated with ageing is of great interest in the study of sarcopenia in older institutionalized
individuals. The present study assesses the association between respiratory muscle parameters and
skeletal mass content and strength, and analyzes associations with blood cell counts and biochemical
parameters related to protein, lipid, glucose and ion profiles. A multicenter cross-sectional study
was performed among patients institutionalized in nursing homes. The respiratory muscle function
was evaluated by peak expiratory flow, maximal respiratory pressures and spirometry parameters,
and skeletal mass function and lean mass content with handgrip strength, walking speed and
bioimpedance, respectively. The prevalence of reduced respiratory muscle strength in the sample
ranged from 37.9% to 80.7%. Peak expiratory flow significantly (p < 0.05) correlated to handgrip
strength and gait speed, as well as maximal inspiratory pressure (p < 0.01). Maximal expiratory
pressure significantly (p < 0.01) correlated to handgrip strength. No correlation was obtained with
muscle mass in any of parameters related to reduced respiratory muscle strength. The most significant
associations within the blood biochemical parameters were observed for some protein and lipid
biomarkers e.g., glutamate-oxaloacetate transaminase (GOT), urea, triglycerides and cholesterol.
Respiratory function muscle parameters, peak expiratory flow and maximal respiratory pressures
were correlated with reduced strength and functional impairment but not with lean mass content.
We identified for the first time a relationship between peak expiratory flow (PEF) values and GOT
and urea concentrations in blood which deserves future investigations in order to manage these
parameters as a possible biomarkers of reduced respiratory muscle strength.

Keywords: spirometry; urea; fatigue; respiratory system; skeletal muscles; lipids; transaminases

1. Introduction

Sarcopenia is a geriatric syndrome that according to the European Working Group on Sarcopenia
in Older People (EWGSOP) guidelines, is defined as a progressive and generalized loss of skeletal
muscle mass and strength, with a risk of adverse outcomes, such as functional capacity impairment,
dependence, falls and fractures, negative impact on quality of life, hospitalization and death [1].
In older individuals, sarcopenia has a widespread effect on all skeletal muscles throughout the body,
but the features of sarcopenia in the respiratory muscles and its relationship with established sarcopenia
parameters such as reduced lean mass, poor muscular strength and functional impairment [1,2] have
been less widely investigated in older individuals [3,4], and no studies have been performed in nursing
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home residents, a significant population in western societies with a huge burden of comorbidities,
including sarcopenia [5–8]. Besides the loss of muscular mass and strength, aging leads to proteolysis
of elastic fiber and an increase in collagen in the pulmonary parenchyma, which coupled with an
increase in the rigidity of the chest wall generates a mechanical disadvantage, and weakness of the
respiratory muscles over time [9,10]. These changes results in a diminished respiratory muscle strength
(RMS), referred to as sarcopenia of the respiratory muscle or reduced respiratory muscle strength as
just it is analysed by quantifying the decline in respiratory function [3]. Respiratory muscles are also
responsible of producing a proper pressure difference between inspiration and expiration to generate
a correct airway flow rate, which guarantees a good respiratory function [11]. Other respiratory
parameters, such as vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in 1 s
(FEV1), and peak expiratory flow rate (PEF) are also affected as a result of changes in elastic recoil and
thorax compliance associated with aging [3,11,12]. RMS is therefore related to FEV1, FVC, and PEF.
Even in patients without airway obstruction, these functions may decline due to age-induced weakness
of the respiratory muscles. PEF measurements were recommended over RMS measurements for the
assessment of respiratory function in the EWGSOP consensus report published in 2010 [2]. However,
the EWGSOP report also indicated that PEF measurements should be used in association with other
assessments, because there is a limited evidence about the relationship between PEF and skeletal
muscle mass/sarcopenia in older adults. A previous study revealed that PEF is a significant predictor
of mortality in older adults [13,14]. Further studies have demonstrated that sarcopenia is related to
an increased incidence of pulmonary complications after surgery [15–17] and aspiration pneumonia
mortality [18]. Izawa et al. [19] evaluated the relationship between maximal inspiratory pressure (MIP)
and physical function as a measure of sarcopenia in older patients with heart disease, and found that
sarcopenic patients presented lower values of MIP which also correlated with reduced skeletal muscle
mass index, gait speed and hand grip strength. There is a lack of studies demonstrating the association
between respiratory muscle weakness and sarcopenia parameters (reduced lean mass and muscular
strength and low physical performance) in older institutionalized individuals. Moreover, no studies
about the relationship of respiratory muscle function and blood analytical parameters in sarcopenic
individuals have been performed. The objectives in this study were therefore to compare respiratory
muscle function with lean mass content, handgrip strength and functional impairment (walking speed)
in order to assess whether there is an association between respiratory muscle parameters such as
the maximum respiratory pressures and peak expiratory flow and parameters of skeletal muscular
function. Since skeletal sarcopenia have been associated to malnutrition and undernutrition, which in
turn is accompanied by several alterations detectable in blood regarding both blood cell counts and
biochemical metabolic markers [20–23] we also evaluated the associations between the parameters
related to respiratory muscle strength and skeletal sarcopenia with blood cell counts and biochemical
parameters related to protein, lipid, glucose and indirectly with energy production (glucose, creatinine,
transaminases, and ions concentrations).

2. Materials and Methods

2.1. Design and Study Population

A cross-sectional study was conducted in individuals institutionalized in nursing homes and
long-stay centers for the older individuals in the province of Valencia, Spain (GeroResidencias La Saleta,
Valencia). We selected nursing home residents of both genders. Participants were excluded if they were
unable to understand the content of questionnaires (moderate-severe cognitive impairment), had a
poorly controlled major psychiatric disease (schizophrenia, bipolar disorders, etc.), acute infections,
or a known cancer condition. According to the requirements of the Declaration of Helsinki, written
consent was obtained from all of the selected subjects before beginning the study, after informing
them about the procedures involved and the purpose of the research. The entire study protocol was
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approved by the local ethical committee at the University of Valencia (H1524420647893, approved
5 July 2018).

2.2. Sociodemographic and Clinical Variables

Socio-demographic variables and medical conditions were recorded, including the number of
medications taken, the type and number of any comorbidities using the Charlson index, and several
hematological and biochemical parameters. The Charlson index was used to assess comorbidity (with a
Cronbach’s Alpha of 0.78) [24]. This index assesses 16 diseases that are explicitly defined and scored
by a continuous variable from 0 to 31. With this index, the 10-year survival prediction is estimated for
patients with comorbidity [25].

2.3. Measurement of Respiratory Muscle Function

The assessment of respiratory function was carried out through two different tests, the assessment
of lung volumes and flows by performing a forced spirometry, and the assessment of the maximum
respiratory pressures that the respiratory muscles are capable of generating at mouth level as a result
of maximum effort.

The spirometric assessment followed the standardized recommendations of the European
Respiratory Society [26]. The patient was placed in a seated position, with his back supported
by the backrest and with nasal clamps to avoid air leakage. The maneuver was explained in detail to
the patient to minimize errors, requesting an initial maximum inspiration to reach total lung capacity,
which allows the subsequent performance of a forced maximum expiration for at least 6 s, until the
limit of expiration is reached. At least three manoeuvres are performed, with a rest of 1 min between
each one, and the highest value of the three repetitions is recorded.

By carrying out this test, the following volumes and forced pulmonary capacities in absolute and
relative values were obtained: forced vital capacity (FVC), forced expiratory volume in the first second
(FEV1), FEV1/FVC, forced expiratory volume in smaller than 1mm diameter tracks (FEV2575) and peak
expiratory flow (PEF). At least three repetitions of the maneuver were performed (with a maximum of
8 repetitions) to achieve the correct execution of the test, discarding those spirometric maneuvers with
artifacts in their performance or variations of more than 0.150 L between the highest FEV1 and/or FVC
values, as recommended by the ATS/ERS [26].

For the assessment of respiratory muscle strength, maximum static respiratory pressures in the
mouth, inspiratory (MIP) and expiratory (MEP) were measured. These parameters allow us to know
in a simple way the global force that the respiratory muscles are capable of exerting. The tests require
the collaboration of the patient to perform a maximum isometric effort. The standardized regulations
for this test were followed [27,28]. To evaluate the MIP, the patient was instructed to start from the
residual volume and for the MEP to start from the total lung capacity, so that the maximum value
of the three maneuvers could be collected, with a variation of less than 10% between them and a
1-min pause between each of the repetitions. This excluded those attempts where there was more than
10% variation between them, as recommended by Laveneziana, et al. [28].The proposed cut-off points
for PEF and maximum respiratory pressures (MIP and MEP) were used to establish the existence of
respiratory sarcopenia. The cut-off point for PEF was set at 4.40 L/s for men and 3.21 L/s for women [22].
The cut-off point for MIP was set at less than or equal to 55 H2O cm for men and less than or equal
to 45 H2O cm for women, while for MEP it was set at less than or equal to 60 H2O cm for men and
less than or equal to 50 H2O cm for women [4]. Before the test was conducted, the steps for correctly
performing the test were carefully explained to the participants. Once explained, a test of all the
steps to be followed was carried out, without demanding maximum effort from the participants to
avoid accumulated fatigue. Afterwards, the tests were carried out in accordance with international
standards [28].

The older institutionalized population has a high prevalence of cognitive impairment, which could
make this type of testing difficult. However, we excluded patients with moderate and severe cognitive
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impairment, so that the collaboration of patients included was adequate to perform these tests.
In addition, an adaptation procedure was carried out on the study subjects before the definitive test,
excluding from the sample those subjects who presented poor coordination and, therefore, difficulty
in carrying out the test at the discretion of the evaluator. In all the centres, assessments were made
in the morning between 8 and 11 am and in the same period of time. To avoid inter-observer errors,
all measurements were taken by the same trained investigator.

In addition, to analyze reliability, we assessed the stability of the measure obtaining values of
intraclass correlation coefficient (ICC; one-way, mixed-effects model) between PEF values in the three
centers of 0.71, what was indicative of moderate to good reliability.

2.4. Measurement of Sarcopenia

Muscle skeletal sarcopenia was assessed by indirect measures of muscle function and muscle
mass, such as handgrip strength assessed by hand-dynamometry, walking speed and bioimpedance
respectively. Hand-dynamometer was assessed in the dominant hand by means of a JAMAR
dynamometer (Lafayette Instrument Company, Lafayette, IN, USA) as previously described [29].
The subject was placed in a standard position: in a sitting position, with the shoulder at 0◦ of flexion,
the elbow attached to the body at 90◦ of flexion and the forearm in a neutral position. After the subject
is positioned appropriately, the examiner asks the patient to squeeze as hard as possible for 3 s and
then relax. Three attempts were made, with 1 min rest in between. The mean value obtained was
recorded. The cut-offs for handgrip strength were ≤30 kg/m2 for men and ≤20 kg/m2 for women [2].
The walking speed was assessed using the 4-m walking test [30]. The patient was asked to walk at
usual pace and from a standing start and using their usual walking aid. The time required to cover
this distance was recorded and, based on this, the walking speed in m/s was calculated. The cut-off
for low walking speed was ≤0.8 m/s walking through 4 m [2]. The body composition was assessed
by bioelectrical impedance analysis (BIA) with a BF-300 device (Tanita, Tokyo, Japan) as previously
described [31,32]. The BIA measure was performed with a standard technique using a single frequency
of 50 KHz and 550 mA, and the placement of four electrodes in a distal position (four electrodes at feet)
while participant was in a standing position. BIA measurements were carried out in the early morning
following the next considerations: (1) No physical exercise in the previous hours; (2) 2–3 h of fasting,
including drinking plenty of water or alcohol; (3) urination 30 min before the test; (4) no metal parts at
the time of the test. The values of reactance and resistance were then recorded once the patient was
stabilized. The repeatability and accuracy of the resistance and reactance measurements enabled the
smallest changes to be recorded to a resolution of 0.1 Ω. Muscle mass was calculated using the formula
of Janssen et al. [31]: muscle mass (kg) = [(height2/R × 0.401) + (3.825 × sex) + (−0.701 × age) + 5.102]
where height is expressed in cm, R in Ω, age in years and female sex has a value of zero and males a
value of one. The muscle mass index (MMI) is defined as the muscle mass a person has, corrected by
body surface area (muscle mass/height2). The bioimpedance test was performed early in the morning
while the patient is at rest, after overnight fasting (food and drink) and removing all metal elements.
The cut-off for the loss of muscle mass assessed by bioimpedance of the whole body were ≤5.5 kg/m2

for women and ≤7.25 kg/m2) for men [2]. These muscle mass values are adjusted with the cut-off
values for the Spanish population being 8.31 kg/m2 for men and 6.68 kg/m2 for women [33]. In order
to minimize the influence of physical performance across the time of the day, all measurements were
always conducted between 8–11 a.m.

2.5. Haemogram and Analytical Parameters

To obtain the analytical determinations, the usual blood controls carried out in residential centers
were used. Thus, blood samples were collected from each subject at approximately 8 am (after 8–10 h
fasting). 10 mL of blood plasma was collected into Vacutainer tubes (BD, Franklin Lakes, NJ, USA)
containing EDTA.

188



J. Clin. Med. 2020, 9, 2727

Clinical laboratories belonging to local public health centers were used to analyze the different
hematological parameters (white blood cells, hemoglobin, erythrocytes, and platelets) and biochemical
parameters (glucose, urea, urate, cholesterol, triglycerides, creatinine, glutamic oxaloacetic transaminase
[GOT], and serum glutamic pyruvic transaminase [GPT], sodium ions [Na+], potassium ions [K+],
and Calcium [Ca++]). Within public health centers, the variation range of metabolites in plasma sample
varies between 0.4–1.1% dependent on the metabolite.

2.6. Statistical Analysis

Quantitative variables were analysed using descriptive statistics, specifically central tendency
measures (means), standard error of the mean (SEM), 95% confidence interval and ranges. Frequencies
and percentages were used to describe the qualitative variables. The normal distribution of the
variables, in order to determine whether to carry out parametric or non-parametric tests, was analysed
using the Shapiro-Wilk test. Outliers were identified on the boxplot drawn in SPSS program which uses
a step of 1.5 × IQR (Interquartile range). No outliers were identified and all data were included in the
statistical analysis. Differences in quantitative variables between the two groups were analyzed with the
two-tailed tests e.g., parametric Student t-test or the nonparametric Mann-Whitney U-test. To analyze
the correlation between quantitative variables, the parametric Pearson test or the non-parametric
Spearman’s test was used depending on their distribution. Statistical significance was considered at
p < 0.05. SPSS version 25.0 statistical package (SPSS Inc., Chicago, IL, USA) was used to perform the
statistical analyses.

3. Results

3.1. Sociodemographic and Clinical Parameters of the Study Sample

A total of 58 subjects (67.2% female) living in three nursing care centers located in the province of
Valencia (Spain) were enrolled in the study (Table 1). All the participants were Caucasian. Their age
ranged from 55 to 93 years, and the mean age was 78.6 ± 8.9 years. 63.8% of the subjects were
independent in their walking ability (they did not require external aids such as a cane or walker).
Smokers were 15.5% (n = 9) of the sample. A percentage of 21.1% (n = 12) in the study sample
used bronchodilators as a usual treatment. Among individuals using bronchodilators, n = 6 used
bronchodilator therapy containing glucocorticoids. Regarding the use of common medications affecting
the muscular system, none of the individuals received oral glucocorticoid treatment, 37.9% (n = 22)
used statins to lower cholesterol levels and 5.2% (n = 3) used muscle relaxant drugs. Mean body mass
index was 28.8 ± 5.8 (Range 18.7–50.2). The Charlson comorbidity index score adjusted for age was
5.4 ± 1.9 (Range 1.0–11.0). The occurrence of the most common comorbidities are indicated in Table 1.

Respiratory function assessment showed an absence of respiratory failure related to oxyhemoglobin
saturation, with 95.9 ± 1.9% (range 91.0–99.0). Respiratory functional exploration showed spirometric
values within normal ranges for a population of these characteristics (FVC at 84.0 ± 23.6% (Range
23.0–149.0) and FEV1 at 83.3± 28.3% (Range 20.0–160.0)), except for a small reduction in the permeability
of the smaller diameter airway, with an FEV2575 at 54.5 ± 25.7% (Range 12.0–149.0). Respiratory
muscle strength was diminished, at both inspiratory (36.5 ± 17.4 H2O cm) and expiratory (58.9 ± 23.7
H2O cm) levels. The maximal respiratory pressures (MIP and MEP) and spirometric parameter values
(FVC, FEV1, FEV1/FVC, FEV2575 and PEF) are shown in Table 2.

A positive correlation was found between oxyhemoglobin saturation and FVC (r = 0.287 p = 0.034,
Pearson test) and oxyhemoglobin saturation and FEV1 (r= 0.269 p= 0.047, Pearson test). No correlations
were found between heart rate and any other respiratory parameters.
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Table 1. Characteristics of the study sample.

Clinical and Demographic Characteristics of Participants Mean Value ± SD (Range) or Percentage

Age (years) 78.6 ± 8.9 (55–93)

Sex Male 32.8%Female 67.2%

IBM (kg/m2) 28.9 ± 6.1 (18.7–50.2)

Smokers 15.5%

Use of bronchodilators as a usual treatment 21.1%

Walking ability Independent 63.8%Can 3.4%Walker 32.8%

Comorbidities (Charlson index) 5.4 ± 1.9 (1–11)

Diabetes 31.0%

Chronic obstructive pulmonary disease 17.2%

Hypertension 32.8%

Hypercholesterolemia 37.9%

Congestive heart failure 10.3%

Renal failure 12.1%

Osteoporosis 20.7%

Depression 19.0%

Table 2. Respiratory function parameters.

Respiratory Parameters Mean Value (± SD) Range

SatO2 (%) 95.9 ± 1.9 91.0–99.0
Heart rate (bpm) 77.1 ± 14.2 49.0–114.0

FVC (L/s) 1.8 ± 0.7 0.3–4.4
FEV1(L/s) 1.3 ± 0.5 0.3–2.9

FEV1/FVC (%) 76.5 ± 12.1 45.9–100.0
FEV25-75 (L/s) 1.2 ± 0.5 0.3–3.1

PEF (L/s) 2.8 ± 1.2 0.7–5.7
MIP (H2O cm) 36.5 ± 17.4 7.0–77.0
MEP (H2O cm) 58.9 ± 23.7 10.0–99.0

A positive correlation can be found between the various parameters that describe the spirometric
function by analyzing the correlation between the different parameters of respiratory function.
There was a significant correlation between FVC percentage values and FEV1 percentage values
(r = 0.894, p < 0.001, Pearson test), FEV2575 percentage values (r = 0.473, p < 0.001, Pearson test)
and PEF (r = 0.281 p = 0.033, Pearson test). Significant correlations were also found between FEV1
percentage values and FEV2575 percentage values (r = 0.689, p < 0.001, Pearson test). There was a
correlation between PEF and maximum respiratory pressures, with both MIP (r = 0.419, p < 0.001,
Pearson test) and with MEP (r = 0.575, p < 0.001, Pearson test), and the maximum respiratory pressures
between them (r = 0.559, p < 0.001, Pearson test).

Based on the PEF cut-off points established by Kera et al., (22), the prevalence of respiratory
sarcopenia in the sample studied was 70.7%. On the other hand, if the values of MIP and MEP
established by Ohara et al., (4) are taken as the benchmark, the prevalence of respiratory sarcopenia
was 80.7% and 37.9%, respectively.

3.2. Evaluation of Skeletal Muscle Mass and Function

According to the EWGSOP guidelines, 17.6% of the subjects were classified as sarcopenic,
with 17.6% meeting the criteria of reduced lean mass, 65.4% meeting the criteria of low physical
performance and 84.5% meeting the criteria of reduced muscle strength. The mean values of each
criterion were skeletal muscle-mass index of 9.21 ± 2.793 kg/m2, walking speed of 0.66 ± 0.331 m/s
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and handgrip strength of 17.90 ± 8.506 kg. The data from the anthropometric characteristics of all the
participants in this study are summarized in Table 3.

Table 3. Anthropometric analysis and sarcopenia parameters.

Anthropometric Analysis Mean Value (± SD) Range
% of Individuals Fulfilling the

EWGSOP Criterion for Sarcopenia

Muscle mass (Janssen) 22.8 ± 8.2 13.2–49.5 Reduced lean mass: 17.6%

Skeletal muscle mass index (Janssen) 9.2 ± 2.8 5.5–20.1 Reduced lean mass: 17.6%

Hand grip in dominant hand (Kg) 17.9 ± 8.5 6.5–42.0 Muscle strength (dominant hand): 84.5%

Hand grip in non-dominant hand (Kg) 16.5 ± 7.6 3.3–36.7 Muscle strength (non-dominant hand): 84.5%

Walking speed (m/s) 0.6 ± 0.3 0.1–1.5 Physical performance: 65.4%

3.3. Evaluation of the Relationship between Muscle Skeleñata Parameters (Mass and Function) and Muscle
Respiratory Function

There was a significant and positive correlation between physical performance and PEF absolute
values (r = 0.563, p < 0.001, Spearman’s test), PEF percentage values (r = 0.440, p = 0.001, Pearson test)
and MIP values (r = 0.354, p = 0.011, Spearman’s test). No correlation between physical performance
and MEP was found (r = 0.268, p = 0.268, Spearman’s test). No significant correlation was found
between the other parameters of respiratory function and physical performance (p > 0.05 in all cases).

There was a significant and positive correlation between handgrip strength and MIP values
(r = 0.599, p < 0.001, Spearman’s test), MEP values (r = 0.465, p < 0.001, Spearman’s test) and PEF
absolute values (r = 0.375, p = 0.004, Spearman’s test). There was also a significant but negative
correlation between handgrip strength and FEV1 percentage values (r = −0.307, p = 0.019, Spearman’s
test). No significant correlation was found between other parameters of respiratory function and
handgrip strength (p > 0.05 in all cases) (Figure 1).

 

−

  
Figure 1. Representation of the significant correlations between skeletal and respiratory muscle
sarcopenia parameters. Significant correlations between gait speed and PEF (A) or MIP (B) and between
handgrip strength and PEF (C) or MIP (D).
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No significant correlations were found between skeletal muscle mass index and respiratory
function parameters, in relation to either PEF absolute values (r = 0.252, p = 0.074, Spearman’s test),
or MIP (r = 0.143, p = 0.322, Spearman’s test), or MEP (r = 0.225, p = 0.112, Spearman’s test).

We categorized patients based on cut-off scores for skeletal sarcopenia (see Methods section) and
we evaluated whether there were any differences in the respiratory parameters and respiratory muscle
parameters (Figure 2).

 

−

 

  

−

Figure 2. Mean difference of respiratory parameters ((A): FEV1; (B): PEF; (C): MIP; (D): MEP) according
to the presence or not of the three cut-off values for sarcopenia parameters * p < 0.05; ** p < 0.001.

As for physical performance, differences were observed in both PEF (NS = 3.78 vs. S = 2.49,
MeanDiff = 1.29 [95%CI: 0.67–1.91], p < 0.001) and PEF% (NS = 64.11 vs. S = 47.21, MeanDiff = 16.90
[95%CI: 6.59–27.22], p = 0.002).

For the handgrip strength, different maximal respiratory pressures were observed in both groups,
MIP (NS = 54.89 vs. S = 33.06, MeanDiff = 21.83 [95%CI: 10.48–33.18], p < 0.001) and MEP (NS = 73.22
vs. S = 56.69, MeanDiff = 16.92 [95%CI: 0.13–37.70], p = 0.048). When analyzing the PEF we observed
no statistically significant differences, although a trend was observed in them (NS = 3.57 vs. S = 2.74,
MeanDiff = 0.86 [95%CI: −0.006–1.72], p = 0.052)

No significant differences for lean mass content were observed for any of the comparisons (p > 0.05)
(Figure 2).

We also categorized patients based on respiratory muscle sarcopenia according to Kera et al.
(22) and Ohara et al. (4) (see methods), and we evaluated whether there were any differences in the
somatic sarcopenia parameters, such as skeletal muscle mass index, handgrip strength and gait speed
(Figure 3).

For MIP, differences were observed in both gait speed (NS = 0.89 vs. S = 0.59, MeanDiff = 0.30
[95%CI: 0.51–0.85], p = 0.007) and handgrip strength (NS = 27.35 vs. S = 15.64, MeanDiff = 11.71 [95%CI:
4.75–18.66], p = 0.003). No differences were found for skeletal muscle mass index (p = 0.844).

As regards MEP, a different maximal handgrip strength were observed in both groups, (NS = 20.31
vs. S = 13.96, MeanDiff = 6.35 [95%CI: 2.59–10.11], p = 0.001). No statistically significant differences
were found in gait speed or skeletal muscle mass index (p = 0.156 and p = 0.214, respectively).

For PEF, differences were observed in gait speed (NS = 0.82 vs. S = 0.58, MeanDiff = 0.24 [95%CI:
0.32–0.45], p = 0.025), but not in handgrip strength (NS = 17.90 vs. S = 17.90, MeanDiff = 0.01 [95%CI:
−4.99–4.98], p = 0.997) (Figure 3).
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Figure 3. Mean difference of muscle mass (A), Handgrip strength (B) and gait speed (C) according to
the presence of each respiratory muscle sarcopenia criteria. * p < 0.05; ** p < 0.001.

3.4. Evaluation of the Relationship between Sarcopenia Parameters and Blood Analytical Markers

No significant associations were found when analyzing the possible correlations between the
parameters of the hemogram (white blood cells, hemoglobin, erythrocytes, and platelets) and the
parameters of respiratory sarcopenia and somatic sarcopenia (p > 0.05 in all cases).

