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Abstract: An association between respiratory muscle weakness and sarcopenia may provide a clue to
the mechanism of sarcopenia development. We aimed to clarify this relationship among community-
dwelling older adults. In total, 117 community-dwelling older adults were assessed and classified
into 4 groups: robust, respiratory muscle weakness, sarcopenia, and respiratory sarcopenia. The
respiratory sarcopenia group (12%) had a significantly higher percentage of males and had lower BMI,
skeletal muscle index, skeletal muscle mass, phase angle, and oral function than the robust group
(32.5%). All physical functions were significantly lower. The respiratory muscle weakness group
(54.7%) had a significantly lower BMI and slower walking speed, compared with the robust group.
The sarcopenia group (0.8%) was excluded from the analysis. The percent maximum inspiratory
pressure was significantly lower in both the respiratory muscle weakness and respiratory sarcopenia
groups, compared with the robust group. Almost all participants with sarcopenia showed respiratory
muscle weakness. In addition, approximately 50% had respiratory muscle weakness, even in the
absence of systemic sarcopenia, suggesting that respiratory muscle weakness may be the precursor
of sarcopenia. The values indicating physical function and skeletal muscle mass in the respiratory
muscle weakness group were between those in the robust and the respiratory sarcopenia groups.

Keywords: sarcopenia; respiratory muscle weakness; older adults; physical performance; physi-
cal activity

1. Introduction

Interest in sarcopenia, the age-related loss of skeletal muscle mass and function, is
growing considerably. A recent systematic review and meta-analysis reported that the
prevalence of sarcopenia in community-dwelling older adults is 10% [1-3]. Sarcopenia is a
disorder characterized by progressive and generalized loss of skeletal muscle mass and
function, and it is associated with increased adverse outcomes such as physical disability,
poor quality of life, and death [4-9]. Therefore, the prevention of sarcopenia is an important
task for all hospital staff involved in the care of older adults.

Typical diagnostic criteria for sarcopenia include the European Working Group on
Sarcopenia in Older People [10] and the Asian Working Group for Sarcopenia (AWGS) [11]
criteria. Although the cutoff values for each criterion differ, grip strength, physical function
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(gait speed, short physical performance battery (SPPB), and chair rise speed), and skeletal
muscle mass measured by bioimpedance analysis or dual-energy X-ray absorptiometry
are used to assess sarcopenia. According to the AWGS 2019, the diagnosis of sarcopenia
is based on physical function (6 m walk or five-time chair stand (5SCT) test or SPPB),
muscle strength (handgrip strength), and skeletal muscle mass. As sarcopenia is a systemic
disease, it is likely that age-related loss of muscle mass plus low muscle strength also
causes weakness in the respiratory muscles such as the diaphragm and intercostal muscles.
Respiratory muscles, as well as skeletal muscles, show functional decline with age [12], and
this age-related decline in respiratory muscles is called “respiratory sarcopenia” [13,14]. In
recent years, maximum inspiratory pressure (MIP) has been reported to be more strongly
related to skeletal muscle mass and strength than maximum expiratory muscle [15], and
since MIP is also used as an indicator of ventilatory failure, it is a very important indicator
of respiratory muscle strength.

Respiratory sarcopenia is a relatively new concept in this field; therefore, a consensus
is yet to be reached on the definition. MIP, one of the important indicators of respira-
tory muscle strength, has been used to operationally define respiratory sarcopenia [13].
However, considering the mechanism of the “respiratory metabolic reflex” (muscle mass
loss and muscle weakness of the respiratory muscles occur first, and exercise tolerance
decreases due to decreased oxygen-carrying capacity and skeletal muscle fatigue, causing
muscle weakness in the limb skeletal muscles) [16], it is clear that the loss of muscle mass
plus low muscle strength causes weakness in the respiratory muscles. It is impossible
to deny the possibility that the decrease in muscle mass and strength of limb skeletal
muscles that occurs in sarcopenia is preceded by a decrease in muscle mass and strength of
respiratory muscles. If respiratory muscle weakness is associated with sarcopenia, it may
provide a clue to the mechanism of sarcopenia development.