The relationship between respiratory sarcopenia parameters and biochemical parameters (glucose,
urea, urate, cholesterol, triglycerides, creatinine, glutamic oxaloacetic transaminase [GOT], and serum
glutamic pyruvic transaminase [GPT], sodium ions [Na+], potassium ions [K+], Calcium [Ca++]) was
subsequently studied. There was a significant and positive correlation between PEF values and GOT
(r = 0.387, p = 0.004, Spearman’s test) and a significant and negative correlation between PEF values
and urea (r = −0.366, p = 0.007, Pearson test) (Figure 4). No significant correlation was found between
other parameters of biochemical markers and respiratory sarcopenia parameters values (p > 0.05 in all
cases, Pearson’s and Spearman’s correlation test).

We also categorized patients based on criteria of respiratory sarcopenia according to Kera et al.
(22) and Ohara et al. (4) (see methods) and we evaluated whether there were any differences on blood
analytical markers.

Significant differences were found in urea values for the presence of sarcopenia estimated by PEF
(NS = 32.58 vs. S = 46.70, MeanDiff = 14.12 [95%CI: −23.59–4.64], p = 0.005) but not in GOT values (NS
= 18.50 vs. S = 14.97, MeanDiff = 3.53 [95%CI: −1.18–8.23], p = 0.132).
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Figure 4. Correlation between PEF and urea (A) and GOT (B) concentration.

Studying the possible correlations between somatic sarcopenia values and biochemical parameters
showed a significant and positive correlation between handgrip strength and urate concentration
(r = 0.279, p = 0.041, Spearman’s test) and between gait speed and GOT (r = 0.390, p = 0.006, Spearman’s
test). There was also a significant and negative correlation between skeletal muscle mass index and total
cholesterol (r = −0.405, p = 0.004, Spearman’s test) and triglycerides (r = −0.357, p = 0.017, Spearman’s
test), and between urea and gait speed (r = −0.36, p = 0.012, Spearman’s test). No significant correlation
was found between other parameters of biochemical markers and muscle mass and function values
(p > 0.05 in all cases, Spearman’s correlation test) (Figure 5).
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Figure 5. Correlation between skeletal muscle sarcopenia parameters and urea (A), GOT (B) and lipids
((C): total cholesterol; (D): triglycerides) concentration in blood.

We also categorized the patients based on the cut-off scores of the three parameters studied for
the evaluation of sarcopenia (see Methods section) and evaluated if there were any differences in blood
analytical markers.
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For the gait speed, there were statistically significant differences in urea values (NS = 34.72 vs.
S = 45.82, MeanDiff = 11.10 [95%CI: −20.44–1.76], p = 0.042) but not in GOT values (NS = 17.0 vs.
S = 16.42, MeanDiff = 0.58 [95%CI: −2.31–3.48], p = 0.685).

For the presence of sarcopenia according to lean mass content, there were statistically significant
differences in total cholesterol values (NS= 162.29 vs. S= 199.13, MeanDiff= 36.83 [95%CI:−71.58—2.08],
p = 0.04) but not in tryglicerides (NS = 135.92 vs. S = 180.75, MeanDiff = 44.83 [95%CI: −99.94–10.27],
p = 0.101)

As for handgrip strength, no differences were observed in urate values between groups (NS = 4.74
vs. S = 4.79, MeanDiff = 0.05 [95%CI: −0.94–0.85], p = 0.807).

4. Discussion

This study, which analyzes sarcopenia parameters in older people living in nursing homes, shows
the direct relationship between respiratory muscle function and skeletal muscle function, especially
with regard to the muscular strength and walking speed, and we report on the correlation between
sarcopenia parameters and several biochemical markers obtained in routine blood analysis. This is the
first study, to our knowledge, that considers the relationship between respiratory muscle strength and
blood biochemical markers, finding a relationship between peak expiratory flow (PEF) values and
glutamate-oxaloacetate transaminase (GOT) and urea concentration. We also observed associations
between musculoskeletal parameters of sarcopenia with some blood markers, e.g., muscle mass and
total cholesterol and triglyceride values, walking speed and urea and GOT values and handgrip
strength and urate values. We discuss these new findings below.

The prevalence of sarcopenia in the sample of nursing home residents, following the EWGSOP
criteria [2] and adjusting the skeletal muscle mass index to the Spanish population according to
the cut-off points proposed by Masanés and coworkers [33], was 17.6%. These data are lower than
those previously proposed for the Spanish institutionalized population [8], 41.4% applying the same
assessment criteria, but are consistent with those described in a literature review that includes studies in
several countries of patients residing in long-term care homes [6], like the population of our study. It is
possible that the exclusion of patients who were not able to understand the content of the questionnaires
influences the prevalence of the sample in the present study, since the presence of cognitive impairment
increases the rates of sarcopenia [34].

The relationship between respiratory function parameters and somatic sarcopenia in
community-dwelling older people has been studied in recent years, given the objectivity of these
parameters and the ease and speed of assessment, but no studies in nursing home residents displaying
higher levels of functional impairment and comorbidity burdens have been reported. Three parameters
of respiratory function that have been established in the literature as determinants of respiratory
sarcopenia, PEF [35] and maximum inspiratory (MIP) and expiratory (MEP) respiratory pressures [4].

Prevalence scores of respiratory sarcopenia according to PEF values were 70.7%, while maximum
respiratory pressures were 80.7% according for MIP and 37.9% for MEP. The highest prevalence values
of respiratory sarcopenia were obtained for both MIP and PEF, as in the study by Bahat et al. [36].
This may be due to the fact that loss of respiratory muscle strength occurs first in the inspiratory
muscles, and is related to deterioration of type IIx and/or IIb muscle fibers of the diaphragm [3]. Loss of
inspiratory muscle strength (MIP) leads to a reduced volume of inspired air prior to glottal closure and
contraction of the expiratory muscle, preventing effective maximal expiration (PEF) [37,38]. In addition,
it implies an inability to fully inflate the lungs, which is necessary to achieve the optimization of
the length-tension relationship of the expiratory muscles, stimulate lung surfactant production and
distribution, and open the collapsed peripheral airways that often accompany the hypoventilation
processes associated with age and the aging process [39–41].

Furthermore, the greater relevance of the inspiratory muscles in the deterioration of the peripheral
muscles was also justified by the decline in handgrip strength (84.5% of the sample studied) and the
decline in walking speed (65.4% of the sample studied), as established in previous studies [4,19].
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PEF was considered the most relevant parameter for establishing respiratory sarcopenia by
Kera et al. [35,42] due to the involvement of the respiratory muscles in its execution and the minimal
impact of the deterioration of the airway on its values, since it is measured at the beginning of forced
expiration, and is not affected by the modifications in elastic recoil and thorax compliance associated
with age [43]. The authors highlighted their preference for this test over respiratory muscle strength
because of the lesser effort required and to avoid maneuvers that involve an increase in intracranial
pressure, with the risks that this entails [35].

The results of this study confirm the results obtained by Kera et al. [42] in community-dwelling
older people, but obtain higher values of correlation than Kera in the criterion of strength (handgrip
strength) (r = 0.375 vs. r = 0.283) and in the criterion of functional performance (gait speed) (r = 0.563
vs. r = 0.167). No correlation was obtained in this study with the index of musculoskeletal mass,
with muscle function more relevant than the amount of existing lean muscle mass in sarcopenic
older individuals. In turn, Kera et al. [35] obtained differences between patients categorized as
respiratory sarcopenic for the three determining variables of somatic sarcopenia, which were always
higher in non-sarcopenic patients, while these differences were only obtained for gait speed in this
study, possibly due to the high rates of sedentarism among nursing home residents and their more
limited independence in their basic activities of daily life. In our study, no associations were found
between respiratory muscle function and lean mass content and it could be explained in part by the
obesity paradox [44]. The body mass index in the study sample widely varies among the participants
enrolled in the study (range 18.7–50.2) and one third of patients have overweight and obesity grade I.
This paradoxical benefit of a medically unfavorable phenotype is particularly strong in the overweight
and class I obesity, and less pronounced in the more severe or morbidly obese populations (class II–III
and greater). Rather than an obesity paradox, it is possible that this phenomenon may represent a
“lean paradox”, in which individuals classified as normal weight or underweight may have a reduced
lean mass, as a result of a progressive catabolic state and lean mass loss [45–47] whereas overweight
and obese patients maintain an adequate lean mass content compared to under and normo-weight
individuals [44,48]. Likely, the reduced respiratory muscle strength in overweight and obese individuals
could be explained by other pathophysiological factors related to excessive fat accumulation in the
thoracic-abdominal region which limits the chest wall expansion and diaphragm contraction, lengthens
abdominal muscles, reduces the upper airway calibre, modifies airway configuration, and increases in
intra-abdominal pressure and these effects may reduce respiratory muscle function independently on
lean mass content [49–51]. Alternatively the reduced muscular function in obese individuals may be
also related to chronic low-grade inflammation characterized by the predominance of interleukin-1β,
interleukin-6, and tumor necrosis factor-α (TNF-α) observed in obese patients [52]. Further studies
with larger sample should evaluate in details the comparison the effects of underweight, obesity with
or without sarcopenia on respiratory muscle strengths in order to shed new lights on these apparent
discrepancies between muscular strength and lean mass content.

Other reports suggested that valuable markers of reduced respiratory muscle strength are the
values related to the maximum respiratory pressures (MIP and MEP), because these parameters are a
more direct measurement of the maximum strength of respiratory muscles [4,19,36,53]. In our study,
MIP correlated with both walking speed and handgrip strength (r = 0.599 and r = 0.354, respectively),
while MEP correlated with handgrip strength (r = 0.465). This parameter, which is slightly more
difficult to evaluate than the PEF due to its assessment procedure, is directly related to the loss of
strength in the peripheral muscles, as seen in previous studies not only of older people living in the
community [19,53] and in nursing homes [4], but also in healthy [54] and hospitalized young adults [55].
On the other hand, no relationship could be found between skeletal muscle mass index and maximum
respiratory pressures, like those reported in previous studies of healthy older patients [53] and older
patients with cardiovascular diseases [19].

These parameters of maximum respiratory strength appear to be good indicators of reduced
respiratory muscle strength in older institutionalized individuals, since patients who presented
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sarcopenia according to these cut-off values presented significantly lower values of gait speed and
handgrip strength that were as good as those recently shown by community dwelling older adults [4].

We demonstrated that parameters related to reduced respiratory muscle strength, e.g., PEF values,
are significantly associated with urea and GOT concentrations in blood, which have not been previously
reported for the respiratory muscle function. GOT, also known as aspartate aminotransferase, is a
mitochondrial and cytoplasmic enzyme, with an important role in cell energy production [56].
Alterations in GOT levels in blood are considered well-known markers of hepatic, myocardial and
skeletal muscle cytolysis, while GPT also known as alanine aminotransferase, is mainly a hepatic
cytoplasmic enzyme [57–59]. In our study, the lack of a significant association between PEF and GPT
levels in blood suggests that the association between PEF and GOT levels is related to myocardial or
skeletal muscle metabolism. High serum GOT with normal serum GPT is highly prevalent among
community dwelling older individuals who are underweight, and might reflect skeletal muscle
pathology [60]. Furthermore, high levels of GOT in serum are present in obese subjects, regardless of
age, which may be associated with sarcopenic obesity, reduced muscle mass and overweight, in some
of the subjects studied [61,62]. However, the processes involved in regulating blood GOT levels in both
underweight and obese subjects remain unknown, but they seem to be related to low muscle mass and
function, and in this respect we found a new association with PEF values. The role of cardiac diseases
cannot be ruled out, since 30% of the sample presents a comorbidity of this type. However, due to the
limited size of the sample of nursing home residents with preserved cognitive function necessary to
perform spirometry analysis, it was impossible to study selective pathologies.

However, confirming the association between GOT levels and muscular metabolism and function,
GOT levels were also found to be significantly associated with gait speed and almost significantly
with grip strength (p = 0.05). PEF values were also inversely and significantly associated with urea
concentration in blood. Elevated serum urea, a breakdown product of protein, is generally considered
a marker of muscle wasting in several conditions [63,64]. Another possible explanation for increased
urea levels could be an alteration in kidney function, but the creatinine levels in our study were not
significantly associated with any of the sarcopenia parameters and the correlation between urea levels
and PEF therefore suggested effects based on muscle metabolism. A recent study with a machine
learning approach found that urea concentration is one of risk factors for the development of predictive
models for patients with sarcopenia [65], and we also reported an association between urea levels
and gait speed. In relation to the positive correlation between uric acid levels and muscle strength
reported in our study, this finding replicates the association reported in community dwelling-older
individuals in the “InCHIANTI” study [66], which observed that higher urate levels were significantly
associated with higher measures of muscle strength, and concluded that high urate levels could create a
protective reaction that would counteract the excessive production of free radicals that damage muscle
proteins and reduce muscle strength. Likewise, Can et al. [67], focusing on markers of inflammation
and oxidative stress, analyzed a sample of 72 geriatric patients confirmed that patients with sarcopenia
had significantly lower levels of uric acid than non-sarcopenic patients. Moreover, high serum urate
levels are a good positive predictor of grip strength in nonagenarian older individuals, and may
delay the progression of sarcopenia [68]. The skeletal muscle criterion of lean mass content was
the only criterion that was significantly (and inversely) correlated with blood lipid (cholesterol and
triglycerides) concentration. The aging process stimulates the appearance of fat infiltration in muscle
tissue, and obesity enhances fat deposits at visceral level, in the liver, heart, pancreas and skeletal
muscle, which generates a negative effect on sarcopenia. These lipids cause a pro-inflammatory
effect that secretes paracrine and cytokine hormones, promoting a feedforward cycle by producing
intramyocellular lipids. This toxicity generated by fats hinders the contraction of muscle fibers and the
synthesis of muscle proteins, favoring the development of sarcopenia [69,70].

A study by the South Korean KNHANES conducted an evaluation of sarcopenic obesity subjects
and showed a link to an increased risk of dyslipemia in these patients [71]. Mesinovic et al. [72] recently
determined the associations between metabolic syndrome and components of sarcopenia, including
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muscle mass and quality, absolute and relative strength, and physical performance, in 84 overweight
and obese older adults, and demonstrated that triglyceride levels had a negative association with leg
extension strength and lower-limb relative strength. Lu et al. [73] reported that serum triglycerides and
high-density lipoprotein cholesterol were independently associated with sarcopenic obesity. All the
biomarkers found to be significantly associated with sarcopenia indexes can be obtained in a routine
blood analysis, as they can be rapidly, inexpensively, and reproducibly assayed. Future longitudinal
investigations should test these biomarkers as a part of a valuable panel of metabolites to diagnose
sarcopenia and monitor the efficacy of clinical interventions in sarcopenic individuals. This is the
first study to demonstrate an independent relationship between respiratory muscle strength and
some aspects of body sarcopenia in institutionalized elderly people with high rates of comorbidities
and polypharmacy. The fact that respiratory sarcopenia is associated with muscle strength and gait
speed supports the beneficial effect of various exercises and rehabilitation interventions on breathing
muscles [74–76]. New randomized clinical trial should evaluate the effects of such interventions not
only for skeletal sarcopenia but also to improve respiratory muscle strength thus allowing a better
respiratory function which can influence many respiratory tract diseases since the impairment of
(inspiratory and expiratory) respiratory muscles is a common clinical finding, not only in patients with
neuromuscular disease but also in those with respiratory diseases affecting the lung parenchyma or
airways [77–79]. We provided further evidence for the use of suitable cut-off points for respiratory
muscle strength which can be tested in future researches prior its proposal as indicator of muscle
respiratory function in clinical settings. Loss of mass and function of the respiratory muscles could
be prevented by properly applying these exercises. More studies on sarcopenia and its effects on
respiratory muscle strength are needed to improve life expectancy and quality of life in the older
institutionalized individuals.
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Abstract: Aging is related to an inevitable loss of muscle mass and strength. The mechanisms
behind age-related loss of muscle tissue are not fully understood but may, among other things,
be induced by age-related differences in myogenic regulatory factors. Resistance exercise training and
deconditioning offers a model to investigate differences in myogenic regulatory factors that may be
important for age-related loss of muscle mass and strength. Nine elderly (82 ± 7 years old) and nine
young, healthy persons (22 ± 2 years old) participated in the study. Exercise consisted of six weeks of
resistance training of the quadriceps muscle followed by eight weeks of deconditioning. Muscle biopsy
samples before and after training and during the deconditioning period were analyzed for MyoD,
myogenin, insulin-like growth-factor I receptor, activin receptor IIB, smad2, porin, and citrate synthase.
Muscle strength improved with resistance training by 78% (95.0 ± 22.0 kg) in the elderly to a similar
extent as in the young participants (83.5%; 178.2 ± 44.2 kg) and returned to baseline in both groups
after eight weeks of deconditioning. No difference was seen in expression of muscle regulatory
factors between elderly and young in response to exercise training and deconditioning. In conclusion,
the capacity to gain muscle strength with resistance exercise training in elderly was not impaired,
highlighting this as a potent tool to combat age-related loss of muscle function, possibly due to
preserved regulation of myogenic factors in elderly compared with young muscle.

Keywords: resistance exercise training; muscle regulatory factors; sarcopenia; muscle strength;
deconditioning; skeletal muscle; elderly; hypertrophy

1. Introduction

Sarcopenia means loss of flesh. The term is used to describe the pathological age-related loss of
muscle mass, function, and strength that inevitable occurs in humans [1]. From the age of 50 to 85,
humans lose 50% of their muscle mass, which is mainly a result of loss of type II muscle fibers [2].
Age-related loss of muscle mass and strength is associated with increasing risk of falling and disability,
and thus impairment of basic daily activities.

It is well established that resistance exercise training can counteract the age-related changes in
contractile function, strength, hypertrophy, and morphology of aging skeletal muscle [3]. However,
whether the potential to adapt to resistance exercise training is completely preserved in skeletal
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muscles of elderly has been debated. [3]. Although 6–10 weeks of exercise training increased skeletal
muscle strength to a similar extent in young and elderly in some studies [4,5], others report greater
improvements in young individuals [6,7]. The rate of decline in muscle strength with age is 2–5 times
greater than declines in muscle size [8] and strength loss is highly associated with both mortality
and physical disability, even when adjusting for sarcopenia, indicating that muscle mass loss may be
secondary to the effects of strength loss [9]. It is thus of key interest to elucidate whether increased
muscle strength after a period of resistance exercise training occurs to a similar or blunted extent
in old compared to young muscle. Moreover, although an aged-associated loss of muscle mass or
strength [10,11] appears improved with resistance training in elderly individuals [12–16], several studies
find a blunted muscle hypertrophy response [17–19].

Mechanisms responsible for resistance exercise-induced muscle hypertrophy are numerous,
but some of the key factors include MyoD, myogenin, and insulin-like growth factor-I (IGF-I) [20–22].
The myogenic regulatory factors (MRF) are transcription factors that promote and regulate the
expression of muscle-specific genes, which are essential to the hypertrophic and regenerative response
following resistance exercise [23–26]. As MyoD is highly involved in muscle adaptation to resistance
exercise, this has been a key factor in studies investigating potential differences in age-related muscle
loss [27–29]. Differences in MRFs between young and elderly could be crucial mechanisms behind
differences in muscle mass and strength [22,23,30] and in the response to resistance training and
deconditioning. Previous studies found elevated levels of MyoD, myogenin, and IGF-I-R mRNA
in elderly both at rest [17,31–34] and in response to one bout of resistance exercise [11]. Moreover,
16 weeks of resistance training increased muscle myoD mRNA levels to a similar extent in young
and elderly, whereas the training-induced increase in mRNA levels of myogenin was impaired in the
elderly [17].

Proteins responsible for negative muscle mass regulation, e.g., actRIIB and smad2, could be
upregulated in inactive, aged muscle and be attenuated in response to resistance exercise, resulting in
decreased muscle mass. In support, the mRNA level of actRIIB was downregulated after 21 weeks of
resistance exercise in elderly [35,36]. The regulation of these molecular pathways involved in negative
muscle mass regulation in response to resistance training in young and old muscle is unknown.

Mitochondrial dysfunction is another suggested key contributor loss of muscle mass with age [30].
Resistance exercise training has been found to affect mitochondrial function [37] evidenced by improved
mitochondrial respiration and complex protein content after 12 weeks of resistance exercise training
in young men [38]. However, whether resistance exercise training induces markers of mitochondrial
content in elderly to a similar extent seems not clear.

In the present study, we therefore investigated the effect of resistance exercise training on strength
and the protein expression or phosphorylation of factors important for upregulating (MyoD, myogenin,
and IGF-I-R) and downregulating (activin receptor IIB (actRIIB) and smad2) skeletal muscle mass and
mitochondrial markers in elderly compared to young individuals. In addition, we aimed at elucidating
whether subsequent deconditioning affected these parameters in young and elderly similarly.

2. Materials and Methods

2.1. Subjects

Young and elderly volunteers were recruited with the criteria that for the elderly group age should
be ≥74 years old and for the younger group age <30 years old. Exclusion criteria were non-sedentary
status, illness requiring medical treatment other than treatment for hypertension and antithrombotic
treatment, severe back or musculoskeletal pain, rheumatologic or neurological disorders, traumatic
musculoskeletal and/or joint injuries, smoking, cardiovascular disease, attendance rate below 80%
of total exercise sessions, additional exercise during the exercise phase, or failure to comply with
instructions of inactivity during the deconditioning phase. Sedentary was defined as performing a
maximum of three kilometers of cycling for transportation a day.
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Twenty-two healthy, sedentary participants participated in the study; four were excluded due to
noncompliance. Nine elderly, healthy persons—five men and four women (82 ± 7 year old)—fulfilled
the inclusion criteria, and completed the resistance exercise training and deconditioning interventions.
Data were compared to those found in nine young, healthy persons, also five men and four women
(23± 3 yrs. of age). All participants completed a detailed medical history and had a normal neurological
examination before entering the study. Demographic data of participants are shown in Table 1.

Table 1. General demographic data.

Young Group Elderly Group

Age, years 22.4 ± 2.2 82.3 ± 6.8 ***
Height, cm 174.8 ± 10.4 167.5 ± 8.6
Weight, kg 70.9 ± 15.1 64.7 ± 9.7
BMI, kg/m2 22.9 ± 2.4 23.5 ± 2.9

Pre training Post training Pre training Post training

Body fat (%) 26.2 ± 8.6 26.3 ± 9.5 27.9 ± 4.8 27.1 ± 5.8
LBM (%) 74.5 ± 8.9 74.5 ± 8.8 73.9 ± 6.6 73.7 ± 6.9
LLM (kg) 16.7 ± 4.2 17.0 ± 4.2 14.0 ± 2.9 14.2 ± 2.4

BMI, Body Mass Index; LBM, Lean Body Mass, LLM, lean leg mass. Age, height, weight, and BMI are presented
at baseline pre intervention. Body fat, LBM, and LLM was measured before and after six weeks of resistance
exercise training in elderly and young men and women. Data are shown as means ± SD. n = 9 in both groups.
*** Significantly different (p < 0.001) from young group.

The study was approved by the Health Research Ethics Committee of the Capital Region of
Copenhagen (No. KF-293615) and complied with the guidelines set out in the Declaration of Helsinki.
The subjects were all informed about the nature and risks of the study and gave written consent to
participate before inclusion.

2.2. Study Design

Nine young and 9 elderly participants completed a six-week resistance exercise training
intervention of the lower body (two-legged knee extension) followed by eight weeks of deconditioning
(Figure 1). Muscle strength was evaluated by a three-repetition max test before and after resistance
exercise training. Skeletal muscle biopsies were taken from the vastus lateralis muscle before and after
resistance exercise training and after two, four, six, and eight weeks of deconditioning for measurement
of myogenic regulatory factors and mitochondrial markers. DEXA scanning of body composition was
performed before and after resistance training.

2.3. DEXA Scanning

A whole-body Dual-Energy X-ray Absorptiometry (DEXA) scan (GE Medical Systems, Lunar,
Prodigy, Chicago, IL, USA) was performed prior to the intervention and after the resistance exercise
training intervention. The images were analyzed using enCORE™2004 Software (v.8.5) (GE Medical
Systems). Reliability of this DEXA scanning was recently described [39].

2.4. Exercise Equipment and Protocol

Testing and exercise training intervention were carried out in a two-legged knee extension resistance
exercise model using standard strength exercise equipment machines (Nordic Gym, Technogym, Cesena,
Italy). Furthermore, to compensate for muscle imbalances during the selective exercise of the quadriceps,
the exercise decline leg press (Nordic Gym) was incorporated into the exercise regimen.
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Figure 1. Study design overview. Eighteen participants completed a six-week resistance exercise training
intervention followed by eight weeks of deconditioning (detraining—no exercise). Muscle strength was
evaluated by a three-repetition max test before and after resistance exercise training. Skeletal muscle
biopsies were taken from the vastus lateralis muscle on each test day. Furthermore, a biopsy was taken
after two, four, and six weeks of deconditioning.

2.5. Strength Testing

Strength testing was performed using a three-repetition maximum (RM) test-protocol. Before initial
testing, participants were familiarized with the equipment and test protocol on a separate occasion
to reduce the impact that skill learning has on strength performance. The estimated measure of
bilateral knee extension muscle strength was recently found to be applicable for monitoring adaptations
promoted by physical exercise for older adults with and without sarcopenia [40].

Three repetition maximum test (3RMT): Prior to the 3RMT, participants warmed up using five
minutes of low intensity (60–80 watt and 30–50 watt for young and elderly, respectively) cycling
ergometer exercise. Afterwards, participants were instructed to execute four repetitions in each attempt.
Full range of motion (ROM) for three consecutive repetitions and failure to complete a 4th repetition
across a full-ROM was set as a criterion for a successful 3RM estimate. Participants rested 3 min after
warm-up, and 1.5 min between all other attempts. After 10 min of rest, the validity of the estimate
was evaluated by trying to outperform the current 3RM estimate. 1RM was calculated using Brzycki’s
formula [41]. 3RMT was measured before and after the resistance training intervention (Figure 1).

2.6. Resistance Exercise Training and Deconditioning Interventions

The resistance exercise training intervention lasted for six weeks and consisted of 16 supervised
resistance exercise sessions. Resistance exercise followed a progressive protocol in weekly exercise
sessions from two to three sessions per week after the first two weeks of exercise. Sessions were
divided into three sessions of different load carried on a two-legged knee extension and a decline leg
press machine to voluntary failure, and each set was separated by three minutes of rest. The first
session encompassed three sets of 10–12 repetitions with 10–12 RM load, followed by three sets
of 6–8 repetitions with 6–8 RM load, ending with three sets of 4–6 repetitions with 4–6 RM load.
Each session was separated by approximately 48 h of rest.

In addition to and following knee extension resistance exercise, participants exercised in the
decline leg press with the same exercise protocol (e.g., three sets of 10–12 reps with 10–12 RM in both
exercises in the same session). After six weeks of resistance exercise training, participants stopped
the exercise program and returned to their habitual sedentary lifestyle and were instructed not to
initiate any new form of exercise the following eight weeks. This was ensured by participants wearing
accelerometers and weekly interviews of the participants.
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2.7. Skeletal Muscle Biopsy

A skeletal muscle biopsy was performed in vastus lateralis right leg muscle before and after
the six weeks resistance exercise training intervention, and after two, four, six, and eight weeks of
deconditioning (post2w, post4w, post6w, and post8w) approximately one hour post the acute 3RMT on
the experimental days. The biopsy was performed as previously described using a 5 mm percutaneous
Bergström needle [42]. Needle entry was at least three centimeters away from the previous insertion
to avoid scar tissue and interference with data due to post-biopsy edema, regeneration, and cellular
infiltration. Muscle samples were immediately frozen in isopentane cooled by liquid nitrogen before
storage at −80 ◦C for later analysis.

2.8. Western Blotting Analysis

Western blot analysis was performed as previously described [43]. Biopsies were sectioned
on a cryostat at −20 ◦C and homogenized in ice-cold lysis buffer with protease and phosphatase
inhibitors (10 mM Tris, pH 7.4, 0.1% Triton-X 100, 0.5% sodium deoxycholate, 0.07 U/mL aprotinin,
20 M leupeptin, 20 M pepstatin, 1 mM phenylmethanesulfonyl fluoride (PMSF), 1 mM EDTA, 1 mM
EGTA, 1 mM DTT, 5 mM β-glycerophosphate, 1 mM sodium fluoride, 1.15 mM sodium molybdate,
2 mM sodium pyrophosphate decahydrate, 1 mM sodium orthovanadate, 4 mM sodium tartrate,
2 mM imidazole, 10 nM calyculin, and 5 mM cantharidin; Sigma-Aldrich, St. Louis, MO, USA) using
a Bullet Blender bead-mill at 4 ◦C (Next Advance, Averill, NY, USA). The homogenate was directly
centrifuged at 15,000× g for 5 min at 4 ◦C. The supernatant was immediately transferred to new
Eppendorf tubes and added 4× sample buffer including beta mercapto-ethanol. Equal amounts of
extracted muscle proteins (10 µL) were separated on 4–15% polyacrylamide gels (Bio-Rad, Hercules,
CA, USA) at 200 V for 40–50 min along with molecular weight markers (Bio-Rad). Proteins were
transferred to PVDF membranes at 2.5 A for 5 min using a Trans-Blot Turbo (Bio-Rad) and blocked
in Bailey’s Irish cream (R. J. Bailey & Co, Dublin, Ireland) for 30 min and washed in TBS-T to
remove excess Bailey’s (3 × 10 min). The study investigated the expression and/or phosphorylation
of proteins involved in muscle development/regeneration (IGF-I-R, MyoD, myogenin) and negative
regulators of muscle mass (actRIIB and smad2) as well as porin [44], a mitochondrial membrane protein,
to assess any changes in mitochondrial content. Thus, to investigate MRFs, antibodies against MyoD
(45 kDa; diluted 1:1000; host: mouse; Thermo Fisher Scientific, Waltham, MA, USA) and myogenin
(F5D) (40/25 kDa; diluted 1:1000; host: mouse; Developmental Studies Hybridoma Bank (DSHB),
University of Iowa, IA, USA) were used. Antibodies against phosphorylated insulin-like growth factor
1 receptor (p-IGF-IR beta Y1135/1136; 95 kDa; diluted 1:500; host: rabbit; Cell Signaling Technology,
Danvers, MA, USA), activin IIB receptor (58 kDa; diluted 1:1000; host: rabbit; ab180185, Abcam,
Cambridge, UK), and phospho-smad2/3 (pSer250; 58 kDa; diluted 1:1000; host rabbit; Cell Signaling
Technology) were used to investigate if muscle growth regulation had changed. Antibodies against
porin (30–33 kDa; diluted 1:50,000; host: mouse; Thermo Fisher Scientific) were used to investigate a
marker of mitochondrial content.

Antibodies against glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were used at 1:5000
(ab22555; Abcam, Cambridge, UK) as loading control. Secondary goat anti-rabbit and goat anti-mouse
antibodies coupled with horseradish peroxidase at concentration 1:10,000 were used to detect primary
antibodies (DAKO, Glostrup, Denmark). Immunoreactive bands were detected by chemiluminescence
using Clarity Max, (BioRad), quantified using a GBox XT16 darkroom, and GeneTools software was
used to measure the intensities of immunoreactive bands (Syngene, Cambridge, UK). Immunoreactive
band intensities were normalized to the intensity of the GAPDH bands for each subject to correct for
differences in total muscle protein loaded on the gel.
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2.9. Muscle Histology and Immunohistochemistry

Cryosections (10 µm) were cut from biopsies mounted in Tissue-Tek (Sakura Finetek Europe B.V.,
AJ Alphen aan den Rijn Netherlands), mounted on glass slides, and stored at −20 ◦C until stained.
To assess myosin heavy chain (MHC) muscle fiber type distribution, sections were stained with
MHC antibody clone BA-D5 (DSHB) for MHC type I, and a secondary goat anti-mouse antibody was
used (GAM IgG2b Alexa Fluor 594, Thermo Fisher Scientific). For MHC type II assessment, sections
were stained with MHC antibody clone A4.74 (DSHB), and a secondary goat anti-mouse antibody
(GAM IgG1 Alexa Fluor 488) was used. All sections were observed at room temperature using a Nikon
20× Plan Apo VC N/A 0.75 mounted on a Nikon Ti-E epifluorescence microscope (Nikon Instruments,
Melville, NY, USA). Images of the entire sections were acquired at 20× with a 5-Mpixel Andor Neo
camera for fluorescence imaging (Andor, Belfast, Northern Ireland), using NIS-Elements Advanced
Research (AR) software (Nikon Instruments) and merged in software.

2.10. Mitochondrial Citrate Synthase Enzyme Activity

Citrate synthase enzyme activity was investigated in muscle biopsies pre-exercise, post-exercise,
and after 8 weeks of deconditioning. In short, skeletal muscle tissue (~200 mg) was sectioned on a
cryostat (Microm HM550, Thermo Fisher, by, stat) at −20 ◦C and homogenized in ice-cold CelLytic
MT (Mammalian tissue lysis/extraction reagent) containing protease inhibitor cocktail. The tissue was
homogenized using a Bullet Blender bead-mill at 4 ◦C (Next Advance, Averill, NY, USA). The homogenate
was directly centrifuged at 15,000× g for 5 min at 4 ◦C. The supernatant was transferred to new Eppendorf
tubes and used for subsequent analysis. The assay was carried out according to the manufacturer’s
instructions (#CS0720, Sigma-Aldrich). Briefly, the assay solutions were heated at 25 ◦C. A master mix
consisting of 1× assay buffer, 30 mM Acetyl-CoA solution, and 10 mM DTNB solution were mixed
and added in the lysate to perform triple measurements per sample. Citrate synthase was measured
by reading absorbance at 412 nm every 10th second for 1.5 min, and thereafter adding 10 mM OAA
solution and then remeasured again every 10 s for 1.5 min at 412 nm.

2.11. Statistical Analysis

All statistical analyses were carried out using Excel 2010 (Microsoft®, Redmond, WA, USA) and
GraphPad PRISM 8 (GraphPad, San Diego, CA, USA). A Shapiro–Wilkinson test was performed to test
for normal distribution of data. Baseline subject characteristics were evaluated with unpaired t-tests
between young and elderly groups and by a repeated measures two-way ANOVA for DEXA data
before and after training (Table 1).The differences among groups were analyzed by a three-way repeated
measures ANOVA in Figure 2A and a two-way repeated measures ANOVA in Figure 2B, Figure 3,
and Table 2, followed by Tukey’s multiple comparison tests when ANOVA revealed significant
interactions. Prior to this, an additional two-way ANOVA was performed to ensure no gender
differences prior to pooling data for male and females.). Correlation analyses were performed with
the Pearson’s product-moment correlation coefficient. All data are presented as means ± standard
deviation (SD). Differences were considered to be statistically significant when p < 0.05.
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Figure 2. Muscle strength and muscle fiber type composition. (A) Quadriceps muscle strength
measured in a three repetition maximum test before and after six weeks of resistance exercise training
in elderly and young men and women. (B) Pre-intervention muscle fiber type distribution shown as
bar graph and by representative cross-sectional images of m. vastus lateralis in a younger and older
woman showing fiber type distribution of myosin heavy chain (MHC) type I (red) and type II (green).
* p < 0.05, post-exercise vs. pre-exercise within the same group. # p < 0.05, pre-exercise, young men vs.
young women. n = 5 elderly men, n = 4 elderly women, n = 5 young men, and n = 4 young women.
All data are presented as means ± SD.

Table 2. Mitochondrial markers.

Young Group Elderly Group

Pre Training
Post

Training
Post

Deconditioning
Pre Training

Post
Training

Post
Deconditioning

Porin protein content
relative to young pre

training (AU)
1.00 ± 0.4 0.98 ± 1.1 1.60 ± 1.3 1.19 ± 1.2 1.53 ± 1.3 2.40 ± 1.9

CS activity,
µmol/min/mg w.w.

1.7 ± 1.0 2.2 ± 1.3 2.0 ± 0.6 1.0 ± 0.6 1.7 ± 1.9 1.4 ± 0.9

Porin protein content and maximal muscle citrate synthase (CS) activity measured pre-training, following six weeks
of resistance exercise training (post training), and after eight weeks of subsequent deconditioning (post decondition).
Porin protein content is expressed relative to young pre training. Data are shown as means± SD. n = 9 in both groups.

209



J. Clin. Med. 2020, 9, 2188

Figure 3. Muscle regulatory factors. Muscle regulatory factors measured in skeletal muscle pre and post
six weeks of resistance exercise training and during 2, 4, 6, and 8 weeks into a subsequent deconditioning
period in young (red bars) and elderly (blue bars) individuals. (A) Protein expression of activin receptor
IIB, (B). Phosphorylation level of smad2 at Ser245/250/255. (C) Protein expression of MyoD. (D) Protein
expression of myogenin. (E) Phosphorylation level of IGF-I-R at Tyr1135 /1136. Measurements have
been performed as single determinations by Western blotting. Representative Western blots are shown
in Supplementary Figure S1. n = 9 in young group and n = 9 in the elderly group. Values are
arbitrary units (means ± SD) and expressed relative to young group pre training. * p < 0.05, young vs.
elderly group, ** p < 0.01, main effect of age independently of training and deconditioning. ANOVA
F-values (Ftime/Fage/Ftime×age): (A) 1.08/11.62/0.32; (B) 0.76/0.58/0.49; (C) 0.77/2.97/0.23; (D) 0.09/0.15/1.20;
(E) 0.54/8.62/1.41.

3. Results

3.1. Anthropometry

Total body weight, body mass index (BMI), body fat %, and lean body mass % were similar
between the young and the elderly group (Table 1). Six weeks of resistance exercise training did not
lead to changes in whole body fat %, lean body mass %, or lean leg mass, as a read out for muscle
mass, in the trained legs in neither the young nor the elderly individuals.
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3.2. Muscle Strength

Six weeks of resistance exercise training increased quadriceps muscle strength in the elderly group
by 78% (53.4 ± 14.3 kg (pre-exercise) vs. 95.0 ± 22.0 kg (post-exercise); p < 0.05), which was similar
to that found in the young healthy persons (83.5%; 97.1 ± 27.5 kg (pre-exercise) vs. 178.2 ± 44.2 kg
(post-exercise); p < 0.05) (Figure 2A). Pre-exercise, the elderly men did not have a significantly
greater muscle strength compared to elderly women (56.2 ± 16.1 kg vs. 46.5 ± 2.5 kg), whereas a
gender difference in muscle strength was observed in the younger group, in which the younger men
had a 59% greater muscle strength at pre-training compared to younger women (119.2 ± 19.5 kg
vs. 75 ± 12.6 kg; p < 0.05) (Figure 2A). No significant differences in strength between genders were
observed post-exercise within the elderly or young group (Figure 2A).

3.3. Muscle Fiber Type Composition

No pre-exercise fiber type differences were seen between gender, young, and elderly participants
(Figure 2B).

3.4. Myogenic Regulatory Factors

Six weeks of resistance exercise training and 8 weeks of deconditioning did not change the protein
expression of MyoD, actRIIB, and myogenin and phosphorylation of Smad2 and IGF-I- receptor in the
elderly and the young group (Figure 3A–E).

MyoD protein expression were overall higher (p < 0.01) in muscles of elderly compared with
young individuals (Figure 3A).

No differences in total protein expression of actRIIB and myogenin and phosphorylation of Smad2
and IGF-I-R were observed pre-training or after six weeks following resistance training in young
versus elderly participants (Figure 3B–E). IGF-I receptor phosphorylation at Tyr1135 /1136 was lower
in the younger group of healthy persons compared to the elderly group two weeks post-exercise
(post2w) (0.7 ± 0.5 vs. 1.9 ± 1.1, p < 0.05), four weeks post-exercise (post4w) (0.6 ± 0.9 vs. 1.4 ± 1.1,
p < 0.05) and six weeks post-exercise (post6w) (0.6 ± 0.7 vs. 2.6 ± 2.7, p < 0.05) (Figure 3E). There was
no difference between genders at all time points in both groups in all protein and phosphorylation
levels investigated, why these data were pooled in the data shown.

3.5. Mitochondrial Markers: Porin and Citrate Synthase

The protein expression of porin did not change with six weeks of resistance exercise training and
remained unchanged after deconditioning in both the young and the elderly and was not significantly
different between the groups (Table 2).

The maximal muscle enzyme activity of citrate synthase in the elderly was not significantly
different from that found in the young participants (Table 2). Maximal muscle enzyme activity of citrate
synthase in the elderly group remained unchanged with resistance exercise training and subsequent
deconditioning, which was similar to that found in the young group (Table 2). There was no difference
in the citrate synthase activity among genders in the elderly and young groups, which is why these
data were pooled (Table 2).

3.6. Correlation between Myogenic and Mitochondrial Factors and Muscle Strength

There was no association between any of the studied MRFs (MyoD, myogenin, actRIIB protein
expression, and IGF-I-R and smad2 phosphorylation) or mitochondrial factors (citrate synthase activity
and porin protein expression) and absolute or relative change in muscle strength after six weeks of
resistance exercise training in the elderly or the young group.
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4. Discussion

Resistance exercise training and deconditioning offer a unique opportunity to investigate
differences in myogenic regulatory factors that may be crucial in the age-related loss of muscle
mass and strength. The aim of this study was to investigate regulation of myogenic factors prior and in
response to resistance exercise training and deconditioning in elderly (74–92 years of age) versus young,
healthy, gender-matched individuals. The primary findings were (1) six weeks of intensive resistance
exercise training induced the same increase in muscle strength in young and older individuals, (2) the
key myogenic regulating factors (MyoD, myogenin, and IGF-I-R) were similar in muscles of young
and elderly individuals and not differently regulated by six weeks of resistance exercise training or
subsequent eight weeks of deconditioning, and (3) no change was found in markers of oxidative
capacity and mitochondrial content after six weeks of resistance exercise training in either elderly or
young healthy persons.

Age-related loss of muscle strength is inevitable and cannot be explained by age-related decreased
physical activity level alone [45]. It has been suggested that elderly persons have a blunted muscle
hypertrophy response to resistance exercise training [17–19]. Thus, it could be that differences in
muscle mass and function between young and elderly are driven by age-related changes in the ability
to gain and/or maintain muscle strength with age. However, the present study showed that six weeks
of intensive resistance exercise training resulted in the same increase in quadriceps muscle strength in
elderly compared to that found in young, gender-matched, sedentary individuals. Therefore, skeletal
muscle of elderly has the same capacity to increase strength in response to resistance training as in
young healthy individuals. This finding is important in a translational perspective, emphasizing that
resistance exercise training benefits elderly as much as in young persons and therefore seems to be a
valid tool to combat loss of muscle function and strength in aging.

Myogenic regulatory factors promote and regulate the expression of muscle-specific genes after
muscle injury or strenuous resistance exercise leading to muscle hypertrophy [46]. It has been
hypothesized that the inevitably age-related muscle strength loss may relate to downregulation of
MRFs, and thus skeletal muscle atrophy, which we were unable to corroborate. With the same
levels of MRFs in elderly compared to young persons in the present study, our findings contrast the
majority of previous studies measuring on mRNA levels. Previous studies found elevated levels of
MyoD, myogenin, and IGF-I-R mRNA in elderly both at rest [17,31–34] and in response to exercise
training compared to younger individuals [17,47–50]. This suggests that the increase in MRF mRNA
levels represented a continuous compensatory mechanism to preserve muscle protein and mass with
aging [17]. The present study is the first to investigate protein levels of MRFs, obviating the issues
with changes in mRNA levels that may not translate into similar changes in protein expression due to
post-translational regulation [51]. The present study suggests that the myogenic program is intact in
the elderly, as the levels of MyoD, myogenin, and IGF-I-R are activated to the same extent as in younger
skeletal muscle. An overall higher level of MyoD protein expression in the elderly compared with the
young muscle, and a higher IGF-I-R phosphorylation 2, 4, and 6 weeks into the deconditioning period
in the elderly compared with young individuals support that compensatory mechanisms in MRF
regulation contribute to preserve muscle protein and mass in aging. Importantly, our study underscores
that protein and phosphorylation levels should be measured in favor of mRNA. Our finding further
suggests that an intact anabolic muscle response seems able to compensate in part for the loss of muscle.

As the expression of MRFs are time-dependent in relation to external and internal stimuli, it could
be hypothesized that lack of differences in MRFs in the present versus other studies (measuring mRNA
levels though) investigating this could be related to the timing of the muscle biopsy sampling. In the
present study, the muscle biopsy intervention was taken one hour post-exercise. As the expression
of the proteins that was investigated in the present study is expected to be stable and not affected by
an acute bout of exercise, timing of muscle sample seems not have an impact on the data presented
in the present study. This is supported by findings in post-exercise muscle biopsy intervention (3 h
post-exercise), in which no increase was found in key myogenic factors (MyoD, myf-6), except for
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myogenin [52], underscoring that timing of muscle biopsy sampling likely did not impact the protein
levels of MRFs in the present study.

Muscle growth is tightly regulated through the myostatin, actRIIB, and smad2 pathway [53].
In response to muscle disuse, this and other pathways mediate a decrease in muscle mass [54].
In line with this, studies have shown that inhibition of myostatin-actRIIB-smad pathway leads to
skeletal muscle hypertrophy in mice [55]. Studies by Hulmi et al. [35,36] have indicated that factors
downregulating muscle mass in aged muscle could be attenuated in response to resistance exercise,
as the mRNA level of actRIIB was downregulated after 21 weeks of resistance exercise in elderly
(62.3 ± 6.3 years of age). The findings from that study indicate that proteins responsible for negative
muscle mass regulation, e.g., actRIIB and smad2, could be upregulated in inactive aged muscle,
resulting in decreased muscle mass and thus strength. However, our results did not support that
finding. Instead, our data demonstrate that skeletal muscles of elderly have the same dynamics
of MRF-mediated hypo- and hypertrophy, indicating that resistance exercise and deconditioning
regulatory effects on skeletal muscle anabolism is the same irrespective of age.

Citrate synthase is a key mitochondrial matrix enzyme and a strong indicator of oxidative
capacity in skeletal muscle [56–59] and maximal citrate synthase activity was also found to strongly
correlate with mitochondrial volume measured by electron microscopy in skeletal muscles of healthy,
young men [58]. Porin (also known as voltage dependent anion channel, VDAC1) is a pore-forming
protein localized in the outer membrane of mitochondria, and is used as a marker of mitochondrial
content [60,61]. Alterations in mitochondrial function and content has been proposed to be a factor
underlying sarcopenia and muscle atrophy [62,63]. In order to investigate whether age-related decline
in muscle strength was accompanied by muscle mitochondrial impairments in response to resistance
training, muscle citrate synthase activity, and porin protein expression were measured before and after
six weeks of resistance exercise training and eight weeks of deconditioning. Data showed that there
was no change in oxidative capacity and indices of mitochondrial content after six weeks of resistance
exercise training in either elderly or young healthy individuals, indicating that the gain in muscle
strength was not associated with any changes in mitochondrial content.

It has been hypothesized that change in age-related muscle mass is driven by loss of muscle fiber
type II number with age. However, findings regarding age-related changes in muscle fiber type II
number have been ambiguous [64–67]. In the present study, the elderly individuals were older than
those previously studied (+74 years old), and despite an age difference of 60 years between the young
and elderly participants, there was no difference in number of type I and II fibers between elderly and
younger persons. In the present study, we did not measure fiber type composition after training and
deconditioning. Fiber type composition is in most studies not changed with exercise training [68]
especially not within 6 weeks of resistance training. However, we cannot exclude that fiber type
composition was mildly affected by exercise training in the present study. Furthermore, it was not
within the scope of the present investigation to evaluate fiber size changes with resistance exercise
training and deconditioning and it remains to be established, whether muscle fiber sizes are affected by
6 weeks of resistance training and subsequent 8 weeks of deconditioning in skeletal muscle of young
and elderly.

5. Conclusions

Despite the fact that aging is associated with substantial loss of muscle mass resulting in a net loss
of muscle strength and function, our study showed that elderly (aged 74+ years old) are remarkably
capable of gaining muscle strength compared to younger participants in response to resistance exercise
training. This underlines the applicability of resistance exercise training as an important instrument
to diminish age-related loss of muscle function. Interestingly, the preserved ability to gain muscle
strength with resistance exercise training was associated with a similar interaction between myogenic
factors for up- and downregulation of skeletal muscle in elderly and young individuals. Thus, our data
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suggests that the entire myogenic regulatory program is not impaired in aged relative to younger
skeletal muscle.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/7/2188/s1,
Figure S1: Representative Western blots.

Author Contributions: Conceptualization, F.D.T and T.D.J.; methodology, T.K., K.A.N.Q.; formal analysis,
K.A.N.Q., A.M.F.; investigation, A.M.F., F.D.T., K.A.N.Q., T.K., M.-L.S., T.D.J.; resources, J.V.; data curation, A.M.F.,
F.D.T., K.A.N.Q.; writing—original draft preparation, A.M.F., K.A.N.Q., T.D.J.; writing—review and editing A.M.F.,
F.D.T., K.A.N.Q., T.K., M.-L.S., J.V., T.D.J.; visualization, A.M.F., K.A.N.Q., T.D.J.; supervision, T..K., J.V., T.D.J.;
project administration, F.D.T., T.D.J.; funding acquisition, J.V. All authors have read and agree to the published
version of the manuscript.

Funding: A.M.F. was supported by a research grant from the Danish Diabetes Academy (grant number
NNF17SA0031406), which was funded by the Novo Nordisk Foundation. A.M.F. was further supported by the
Alfred Benzon Foundation.

Acknowledgments: We thank Tessa Munkeboe Hornsyld and Danuta Goralska-Olsen for excellent technical
assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fuggle, N.; Shaw, S.; Dennison, E.; Cooper, C. Sarcopenia. Best Pract. Res. Clin. Rheumatol. 2017, 31, 218–242.
[CrossRef] [PubMed]

2. Drey, M. Sarcopenia—Pathophysiology and clinical relevance. Wien Med. Wochenschr. 2011, 161, 402–408.
[CrossRef] [PubMed]

3. Fragala, M.S.; Cadore, E.L.; Dorgo, S.; Izquierdo, M.; Kraemer, W.J.; Peterson, M.D.; Ryan, E.D. Resistance
Training for Older Adults: Position Statement from the National Strength and Conditioning Association.
J. Strength Cond. Res. 2019, 33, 2019–2052. [CrossRef]

4. Newton, R.U.; Hakkinen, K.; Hakkinen, A.; McCormick, M.; Volek, J.; Kraemer, W.J. Mixed-methods
resistance training increases power and strength of young and older men. Med. Sci. Sports Exerc. 2002, 34,
1367–1375. [CrossRef]

5. HÃkkinen, K.; Newton, R.U.; Gordon, S.E.; McCormick, M.; Volek, J.S.; Nindl, B.C.; Gotshalk, L.A.;
Campbell, W.W.; Evans, W.J.; HÃ¤kkinen, A.; et al. Changes in muscle morphology, electromyographic
activity, and force production characteristics during progressive strength training in young and older men.
J. Gerontol. A Biol. Sci. Med. Sci. 1998, 53, B415–B423. [CrossRef] [PubMed]

6. Lemmer, J.T.; Hurlbut, D.E.; Martel, G.F.; Tracy, B.L.; Ivey, F.M.; Metter, E.J.; Fozard, J.L.; Fleg, J.L.; Hurley, B.F.
Age and gender responses to strength training and detraining. Med. Sci. Sports Exerc. 2000, 32, 1505–1512.
[CrossRef] [PubMed]

7. Macaluso, A.; De Vito, G.; Felici, F.; Nimmo, M.A. Electromyogram changes during sustained contraction
after resistance training in women in their 3rd and 8th decades. Eur. J. Appl. Physiol. 2000, 82, 418–424.
[CrossRef] [PubMed]

8. Delmonico, M.J.; Harris, T.B.; Visser, M.; Park, S.W.; Conroy, M.B.; Velasquez-Mieyer, P.; Boudreau, R.;
Manini, T.M.; Nevitt, M.; Newman, A.B.; et al. Longitudinal study of muscle strength, quality, and adipose
tissue infiltration. Am. J. Clin. Nutr. 2009, 90, 1579–1585. [CrossRef]

9. Clark, B.C.; Manini, T.M. Functional consequences of sarcopenia and dynapenia in the elderly. Curr. Opin.

Clin. Nutr. Metab. Care 2010, 13, 271–276. [CrossRef]
10. Karlsen, A.; Bechshoft, R.L.; Malmgaard-Clausen, N.M.; Andersen, J.L.; Schjerling, P.; Kjaer, M.; Mackey, A.L.