The purpose of this study was to clarify the relationship between sarcopenia and
respiratory muscle weakness among community-dwelling older adults and to conduct an
exploratory study to reduce respiratory muscle weakness.

2. Materials and Methods

This study included 137 people aged >65 years who participated in a cognitive and
physical health survey of older adults living in the community held in Tokyo between
March 2021 and June 2021. The inclusion criteria were as follows: those who were able
to walk unaided, and those who had received sufficient explanations for participation in
this study and had given written consent of their own free will with full understanding.
Exclusion criteria were as follows: those with a history of respiratory diseases or undergo-
ing treatment for respiratory diseases, those with serious orthopedic diseases that would
interfere with measurements, those with metal implants in the body such as cardiac pace-
makers or artificial joints, and those with a diagnosis of dementia. Finally, 117 participants
were included in the analysis, after excluding 10 with a history of respiratory diseases, 5
whose body composition could not be assessed due to pacemakers or artificial joints, and 5
with missing data. This study was approved by the Ethics Committee of Juntendo Tokyo
Koto Senior Medical Center Hospital (approval no. G20-0016); the study was explained to
the participants orally, and written consent was obtained before the study was conducted.

2.1. Basic Information

Age, sex, medical history (cancer, heart disease, stroke, diabetes, osteoporosis, and
osteoarthritis), educational history (years of education since entering elementary school),
and life function were entered into a self-administered form [17]. The Japanese version of
the Montreal Cognitive Assessment was used to evaluate cognitive function [18].

2.2. Kihon Checklist

Life function was assessed using the Kihon checklist (KCL), which was developed by
the Japan Ministry of Health, Labor, and Welfare. KCL comprised 25 yes/no questions
divided into 7 domains (instrumental activities of daily living (IADL), mobility, nutrition,
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oral function, socialization, cognitive, and depression); a higher score was associated with
increased mortality and a higher risk of needing long-term care insurance services [19-21].

2.3. Respiratory Muscle Strength

MIP, the measurement of respiratory muscle strength, was measured using respiratory
muscle strength testers (IOP-01, Obata Keiki Co., Osaka, Japan). Participants were asked
to make maximal inspiratory effort twice in a sitting position, and a higher value was
recorded as actual MIP. The predicted MIP adjusted for age and gender were used for the
predicted MIP (male: 131—0.76 x age and female: 102—0.69 x age) [22], and % MIP was
the value of the actual MIP divided by the predicted MIP.

2.4. Oral and Cognitive Functions

Oral and articulatory functions were measured using an oral function test device
(TKK 3351 digital counter, Takei Kiki Kogyo Co., Niigata, Japan). The participants were
instructed to repeat each syllable (“pa,” “ta,” and “ka”) as quickly as possible for 5 s, and
the number of occurrences was counted with a digital counter. We calculated each syllable
separately as the number of articulations per second.

2.5. Skeletal Muscle Strength, Physical Function, Body Measurement, and Body Composition
Assessment

Skeletal muscle strength, grip strength, and knee extensor strength were measured.
Grip strength was measured twice bilaterally in a standing position with the elbow ex-
tended using a Smedley digital grip strength meter (Grip-D, Takei Kiki Kogyo Co., Niigata,
Japan), and the maximum value was recorded. Knee extension muscle strength was mea-
sured twice with a hand-held dynamometer (mTasF-1, ANIMA, Tokyo, Japan) when the
knee joint was maximally extended from a 90° flexed position in a sitting position, and
the maximum value was adopted. Walking speed, one-leg standing, and 5CS tests were
measured to determine physical function. Comfortable walking speed was measured twice
in a straight-line distance of 5 m at a preferred walking speed, and the average value was
used. One-leg standing time was measured by standing on one leg on either side, and the
maximum holding time was measured with a stopwatch. The maximum standing time
on one leg was 60 s. The 5CS test was measured using a stopwatch when the participants
stood from a 40 cm high chair five times with arms crossed in front of their chest. Frailty
was assessed using the Japanese version of the Cardiovascular Health Study criteria [23],
and robustness, pre-frailty, and frailty were determined based on grip strength, walking
speed, physical activity level, and nutritional status.