Lack of muscle fibre hypertrophy, myonuclear addition, and satellite cell pool expansion with resistance
training in 83-94-year-old men and women. Acta Physiol. 2019, 227, e13271. [CrossRef]

11. Snijders, T.; Verdijk, L.B.; Smeets, J.S.; McKay, B.R.; Senden, J.M.; Hartgens, F.; Parise, G.; Greenhaff, P.;
van Loon, L.J. The skeletal muscle satellite cell response to a single bout of resistance-type exercise is delayed
with aging in men. Age 2014, 36, 9699. [CrossRef]

12. Verdijk, L.B.; Gleeson, B.G.; Jonkers, R.A.; Meijer, K.; Savelberg, H.H.; Dendale, P.; van Loon, L.J.
Skeletal muscle hypertrophy following resistance training is accompanied by a fiber type-specific increase in
satellite cell content in elderly men. J. Gerontol. A Biol. Sci. Med. Sci. 2009, 64, 332–339. [CrossRef] [PubMed]

214



J. Clin. Med. 2020, 9, 2188

13. Leenders, M.; Verdijk, L.B.; van der Hoeven, L.; van Kranenburg, J.; Nilwik, R.; van Loon, L.J. Elderly men
and women benefit equally from prolonged resistance-type exercise training. J. Gerontol. A Biol. Sci. Med.

Sci. 2013, 68, 769–779. [CrossRef] [PubMed]
14. Snijders, T.; Nederveen, J.P.; Joanisse, S.; Leenders, M.; Verdijk, L.B.; van Loon, L.J.; Parise, G. Muscle fibre

capillarization is a critical factor in muscle fibre hypertrophy during resistance exercise training in older men.
J. Cachexia Sarcopenia Muscle 2017, 8, 267–276. [CrossRef] [PubMed]

15. Karlsen, A.; Soendenbroe, C.; Malmgaard-Clausen, N.M.; Wagener, F.; Moeller, C.E.; Senhaji, Z.; Damberg, K.;
Andersen, J.L.; Schjerling, P.; Kjaer, M.; et al. Preserved capacity for satellite cell proliferation, regeneration,
and hypertrophy in the skeletal muscle of healthy elderly men. FASEB J. 2020, 34, 6418–6436. [CrossRef]
[PubMed]

16. Blocquiaux, S.; Gorski, T.; Van Roie, E.; Ramaekers, M.; Van Thienen, R.; Nielens, H.; Delecluse, C.; De Bock, K.;
Thomis, M. The effect of resistance training, detraining and retraining on muscle strength and power, myofibre
size, satellite cells and myonuclei in older men. Exp. Gerontol. 2020, 133, 110860. [CrossRef] [PubMed]

17. Kosek, D.J.; Kim, J.S.; Petrella, J.K.; Cross, J.M.; Bamman, M.M. Efficacy of 3 days/wk resistance training
on myofiber hypertrophy and myogenic mechanisms in young vs. older adults. J. Appl. Physiol. 2006, 101,
531–544. [CrossRef] [PubMed]

18. Mero, A.A.; Hulmi, J.J.; Salmijarvi, H.; Katajavuori, M.; Haverinen, M.; Holviala, J.; Ridanpaa, T.; Hakkinen, K.;
Kovanen, V.; Ahtiainen, J.P.; et al. Resistance training induced increase in muscle fiber size in young and
older men. Eur. J. Appl. Physiol. 2013, 113, 641–650. [CrossRef]

19. Brook, M.S.; Wilkinson, D.J.; Mitchell, W.K.; Lund, J.N.; Phillips, B.E.; Szewczyk, N.J.; Greenhaff, P.L.; Smith, K.;
Atherton, P.J. Synchronous deficits in cumulative muscle protein synthesis and ribosomal biogenesis underlie
age-related anabolic resistance to exercise in humans. J. Physiol. 2016, 594, 7399–7417. [CrossRef]

20. Hwa, V.; Fang, P.; Derr, M.A.; Fiegerlova, E.; Rosenfeld, R.G. IGF-I in human growth: Lessons from defects in
the GH-IGF-I axis. Nestle Nutr. Inst. Workshop Ser. 2013, 71, 43–55. [CrossRef]

21. Stilling, F.; Wallenius, S.; Michaelsson, K.; Dalgard, C.; Brismar, K.; Wolk, A. High insulin-like growth
factor-binding protein-1 (IGFBP-1) is associated with low relative muscle mass in older women. Metabolism

2017, 73, 36–42. [CrossRef] [PubMed]
22. Zanou, N.; Gailly, P. Skeletal muscle hypertrophy and regeneration: Interplay between the myogenic

regulatory factors (MRFs) and insulin-like growth factors (IGFs) pathways. Cell. Mol. Life Sci. 2013, 70,
4117–4130. [CrossRef] [PubMed]

23. Hernandez-Hernandez, J.M.; Garcia-Gonzalez, E.G.; Brun, C.E.; Rudnicki, M.A. The myogenic regulatory
factors, determinants of muscle development, cell identity and regeneration. Semin. Cell Dev. Biol. 2017, 72,
10–18. [CrossRef]

24. Seward, D.J.; Haney, J.C.; Rudnicki, M.A.; Swoap, S.J. bHLH transcription factor MyoD affects myosin heavy
chain expression pattern in a muscle-specific fashion. Am. J. Physiol. Cell Physiol. 2001, 280, C408–C413.
[CrossRef] [PubMed]

25. Mozdziak, P.E.; Greaser, M.L.; Schultz, E. Myogenin, MyoD, and myosin heavy chain isoform expression
following hindlimb suspension. Aviat. Space Environ. Med. 1999, 70, 511–516. [PubMed]

26. Mozdziak, P.E.; Greaser, M.L.; Schultz, E. Myogenin, MyoD, and myosin expression after pharmacologically
and surgically induced hypertrophy. J. Appl. Physiol. 1998, 84, 1359–1364. [CrossRef] [PubMed]

27. Steffl, M.; Bohannon, R.W.; Sontakova, L.; Tufano, J.J.; Shiells, K.; Holmerova, I. Relationship between
sarcopenia and physical activity in older people: A systematic review and meta-analysis. Clin. Interv. Aging

2017, 12, 835–845. [CrossRef]
28. Schoene, D.; Kiesswetter, E.; Sieber, C.C.; Freiberger, E. Musculoskeletal factors, sarcopenia and falls in old

age. Z. Gerontol. Geriatr. 2019, 52, 37–44. [CrossRef]
29. Distefano, G.; Goodpaster, B.H. Effects of Exercise and Aging on Skeletal Muscle. Cold Spring Harb. Perspect.

Med. 2018, 8, a029785. [CrossRef]
30. Tieland, M.; Trouwborst, I.; Clark, B.C. Skeletal muscle performance and ageing. J. Cachexia Sarcopenia Muscle

2018, 9, 3–19. [CrossRef] [PubMed]
31. Haddad, F.; Adams, G.R. Aging-sensitive cellular and molecular mechanisms associated with skeletal muscle

hypertrophy. J. Appl. Physiol. 2006, 100, 1188–1203. [CrossRef] [PubMed]

215



J. Clin. Med. 2020, 9, 2188

32. Hameed, M.; Orrell, R.W.; Cobbold, M.; Goldspink, G.; Harridge, S.D. Expression of IGF-I splice variants in
young and old human skeletal muscle after high resistance exercise. J. Physiol. 2003, 547, 247–254. [CrossRef]
[PubMed]

33. Kim, J.S.; Kosek, D.J.; Petrella, J.K.; Cross, J.M.; Bamman, M.M. Resting and load-induced levels of myogenic
gene transcripts differ between older adults with demonstrable sarcopenia and young men and women.
J. Appl. Physiol. 2005, 99, 2149–2158. [CrossRef]

34. Raue, U.; Slivka, D.; Jemiolo, B.; Hollon, C.; Trappe, S. Myogenic gene expression at rest and after a bout of
resistance exercise in young (18–30 yr) and old (80–89 yr) women. J. Appl. Physiol. 2006, 101, 53–59. [CrossRef]
[PubMed]

35. Hulmi, J.J.; Ahtiainen, J.P.; Kaasalainen, T.; Pollanen, E.; Hakkinen, K.; Alen, M.; Selanne, H.; Kovanen, V.;
Mero, A.A. Postexercise myostatin and activin IIb mRNA levels: Effects of strength training. Med. Sci. Sports

Exerc. 2007, 39, 289–297. [CrossRef] [PubMed]
36. Hulmi, J.J.; Kovanen, V.; Selanne, H.; Kraemer, W.J.; Hakkinen, K.; Mero, A.A. Acute and long-term

effects of resistance exercise with or without protein ingestion on muscle hypertrophy and gene expression.
Amino Acids 2009, 37, 297–308. [CrossRef]

37. Groennebaek, T.; Vissing, K. Impact of Resistance Training on Skeletal Muscle Mitochondrial Biogenesis,
Content, and Function. Front. Physiol. 2017, 8, 713. [CrossRef]

38. Porter, C.; Reidy, P.T.; Bhattarai, N.; Sidossis, L.S.; Rasmussen, B.B. Resistance Exercise Training Alters
Mitochondrial Function in Human Skeletal Muscle. Med. Sci. Sports Exerc. 2015, 47, 1922–1931. [CrossRef]

39. Dordevic, A.L.; Bonham, M.; Ghasem-Zadeh, A.; Evans, A.; Barber, E.; Day, K.; Kwok, A.; Truby, H. Reliability
of Compartmental Body Composition Measures in Weight-Stable Adults Using GE iDXA: Implications for
Research and Practice. Nutrients 2018, 10, 1484. [CrossRef]

40. Abdalla, P.P.; Carvalho, A.D.S.; Dos Santos, A.P.; Venturini, A.C.R.; Alves, T.C.; Mota, J.; Machado, D.R.L.
One-repetition submaximal protocol to measure knee extensor muscle strength among older adults with and
without sarcopenia: A validation study. BMC Sports Sci. Med. Rehabil. 2020, 12, 29. [CrossRef]

41. Abdul-Hameed, U.; Rangra, P.; Shareef, M.Y.; Hussain, M.E. Reliability of 1-repetition maximum estimation
for upper and lower body muscular strength measurement in untrained middle aged type 2 diabetic patients.
Asian J. Sports Med. 2012, 3, 267–273. [CrossRef] [PubMed]

42. Bergstrom, J. Percutaneous needle biopsy of skeletal muscle in physiological and clinical research. Scand. J.

Clin. Lab. Invest. 1975, 35, 609–616. [CrossRef] [PubMed]
43. Fritzen, A.M.; Thogersen, F.B.; Thybo, K.; Vissing, C.R.; Krag, T.O.; Ruiz-Ruiz, C.; Risom, L.; Wibrand, F.;

Hoeg, L.D.; Kiens, B.; et al. Adaptations in Mitochondrial Enzymatic Activity Occurs Independent of
Genomic Dosage in Response to Aerobic Exercise Training and Deconditioning in Human Skeletal Muscle.
Cells 2019, 8, 237. [CrossRef]

44. Ben-Hail, D.; Shoshan-Barmatz, V. VDAC1-interacting anion transport inhibitors inhibit VDAC1
oligomerization and apoptosis. Biochim. Biophys. Acta 2016, 1863, 1612–1623. [CrossRef] [PubMed]

45. Brioche, T.; Pagano, A.F.; Py, G.; Chopard, A. Muscle wasting and aging: Experimental models, fatty
infiltrations, and prevention. Mol. Aspects Med. 2016, 50, 56–87. [CrossRef]

46. Kopantseva, E.E.; Belyavsky, A.V. Key regulators of skeletal myogenesis. Mol. Biol. (Mosk.) 2016, 50, 195–222.
[CrossRef] [PubMed]

47. Agergaard, J.; Reitelseder, S.; Pedersen, T.G.; Doessing, S.; Schjerling, P.; Langberg, H.; Miller, B.F.; Aagaard, P.;
Kjaer, M.; Holm, L. Myogenic, matrix, and growth factor mRNA expression in human skeletal muscle: Effect
of contraction intensity and feeding. Muscle Nerve 2013, 47, 748–759. [CrossRef]

48. Heinemeier, K.M.; Olesen, J.L.; Schjerling, P.; Haddad, F.; Langberg, H.; Baldwin, K.M.; Kjaer, M. Short-term
strength training and the expression of myostatin and IGF-I isoforms in rat muscle and tendon: Differential
effects of specific contraction types. J. Appl. Physiol. 2007, 102, 573–581. [CrossRef] [PubMed]

49. Luo, L.; Lu, A.M.; Wang, Y.; Hong, A.; Chen, Y.; Hu, J.; Li, X.; Qin, Z.H. Chronic resistance training activates
autophagy and reduces apoptosis of muscle cells by modulating IGF-1 and its receptors, Akt/mTOR and
Akt/FOXO3a signaling in aged rats. Exp. Gerontol. 2013, 48, 427–436. [CrossRef]

50. Mathers, J.L.; Farnfield, M.M.; Garnham, A.P.; Caldow, M.K.; Cameron-Smith, D.; Peake, J.M.
Early inflammatory and myogenic responses to resistance exercise in the elderly. Muscle Nerve 2012, 46,
407–412. [CrossRef]

216



J. Clin. Med. 2020, 9, 2188

51. Myers, J.; Prakash, M.; Froelicher, V.; Do, D.; Partington, S.; Atwood, J.E. Exercise capacity and mortality
among men referred for exercise testing. N. Engl. J. Med. 2002, 346, 793–801. [CrossRef] [PubMed]

52. Bamman, M.M.; Ragan, R.C.; Kim, J.S.; Cross, J.M.; Hill, V.J.; Tuggle, S.C.; Allman, R.M. Myogenic protein
expression before and after resistance loading in 26- and 64-yr-old men and women. J. Appl. Physiol. 2004,
97, 1329–1337. [CrossRef] [PubMed]

53. Marcotte, G.R.; West, D.W.; Baar, K. The molecular basis for load-induced skeletal muscle hypertrophy.
Calcif. Tissue Int. 2015, 96, 196–210. [CrossRef] [PubMed]

54. Schiaffino, S.; Dyar, K.A.; Ciciliot, S.; Blaauw, B.; Sandri, M. Mechanisms regulating skeletal muscle growth
and atrophy. FEBS J. 2013, 280, 4294–4314. [CrossRef]

55. Bogdanovich, S.; Krag, T.O.; Barton, E.R.; Morris, L.D.; Whittemore, L.A.; Ahima, R.S.; Khurana, T.S.
Functional improvement of dystrophic muscle by myostatin blockade. Nature 2002, 420, 418–421. [CrossRef]

56. Cai, Q.; Zhao, M.; Liu, X.; Wang, X.; Nie, Y.; Li, P.; Liu, T.; Ge, R.; Han, F. Reduced expression of citrate
synthase leads to excessive superoxide formation and cell apoptosis. Biochem. Biophys. Res. Commun. 2017,
485, 388–394. [CrossRef]

57. Kadenbach, B. Introduction to mitochondrial oxidative phosphorylation. Adv. Exp. Med. Biol. 2012, 748,
1–11. [CrossRef]

58. Larsen, S.; Nielsen, J.; Hansen, C.N.; Nielsen, L.B.; Wibrand, F.; Stride, N.; Schroder, H.D.; Boushel, R.;
Helge, J.W.; Dela, F.; et al. Biomarkers of mitochondrial content in skeletal muscle of healthy young human
subjects. J. Physiol. 2012, 590, 3349–3360. [CrossRef]

59. Proctor, D.N.; Joyner, M.J. Skeletal muscle mass and the reduction of VO2max in trained older subjects.
J. Appl. Physiol. 1997, 82, 1411–1415. [CrossRef]

60. Meierhofer, D.; Mayr, J.A.; Foetschl, U.; Berger, A.; Fink, K.; Schmeller, N.; Hacker, G.W.; Hauser-Kronberger, C.;
Kofler, B.; Sperl, W. Decrease of mitochondrial DNA content and energy metabolism in renal cell carcinoma.
Carcinogenesis 2004, 25, 1005–1010. [CrossRef]

61. Van Moorsel, D.; Hansen, J.; Havekes, B.; Scheer, F.A.; Jorgensen, J.A.; Hoeks, J.; Schrauwen-Hinderling, V.B.;
Duez, H.; Lefebvre, P.; Schaper, N.C.; et al. Demonstration of a day-night rhythm in human skeletal muscle
oxidative capacity. Mol. Metab. 2016, 5, 635–645. [CrossRef]

62. Calvani, R.; Joseph, A.M.; Adhihetty, P.J.; Miccheli, A.; Bossola, M.; Leeuwenburgh, C.; Bernabei, R.;
Marzetti, E. Mitochondrial pathways in sarcopenia of aging and disuse muscle atrophy. Biol. Chem. 2013,
394, 393–414. [CrossRef] [PubMed]

63. Romanello, V.; Sandri, M. Mitochondrial Quality Control and Muscle Mass Maintenance. Front. Physiol.

2016, 6, 422. [CrossRef] [PubMed]
64. Green, H.; Goreham, C.; Ouyang, J.; Ball-Burnett, M.; Ranney, D. Regulation of fiber size, oxidative potential,

and capillarization in human muscle by resistance exercise. Am. J. Physiol. 1999, 276, R591–R596. [CrossRef]
65. Hiatt, W.R.; Regensteiner, J.G.; Wolfel, E.E.; Carry, M.R.; Brass, E.P. Effect of exercise training on skeletal

muscle histology and metabolism in peripheral arterial disease. J. Appl. Physiol. 1996, 81, 780–788. [CrossRef]
66. Kirkendall, D.T.; Garrett, W.E., Jr. The effects of aging and training on skeletal muscle. Am. J. Sports Med.

1998, 26, 598–602. [CrossRef]
67. Miljkovic, N.; Lim, J.Y.; Miljkovic, I.; Frontera, W.R. Aging of skeletal muscle fibers. Ann. Rehabil. Med. 2015,

39, 155–162. [CrossRef]
68. Wilson, J.M.; Loenneke, J.P.; Jo, E.; Wilson, G.J.; Zourdos, M.C.; Kim, J.S. The effects of endurance, strength,

and power training on muscle fiber type shifting. J. Strength Cond. Res. 2012, 26, 1724–1729. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

217





Journal of

Clinical Medicine

Article

Comparison of Three Nutritional Screening Tools
with the New Glim Criteria for Malnutrition and
Association with Sarcopenia in Hospitalized
Older Patients

Francesco Bellanti 1,* , Aurelio Lo Buglio 1 , Stefano Quiete 1, Giuseppe Pellegrino 1,
Michał Dobrakowski 2 , Aleksandra Kasperczyk 2, Sławomir Kasperczyk 2 and
Gianluigi Vendemiale 1

1 Department of Medical and Surgical Sciences, University of Foggia, viale Pinto 1, 71122 Foggia, Italy;
aurelio.lobuglio@unifg.it (A.L.B.); stefanoquiete@gmail.com (S.Q.);
giuseppe_pellegrino.539013@unifg.it (G.P.); gianluigi.vendemiale@unifg.it (G.V.)

2 Department of Biochemistry, Faculty of Medical Sciences in Zabrze, Medical University of Silesia in
Katowice, Jordana 19, 41-808 Zabrze, Poland; michal.dobrakowski@poczta.fm (M.D.);
olakasp@poczta.onet.pl (A.K.); kaslav@mp.pl (S.K.)

* Correspondence: francesco.bellanti@unifg.it

Received: 25 May 2020; Accepted: 16 June 2020; Published: 17 June 2020
����������
�������

Abstract: The integrated assessment of nutritional status and presence of sarcopenia would help
improve clinical outcomes of in-hospital aged patients. We compared three common nutritional
screening tools with the new Global Leadership Initiative on Malnutrition (GLIM) diagnostic criteria
among hospitalized older patients. To this, 152 older patients were assessed consecutively at hospital
admission by the Malnutrition Universal Screening Tool (MUST), the Subjective Global Assessment
(SGA), and the Nutritional Risk Screening 2002 (NRS-2002). A 46% prevalence of malnutrition was
reported according to GLIM. Sensitivity was 64%, 96% and 47%, and specificity was 82%, 15% and
76% with the MUST, SGA, and NRS-2002, respectively. The concordance with GLIM criteria was 89%,
53% and 62% for the MUST, SGA, and NRS-2002, respectively. All the screening tools had a moderate
value to diagnose malnutrition. Moreover, patients at high nutritional risk by MUST were more likely
to present with sarcopenia than those at low risk (OR 2.5, CI 1.3-3.6). To conclude, MUST is better
than SGA and NRS-2002 at detecting malnutrition in hospitalized older patients diagnosed by the
new GLIM criteria. Furthermore, hospitalized older patients at high risk of malnutrition according to
MUST are at high risk of presenting with sarcopenia. Nutritional status should be determined by
MUST in older patients at hospital admission, followed by both GLIM and the European Working
Group on Sarcopenia in Older People (EWGSOP2) assessment.

Keywords: nutritional status; sarcopenia; nutritional screening tools; hospitalized older patients

1. Introduction

The average population age is increasing in developed countries, causing a rise in older subjects
with consequently greater need of hospitalization [1]. In such scenario, the association between
hospitalization and malnutrition is increasingly reported, with a negative impact on treatment
response, functional recovery, hospital length-of-stay and costs, and quality of life [2,3]. Hospitalization
is also linked to loss of muscle mass and strength, which define sarcopenia [4]. Malnutrition is strongly
associated with sarcopenia, and the presence of both conditions is related to several adverse outcomes [5].
The concomitant occurrence of malnutrition and sarcopenia is defined as malnutrition-sarcopenia
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syndrome (MSS), which represents a prognostic factor for hospitalized older adults [6]. The integrated
assessment of nutritional status and presence of sarcopenia would help improve clinical outcomes of
such patients.

Diagnosis of malnutrition or risk of malnutrition requires a comprehensive nutritional assessment,
which is frequently difficult to perform on all in-hospital patients due to both time and financial
restraints [7]. To overcome this limitation, the Global Leadership Initiative on Malnutrition (GLIM)
recommends a two-step model in which diagnosis assessment is preceded by risk screening using any
validated tool [8]. Nevertheless, despite several tools for rapid identification of malnutrition in older
adults [9], patients are not consistently screened for nutritional status at hospital admission [10,11].

The Mini Nutritional Assessment (MNA) is considered one of the most validated tools for the
identification of malnutrition or risk of malnutrition, and it is particularly used in older people [12–14].
However, the MNA has disadvantages such as subjective questions unsuitable to hospitalized older
people, inability to be used in patients with cognitive impairment, and 10 to 15 min to be performed [7,15].
Several nutritional screening tools have been applied to rapidly identify malnutrition in older patients in
hospital settings, and each present with improvements and weaknesses [7]. Very recently, a systematic
review evaluated the available studies which considered malnutrition and sarcopenia simultaneously,
resulting in methodological unpredictability [16].

First, this study aimed to compare different tools for nutritional screening, such as the Malnutrition
Universal Screening Tool (MUST), the Subjective Global Assessment (SGA), and the Nutritional Risk
Screening 2002 (NRS-2002) in hospitalized older patients, in order to define their sensitivity, specificity,
and rapidity with respect to the GLIM consensus, chosen as the reference method. Furthermore,
the present investigation evaluated the association between the alteration of nutritional status identified
by these tools and the presence of sarcopenia.

2. Experimental Section

2.1. Study Design and Participants

We collected and analyzed data from older patients hospitalized at the Internal and Aging
Medicine clinic of the “Ospedali Riuniti”, a teaching hospital in Foggia (Italy). We recruited consecutive
patients aged 65 years or older, admitted to our ward from March 2019 to February 2020. Frequency of
the main causes for hospital admission is reported in Table 1. The exclusion criteria were the following:
dysphagia, active cancer, severe cognitive impairment (assessed with a Mini Mental State Examination
score ≤ 9 points), inability to comply with the study protocol or to provide written informed consent.
Further exclusion criteria were chronic bedridden conditions, physical handicap, severe neuromuscular
disease, and use of drugs affecting body composition (such as glucocorticoids, statins, active vitamin
D metabolites, anabolic steroids, selective estrogen receptor modulators). The study was approved
by our Institutional Review Board at the Ospedali Riuniti in Foggia and performed according to the
Declaration of Helsinki. All patients gave written informed consent.

2.2. Biochemical Analysis, Anthropometric Measurements and Body Composition Evaluation

A blood sample was taken at the time of admission for the determination of hemoglobin (Hb)
and lymphocytes in whole blood, and total proteins, albumin, total cholesterol, and iron in the serum.
Height, body weight, and waist, arm, and hip circumference, as well as tricipital, bicipital, subscapular,
and supra-iliac skinfold thicknesses were measured according to standardized procedures. Body mass
index (BMI) was calculated as the ratio between weight in kilograms and the square of height in
meters. Body composition was assessed within 24 h from admission by bioelectrical impedance
using a BIA 101-F device (Akern/RJL, Florence, Italy), as previously reported [17]. The BIA analyzer
underwent calibration by the manufacturer, and the measurements were validated according to
previously published equations [18].
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Table 1. Baseline demographic, clinical, anthropometric, and biochemical characteristics of patients,
stratified according to the Global Leadership Initiative on Malnutrition consensus.

Characteristic
No Malnutrition

n = 82 (54%)
Malnutrition
n = 70 (46%)

p

Age (years) 77.8 ± 7.8 78.7 ± 7.3 0.4664
Genre M/F (n, %) 47/35 (57/43) 40/30 (57/43) 0.9827
Education (n, %)

None 0 (0) 0 (0)

0.8812
Primary School 45 (55) 40 (57)
Secondary School 17 (21) 17 (24)
High School 17 (21) 10 (14)
University 3 (3) 3 (5)

Co-morbidities > 3 (n, %) 37 (45) 32 (46) 0.9417
MMSE score 21.4 ± 6.6 19.9 ± 5.8 0.1420
Weight (kg) 76.7 ± 14.2 71.8 ± 16.0 0.0473
Height (m) 1.63 ± 0.1 1.62 ± 0.08 0.5021
BMI (kg/m2) 28.9 ± 5.9 27.4 ± 5.5 0.1091
Arm circumference (cm) 28.6 ± 4.0 27.2 ± 4.4 0.0417
Waist circumference (cm) 104.2 ± 10.7 99.7 ± 13.0 0.0206
Hip circumference (cm) 100.6 ± 10.5 99.2 ± 11.6 0.4159
Waist-to-Hip ratio 1.04 ± 0.11 1.00 ± 0.08 0.0126
Tricipital skinfold thickness (cm) 13.2 ± 4.7 12.6 ± 5.4 0.4651
Bicipital skinfold thickness (cm) 11.5 ± 4.6 9.8 ± 5.7 0.0437
Subscapular skinfold thickness (cm) 16.5 ± 6.2 14.0 ± 5.2 0.0085
Supra-iliac skinfold thickness (cm) 18.4 ± 7.0 13.7 ± 5.2 <0.0001
Total proteins (g/dL) 6.4 ± 0.6 6.0 ± 0.8 0.0006
Albumin (g/dL) 3.3 ± 0.5 3.1 ± 0.6 0.0265
Total Cholesterol (mg/dL) 147 ± 36 116 ± 52 <0.0001
Lymphocytes (n × 103/mm3) 1.9 ± 2.5 2.6 ± 3.9 0.1837
Hemoglobin (g/dL) 11.8 ± 2.9 9.6 ± 1.9 <0.0001
Iron (mg/dL) 53.4 ± 32.7 47.3 ± 36.0 0.0839

Data are expressed as mean± SD (continuous variables) or frequency and percentage (categorical variables). Statistical
differences were assessed by Student’s t-test (continuous variables) or by Pearson’s Chi-squared test and Fisher’s exact
test (categorical variables). M, male; F, female; MMSE, Mini-Mental State Examination. Bold: statistically significant.

2.3. Tools for Screening of Nutritional Status

The MUST, SGA, and NRS-2002 tools were used for nutritional screening, and the time (in seconds)
required to complete each test was recorded. To avoid any interindividual variance, all tools were
performed by an experienced operator.

The MUST includes three clinical parameters and rates each parameter as 0, 1 or 2 as follows: (a) BMI
> 20 kg/m2 = 0; 18.5–20.0 kg/m2 = 1; <18.5 kg/m2 = 2; (b) weight loss in the past 3–6 months < 5% = 0; 5–10%
= 1; >10% = 2; (c) acute disease: absent = 0; if present = 2. Overall risk of malnutrition is established as
follows: 0 = low risk; 1 =medium risk; 2 = high risk [19].

The SGA questionnaire includes patient history (weight loss, changes in dietary intake,
gastrointestinal symptoms and functional capacity), physical examination (muscle, subcutaneous fat,
sacral and ankle edema, ascites) and the clinician’s overall judgment of the patient status ((a) well
nourished; (b) suspected malnourished or moderately malnourished; (c) severely malnourished) [20].

The NRS-2002 consists of a nutritional score and a severity of disease score and an age adjustment
for patients aged > 70 years (+1). Nutritional score: weight loss 45% in 3 months or food intake below
50–75% in the preceding week = 1; weight loss 45% in 2 months or BMI 18.5–20.5 kg/m2 and impaired
general condition or food intake 25–60% in the preceding week = 2; weight loss 45% in 1 months or
>15% in 3 months or BMI < 18.5 kg/m2 and impaired general condition or food intake 0–25% in the
preceding week = 3. Severity of disease score: hip fracture, chronic patients with acute complications
= 1; major abdominal surgery, stroke, severe pneumonia, hematological malignancies = 2; head injury,
bone marrow transplantation, intensive care patients with APACHE > 10 = 3. NRS-2002 score is the
total of the nutritional score, severity of disease score and age adjustment. Patients are classified at no
risk = 0, low risk = 0–1, medium risk = 3–4, and high risk = ≥ 5 [21].
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2.4. Diagnostic Criteria for Malnutrition and Sarcopenia

Following the new GLIM diagnostic criteria, malnutrition was diagnosed when the patients
met 1 phenotypic criterion (among non-volitional weight loss, low body mass index, and reduced
muscle mass) and 1 etiologic criterion (among reduced food intake or assimilation, and disease
burden/inflammatory condition), according to Table 2 [8].

Table 2. Bioelectrical impedance analysis parameters in patients stratified according to the Global
Leadership Initiative on Malnutrition consensus.

Parameter
No Malnutrition

n = 82 (54%)
Malnutrition
n = 70 (46%)

p

Body Cell Mass (kg) 18.8 ± 6.6 10.4 ± 9.2 <0.0001
Total Body Water (L) 37.5 ± 5.5 41.2 ± 9.4 0.003

Extracellular water (L) 22.4 ± 3.9 28.9 ± 10.1 <0.0001
Fat-Free Mass (%) 63.2 ± 9.4 58.2 ± 11.4 0.0035

Fat Mass (%) 36.8 ± 9.4 41.8 ± 11.4 0.0035
Skeletal Muscle Index 8.2 ± 1.3 7.3 ± 1.9 0.0007

Appendicular Skeletal Muscle Mass (kg) 19.4 ± 3.7 16.5 ± 4.4 <0.0001
Appendicular Skeletal Muscle Mass (kg/m2) 7.32 ± 2.6 6.30 ± 2.0 0.0083

Data are expressed as mean± SD. Statistical differences were assessed by Student’s t-test. Bold: statistically significant.

Sarcopenia was diagnosed on admission according to the European Working Group on Sarcopenia
in Older People updated recommendation (EWGSOP2) [22]. Particularly, sarcopenia was first assessed
by gait speed or grip strength, and then, confirmed in subjects presenting with a relative skeletal
muscle index (RSMI) < 7.25 kg/m2 (men) or <5.67 kg/m2 (women).

2.5. Statistical Analysis

Data were expressed as mean ± standard deviation of the mean (SDM) for quantitative variables,
and as count and percentages for qualitative values. Gaussian distribution of the samples was evaluated
by the Kolgomorov–Smirnov test. The significance of differences between 2 groups was assessed by
Student’s t-test (continuous variables) or in contingency tables by Pearson’s Chi-squared test and
Fisher’s exact test (categorical variables). The significance of differences between more than 2 groups
was assessed by the one-way analysis of variance (ANOVA) after ascertaining normality by the
Kolgomorov–Smirnov test; Tukey–Kramer was applied as post hoc test. To determine the diagnostic
concordance between the three screening tools and the GLIM diagnostic criteria for malnutrition,
Cohen’s statistic was calculated. The coefficient reflects the consistency of qualitative variables: = 1
indicates complete consistency between the variables, and = 0 indicates no consistency among the
variables. Positive likelihood ratios and negative likelihood ratios were calculated for all three tools.
Sensitivity and specificity values for the three nutritional screening tools with the GLIM diagnostic
criteria for malnutrition were calculated. To determine the diagnostic concordance, consistency,
accuracy, likelihood ratio, sensitivity, and specificity, medium and high-risk categories for the three
nutritional assessment tools were combined, according to previous publications [23,24]. Receiver
operating characteristic (ROC) curves of the three screening tools were also used to evaluate the ability
to accurately distinguish malnourished patients. The Youden Index was calculated as (sensitivity +
specificity) − 1 for each cut-off point. The odds ratio (OR) and the 95% confidence interval (CI) were
calculated. Univariate binary logistic regression analysis was used to analyze the association between
nutritional status and the presence of sarcopenia.

All tests were 2-sided, and p values <0.05 were considered statistically significant. Statistical
analysis was performed with the Statistical Package for Social Sciences version 23.0 (SPSS, Inc., Chicago,
IL, USA) and the package GraphPad Prism 6.0 for Windows (GraphPad Software, Inc., San Diego,
CA, USA).
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3. Results

3.1. Patients Characteristics

In total, 689 consecutive patients were evaluated for enrolment; of these, 152 met the inclusion
criteria and did not present any of the exclusion criteria. According to the GLIM criteria, malnutrition
was diagnosed in 70 patients (46%) at admission (Figure 1, Supplementary Table S3).

 

−

Figure 1. Participant flowchart. Other exclusion criteria were chronic bedridden conditions, physical
handicap, severe neuromuscular disease, and use of drugs affecting body composition (such as
glucocorticoids, statins, active vitamin D metabolites, anabolic steroids, selective estrogen receptor
modulators). Diagnosis of malnutrition was performed according to the new criteria of the Global
Leadership Initiative on Malnutrition.

Baseline demographic, clinical, anthropometric, and biochemical characteristics of patients
presenting with malnutrition or not malnourished are represented in Table 1. Of note, we reported
lower weight, arm and waist circumference, waist-to-hip ratio, bicipital, subscapular and supra-iliac
skinfold thickness, serum total proteins, serum albumin, serum total cholesterol and blood hemoglobin
in the group of patients with malnutrition with respect to the group with no malnutrition.

Interestingly, significant differences in body composition parameters were observed between the
two groups (Table 2). In detail, patients with malnutrition were observed with reduced Body Cell
Mass, Fat-Free Mass, Skeletal Muscle Index and Appendicular Skeletal Muscle Mass, and increased
Total Body Water, Extracellular Water and Fat Mass as compared with not malnourished patients.

3.2. Rapidity, Sensitivity, Specificity, Accuracy, and Diagnostic Value of Nutritional Screening Tools

All patients were subjected to three nutritional screening tools (MUST, SGA, and NRS-2002) at
admission. As shown in Figure 2, MUST was the less rapid tool as compared to SGA and NRS-2002.

The MUST misclassified 18%, the SGA 47%, and the NRS-2002 38% of patients. Sensitivity was
64.3% with the MUST, 95.7% with the SGA, and 47.1% with the NRS-2002, while specificity was
81.7%, 14.6% and 75.6% with the MUST, SGA and NRS-2002, respectively; MUST accuracy was 73.7%,
while accuracy resulted 52% for SGA and 62.5% for NRS-2002 (Table 3).

Finally, the area under the curve (AUC) calculated by the ROC indicated that all three screening
tools had a moderate value to diagnose malnutrition in hospitalized older patient (AUC of MUST,
SGA, and NRS-2002 were found to be 0.80, 0.77 and 0.69, respectively; Figure 3). The highest Youden
indexes were 0.461 for a MUST score ≥ 0.5 (sensitivity 0.643, specificity 0.818), 0.461 for a SGA score
≥ 8.5 (sensitivity 0.643, specificity 0.818), and 0.257 for a NRS-2002 score ≥ 2.5 (sensitivity 0.464,
specificity 0.758).
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Figure 2. Duration of the nutritional screening tools (time expressed in seconds), performed in all the
152 hospitalized patients enrolled in this study. Data are expressed as mean ± SD. Statistical differences
were assessed by one-way ANOVA and Tukey as post hoc test. MUST, Malnutrition Universal Screening
Tool; SGA, Subjective Global Assessment; NRS-2002, Nutritional Risk Screening 2002. ****: p < 0.0001
vs. MUST.

≥
≥ ≥

 

Χ

 

Figure 3. Receiver Operating Characteristic (ROC) curve for prediction of malnutrition based on the
score obtained by the Malnutrition Universal Screening Tool (MUST, blue line), the Subjective Global
Assessment (SGA, green line), and the Nutritional Risk Screening 2002 (NRS-2002, yellow line).

3.3. Malnutrition and Sarcopenia

According to the EWGSOP2 recommendation, sarcopenia was diagnosed in 77 (50.6%) patients;
of these, 45 (64.3%) were also diagnosed with malnutrition according to the GLIM criteria, and 32 (39.0%)
were not malnourished (X2 = 9.641, p = 0.0019). We did not find any difference between genders
with respect to the diagnosis of sarcopenia. Malnutrition diagnosed according to the GLIM criteria
increased the risk of presenting with sarcopenia 2.7-fold (95% CI 1.4–4.9, p = 0.0029). There was a
significant association between sarcopenia and nutritional status at high risk of malnutrition detected
by MUST, but not by other nutritional screening tools (Table 4).
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Table 4. Association between nutritional status and presence of sarcopenia on admission.

Tool Outcome
No Sarcopenia

n (%)
Sarcopenia

n (%)
OR (95% CI) p

GLIM
No malnutrition 50 (61.0) 32 (39.0) 1

Malnutrition 25 (35.7) 45 (64.3) 2.7 (1.4–4.9) 0.0029

MUST
Low risk 60 (65.2) 32 (34.8) 1

Medium risk 8 (34.8) 15 (65.2) 0.6 (0.3–1.2) 0.459
High risk 7 (18.9) 30 (81.1) 2.5 (1.3–3.6) 0.0068

SGA

Well nourished 9 (60.0) 6 (40.0) 1
Moderately

malnourished
44 (51.8) 41 (48.2) 1.4 (0.3–4.1) 0.516

Severely
malnourished

22 (42.3) 30 (57.7) 2.7 (0.2–9.4) 0.414

NRS-2002
Low risk 53 (53.5) 46 (46.5) 1

Medium risk 12 (57.1) 9 (42.9) 0.1 (0.0–1.1) 0.059
High risk 16 (47.0) 18 (53.0) 1.2 (0.2–5.8) 0.835

Incidence and odds ratio (OR; 95% confidence interval, CI), adjusted for age, gender, and education, between Global
Leadership Initiative on Malnutrition (GLIM) diagnosis of malnutrition or nutritional screening tools and presence
of sarcopenia. MUST, Malnutrition Universal Screening Tool; SGA, Subjective Global Assessment; NRS-2002,
Nutritional Risk Screening 2002. Bold: statistically significant.

4. Discussion

This is the first study which compared the diagnostic reliability of different nutritional screening
tools to the GLIM criteria in a population of hospitalized older patients. According to the GLIM
framework, 46% of patients were identified as malnourished when using combinations of two criteria.
This prevalence could be apparently high as compared with previous studies which used the GLIM
criteria for the diagnosis of malnutrition [5,25–27]. Nevertheless, this investigation focused on a
special population that presented with a high prevalence of etiologic GLIM criteria for malnutrition.
Indeed, the prevalence of malnutrition is close to 50% when diagnosed in critically ill patients [28].
Furthermore, even though this study was not designed to validate the diagnosis of malnutrition
in hospitalized older subjects according to the GLIM consensus, our data show that patients with
malnutrition presented with alterations in anthropometry, biochemical parameters, and bioelectrical
impedance analysis results, compatible with their impaired nutritional status.

Nutritional screening tools detect features associated with alterations of nutritional status to
distinguish persons presenting with risk of malnutrition. These tools play an important role in
providing a standardized and systematic approach to identifying malnutrition [29]. Considering the
utility of such tools in a daily routine, they should be easy to use, rapid, sensitive, and specific, to be
included in a defined clinical protocol [30]. In this study, we compared the MUST, created to identify
malnutrition in care settings [31]; the SGA, considered by several Authors as the most validated tool in
hospital settings [25]; the NRS-2002, a tool used in hospital settings to detect patients who would benefit
from nutritional therapy [21]. We first considered the rapidity of each tool in our special population,
concluding that the MUST requires longer time with respect to both SGA and NRS-2002. Medium
and high nutritional risk was 39.5% by MUST, 90.1% by SGA, and 34.9% by NRS-2002, compared to
46% of patients being malnourished by GLIM consensus. Concordance of the three screening tools
with respect to GLIM criteria resulted dissimilar. These data are similar to other comparisons between
different nutritional screening tools applied to hospitalized older patients [32]. Overall, the three
screening tools misclassified 11–47% of patients, the MUST having the highest concordance with GLIM
framework compared with SGA and NRS-2002. Furthermore, the MUST showed higher specificity than
SGA and NRS-2002, meaning that more hospitalized older patients presenting with no malnutrition
were correctly identified as at a low risk of malnutrition than malnourished patients being at high risk.
On the contrary, the SGA showed higher sensitivity with respect to MUST and NRS-2002, properly
identifying hospitalized older patients with malnutrition as at high risk than well-nourished ones at
low risk. A previous study analyzed the validity of GLIM criteria with respect to SGA, describing a
higher sensitivity when weight loss was combined with high C-reactive protein values, and a higher
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specificity with the combination of a low BMI and low food intake [25]. Both reduced food intake
and increased C-reactive protein were registered very frequently in our population of hospitalized
older patients, however, weight loss was more prevalent than low BMI, partially explaining the high
sensitivity (but low specificity) of SGA. Finally, even though the ROC curve showed a moderate value
to identify malnutrition by all three nutritional screening tools, MUST was found to have the greatest
AUC with respect to SGA and NRS-2002. Based on the results of this study, the time spared in the
administration of SGA or NRS-2002 is not well matched with accuracy or diagnostic value of these
tools in hospitalized older patients. Further investigations are needed to confirm this observation.

This study reported a significant prevalence of sarcopenia diagnosed with the EWGSOP2 criteria,
with malnutrition diagnosed with the GLIM criteria (64.3%). Malnutrition is considered as a determinant
factor for the onset of sarcopenia, and the presence of malnutrition-sarcopenia syndrome (MSS) is
associated with a four times higher risk of mortality in hospitalized older patients [6]. A recent
longitudinal study investigated the incidence of sarcopenia (identified through the EWGSOP2 criteria)
during a four-year follow-up in community-dwelling older individuals diagnosed with malnutrition
at baseline according to both the European Society of Clinical Nutrition and Metabolism (ESPEN)
and the GLIM criteria [5]. This report registered a threefold higher risk of developing sarcopenia in
malnourished patients based on the GLIM [5]. Even though the present investigation is not designed
as a prospective longitudinal study, our analysis shows that the risk of MSS is almost threefold
in hospitalized older patients presenting with malnutrition at admission. Moreover, amongst the
three screening tools applied, MUST is the only to identify older hospitalized patients at high risk of
malnutrition with a significant 2.5 times higher risk of having MSS.

The strengths of this study consist in the use of standardized diagnostic criteria for the diagnosis of
malnutrition or sarcopenia, and a rigorous statistical analysis. Nevertheless, this study presents several
main limitations. First, it is a single center study with a small sample size, which restricted the subgroup
analysis. Moreover, this study did not investigate the association between nutritional status and the
underlying disease that led to hospitalization. The three nutritional screening tools were not compared
with MNA, because of biased questions inappropriate to hospitalized older people even with mild or
moderate cognitive impairment, and longer time to be performed. Muscle mass was evaluated by
bioelectrical impedance, which could be influenced by fluid distribution changes. A further limitation of
the study is that information about the dietary regimens or the pharmacological treatments potentially
affecting the nutritional status of single participants was not registered. Moreover, in our study, we did
not estimate other confounding factors, such as socioeconomic and family status, which could partially
impact the results.

In conclusion, the present study reports a prevalence of malnutrition of 46% in hospitalized older
patients, according to the GLIM framework criteria. The comparison of three different nutritional
screening tools indicates that MUST is better at detecting malnutrition in hospitalized older patients
diagnosed by the new GLIM criteria despite being less rapid, with respect to SGA and NRS-2002.
Furthermore, there is a significant association between the presence of sarcopenia in hospitalized
older patients at high risk of malnutrition according to MUST. This evidence confirms the importance
of routine nutritional assessment in hospitalized older patients. We suggest that nutritional status
should be determined by MUST in older patients at hospital admission, followed by both GLIM
and EWGSOP2 assessment. The choice of this diagnostic tool could allow on-time nutritional
intervention, thus preventing the worsening of negative caloric balance and loss of muscle mass.
Furthermore, an early and valuable recognition of malnutrition and sarcopenia would be beneficial to
plan individualized treatment during hospitalization and at discharge.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/6/1898/s1,
Table S1: Main causes for hospital admission in patients stratified according to the Global Leadership Initiative on
Malnutrition consensus. Table S2: Assessment criteria of malnutrition according to the Global Leader Initiative
on Malnutrition (GLIM). Table S3: Prevalence of criteria of the Global Leader Initiative on Malnutrition (GLIM)
registered in the study population.
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Abstract: Older people in institutional care are, for the most part, physically inactive and do not
interact with each other or medical staff. Therefore, reducing sedentary behaviour is a new, important,
and modifiable lifestyle variable that can improve the health of elderly people. The aim of the project
was to assess the degree of improvement in functional performance and the possibility of changing
habitual, free time behaviour among elderly people under institutional care by applying physical
training with verbal stimulation. The study covered older people, aged 65–85 years, who are living
a sedentary lifestyle in care homes in Southeastern Poland. Those who met the eligibility criteria were
enrolled in the study and were assigned, at random, to one of four parallel groups: basic exercises
(n = 51), basic exercises combined with verbal stimulation (n = 51), functional exercise training
(n = 51), and functional exercise training with verbal stimulation (n = 51). No statistically significant
differences in baseline characteristics were observed across the groups. Data were collected at baseline
and at 12 and 24-weeks following the completion of the intervention. In the group with functional
exercise training with verbal stimulation, in comparison to the group with basic exercises, the greatest
positive short-term impact of intervention was demonstrated in terms of functional fitness (increased
by 1.31 points; 95% confidence interval (CI) = 0.93–1.70), gait speed (improved by 0.17 m/s, 95% CI =
0.13–0.22), hand grip strength (by over 4 kg; 95% CI = 2.51–4.95), and upper-limb flexibility (by 10 cm;
95% CI = 5.82–12.65). There was also a significant increase in the level of free-time physical activity
and an improvement in the quality of life, especially as expressed in the domain of overall physical
functioning. Our study showed that a functional exercise program, combined with verbal stimulation,
is effective at improving physical fitness and raising the level of free-time physical activity.

Keywords: sedentary behaviour; aged; exercise; motivation

1. Introduction

In recent years, there has been a slowdown in the demographic development of people in Europe
and Poland. At the end of 2017, the number of people aged 65 and older in Poland amounted to
six million, of which over 105,000 were covered by institutional care [1,2]. While changes in care and
health policies and services have propagated alternative, long-term care methods, around 25% of older
people spent the last years of their lives in a care home [3].

A low level of physical activity (PA) is one of the most serious health problems facing older
people [4]. A lack of PA increases the incidence of cardiovascular diseases, reduces cardiovascular
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and respiratory function, and increases the risk of falling, osteoporotic fractures and disability [5].
According to a report published by the American Journal of Clinical Nutrition, a sedentary lifestyle
accounts for twice as many deaths in Europe as obesity. Moreover, increasing PA levels among
Europeans would reduce the deaths in Europe by 7.5%, as reported by Ekelund et al. [6]. Encouraging
even a slight increase in activity, with reference to inactive people, can be beneficial to public health.

An insufficient level of PA is one of the main behavioural burdens in the world [7]. From 60% to
70% of older people do not meet the World Health Organization’s recommendations, with respect to
PA, to achieve health benefits [8]. The nationwide Polish data compiled by Kozdroń show that only
7% of people aged 60–64 and 0.6% aged 80 years and more undertake regular physical activity [9].
Research conducted in nursing homes indicates that their residents are physically inactive most of the
time and do not interact with each other or medical personnel [10].

There are a number of factors in the daily life of older people that can hinder PA. These include,
among other things, a negative exercise history, lack of exercise skills, low social and cultural support,
and a low level of motivation and self-efficacy [11]. According to Resnick et al. [12], interventions
that focus on teaching older people about the benefits of PA, setting goals for exercise program
implementation, and reducing unpleasant exercise-related sensations can improve regular participation
in exercises and functional performance [13]. Another important element influencing whether an older
person is able and willing to participate in physical activity and a model of healthy behaviours is
motivation. Motivation is a term that defines the process regulating behaviour that is designed to
control the engagement, maintenance, and termination of activities.