BMI was calculated as weight (kg) divided by height squared (m?), and leg circum-
ference was measured at the point of maximum leg expansion using a tape measure.
Skeletal muscle mass, skeletal muscle index, and phase angle were measured using a
multi-frequency body composition analyzer (MC-780A-N, Tanita, Tokyo, Japan).

2.6. Determination of Sarcopenia and Respiratory Muscle Weakness and Each Group

Sarcopenia was judged based on the diagnostic criteria of the AWGS 2019 and classi-
fied as robust, sarcopenia, and severe sarcopenia [11], and in this study, sarcopenia was
defined as “sarcopenia” and “severe sarcopenia”, as determined by AWGS 2019. In ad-
dition, respiratory muscle weakness was judged to be lower than that per the predicted
respiratory muscle strength by Nishimura et al. [22]. The participants were classified
into the “robust group” if they had neither sarcopenia nor respiratory muscle weakness,
“sarcopenia group” if they had sarcopenia, “respiratory muscle weakness group” if they
had respiratory muscle weakness, and “respiratory sarcopenia group” if they had both
sarcopenia and respiratory muscle weakness (Figure 1).
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Figure 1. Determination of Sarcopenia and respiratory muscle weakness and each group.

2.7. Statistical Analysis

Data are presented as mean =+ standard deviation. Multiple regression analysis with
%MIP as the dependent variable and age, gender, and each group as independent variables
was performed for the difference in mean deference of respiratory muscle strength among
the three groups. The median and interquartile range were used when data did not show
a normal distribution, a one-way analysis of variance was used to compare integer data
among the four groups, and the x? test was used for categorical values. Differences were
considered statistically significant at p < 0.05. All analyses were performed using IBM SPSS
Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Basic Attributes of the Participants and Classification into Each Group

The basic attributes of the participants are shown in Table 1. Their mean age was
76.7 £ 5.9 years, and the proportion of female participants was 84.6%. The mean number of
years of education was 13.1 & 2.6 years, and the mean total KCL score was 5.5 £ 3.6 points.
In total, 38 participants (32.5%) were classified into the robust group, 64 (54.7%) into the
respiratory muscle weakness group, and 14 (12%) into the respiratory sarcopenia group.
The sarcopenia group was excluded from statistical analyses because only one participant
(0.8%) was in this category.

Table 1. Basic information about the participants.

Mean + SD Range
Age, year 76.7 £5.9 65-93
Female, %(n) 84.6 (99)
Height, cm 1549 £ 6.9 (134.0-175.0)
Weight, kg 52.6 +8.7 (34.0-72.8)
BMI, kg/m? 219432 (16.4-30.9)
Education history, year 13.1+2.6 9-21
Medical history, %(n)
Cancer 5.9 (7)
Heart disease 7.7 (9)
Stroke 34 4)
Diabetes 6.8 (8)
Osteoporosis 12.8 (15)
Osteoarthritis 15.4 (18)

SD: standard deviation, BMI: body mass index.



Int. J. Environ. Res. Public Health 2021, 18, 13257 50f9

3.2. Mean Deference of Respiratory Muscle Strength among the Three Groups

The %MIP was 128.9 £ 22.9% in the robust group, 70.9 &+ 17.5% in the respiratory
muscle weakness group, and 72.1 £ 21.3% in the respiratory sarcopenia group (Figure 2).
Multiple regression analysis showed that when the robust group was used as a reference,
the cointegration coefficient of the respiratory muscle weakness group was —58.15 (95%
confidence interval (CI): —6618 to —50.12) and that of the respiratory sarcopenia group
was —57.04 (95% CI: —71.29 to —42.79).

250
200

150

%MIP (%)

100 E— T .

50

Robust group Respiratory muscle Respiratory sarcopenia
weakness group group

Figure 2. Mean deference of respiratory muscle strength among the three groups. %MIP, % maximum

inspiratory pressure.

3.3. Basic Attributes, Physical Function, Body Composition, Oral Function, and Respiratory
Muscle Strength among the Three Groups

The results of one-way analysis of variance for basic attributes, limb muscle strength,
physical function, oral function, and cognitive function among the robust, respiratory
muscle weakness, and respiratory sarcopenia groups are shown in Table 2. BMI was
significantly lower in the respiratory muscle weakness and respiratory sarcopenia groups
than in the robust group, and leg circumference was significantly lower in the respiratory
sarcopenia group than in the robust group. Regarding body composition, skeletal muscle
mass, skeletal muscle index, and phase angle were significantly lower in the respiratory
sarcopenia group than in the robust group. The prevalence of frailty was significantly
higher in the respiratory sarcopenia group. Physical function was significantly lower in
the respiratory sarcopenia group than in the robust group in terms of grip strength, knee
extensor strength, usual gait speed, chair stand, and one-leg standing time. Participants
in the respiratory muscle weakness group had a significantly lower usual gait speed than
those in the robust group. For oral function, those in the respiratory sarcopenia group had
significantly lower values for “pa” and “ta” than those in the robust group.

3.4. Kihon Checklist among the Three Groups

A comparison of the KCL between the three groups is shown in Figure 3. The total
score was significantly worse in the respiratory sarcopenia group than in the robust and
respiratory muscle weakness groups, and the IADL items were significantly worse in the
respiratory sarcopenia group than in the robust and respiratory muscle weakness groups.
In addition, the respiratory sarcopenia group had significantly worse mobility and oral
function values than the robust group.
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Table 2. Basic attributes, physical function, body composition, oral function, and respiratory muscle strength of the
participants compared by group.

Respiratory Muscle Respiratory Sarcopenia
Robust Group (n = 38) Weaan::ss G:Z)]up (n =67) pGroull;y(n = 111; p Value
Age, year 762 +5.6 76.7 £ 6.3 799 +47 0.185
sex, male/female, n 3/35 9/58 5/6# 1t <0.01
BMI, 1<g/m2 23.1+33 216 +3.1* 202+19* <0.01
SMI 6.83 + 0.71 6.60 + 0.66 5.71 £ 0.62 ** <0.001
SMM, kg 16.47 + 2.65 15.99 +2.84 13.84 +2.78 * 0.024
Phase angle, ° 4.67 +£0.44 448 +£0.53 3.98 + 0.66 ** <0.001
lower leg circumference, cm 354424 34.0 £ 3.0 32.0 £ 2.9 ** <0.01
Medical history, %(n)
Cancer 5.3(2) 2.9(2) 27.3(3) <0.01
Heart disease 10.5(4) 4.5(3) 9.1(1) 0.479
Stroke 0(0) 4.5(3) 9.1(1) 0.270
Diabetes 7.9(3) 7.5(5) 0(0) 0.635
Osteoarthritis 21.1(8) 11.9(8) 18.2(2) 0.449
J-CHS criteria, %(n)
Robust 63.2(24) 50.7(34) 0.0(0)
Pre-frail 34.2(13) 46.3(31) 63.6(7) <0.001
Frail 2.6(1) 3.0(2) 36.4(4)
MIP, cmH,O —66.2 +15.1 —37.3 +12.9 ** —41.1 +14.2** <0.001
%MIP, % 1289 +22.9 709 £ 17.5** 722 £21.2%** <0.001
Grip strength, kg 23.7 £ 54 225 +5.6 189 +6.2% 0.043
Knee extensor strength, kg 263+77 23.8+£8.0 193 £79% 0.033
Usual gait speed, m/s 1.50 + 0.23 1.35+0.30* 1.04 + 0.26 ** <0.001
One leg standing time, s 39.2+215 38.3 +£22.6 22.6 +20.9 0.076
Chair stand, s 6.74 + 1.67 7.30 + 3.35 943 +2.79 % 0.025
Oral function
Pa 6.73 £+ 0.50 6.48 + 0.67 6.20 £ 0.67 * 0.028
Ta 6.67 + 0.59 6.45 + 0.68 6.13 +0.87 % 0.049
Ka 6.27 + 0.63 6.09 £+ 0.70 5.96 +0.74 0.287
Moca-J] 254 +3.3 23.7 £ 39 23.1+5.6 0.064

Mean =+ standard deviation * p < 0.05, vs. robust group, ** p < 0.01 vs. robust group, ¥ p < 0.01 vs. Respiratory muscle weakness group.
BMI, body mass index; SMI, skeletal muscle index; SMM, skeletal muscle mass; J-CHS, Japanese version of the Cardiovascular Health

Study; MIP, maximum inspiratory pressure; Moca-J, Montreal cognitive assessment-].