Despite the publication of several systematic reviews concerning the effectiveness of exercise
programs for older people, the most effective of them has not been clearly identified yet. A systematic
review of Carode et al. [14] showed that a multi-component intervention is the best strategy to improve
the functional state of older people. Marcos-Pardo et al. developed a motivational resistance-training
program and demonstrated the positive effect of training on motivational variables and the body
composition of older people. However, the described results concern a preliminary study with a small
number of people affected by the intervention [15]. In a systematic review, Farrance et al. indicated that
programs for group exercises that used social support proved to be an effective way to improve physical
fitness and to increase the level of PA for older people [16]. The authors noted that incorporating
education about exercise benefits, social ties, and professional advice on enhancing health behaviours,
with reference to exercise programs, could provide guidelines for designing innovative interventions
in order to improve the health of older people. The International Association of Gerontology and
Geriatrics (IAGG) Global Aging Research Network and the IAGG European Region Clinical Section
have developed recommendations regarding motivation and pleasure as key factors to increase the
level of PA in people receiving long-term care [17]. Experts have argued for the development and
implementation of long-term care improvement strategies to improve the health of residents. Therefore,
the aim of the project was to assess the degree of improvement in functional performance and the
possibility of changing habitual ways of spending free time among elderly people under institutional
care, by applying physical training with verbal stimulation. We hypothesized that the biggest changes
regarding the functional efficiency and use of free time will be observed in the group with functional
exercise training connected to verbal stimulation.

2. Materials and Methods

2.1. Trial Design

Our study contained a controlled, randomized trial with four open-label parallel groups. The study
was conducted from March 2016 to December 2018. Data were collected at baseline and at 12 and
24-weeks. This procedure was established according to the “CONSORT” statement [18]. The study
was registered in the Sri Lanka Clinical Trials Registry (SLCTR / 2016/004).
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Availability of data and materials: All data used in this study were stored at https://repozytorium.
ur.edu.pl/handle/item/5094.

Ethics approval and consent to participate: The research project was accepted by the Bioethics
Committee of the University of Rzeszow (Resolution No. 6/06/2015). In accordance with the Declaration
of Helsinki, the participants were provided with information about the aim and the course of the study,
and expressed their written and informed consent to participate. The older persons were informed
about the possibility of withdrawing from the study at any point during the study procedures.

2.2. Participants

The study was conducted in nine randomly selected nursing homes for older people and the
chronically physically ill in Southeastern Poland. The management department of the centers were
informed about the objectives and conduct of the study. After obtaining permission to implement the
project in individual centers, the recruitment of participants began. To promote the exercise programs,
information was posted, leaflets were distributed, and residents were orally informed about the details.
The initial qualification for participants in the study was made by a physiotherapist working in the
center. Participants who were eligible for the trial were required to comply with the following criteria:
age 65–85 years, Mini-Mental State Examination (MMSE) score >19, Geriatric Depression Scale (GDS)
score <11 points, physical fitness without serious restrictions, Short Physical Performance Battery score
>5, and spending free time sitting for at least 4 h/day, 6 to 7 days/week (the Physical Activity Scale
for the Elderly questionnaire). Exclusion criteria were: symptoms of cardiovascular diseases, severe
systemic disease, severe circulatory or organic insufficiency, severe neurological disorder, injuries of
the lower limbs during the last 6 months, use of medication significantly affecting the body’s balance
and participation in improvement exercise programs in the 3 months prior to the trial. Subsequently,
an interview was conducted with a physician employed in the nursing home to eliminate the health
contraindications in performing physical exercise by selected residents. After taking into account the
inclusion criteria and obtaining written consent from the physician and residents to participate in the
study, 204 people were included in the exercise program

2.3. Interventions

The subjects were assigned, at random, to one of four groups:
Group BE: Basic exercises without verbal stimulation
Group BE + VS: Basic exercises combined with verbal stimulation
Group FET: Functional exercise training without verbal stimulation
Group FET + VS: Functional exercise training with verbal stimulation

Exercise Program

All study participants took part in a 12-week exercise program, with or without verbal stimulation.
Exercises were conducted in groups of 4–8 people, twice a week for 30 min. Each session was adapted to
the functional capabilities of the subjects and was supplemented with breathing exercises. The exercise
intensity was moderate, at 11–13 points, according to the Borg scale. The load during resistance
training was up to 60% of one repetition maximum. Participants exercised with the music preferred by
the subgroup (low volume level of 60 dB, moderate tempo). Exercise programs were performed by
9 physiotherapists (one physiotherapist per care home) with at least 2 years of experience working with
older people. Each therapist was trained in the field of exercise programs and verbal stimulation before
starting the program. They also dealt with the assessment of participants in the exercise programs,
and monitored possible pain or other complications resulting from the performed exercises. Their
observations were noted in activity diaries prepared for each group. In the case of health problems,
such as malaise—a pain caused by excessive effort—the physician supervising the research made the
decision to exclude participants from the study. Furthermore, the blood pressure and pulse of the older
people were monitored before and after exercise. In addition, the study director was in contact with
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all physiotherapists in the course of the intervention in order to ensure that the exercise was of high
quality and consistent in all care homes.

Basic exercises: the program included exercises performed in a sitting position. The exercises
contained elements of aerobic fitness, stretching and equivalent exercises.

Functional exercise training: the program was divided into two sessions. Session I contained
strengthening and stretching, with exercises performed in a sitting position using a Thera-Band and
gymnastic sticks. Lower-limb strengthening exercises included tasks such as dorsi flexion and plantar
flexion of the ankle joints, flexion and extension of the knee joints, flexion, extension and abduction in
the hip joints, standing up and sitting down on a chair, and lifting objects from the floor. Upper-body
exercises included stretching and strengthening of the shoulder girdle. Session II contained equivalent
and functional training, using exercises performed in a seated or standing position, using chairs as
stabilizing aids. Functional exercises included complex motor tasks, such as head rotation when sitting
and standing, changing the body position, and lifting objects from the floor and keeping them. Balance
exercises included exercises performed with and without visual control; static and dynamic balance of
the elderly people was practiced (physical support was provided by a physiotherapist and auxiliary
aids). The progression of the balance exercises was achieved by reducing the support plane, or by
eliminating the visual control. Exercises were oriented towards achieving the goals of functional
activity established by the elderly people.

Verbal stimulation: a model physical exercise program that incorporates the use of verbal
stimulation. The model is focused on studying the achievements of participant’s in regard to (objective)
functional goals, and altering his/her (subjective) perception of the intensity of the training program
and their individual aims. Before starting the intervention, a systematic review was performed to
assess which elements had the greatest impact on health benefits among older people. The next
step was to determine the baseline assessment; therefore, both the short- and long-term objectives
of exercise participation were established. Short-term objectives assessed what a person is able to
perform while exercising daily (e.g., perform 20 sit-ups, which improves lower extremity strength),
whereas long-term objectives determined the “ultimate goal” (e.g., walking to the shop unaided or
generally obtaining an improved level of mobility). Furthermore, specified objectives were helpful in
achieving individual goals, as well as in persevering with these new health behaviours. According to
the results of the studies carried out by Park et al., setting functional goals is an important motivating
factor for PA performed by older people [19].

The program uses:

• Generating extrinsic motivation: the participants were informed about a small reward at the end
of the program. Seniors were involved in a given activity to achieve extrinsic consequences. After
performing physical exercises, a meeting was organized, at which diplomas for participation in
the exercises and commemorative photos were handed out.

• Generating intrinsic motivation: a model for class management was developed, which assumed
that the participants would achieve the set goals (challenges). The subjective feelings associated
with performing physical exercises and independent steps towards a goal were strengthened.
In accordance with the assumptions of the theory of competence-based models of intrinsic
motivation [20], the examined person best estimates, depending on individual beliefs based on
the significance of the goals established by them, the possibilities of motivation

In addition, informative materials were provided to the subjects:

• Explanation of the importance of physical activity in order to maintain independence and health;
• illustrations of exercises that older people could perform on their own after completing the program;
• description of fears and barriers appearing while physical activity is undertaken by older people

and a description of the necessary ways to overcome them.

According to Locke, education and discussion about the anxiety connected to physical activity
allows an older person to feel the need to participate in exercises [21].
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The verbal stimulation program was included in the individual exercise programs.

2.4. Outcome Measures

Outcome assessments were performed at the baseline and at 12 and 24-weeks. The study was
divided into two stages. On the first day, sociodemographic data and questionnaire interviews
were collected; on the second day, anthropometric measurements and functional activity tests
were performed.

Data regarding age, sex, education, marital status, and years in a nursing home were gathered
on the basis of the records kept by care homes and by interviews with the individuals researched.
Data related to chronic diseases and the number of drugs were collected from medical records kept by
physicians in care homes. Cognitive status was also assessed by MMSE [22] and depression symptoms
were assessed by the use of GDS [23].

2.4.1. Main Outcome

The Short Physical Performance Battery (SPPB) test was used to assess the functional status of the
participants. The test comprised the assessment of three physical sequences: maintaining balance in
three positions, gait speed over a short distance and attempting to stand up from a chair five times
without the use of the upper limbs [24].

2.4.2. Secondary Outcomes

Physical Activity Assessment

Physical activity was assessed by means of the Physical Activity Scale for the Elderly (PASE) [25].
It is based on the evaluation of how free time was spent, as well as the work-related activities or
voluntary work performed within 7 days of the survey, taking into account the frequency, duration
and the level of intensity of these activities.

Functional Assessment

The performance of basic and complex everyday activities was assessed using the activities of
daily living and instrumental activities of daily living (ADL-IADL) scale [26].

Muscular Strength Assessments

Hand grip strength (HGS) was carried out by the use of a hand dynamometer (JAMAR PLUS
+ Digital Hand Dynamometer, Patterson Medical). The values were obtained from measurements
carried out on the participants while seated on a chair without armrests, with their feet rested flat on
the floor—In pursuance to the recommendations of the American Society of Hand Therapists [27].
The average of the three measurements was recorded. The 5× Sit to Stand Test (5× STS) was used to
assess the strength of the lower limbs. The participants were required to stand up 5 times from a sitting
position as fast as possible without using their upper extremities [28].

Mobility Assessment

Mobility was assessed using the Timed Up and Go test (TUG) without a cognitive task and with
a cognitive task (TUG cog) [29]. The TUG test was performed as follows: the participant will stand
(from a sitting position on a chair), walk a distance of 3 m, turn around (180◦), walk the 3 m back to
the starting position, and resume the sitting position. The final result was the average time of the
three attempts. Gait speed was assessed using the 10-Meter Walk Test [30]. Participants were asked to
walk a distance, marked with an adhesive tape, of 10 m.
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Flexibility Assessment

The elasticity of the upper and lower limbs was assessed using the back stretch test (BS) and the
chair sit and reach test (CSR) [31]. BS estimates the elasticity of the girdle of the upper limb, which
is necessary in the course of performing such activities as rubbing and washing the back. The test
consisted of griping the hand of one limb from above with the other hand from below and behind
the subject’s back. The distance between the fingertips of the middle fingers was measured. CSR
assessed the elasticity of the lower body, which was necessary in order to maintain the correct pattern
of walking, getting out of the bathtub or dressing socks. The test was to bend the body in a seated
position towards the outstretched lower limb. The distance between fingertips and toes was measured.

Body Balance Assessment

Balance was assessed using the Berg balance scale (BBS) [32]. The scale included 14 simple tasks,
including: changing body position, maintaining a sitting position, maintaining a standing position
under visual control and without it, watching, standing in a tandem position, standing on one leg,
rotation around the axis, reaching forward, lifting objects from the floor, transferring, and going up
a step.

2.5. Other Outcomes

2.5.1. Postural Stability Assessment

The assessment of the postural stability was performed by the use of a two-plate stability platform
CQ Stab 2P (CQ Elektronik System, Czernica, Poland). Each of the platform plates had 3 force
sensors that determined the displacement of the center of pressure on the support plane. During the
measurements, the values describing the static balance were recorded. Platform plates were placed
parallel, 2 m from the wall of the room where there was a marker to fix eyesight during the test with
open eyes. Before each set of measurements was taken, the device was calibrated. The test included
a 30 s sample performed with eyes open and eyes closed. The participants were instructed to remove
their shoes and take a free-standing position on the platform plates with their arms set adjacent to the
torso [33].

All testing procedures were fully explained and presented prior to assessment.

2.5.2. Quality of Life Assessment

Quality of life (QoL) was examined using the SF-36v2 questionnaire, consisting of 36 questions,
which analysed the functional profile of health, well-being and psychometric assessment based on
the subject’s mental state of health. The quality of life established with respect to physical health was
measured using two main domains: functioning in the physical dimension, i.e., general physical health
(physical component summary: PCS), and functioning in the mental dimension, i.e., general mental
health (mental component summary: MCS) [34].

2.6. Sample Size

The sample size was estimated from an a priori power analysis to detect the statistically significant
effects of exercise [35]. The sample size was chosen according to the Cohen method, using standard
assumptions: 0.05 for significance level, 0.8 for power of test, and 0.5 for effect size, accounting for,
according to Cohen, a medium effect size [36]. The sample size calculation for the main outcome
measure was based on changes in SPPB scores. The sample size calculation was based on 80% power
to detect a one-point change in the SPPB score with an alpha level of 0.05. It was calculated that, based
on the final analysis, the total number of people surveyed should amount to 39 people in each group.
Therefore, 51 people were recruited to individual groups in order to allow for a 20% dropout rate from
the study.
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2.7. Randomization and Blinding

Randomization that implemented the stratified method by the use of the statistical package R
3.2.2 (The R Foundation for Statistical Computing, Vienna, Austria) was carried out. Four-in-one
blocks were randomized, which made it possible to obtain an even distribution of elderly people in the
studied groups. The order of randomization was determined by using a computerized schedule of
random numbers. An independent biostatistician implemented randomization, hid the block size from
the executive module and used randomly mixed block sizes. He was responsible for the confidentiality
of the list of people included in the study. Outcome assessors were blind to the group division and did
not take part in implementing interventions. Due to the ensemble nature of care homes, participants in
the study were not blinded after being assigned to groups.

2.8. Statistical Methods

Descriptive characteristics were presented as a mean and standard deviations, or a number and
percent when appropriate. A one-way ANOVA test was used to assess the differences between groups.
The mean difference between treatment groups and the confidence intervals for quantitative variables
was also determined. Post-hoc analysis for the quantitative variables analysis was conducted with
t-tests with Bonferroni correction. The significance of changes in the examined variables, between
two time points, were assessed with paired t-tests. Standard intention-to-treat analysis was performed
for each outcome. Missing data were deemed to be missing at random and were calculated using the
imputation technique according to the protocol study [37]. Analyses were conducted at a 0.05 level of
significance. R software version 3.6.1 (The R Foundation for Statistical Computing, Vienna, Austria)
was used.

3. Results

After the initial test was performed and the inclusion and exclusion criteria were taken into
account, the older people were randomly assigned to four exercising groups: BE group, 51 people; BE +
VS group, 51 people; FET group, 51 people; and FET + VS group, 51 people (Figure 1). The withdrawal
rate from the study was: BE group, 10 people; BE + VS, 12 people; and FET, 10 people and FET
+ VS, 9 people. The main reasons for withdrawal from the study were: moving house, influenza
diagnosed by a physician, refusal to participate without any reason given, and the death of a participant.
The analysis included people whose attendance at exercises was over 80%.

In the studied groups, baseline parameters did not differ across the groups in terms of
sociodemographic features and clinical parameters, including: cognitive status, mood, functional state,
mobility, muscle strength, flexibility, body balance, postural stability with and without visual control,
quality of life and level of physical activity. The average age of the study groups fluctuated between
73 and 74 years. Baseline scores of the research variables are presented in Table 1. Postural balance
characteristics of the participants can be found in Supplementary Materials, Table S1.
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Figure 1. Flow diagram of the intervention study. ITT, intention-to-treat.

Table 1. Sociodemographic and clinical characteristics of the participants.

BE
(n = 51)

BE + VS
(n = 51)

FET
(n = 51)

FET+VS
(n = 51)

p-Value

Number (%)
Mean (SD)

Sociodemographic

Sex Female 32 (62.75) 29 (56.86) 29 (56.86) 28 (54.90) p = 0.868
Male 19 (37.25) 22 (43.14) 22 (43.14) 23 (45.10)

BMI (kg/m2) Underweight 1 (1.96) 3 (5.88) 0 (0.00) 1 (1.96) p = 0.266
Normal body weight 22 (43.14) 20 (39.22) 19 (37.25) 20 (39.22)

Overweight 19 (37.25) 11 (21.57) 18 (35.29) 21 (41.18)
Obesity 9 (17.65) 17 (33.33) 14 (27.45) 9 (17.65)

Marital status Married 6 (11.76) 6 (11.76) 6 (11.76) 3 (5.88) p = 0.570
Widow/widower 21 (41.18) 13 (25.49) 22 (43.14) 22 (43.14)

Divorced 7 (13.73) 6 (11.76) 5 (9.80) 8 (15.69)
Single 17 (33.33) 26 (50.98) 18 (35.29) 18 (35.29)

Education Basic 23 (45.10) 16 (31.37) 18 (35.29) 21 (41.18) p = 0.411
Vocational 11 (21.57) 22 (43.14) 17 (33.33) 15 (29.41)
Secondary 14 (27.45) 13 (25.49) 15 (29.41) 14 (27.45)

Higher 3 (5.88) 0 (0.00) 1 (1.96) 1 (1.96)
Chronic disease Cardiovascular 45 (88.24) 42 (82.35) 47 (92.16) 42 (82.35) p = 0.395

Musculoskeletal 31 (60.78) 32 (62.75) 33 (64.71) 28 (54.90) p = 0.765
Neurological 10 (19.61) 11 (21.57) 16 (31.37) 9 (17.65) p = 0.354
Pulmonary 25 (49.02) 24 (47.06) 25 (49.02) 27 (52.94) p = 0.946

Urinary system 6 (11.76) 8 (15.69) 8 (15.69) 14 (27.45) p = 0.183
GDS No depression 36 (70.59) 33 (64.71) 35 (68.63) 34 (66.67) p = 0.930

Moderate depression 15 (29.41) 18 (35.29) 16 (31.37) 17 (33.33)
MMSE No cognitive impairment 16 (31.37) 22 (43.14) 18 (35.29) 17 (33.33) p = 0.805

Cognitive impairment without
dementia

13 (25.49) 12 (23.53) 14 (27.45) 17 (33.33)

Mild dementia 22 (43.14) 17 (33.33) 19 (37.25) 17 (33.33)
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Table 1. Sociodemographic and clinical characteristics of the participants.

BE
(n = 51)

BE + VS
(n = 51)

FET
(n = 51)

FET+VS
(n = 51)

p-Value

Number (%)
Mean (SD)

Age (years) 74.37 (8.36) 73.22 (7.33) 74.88 (7.54) 73.76 (7.58) p = 0.717
Body mass (kg) 70.59 (16.5) 71.81 (20.74) 71.81 (16.15) 71.56 (16.00) p = 0.982

Height (cm) 163.2 (10.11) 163.24 (11.61) 161.82 (11.19) 164.67 (9.02) p = 0.603
Years in nursing home 4.18 (3.51) 4.43 (4.11) 3.92 (4.66) 4.10 (3.90) p = 0.937

Number of drugs 4.16 (1.50) 4.27 (1.73) 4.27 (1.56) 4.25 (1.49) p = 0.978
Number of falls 0.71 (1.27) 0.88 (1.14) 0.88 (1.42) 0.76 (1.27) p = 0.867

Main Outcome

SPPB 9.00 (2.20) 9.25 (2.06) 9.22 (2.09) 9.04 (2.24) p = 0.912

Secondary
Outcomes

Physical Activity
Assessment

Total PASE 23.35 (13.61) 23.91 (13.56) 22.92 (13.69) 23.49 (13.07) p = 0.987

Leisure time activity 6.19 (3.68) 6.26 (3.42) 6.25 (3.68) 6.33 (3.31) p = 0.998
Household activity 17.16 (11.72) 17.65 (11.50) 16.67 (11.9) 17.16 (11.72) p = 0.981

Functional
Assessment

ADL 5.29 (0.86) 5.18 (0.89) 5.25 (0.93) 5.35 (0.84) p = 0.782

IADL 8.61 (2.07) 8.59 (2.5) 8.67 (2.45) 8.78 (2.28) p = 0.974

Muscular
Strength

Assessments
HGS P (kg) 18 (8.77) 19.12 (9.77) 19.96 (10.88) 18.65 (9.04) p = 0.773

HGS L (kg) 15.82 (9.25) 17.99 (9.06) 17.03 (9.03) 17.93 (8.71) p = 0.584
5× STS (s) 22.83 (10.54) 23.87 (8.5) 23.80 (10.90) 23.96 (11.17) p = 0.940

Mobility
Assessment

TUG (s) 21.07 (9.88) 20.2 (9.87) 21.32 (10.72) 20.99 (10.72) p = 0.952

TUG cog (s) 25.17 (11.58) 24.33 (11.19) 25.00 (11.08) 24.88 (12.25) p = 0.985
Gait speed (m/s) 0.59 (0.27) 0.62 (0.32) 0.57 (0.27) 0.60 (0.27) p = 0.828

Flexibility
Assessment

BS R (cm)
−32.82
(16.74)

−31.59 (16.31) −33.57 (13.46)
−31.39
(13.40)

p = 0.868

BS L (cm)
−34.18
(17.41)

−34.22 (16.79) −34.9 (13.41)
−31.20
(18.47)

p = 0.681

CSR R (cm) −14.06 (14.8) −13.98 (16.04) −11.29 (12.69)
−11.59
(13.82)

p = 0.649

CSR L (cm) −14.59 (15.2) −14.88 (15.21) −11.59 (12.5)
−12.53
(13.83)

p = 0.589

Body Balance
Assessment

BBS 33.96 (13.15) 33.10 (13.20) 32.67 (14.40) 33.00 (13.94) p = 0.969

Other Outcomes

Quality of Life
Assessment

Physical Component Summary 52.01 (15.74) 51.61 (14.80) 54.06 (15.44) 54.51 (3.34) p = 0.693

Mental Health Component
Summary

58.09 (15.42) 59.24 (19.07) 61.48 (14.71) 62.75 (14.89) p = 0.456

SD, Standard Deviation; BMI, body mass index; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State
Examination; SPPB, Short Physical Performance Battery; PASE, Physical Activity for Elderly; ADL, Activity of
Daily Living; IADL, Instrumental Activity of Daily Living; HGS, Handgrip Strength; 5× STS, 5× Sit to Stand; TUG,
Timed Up and Go; TUG cog, Timed Up and Go cognitive; BS, Back Stretch; CSR, Chair Sit and Reach; BBS, Berg
Balance Scale.

Regarding the BE group, after 12 weeks of exercises, a statistically significant improvement was
noticed in the following areas: functional fitness, muscle strength of lower limbs, mobility and gait
speed, and flexibility of the lower limbs. The observed improvement was only maintained for the
following 12 weeks in terms of lower-limb flexibility.

In the BE+VS group, after 12 weeks of exercises, a statistically significant improvement was shown
in regard to functional fitness, performing complex everyday activities, hand grip and lower-limb
strength, flexibility of the upper and lower limbs, body balance, as well as the quality of life of the
people studied. The obtained change was maintained in most of the aforementioned parameters until
24 weeks after the exercises began.

The largest positive changes were observed in the groups with FET and FET + VS. In the group
FET + VS, the greatest positive short-term impact of intervention was demonstrated in terms of
functional fitness (SPPB increased by 1.31 points; 95% CI = 0.93–1.70), gait speed improved by 0.17 m/s
(95% CI = 0.13–0.22), hand grip strength enhanced over 3.5 kg (95% CI = 2.51–4.95) and flexibility of
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the upper limbs developed by 10 cm (95% CI = 5.82–12.65). There was also a significant increase in
the level of physical activity spent in free time (an increase by 6.91 PASE score; 95% CI = 4.58–9.24)
and an improvement in the quality of life, especially in the domain of overall physical functioning
(an increase by 11.79 score; 95% CI = 8.64–14.95).

The groups exercising with a verbal stimulation element were characterized by maintaining
improvement in most of the studied parameters for a period of 24 weeks from the beginning of the
study (Table 2). A mean difference scores for each group across time in terms of postural balance can
be found in Supplementary Materials, Table S2.

In order to assess the differences between the four groups (BE, BE + VS, FET, and FET + VS),
a one-way ANOVA analysis was applied. After 12 weeks of exercises, there was a statistically significant
difference between the BE and FET + VS groups. In the FET + VS group, functional fitness, mobility
without a cognitive task, flexibility of the upper and lower limbs, hand grip and lower-limb strength,
balance and quality of life in the physical domain significantly improved, in comparison to the BE
group (SPPB 0.25 vs. 1.27; TUG −0.91 vs. −3.89; HGS R −0.65 vs. 3.63; 5× STS −2.55 vs. −6.36; BS R

1.57 vs. 9.27; and BBS 1.18 vs. 7.27). All the studied groups after the intervention improved, in a similar
way, their ability to perform basic and complex everyday activities, mobility with a cognitive task, and
quality of life in the mental domain (Table 3). No statistically significant difference between groups was
observed in body balance parameters after 12 weeks of exercise (Supplementary Materials, Table S3).

After 24 weeks of commencing exercises, the greatest effects were noted in the FET + VS group, in
comparison to the BE group in most of the studied parameters besides lower-limb flexibility and quality
of life in the mental domain. A significantly stronger short-term impact of interventions in the FET +
VS group was demonstrated in the range of improvement of functional fitness and changes in the habit
of spending free time among older people (p < 0.001). In the FET + VS group, compared to the other
exercising groups (BE, BE + VS, FET), there were statistically significant, larger positive changes in the
functional fitness, leisure-time activity, performance of complex daily activities, mobility, gait speed,
and quality of life in the physical domain (p < 0.001) (Table 4). No statistically significant difference
between groups was observed in body balance parameters after 24 weeks follow-up (Supplementary
Materials, Table S4).
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4. Discussion

Observational studies suggest that 97% of daytime is spent sedentarily by residents of nursing
homes, e.g., sitting and watching TV with low levels of interaction with each other and with medical
staff [38]. A lack of engagement with PA has a detrimental effect on physical and mental health,
quality of life and social isolation [39]. Therefore, reducing sedentary behaviour is an important new
modifiable variable of lifestyle that can improve the health of older people [40]. According to the
Copenhagen Consensus statement (2019) that considers PA and aging, researchers determined that
self-efficacy, intentions, and the perceptions of one’s health are related to the person’s level of PA and
interventions based on the theory that behavioural changes provides greater results. According to this
account, they concluded that future research should assess the potential of these factors to promote PA
and the good health of seniors [41].

To the best of our knowledge, this is the first intervention that assesses the impact of exercise
programs, combined with verbal stimulation, aimed at motivating people to improve physical fitness
and at changing habitual ways of spending free time by older people in institutional care. Furthermore,
we have observed that the functional exercise program, combined with verbal stimulation, is the most
effective in improving functional fitness, mobility, muscle strength and flexibility, as well as increasing
the level of physical activity spent in free time and improving quality of life, especially within the
physical domain.

Motivational strategies included in a resistance-training program affected psychological needs,
motivation and compliance with the physical-activity principles [15]. Findings on interventions that
increased the level of PA in free time are of moderate quality and focus mainly on systematic reviews,
indicating a number of guidelines for the techniques used in order to change adult behaviour [42,43].
A systematic review by Orrow et al. [44] showed that the promotion of PA used in older people
with a “sedentary” lifestyle leads to a small or medium improvement in the level of physical activity
over 12 months. Hilldson et al. demonstrated, in their systematic review, that physical exercise
programs moderately affect the functional state of older people and cause changes in the level of PA [45].
They suggested that further research should be planned with a view to propagate the long-term
involvement in physical exercises by older people. Taking into account the results of the research
herein, and the reports of other authors, when further designing an intervention in order to change the
habit of older people in free time and to improve the health and quality of life of older people, it is
necessary to focus not only on performing physical exercises at a moderate intensity, but also on the
use of verbal stimulation based on generating motivation to replace the time spent sitting down with
physical activity.

In our study, the effectiveness of four different exercise programs were compared. Despite the
publication of several systematic reviews on the effectiveness of exercise programs for older people, as
of yet, the most effective has not been clearly identified [14,46,47]. According to the review carried
out by Silva et al., although exercise-based interventions have a positive impact on the physical
functioning and wellbeing of older people, the most effective exercise program in this population
remains unidentified [48]. Crocker also indicates that the physical rehabilitation of residents in nursing
homes can be effective; however, there is no evidence regarding improvements in sustainability,
cost-effectiveness, or which interventions are the most appropriate [49]. Regarding our study, we have
shown that, after 12 weeks of exercise training, both the group with basic exercises and functional
exercises, with or without verbal stimulation, have a positive effect on improving the physical fitness
and quality of life of older people. Other authors have also confirmed that, regardless of the exercise
program used, 12 weeks of physical training has a beneficial effect on the functional state of older
people [50]. However, de Vreede et al. indicated that the beneficial effect of exercise is lost after
suspending activity [51].

Taking everything into consideration, the implemented functional exercise program with verbal
stimulation turned out to be the most effective with respect to the short-term effects of the intervention.
The greatest positive changes were noted in the performance of complex daily activities, functional
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fitness of the lower limbs, gait speed and quality of life in the physical domain. In the FET + VS group,
after 24 weeks, 1.31 points of improvement were obtained in the SPPB test; 4.13 s improvement in
the TUG test; and 7.31 points in the BBS test. These values are higher than the suggested minimum
clinically important difference for these tests [52,53].

Providing residents of nursing homes with group physical interventions is profitable and safe.
It affects the reduction of disability—recording rare adverse events [54]. As for the residents of
nursing homes, maintaining an adequate level of physical and psychological functions, enabling
them to perform basic and complex everyday activities, allows them to have control over their own
lives. Complete dependence on the help of others is the cause of emotional suffering and feelings of
helplessness. According to Prat and Scheicher [55], the loss of functional independence is one of the
main problems of older people, while independence increases their satisfaction and improves their
quality of life. Weeks et al. [56] stated that preventing the expansion of functional limitations is a key
factor motivating older people to participate in physical exercise. An additional element affecting
the functioning of older people in nursing homes is the ensemble nature of the institution. In order
to improve interactions with other residents, collective training should be used to strengthen social
relationships and help to maintain interpersonal harmony, which is necessary for a peaceful life in
the facility.

Our study has some limitations. First, there was no research examination performed 36 weeks
after the start of the intervention due to the high drop-out rate caused by the increased incidence of
influenza among older residents in the nursing homes. Secondly, the collective nature of the facilities
means that it was not possible to implement double-blinding. In the case of further studies, additional
measurement points should be added after six and 12 months from the beginning of the intervention.

5. Conclusions

In summary, the short-term evaluation showed that a functional exercise program, combined
with verbal stimulation, is effective in improving physical fitness and raising the level of physical
activity spent in free time. To accomplish a sustained functional efficiency and PA change, a prolonged
follow-up is required. Finally, the group exercise program is safe and can be implemented into routine
practice. Therefore, nursing home staff, as well as relatives, should be involved in the development
and implementation of changes aimed at reducing the time spent passively by older people in
institutional care.
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Abstract: This study aimed to assess the effects of a multicomponent exercise program on physical
function and muscle mass in older adults with sarcopenia or pre-sarcopenia. Moreover, we aim to
standardize the exercise program for easy incorporation in the daily life of community-dwelling
older adults as a secondary outcome. A single-blind randomized controlled trial was conducted
with individuals (≥60 years) who had sarcopenia or pre-sarcopenia (n = 72). Participants were
randomly assigned to the exercise and control groups. The exercise program consisted of 12 weekly
60-min sessions that included resistance, balance, flexibility, and aerobic training. Outcome measures
were physical function and muscle mass. Assessments were conducted before and immediately
after the intervention. Among the 72 participants (mean age: 75.0 ± 6.9 years; 70.8% women),
67 (93.1%) completed the trial. Group-by-time interactions on the chair stand (p = 0.02) and timed
“up and go” (p = 0.01) tests increased significantly in the exercise group. Although the exercise
group showed a tendency to prevent loss of muscle mass, no significant interaction effects were
observed for cross-sectional muscle area and muscle volume. The 12-week exercise program improved
physical function in the intervention group. Although it is unclear whether the program is effective
in increasing muscle mass, a multicomponent exercise program would be an effective treatment for
physical function among older adults with sarcopenia.

Keywords: muscle strength; sarcopenia; resistance training; randomized controlled trial

1. Introduction

Sarcopenia is defined as a general loss of skeletal muscle mass and strength and is considered a
major health problem for older individuals [1,2]. In 2016, sarcopenia was recognized as an independent
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condition by the International Classification of Disease, Tenth Revision, Clinical Modification
(ICD-10-CM), code (i.e., M 62.84) [3].

Over the last decade, several clinical diagnostic criteria for sarcopenia have been reported
worldwide [4–9]. In 2010, the European Working Group on Sarcopenia in Older People (EWGSOP)
published its recommendations for a clinical definition and consensual diagnosis criteria [4].
Subsequently, many cohort studies identified sarcopenia based on these criteria, which include
a combination of muscle mass and strength, and physical function loss [10,11]. In Asia, the most widely
utilized criteria for determining sarcopenia are based on the Asia Working Group for Sarcopenia
(AWGS) consensus, published in 2014 [8].

According to a previous systematic review that utilized the EWGSOP definition, the prevalence of
sarcopenia is 1%–29% in community-dwelling populations and 14%–33% in long-term care populations
with regional and age-related variations [12]. In the Asian population (Taiwan), the prevalence of
sarcopenia varied from 3.9%–7.3% [13]. According to the AWGS criteria, the prevalence is estimated
to range between 4.1% and 11.5% in the general older population [14]. A previous review and
meta-analysis showed that the pooled prevalence of sarcopenia based on AWGS criteria among
Japanese community-dwelling older individuals is 9.9%; similar prevalence rates were found in older
men (9.8%) and women (10.1%) [15]. The numbers of people who had sarcopenia increased to 11%–50%
for those aged 80 or above [16]. Community-dwelling older adults with sarcopenia have the worse
physical performance [13,17] and are associated with premature mortality [18]. Since almost 10% or
more of older individuals may meet the criteria for sarcopenia, effective prevention and improvement
strategies are necessary.

Much interest has focused on community-based interventions for treating sarcopenia. A current
systematic review and meta-analysis showed positive effects of exercise and nutritional interventions
for older individuals [19]. However, there is little evidence of these effects, and the literature concludes
that the evidence quality ranges from very low to low [19]. Therefore, well-designed randomized
controlled trials (RCTs) to assess the effects of exercise on physical function and body composition,
especially muscle mass, should be promoted.

Few well-designed intervention studies with a sufficient sample size have been conducted on the
effects of exercise programs on sarcopenia. There is no effective treatment for sarcopenia, but physical
exercise seems to be highly effective at counteracting the decline in physical function, muscle mass,
and strength associated with ageing. The primary outcome of the present RCT was to investigate
the effects of a multicomponent exercise program on physical performance and muscle mass in
community-dwelling older adults with sarcopenia or pre-sarcopenia. Furthermore, as a secondary
outcome, we aimed to standardize this approach for community-dwelling older adults, which can be
easily incorporated into their daily lives.

2. Methods

2.1. Study Design

This community-based intervention study was a single-blind randomized controlled trial
(UMIN 000036614). The intervention programs were implemented between June and September 2019.
All participants provided written informed consent; after baseline measurements, they were randomly
allocated to a 12-week multicomponent exercise program group or a wait-list control group. The study
was approved by the Ethics Committee of the Faculty of Medicine, Kagoshima University (#180273).

2.2. Participants and Selection Criteria

We assessed 1151 community-dwelling adults aged 40 years or older who were enrolled in the
Tarumizu study in 2018. Each participant was recruited from Tarumizu, a provincial city in Kagoshima
Prefecture, Japan, between July and December 2018. Figure 1 presents the study flow. A total of 332
potential participants (≥60 years) with muscle mass loss (e.g., sarcopenia or pre-sarcopenia) were
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identified. Skeletal muscle mass loss was assessed by multi-frequency bioelectrical impedance analysis
using the InBody 470 (InBody Japan, Tokyo, Japan). Appendicular skeletal muscle mass (ASM) was
derived as the sum of the muscle mass of the four limbs, and the ASM index (ASMI, kg/m2) was
calculated. Skeletal muscle mass loss was determined based on the AWGS criteria for sarcopenia:
ASMI < 7.0 kg/m2 for men and <5.7 kg/m2 for women [8]. Participants with skeletal muscle mass loss
and low physical function (low grip strength < 26 kg for men or <18 kg for women, and slowness,
indicated by normal walking speed < 0.8 m/sec), were determined to have sarcopenia, and those with
skeletal muscle mass loss without low physical function were determined as having pre-sarcopenia [20].
Individuals who did not use Japanese long-term care insurance and had a history of hip or knee
operations, femoral neck fracture, stroke, Parkinson’s disease, Alzheimer’s disease, or other severe
brain diseases, were excluded from the sample (Figure 1).

Figure 1. Flow diagram indicating participant progress through the trial.
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2.3. Intervention

Following randomization, individuals in the exercise training group participated in a progressive
multicomponent exercise program over 12 weeks of supervised 60-min sessions that commenced in
June 2019. The intervention consisted of resistance training, balance, flexibility, and aerobic exercises.

Thirty-six participants in the exercise groups were divided into two classes conducted by
physiotherapists and instructors at a community center. Before each session, the participants checked
their vital signs, including blood pressure, pulse rate, and self-reported physical condition. If vital signs
were unsuitable, such as systolic blood pressure ≥ 180 mmHg, diastolic blood pressure ≥ 110 mm Hg,
or resting pulse rate ≥ 110 bpm or ≤ 50 bpm, participants were asked to avoid exercise that day.
Each session began with a brief warm-up involving stretching, followed by 25 to 30 min of resistance
training, 20 to 25 min of balance and aerobic exercises, and 5 min of cool-down. Resistance training
used a progressive sequence based on individual strength performance, starting with no resistance
load (own weight) for the first two weeks. Progressive resistance was provided by resistance bands
(TRIPLE TREE, Carbro Flavor USA Inc., CA, USA) that had five resistance levels. Individuals’ strength
performance was tested every two weeks to determine the resistance load (intensity of resistance bands)
and accordingly increase it for the next two weeks. In the strength performance test, participants
determined their suitable resistance load at 12 to 14 on the Borg rate of perceived exertion scale [21],
through ten repetitions of knee extensions. For each resistance exercise, participants completed
up to ten repetitions of each movement, which included: (1) knee extension (quadriceps), (2) hip
flexion (knee raises) (psoas major and iliacus), (3) hip internal rotation (gluteus medius and minimus),
(4) elbow flexion and shoulder abduction (trapezius and rhomboid), (5) elbow flexion and trunk
rotation (pectoralis major and oblique abdominis), (6) hip extension (gluteus maximus), (7) knee
flexion (hamstrings), (8) hip abduction (gluteus medius), and (9) squat (quadriceps, gluteus maximus,
and hamstrings). Balance training included a tandem stand, heel-up stand, one-leg stand, weight shifts,
and stepping (anterior-posterior and lateral), to improve static and dynamic balance ability. Aerobic
exercise consisted of anterior-posterior or lateral stepping repetitions for six minutes. The participants
also performed daily home-based exercises, which were self-monitored using booklets, and were
encouraged to record an exercise calendar. Exercise class attendance rate was calculated through the
12 exercise sessions as an exercise program adherence.

Participants in the wait-list control group (henceforth referred to as the control group) were asked
to maintain their daily activities and attend a 60-min education class once during the trial period.
The topic of this class was an irrelevant theme (e.g., preventing billing fraud).

2.4. Outcome Measures

2.4.1. Physical Function

Grip strength and gait speed, performance on the chair stand test and timed “up & go” (TUG)
were assessed to determine physical function and sarcopenia status, as recommended by EWGSOP2
and AWGS2 [22,23]. All assessments were administered by well-trained, licensed physical therapists.

Grip strength was measured in kilograms for the participant’s dominant hand, using a
Smedley-type handheld dynamometer (GRIP-D; Takei Ltd., Niigata, Japan) [24].

Gait speed was measured in seconds using infrared timing gates (YW; Yagami Ltd., Nagoya,
Japan). Participants were asked to walk on a flat, straight, 10 m-long walk path, at both usual and
maximum gait speeds. Infrared timing gates were positioned at the 2 m mark and at the end of the path.

The chair stand test involved standing up from a sitting position and sitting down five times as
quickly as possible without pushing off [25]. Physical therapists recorded the time a participant took to
perform this action with their arms folded across their chests. The fifth repetition was recorded in
seconds using a stopwatch (timed to 0.1 s).
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In the TUG test, the participant rose from a standard chair, walked a distance of 3 m at a normal
and safe pace, turned around, walked back, and sat down again [26]. Time was measured once in
seconds, using a stopwatch.

2.4.2. Cross-Sectional Muscle Area/Muscle Volume

Cross-sectional muscle area and muscle volume measurements were performed using magnetic
resonance imaging (MRI), which was performed using a 1.5T MRI MAGNETOM Essenza (Siemens
Healthcare, Germany). Imaging of both thighs was performed before and after the intervention period
in a supine position with both legs extended. A total of 120 consecutive T1-weighted axial slices with
1.5 mm slice thickness were acquired from the upper edge of the patella. Three levels of cross-sectional
muscle area (m2), lower, middle, and upper, were calculated from the right thigh. The lower level
was calculated using 30 slices from the upper edge of the patella (45 mm proximal along the thigh).
The middle and upper levels were determined using 60 (90 mm proximal along the thigh) and 90 slices
(135 mm proximal along the thigh) from the upper edge of the patella, respectively. Muscle volume of
the right thigh (cm3) was calculated using 60 consecutive slices between the lower and upper level
slices (Figure 2). Image-J (NIH, USA, version 1.3) software was used to analyze the MRI images.

 

＊

Figure 2. Cross-sectional muscle area of the thigh for segmentation and a sample segmented image.

2.5. Statistical Analysis

The sample size was calculated using G⋆Power software (version 3.1.9.2) based on a previous
study [27], which demonstrated that at least 28 participants were needed for each group to detect
a 15% increase in physical functioning. We included 20% more patients in each group because of
dropouts observed in our previous studies. The alpha error was defined as 0.05, with a power of 80%.
Data have been presented as mean ± standard deviation (SD). All outcome data including physical
function and muscle mass were assessed as normally distribution using the Kolmogorov–Smirnov test.
Analysis of the intervention effects on outcomes was conducted according to the intention-to-treat
principle, with the expectation-maximization algorithm estimation to substitute missing data. Outcome
changes were verified by the Student’s t-test for paired data in each group. The repeated-measures
analysis of variance (ANOVA), with group-by-time interaction, was used to evaluate the intervention
effects. Data entry and analysis were performed using IBM SPSS Statistics for Windows (version 25.0).
A p-value of <0.05 was considered statistically significant.
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3. Results

3.1. Participant Characteristics at Baseline

Figure 1 summarizes the study flow. We screened 72 participants who were eligible and
randomized. Participant characteristics and comparisons of baseline assessments between participants
in the exercise and the control groups have been presented in Table 1. There were no significant
differences in any of the characteristics and outcome measures between the exercise and control groups.

Table 1. Participant characteristics at baseline.

All (n = 72)
Control Group

(n = 36)
Exercise Group

(n = 36)
p

Age, y, mean ± SD 75.0 ± 6.9 75.8 ± 7.3 74.1 ± 6.6 0.304
Sex, n (%)

Female 51 (70.8%) 25 (69.4%) 26 (72.2%) 0.795
BMI, kg/m2, mean ± SD 20.7 ± 2.4 20.6 ± 2.1 20.9 ± 2.7 0.628

Fall history in the past year, n (%) 9 (12.5%) 4 (11.1%) 5 (13.9%) 0.722
Medial history, n (%)

Hypertension 25 (35.2%) 10 (27.8%) 15 (42.9%) 0.184
Heart disease 10 (13.9%) 4 (11.1%) 6 (16.7%) 0.496

Diabetes mellitus 6 (8.3%) 4 (11.1%) 2 (5.6%) 0.394
Arthritis 7 (9.7%) 2 (5.6%) 5 (13.9%) 0.233

Medication a, no. mean ± SD 2.6 ± 2.5 2.1 ± 2.2 3.0 ± 2.8 0.285
Sarcopenia status, n (%)

Sarcopenia 20 (27.8%) 11 (30.6%) 9 (25.0%) 0.599
Pre-sarcopenia 52 (72.2%) 25 (69.4%) 27 (75.0%)

Physical function
Grip strength, kg, mean ± SD 23.0 ± 5.5 23.2 ± 6.3 22.7 ± 4.6 0.702

Usual gait speed, m/sec, mean ± SD 1.34 ± 0.22 1.35 ± 0.24 1.33 ± 0.18 0.593
Maximum gait speed, m/sec, mean ± SD 1.70 ± 0.28 1.73 ± 0.31 1.67 ± 0.25 0.391

Chair stand a, sec, mean ± SD 10.3 ± 3.2 9.6 ± 2.9 10.9 ± 3.4 0.086
Timed up and go, sec, mean ± SD 8.7 ± 2.0 8.5 ± 2.0 9.0 ± 2.9 0.285

Muscle mass
ASMI, kg/m2, mean ± SD 5.7 ± 0.7 5.7 ± 0.7 5.6 ± 0.8 0.811

Cross-sectional right thigh muscle area b, cm2, mean ± SD
Lower c 47.5 ± 8.2 47.6 ± 8.5 47.3 ± 8.0 0.871
Middle c 64.3 ± 11.0 65.5 ± 11.3 62.8 ± 10.6 0.342
Upper c 79.5 ± 13.9 81.3 ± 14.5 77.4 ± 13.1 0.265

Thigh muscle volume b, cm3, mean ± SD 566.1 ± 97.9 574.5 ± 101.9 556.2 ± 93.9 0.455

Data presented as mean ± SD or number (%). There were no significant between-group differences in baseline
characteristics. BMI = body mass index; SPPB = short physical performance battery; ASMI = appendicular skeletal
muscle mass index. a Missing, n =1. b Missing, n = 7. c Lower, a 30-slice section from the upper edge of the patella;
middle, a 60-slice section from the upper edge of the patella; upper, a 90-slice section from the upper edge of the
patella (1 slice = 1.5 mm thickness).

3.2. Exercise Program Adherence and Adverse Events

Among the 72 randomized participants, 67 (93.1%) completed the trial. The mean participation
rate was 81% for the 12 exercise sessions. No adverse events related to the intervention were reported.

3.3. Sarcopenia-Related Physical Function

Table 2 and Figure 3 show the pre- and post-intervention changes in sarcopenia-related physical
function in the control and exercise groups. The Student’s t-test for paired data in each group showed
that grip strength declined significantly post intervention in the control group (p = 0.01), but no change
was found in the exercise group. There were no significant changes in normal and maximum gait speeds
in the control group, while maximum gait speed showed significant improvement in the exercise group
post-intervention (p < 0.01). The chair stand performance improved in both groups. The exercise group
showed significantly better performance on the TUG test post intervention (p < 0.01); no changes were
seen in the control group. In the repeated-measures ANOVA, significant group-by-time interactions
were observed on the chair stand (F = 5.85, p = 0.02) and TUG (F = 6.33, p = 0.01) tests, with increases
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in the exercise group. There were no significant group-by-time interactions in the other physical
function assessments.

Table 2. Changes in sarcopenia-related physical function during the 12-week intervention period.

Within-Group Differences Between-Group Differences

Control Group (n = 36) Exercise Training Group (n = 36)
Control

Difference
Intervention
Difference

Time by Group
Interaction

Baseline
At 12

Weeks
p Baseline

At 12
Weeks

p F-Value p

Grip strength, kg 23.2 ± 6.3 22.0 ± 6.3 0.01 22.7 ± 4.6 22.0 ± 4.2 0.09 −1.2 ± 2.2 −0.7 ± 2.4 0.83 0.37
Usual gait speed, m/sec 1.35 ± 0.24 1.39 ± 0.23 0.18 1.33 ± 0.18 1.37 ± 0.14 0.08 0.04 ± 0.15 0.04 ± 0.15 0.10 0.76

Maximum gait speed, m/sec 1.73 ± 0.31 1.75 ± 0.32 0.56 1.67 ± 0.25 1.75 ± 0.24 <0.01 0.02 ± 0.15 0.07 ± 0.12 3.41 0.07
Chair stand a, sec 9.6 ± 2.9 7.6 ± 2.3 <0.01 10.9 ± 3.4 7.9 ± 2.3 <0.01 −1.9 ± 2.0 −3.0 ± 1.7 5.85 0.02

Timed up and go, sec 8.5 ± 2.0 8.2 ± 2.1 0.13 9.0 ± 2.9 8.0 ± 1.5 <0.01 −0.3 ± 1.2 −1.0 ± 1.0 6.33 0.01

Data presented as mean ± SD. a Missing, n = 1 (control group, n = 35).

−

−

−

 

 

Figure 3. Improvement percentage of sarcopenia-related physical function and muscle mass
after intervention.

3.4. Cross-Sectional Muscle Area/Muscle Volume

Table 3 and Figure 3 show the pre- and post-intervention changes in muscle mass outcomes.
There were no significant changes in cross-sectional muscle area and muscle volume in the exercise
group. However, the cross-sectional muscle area in the middle (p = 0.01) and upper levels (p = 0.06)
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and the muscle volume of the right thigh (p < 0.01) declined in the control group post-intervention.
Although there was a tendency to prevent loss of muscle mass in the exercise group, no significant
interaction effects were detected for cross-sectional muscle area (lower level: F = 0.28, p = 0.60; middle
level: F = 2.70, p = 0.11; upper level: F = 1.05, p = 0.31) and muscle volume (F = 1.90, p = 0.17).
The ASMI also showed no significant group-by-time interaction (F = 1.71, p = 0.20).

Table 3. Changes in muscle mass outcomes during the 12-week intervention period.

Within-Group Differences Between-Group Differences

Control Group (n = 36)
Exercise Training

Group (n = 36)
Control Difference

Intervention
Difference

Time by Group
Interaction

Baseline
At 12

Weeks
p Baseline

At 12
Weeks

p F-Value p

Cross-sectional right thigh muscle area a, cm2

Lower b 47.6 ± 8.5 47.1 ± 8.5 0.10 47.3 ± 8.0 47.0 ± 7.6 0.49 −0.5 ± 1.9 −0.3 ± 2.1 0.28 0.60
Middle b 65.5 ± 11.3 64.6 ± 11.1 0.01 62.8 ± 10.6 62.8 ± 10.1 0.82 −0.9 ± 1.9 −0.1 ± 2.0 2.70 0.11
Upper b 81.3 ± 14.5 80.5 ± 13.7 0.06 77.4 ± 13.1 77.1 ± 12.6 0.53 −0.8 ± 2.6 −0.3 ± 2.3 1.05 0.31

Thigh muscle volume a, cm3 574.5 ±
101.9

565.0 ±
100.5

<0.01
556.2 ±

93.9
552.6 ±

89.3
0.29 −9.5 ± 17.2 −3.5 ± 17.7 1.90 0.17

Data presented as mean ± SD. a Missing, n =7 (control group, n = 35; exercise training group, n = 30). b Lower, a
30-slice section from the upper edge of the patella; middle, a 60-slice section from the upper edge of the patella;
upper, a 90-slice section from the upper edge of the patella (1 slice = 1.5 mm thickness).

4. Discussion

This RCT indicated that a standardized multicomponent exercise program, including progressive
resistance training, improved physical function, especially chair rise and TUG performance,
in community-dwelling older adults with sarcopenia or pre-sarcopenia. No adverse events related
to the intervention were reported and there was a higher than 80% mean participation rate for the
12 exercise sessions.

Sarcopenia-related physical function and muscle mass decrease with age. Cross-sectional data
have indicated an age-associated decline in handgrip strength and muscle mass [28]. In adults aged
≥85 years, as compared with young adults aged 20–29 years, handgrip strength was over 50% lower,
and calf muscle cross-sectional area was 15% lower in women and 30% in men [28]. Longitudinal
studies also showed that, in individuals aged 75 years, muscle mass decreased at a rate of 0.64%–0.7%
in women and 0.8%–0.98% in men per year [29]. Strength was lost more rapidly, at a rate of 3% –4%
in men and 2.5%–3% in women per year [29]. Although reduced muscle mass may be an important
factor in limited mobility and strength [7], muscle strength as a marker of muscle quality could be
more important in estimating mortality risk than is muscle quantity [30]. Therefore, intervention
programs are needed to be highly effective at counteracting the decline in physical function, muscle
mass and strength associated with ageing. The current RCT indicated useful for improvement of
physical function, even for older individuals with sarcopenia.

Handgrip strength is a good predictor of poor health outcomes, including mortality [30],
through mechanisms other than those leading from disease to muscle impairment. Gait speed,
chair stand, and TUG tests, is also associated with future adverse outcomes including disability [31,32],
hospitalization [33], and mortality [34,35]. A previous intervention study involving eight weeks of
high-resistance weight training indicated significant gains in muscle strength and functional mobility
among frail residents of nursing homes up to 96 years of age (mean age, 90 ± 1 years) [36]. Thus, it is
never too late to start resistance exercise to improve muscle function. Multimodal training is an effective
intervention to increase physical capacity among frail older individuals [37]. Integrated care including
exercise, nutrition, and psychological interventions improved frailty and sarcopenia status among
community-dwelling older adults, with high-intensity training yielding greater improvements [38].
Resistance training, based on the percentage of a maximum of one-repetition maximum showed
significant effects on physical variables, whereas resistance training based on the rate of perceived effort
presented lower effects [37]. Although a training prescription based on a one-repetition maximum
practice could be better for gaining muscle, it is not realistic for determining exercise intensity in
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the community setting. In the current RCT study, a multicomponent exercise program, including
progressive resistance training, mainly used resistance bands, which was not a required prescription
based on a one-repetition maximum practice improved physical function in older adults with loss of
muscle mass, and could be useful to prevent and improve sarcopenia. However, it did not change
muscle volume in older adults with sarcopenia. In order to change muscle volume, stricter exercise
protocol may be needed.

A systematic review and meta-analysis that aimed to identify dose-response relationships of
resistance training variables to improve muscle strength and morphology in healthy older adults
indicated that 50–53 weeks of training is most effective [39]. Our multicomponent exercise program of
12 weekly sessions with a progressive protocol using a resistance band was conducted considering its
feasibility in the community. Positive effects on physical function could be expected from our program
for older adults with sarcopenia, but it may not be enough (e.g., intensity, frequency, and duration) for
increasing muscle mass.

Nutrition may be another key element of multimodal interventions for sarcopenia [39,40].
Malnutrition and dietary patterns contribute to progressive, adverse changes in aging muscle [41,42].
Amino acids, β-hydroxyl β-methyl butyrate, energy, and vitamin D are required for muscle synthesis,
so it is possible that nutritional intake influences sarcopenia [43,44]. A review suggested that the
benefits of exercise could be enhanced with nutritional supplements (energy, protein, and vitamin
D) [44]. On the other hand, previous reviews highlighted the importance of exercise interventions with
or without nutritional supplements to improve physical function in community-dwelling older adults
with sarcopenia [45]. Our program showed little evidence for increase in muscle mass in those with
sarcopenia. A combination of a multicomponent exercise program and nutrition may have positive
effects on both physical function and muscle mass among older adults with sarcopenia.

Several factors may mediate the associations of exercise with improvements in muscle strength
and mass. For instance, genotypes (e.g., α-actinin-3 gene), endocrine, and lifestyle factors could be
associated with age-related decline in muscle function [46,47]. Additional analyses are required to
determine the mediation factors that support or limit the effects of exercise on muscle function.

Several limitations of this study should be noted. There was more than 80% of mean participation
rate for the 12 exercise sessions. Participants were asked to exercise daily using a booklet and exercise
calendar, but their adherence to this was not analyzed. Future studies would greatly benefit from
the incorporation of activity monitors on the participants. Although our program mainly focused on
resistance training with progressive resistance every two weeks, intensity was determined by perceived
exertion, and the process was not standardized. Additionally, although other components, such as
aerobic and balance exercises, were included to increase difficulty levels, these progress processes were
not constant.

In conclusion, the current RCT suggests that a 12-week multicomponent exercise program with
progressive resistance training generally improves physical function in community-dwelling older
adults with sarcopenia or pre-sarcopenia. Multicomponent exercise could be effective at counteracting
the decline in physical function for sarcopenia. However, it is unclear whether this exercise program is
effective in increasing muscle mass among those with sarcopenia. Further studies might be needed to
clarify the effect of treatment and prevention for the decline of muscle mass and strength related to
aging and sarcopenia.
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Abstract: The outcome of patients with hepatocellular carcinoma (HCC) is still poor. Decorin is a
small leucine-rich proteoglycan, which exerts antiproliferative and antiangiogenic properties in vitro.
We aimed to investigate the associations of decorin with physical function and prognosis in patients
with HCC. We enrolled 65 patients with HCC treated with transcatheter arterial chemoembolization
(median age, 75 years; female/male, 25/40). Serum decorin levels were measured using enzyme-linked
immunosorbent assays; patients were classified into the High or Low decorin groups by median
levels. Associations of decorin with physical function and prognosis were evaluated by multivariate
correlation and Cox regression analyses, respectively. Age and skeletal muscle indices were not
significantly different between the High and Low decorin groups. In the High decorin group, the 6-min
walking distance was significantly longer than the Low decorin group and was significantly correlated
with serum decorin levels (r = 0.2927, p = 0.0353). In multivariate analysis, the High decorin group
was independently associated with overall survival (hazard ratio 2.808, 95% confidence interval
1.016–8.018, p = 0.0498). In the High decorin group, overall survival rate was significantly higher
than in the Low decorin group (median 732 days vs. 463 days, p = 0.010). In conclusion, decorin may
be associated with physical function and prognosis in patients with HCC.

Keywords: hepatoma; myokine; decorin; walking distance; survival

1. Introduction

Hepatocellular carcinoma (HCC) is a common cancer and the fourth leading cause of death due
to cancer worldwide [1]. The incidence of HCC is predicted to continuously increase in both sexes and
all age groups, since risk factors for HCC such as obesity, non-alcoholic steatohepatitis, and type 2
diabetes mellitus have become more prevalent worldwide [2]. In addition, the mortality rate of HCC
has increased since 2000 [3], although there has been remarkable progresses in treatment for HCC,
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including the use of tyrosine kinase inhibitors [4]. The age-adjusted incidence and mortality rates of
HCC are reported to be the highest in Eastern Asia [2]. The average 5-year survival rate is less than
15% in patients with HCC [5]. Thus, the prognosis of patients with HCC remains poor.

Skeletal muscle mass is known to be associated with the prognosis of patients with HCC [6].
Muscle atrophy is an independent factor associated with poor prognosis in patients with HCC
treated with surgical resection and radiofrequency ablation [7]. Muscle atrophy is also a prognostic
factor in patients with HCC treated with transarterial chemoembolization (TACE) and sorafenib [8,9].
In addition, muscle atrophy is associated with treatment tolerability and additional or subsequent
therapies in patients with HCC treated with sorafenib [10]. In contrast, physical activity is associated
with a reduced risk of HCC [11]. Moreover, exercise is reported to improve the prognosis of patients
with HCC, regardless of changes in skeletal muscle mass [12].

Skeletal muscle is known as an endocrine organ [13]. By muscle contraction, myocytes release
small peptides and cytokines, called myokines, and regulate muscle mass [13]. Myostatin is a myokine,
which suppresses skeletal muscle growth and causes muscle atrophy [14]. Meanwhile, decorin
is an exercise-induced myokine that suppresses muscle atrophy via inhibition of myostatin [15].
We previously reported that serum decorin levels are positively correlated with skeletal muscle
mass in patients with HCC [16]. Decorin is also reported to interact with transforming growth
factor-β and receptors of tyrosine kinase such as epidermal and insulin-like growth factors [17],
leading to suppression of proliferation of various tumor cell lines, including HCC cell lines [18–20].
In addition, decorin is known to be expressed in various tissues including intestinal tissue, cardiac tissue,
and adipose tissue and is known to regulate autophagy, inflammation, and glucose homeostasis [21–24].
Thus, accumulated evidence from basic studies suggests that decorin has an impact on the prognosis
of patients with HCC. However, there has been no clinical study investigating the prognostic impact of
decorin in patients with HCC.

The aim of this study was to investigate the association of serum decorin levels with physical
function and prognosis in patients with HCC.

2. Materials and Methods

2.1. Study Design

This was a retrospective study to investigate the impact of serum decorin levels on the physical
function and prognosis of patients with HCC.

2.2. Ethics

The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was
approved by the institutional review board of Kurume University. We employed an opt-out approach
to obtain informed consent from patients.

2.3. Subjects

We registered 339 consecutive patients with HCC between November 2014 and March 2018.
Of these patients, 165 patients were excluded because of radiofrequency ablation (n = 43), hepatic
arterial infusion chemotherapy (n = 91), tyrosine-kinase inhibitor (n = 23), or radiation (n = 8), and the
remaining 174 patients with HCC who underwent TACE were selected. Of the 174 patients with HCC
who underwent TACE, 105 patients were excluded because of hepatic encephalopathy (n = 27), HCC
rupture (n = 17), renal failure (n = 7), or lack of data for physical function tests (n = 54). Finally, a total
of 69 patients with HCC were analyzed in this study (Figure 1). We classified all patients into the High
or Low decorin group per the median decorin level.
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Figure 1. A flow diagram of analyzed subjects.

2.4. Diagnosis, Barcelona Clinic Liver Cancer (BCLC) Staging, and Treatment of HCC

HCC was diagnosed and treated according to the guidelines for HCC of the Japan Society of
Hepatology [25]. The clinical stage of HCC was evaluated using the BCLC staging system [26].

2.5. Measurement of Skeletal Muscle Index (SMI) and Visceral Fat Area

The SMI was evaluated using computed tomography (CT) images obtained at the diagnosis of
HCC as previously described [27,28]. The skeletal muscle mass was measured by manual tracings on
CT images, and their sum was calculated using ImageJ Version 1.50 software (National Institutes of
Health, Bethesda, MD, USA) [29]. The skeletal muscle mass was evaluated by the SMI.

2.6. Measurement of Physical Function

Grip strength and the 6-min walking distance were evaluated by qualified physical therapists.
Handgrip was measured on the non-dominant hand using a dynamometer (TKK5401; Takei Scientific
Instruments Co., Ltd., Niigata, Japan) [6]. The 6-minute walking distance was measured by evaluating
the total ambulated distance [30].

2.7. Diagnosis of Sarcopenia

The diagnosis of sarcopenia was based on the Japan Society of Hepatology diagnostic criteria for
sarcopenia in patients with liver disease [6]. Patients who showed both a decrease in grip strength
(the cut-off value is 26 kg for men and 18 kg for women) and a decrease in skeletal muscle mass
(the cut-off value of SMI is 42 cm2/m2 for men and 38 cm2/m2 for women) were diagnosed with
sarcopenia. The other patients were classified as non-sarcopenia [6].

2.8. Biochemical Tests

Blood samples were obtained at the baseline in the early morning after an overnight fast. The blood
biochemical tests performed were for serum levels of alpha-fetoprotein, des-γ-carboxy prothrombin,
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liver function tests, renal function tests, total cholesterol, creatine kinase, and hemoglobin A1c. We also
measured the complete blood cell count.

2.9. Measurement of Serum Levels of Myostatin, FGF-21 and Decorin

Serum levels of myostatin, FGF-21, and decorin were measured using a Myostatin Quantikine
enzyme-linked immunosorbent assay (ELISA) Kit (R&D Systems, Inc., Minneapolis, MN, USA), Human
FGF-21 ELISA Kit (BioVendor—Laboratorni medicina a.s., Brno, Czech Republic), and Human Decorin
ELISA Kit (Abcam plc., Cambridge, UK) according to the manufacturers’ instructions, respectively.

2.10. Follow-Up and Definition of Survival Term

After treatment with TACE, patients were followed up until death or the study censor date through
routine physical examinations, biochemical tests, and abdominal imaging including ultrasonography, CT,
or magnetic resonance imaging according to the HCC guidelines of the Japan Society of Hepatology [25].
The median observational period was 617 days (range, 52–2068 days). The survival term was defined
as the period from the diagnosis of HCC to death or the study censor date.

2.11. Statistical Analysis

Data are expressed as the median (interquartile range), range, or number. The differences between
the High and Low decorin groups were analyzed using Wilcoxon rank sum tests. Factors correlated
with serum decorin levels were evaluated by pairwise correlations [31]. In addition, independent factors
associated with survival were analyzed using Cox regression analysis, as previously described [27].
The overall survival in the High and Low decorin groups was estimated using the Kaplan–Meier
method, and differences in survival between the groups were analyzed using the log-rank test. All the
statistical analyses were performed using JMP Pro® 14 (SAS Institute Inc., Cary, NC, USA). Values of
p < 0.05 were considered to indicate statistically significant differences.

3. Results

3.1. Patient Characteristics

The patient characteristics are summarized in Table 1. There was no significant difference in age
and body mass index. The prevalence of men was significantly higher in the High decorin group
than that in the Low decorin group. There was no significant difference in the hospitalization period
between the two groups.

In the High decorin group, the prevalence of sarcopenia was significantly lower than that in the
Low decorin group. Although no significant differences were noted in the SMI and serum creatine
kinase level between the two groups, the 6-min walking distance in the High decorin group was
significantly longer than that in the Low decorin group (Table 1).

Although there was no significant difference in the serum fibroblast growth factor (FGF)-21 level
between the two groups, the serum level of myostatin was significantly higher in the High decorin
group than that in the Low decorin group (Table 1).

There was no significant difference in the BCLC classification between the High and Low decorin
groups. No significant difference in the serum alpha-fetoprotein level was also observed between the
two groups; however, in the High decorin group, the serum des-γ-carboxy prothrombin level was
significantly lower than that in the Low decorin group (Table 1).

There was no significant difference in the prevalence of Child–Pugh class B and use of branched-chain
amino acid supplementation between the two groups. Serum levels of aspartate aminotransferase,
alanine aminotransferase, and estimated glomerular filtration rate were significantly higher in the
High decorin group than those in the Low decorin group. In the High decorin group, serum levels of
blood urea nitrogen, creatinine, and triglycerides and the hemoglobin A1c value were significantly
lower than those in the Low decorin group (Table 1).
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3.2. Multivariate Correlation Analysis Between Serum Decorin Levels and Each Variable

No significant correlation was seen between serum decorin levels and age, body mass index, grip
strength, SMI, levels of alpha-fetoprotein, albumin, total bilirubin, creatine kinase, hemoglobin A1c,
and estimated glomerular filtration rate. Serum decorin levels showed a significant negative correlation
with serum des-γ-carboxy prothrombin levels. Serum decorin levels demonstrated a significant
positive correlation between the 6-min walking distance and serum myostatin levels (Table 2).

Table 2. Multivariate correlation analysis between serum decorin levels and each variable.

Variable Correlation Coefficient p

Age −0.0250 0.8750
Body mass index 0.0415 0.7942

Grip strength −0.0532 0.7380
Skeletal muscle index −0.1362 0.3898

Visceral fat area 0.0278 0.861
6-min walking distance 0.2927 0.0353

Creatine kinase −0.0062 0.9690
Myostatin 0.3200 0.0389

FGF-21 −0.0352 0.8249
AFP −0.2270 0.1482
DCP −0.3476 0.0241
AST 0.2453 0.0992
ALT 0.2734 0.0798
ALP 0.1260 0.4266
GGT 0.0042 0.979

Total protein −0.0197 0.9015
Albumin −0.1754 0.2664

Total bilirubin 0.1054 0.5063
Prothrombin activity 0.1078 0.4968
Blood urea nitrogen −0.1606 0.3095

Creatinine −0.1650 0.2965
eGFR 0.0695 0.6617

Total cholesterol −0.0914 0.5650
Triglyceride −0.0594 0.7089

HbA1c −0.2748 0.0782
Red blood cell count −0.1337 0.3984

Hemoglobin −0.0384 0.8091
White blood cell count −0.233 0.1376

Platelet count −0.2261 0.15

Abbreviations: FGF-21, fibroblast growth factor-21; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl
transpeptidase; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c.

3.3. Independent Factors Associated with Survival

We examined independent factors associated with survival and found that high decorin levels
were identified as an independent factor of better overall survival. Meanwhile, the BCLC stage and
Child–Pugh class were not identified as independent factors associated with overall survival (Table 3).

Table 3. Multivariate Cox regression analysis for overall survival.

Factors Hazard Ratio 95% Confidence Interval p-Value

Decorin (High/Low) 2.808 1.016–8.018 0.0498
BCLC stage (A/B–C) 6.720 0.707–73.877 0.0553

Child–Pugh class (A/B) 1.436 0.461–4.473 0.5308

Abbreviations: BCLC, Barcelona Clinic Liver Cancer.
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3.4. Kaplan–Meier Analysis for Survival

In the High decorin group, the overall survival rate was significantly higher compared to that in
the Low decorin group (median 732 days vs. 463 days; log-rank test p = 0.0498) (Figure 2A). In the
subgroup analysis of BCLC stage B, the difference in overall survival rates between the High and Low
decorin groups became more significant than that in the analysis in all subjects (BCLC stages A and B)
(Figure 2B).

 

 

 

ƙ

Figure 2. Kaplan–Meier analysis between the High decorin and Low decorin groups. (A) All
patients; (B) Patients with BCLC stage B HCC. BCLC, Barcelona Clinic Liver Cancer; HCC,
hepatocellular carcinoma.

4. Discussion

In this study, we demonstrated that serum decorin levels were positively correlated with the 6-min
walking distance, an index of cardiopulmonary function in patients with HCC. In addition, we found
that serum decorin levels were an independent prognostic factor in patients with HCC. Although more
research is needed and our data are preliminary in essence, these data suggest that decorin may be
associated with physical function and prognosis in patients with HCC.

TACE is a standard treatment for intermediate-stage HCC [26,32]. In this study, we enrolled
patients with HCC treated with TACE, and the median survival period was 617 days, which is
comparable to that reported previously [26,33]. The prognosis of patients with HCC is dependent
on the BCLC stage [26]. However, the BCLC stage was not identified as an independent prognostic
factor in this study, and the reason for this remains unclear. However, all enrolled patients with HCC
were treated with TACE, and patients with the BCLC stage B accounted for about 90% of the enrolled
patients. Therefore, the narrow distribution of the BCLC stage may be a possible explanation.

Although myostatin and FGF-21 are myokines, the levels of these myokines were not identified
as independent prognostic factors in patients with HCC. Nishikawa et al. reported that elevated
serum myostatin levels are associated with worse survival in patients with liver cirrhosis [34].
Hyperammonemia has been reported to transcriptionally upregulate myostatin through nuclear
transport of p65 nuclear factor-κB, resulting in sarcopenia and poor prognosis [35]. Meanwhile,
patients with hepatic encephalopathy (West Haven criteria grade II–IV) were excluded, and the
prevalence of hyperammonemia was thought to be low in this study. Therefore, myostatin may not be
identified as a prognostic factor. Deficiency of FGF-21 is reported to promote HCC in mice receiving
a long-term obesogenic diet [36]. Long-term administration of FGF-21 prevents chemically induced
hepatocarcinogenesis in mice [37]. However, FGF-21 is known to be expressed in several tissues,
including those of the liver, fat, and pancreas [38]. Serum FGF-21 levels are affected by various tissues
expressing FGF-21, and, therefore, FGF-21 was not identified as an independent prognostic factor in
patients with HCC.

Serum decorin levels were positively correlated with the 6-min walking distance, an index of
cardiopulmonary function in patients with HCC. Overexpression of decorin is reported to ameliorate
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diabetic cardiomyopathy and cardiac function in rats [39]. N-terminal cleavage of decorin confers an
inhibitory effect against myostatin, suppressing the atrophy of cardiomyocytes [40]. In fact, serum
decorin level was positively correlated with serum myostatin level in this study. One would think that
decorin may be up regulated to suppress muscle atrophy in response to an increase in serum myostatin
level. In addition, C-terminal truncation of decorin interacts with the connective tissue growth factor,
leading to suppression of myocardial fibrosis through down-regulation of cardiac extracellular matrix
production [40]. Furthermore, Kwon et al. reported that decorin causes macrophage polarization
via cluster of differentiation-44, resulting in an amelioration of pulmonary function in a rat model of
hypertoxic lung damage [41]. These previous basic studies, along with our results, may suggest that
decorin may be associated with cardiopulmonary function in patients with HCC (Figure 3). However,
the correlation between serum decorin level and the 6-min walking distance could not lead to the
conclusion that the high decorin level is a cause of high cardiovascular fitness, in such a small number
of subjects.

 

 

 

β
β

α β
β β β

α
α

Figure 3. A scheme for the proposed hypothesis of this study. Decorin is expressed in various tissues
including skeletal muscle, heart, intestine, and adipocytes. In this study, it remains unclear where
decorin comes from. Decorin may be associated with cardiopulmonary function, because decorin
suppresses the atrophy of cardiomyocytes, myocardial fibrosis, and causes macrophage polarization.
In addition, decorin may be associated with prognosis of patients with HCC, because decorin
downregulates transforming growth factor-β1, epidermal growth factor receptor, glycogen synthase
kinase 3β, and extracellular signal-regulated kinase 1/2, G2/M arrest through phosphorylation of
cyclin-dependent kinase 1, downregulation of vascular endothelial growth factor A, hypoxia-inducible
factor 1-α, and hepatocyte growth factor. Abbreviations: TGF β, transforming growth factor-β1;
EGF, epidermal growth factor receptor; GSK3β, glycogen synthase kinase 3β; and ERK, extracellular
signal-regulated kinase; VEGF, vascular endothelial growth factor; HIF-1α, hypoxia-inducible factor
1-α; HGF, hepatocyte growth factor.

In this study, we first examined the impact of the serum decorin level in patients with HCC
and found that serum decorin levels were identified as an independent prognostic factor in patients
with HCC. Moreover, in the stratification analysis according to the BCLC stage, the prognostic
impact of decorin was more evident in patients with HCC with the BCLC stage B. Horváth et al.
reported that genetic ablation of decorin leads to enhanced hepatocarcinogenesis compared to that
in wild-type animals [42]. Meanwhile, recombinant human decorin inhibits the proliferation of
HepG2 cells [43,44]. Several mechanisms for decorin-induced inhibition of cell proliferation have been
reported. Decorin is reported to reduce the secretion of transforming growth factor-β1 in HCC cell
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lines [20]. Decorin is also reported to downregulate the phosphorylation of epidermal growth factor
receptor, glycogen synthase kinase 3β, and extracellular signal-regulated kinase 1/2 [20]. In addition,
decorin suppresses the ATR/Chk1/Wee1 axis, leading to inhibition of the cell cycle in the G2/M phase
via phosphorylation of cyclin-dependent kinase 1 [20]. Moreover, decorin is known to decrease the
expression of pro-angiogenic factors, vascular endothelial growth factor A, and hypoxia-inducible
factor 1-α, resulting in downregulation of the hepatocyte growth factor and epidermal growth factor
receptor signaling axes [45]. In fact, the serum decorin level was negatively correlated with the serum
des-γ-carboxy prothrombin level, which is a tumor maker for HCC in this study. Thus, decorin may
suppress the proliferation of HCC through direct and indirect tumor inhibitory effects and may be
associated with prognosis in patients with HCC (Figure 3). However, decorin is known to be expressed
not only in skeletal muscle [15], but also in various tissues including intestinal tissue, cardiac tissue,
and adipose tissue [21–24]. Accordingly, it remains unclear where decorin comes from in the present
study (Figure 3). In addition, we have to be cautious of the interpretation of our data. Expression
of decorin is recently reported to be seen in the tumor cell such as glioblastoma and is negatively
associated with the overall survival rate of patients with glioblastoma multiforme [46]. Thus, further
research is required to investigate the expression of decorin in HCC tissue and a causal relationship
between decorin and prognosis of the patients with HCC.

Limitations of this study are the following: First, this was a retrospective study conducted in
a single center. Second, the number of enrolled subjects is very limited to examine independent
prognostic factors. Third, we enrolled patients with HCC treated with TACE. It remains unclear if
serum decorin levels have a prognostic impact in patients with HCC treated with hepatic resection or
tyrosine kinase inhibitors. Fourth, no patient underwent liver transplantation during the observation
period, suggesting the selection bias. Thus, a multicenter prospective cohort study should be conducted
with various HCC stages and treatments for HCC including liver transplantation.

5. Conclusions

In conclusion, we demonstrated that serum decorin levels were positively correlated with
cardiopulmonary function in patients with HCC. In addition, serum decorin levels were an independent
prognostic factor in patients with HCC. Although more research is needed and our data are preliminary
in essence, the results of this study may suggest that decorin may be associated with physical function
and prognosis in patients with HCC.
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