10

%+ ORobust  ERespiratory muscle weakness M Respiratory sarcopenia

Mobility ~ Nutrition Oral function Socialization Cognitive ~Depression

Total score

Figure 3. Comparison of the Kihon checklist among the three groups. * p < 0.05, vs. robust group,
t p <0.05, vs. respiratory muscle weakness group. IADL, instrumental activities of daily living.
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4. Discussion

This study is the first to investigate the interrelationship between sarcopenia and
respiratory muscle weakness in community-dwelling older adults. The main findings
of this study were that (1) almost all community-dwelling older adults with sarcopenia
had decreased respiratory muscle strength, and (2) physical function, muscle strength,
and skeletal muscle mass of the group without sarcopenia but with decreased respiratory
muscle strength were intermediate between those of the robust group and respiratory
sarcopenia group. These results suggest that the development of systemic sarcopenia may
be influenced in no small part by respiratory muscle weakness.

The prevalence of sarcopenia in the population of this study was 12.8%, which was
similar to that reported in a systematic review and meta-analysis of the prevalence of
sarcopenia in community-dwelling elderly (approximately 10%) [1,2]. Respiratory muscle
weakness was observed in all but one of the participants with prevalent sarcopenia. In
addition, there were a certain number of people with reduced respiratory muscle strength
even without sarcopenia, and this result supports the possibility that sarcopenia and
respiratory muscle weakness are related in no small part.

The aging process leads to a reduction in respiratory muscle strength. The causes
vary but are believed to include muscle weakness and diaphragm atrophy [24], decreased
cross-sectional area of the intercostal muscles, decreased curvature of the diaphragm due to
structural changes in the chest wall, and decreased amplitude of the diaphragmatic action
potential [25].

In addjition, the mechanism of respiratory metabolic reflexes is known to be preceded
by loss of muscle mass and weakness in the respiratory muscles such as the diaphragm
and intercostal muscles, resulting in decreased exercise tolerance due to decreased oxygen-
carrying capacity, skeletal muscle fatigue, and muscle weakness in limb skeletal mus-
cles [16]. In fact, this respiratory muscle weakness may have caused metabolic reflexes
that led to the development of sarcopenia in the participants of this study. Therefore,
longitudinal evaluation is necessary to determine whether these groups with respiratory
muscle weakness develop sarcopenia, and this is a subject for future study.

The participants in the respiratory muscle weakness group had a significantly lower
BMI and a significantly lower gait speed, compared with the robust group. SMI, walking
speed, and grip strength, which are diagnostic criteria for sarcopenia, all showed inter-
mediate values between the robust group and the respiratory muscle weakness group,
suggesting that respiratory muscle weakness slightly influences the development of sar-
copenia.

Sarcopenia and respiratory muscle weakness are closely related to physical activity.
According to the Kihon checklist of life functions in the elderly, the respiratory sarcopenia
group had significantly lower IADL, motor function, and oral function than the robust
group. Considering that the decline in motor function and IADL is directly related to the
decline in physical activity, we cannot deny the possibility that physical activity decreased
due to the decline in motor function and IADL. Although there was no statistically signifi-
cant difference in the respiratory muscle weakness group, considering that it was between
the robust and respiratory sarcopenia groups, it was suggested that a decline in IADL and
motor function may also have had a small effect on respiratory muscle weakness and the
development of sarcopenia.

The main limitation of this study is that the sample size was not sufficient. In addition,
89% of the participants were females; thus, there was a gender bias. Furthermore, this was a
cross-sectional study using measurements taken at a single point in time, and longitudinal
studies are required to determine whether respiratory muscle weakness develops into
sarcopenia, which is a future challenge.

5. Conclusions

Respiratory muscle weakness in the community-dwelling elderly group was observed
in almost all cases of sarcopenia and was also observed in certain individuals without
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sarcopenia, suggesting that respiratory muscle weakness may precede sarcopenia. The
physical function and skeletal muscle mass in the respiratory muscle weakness group were
lower than those in the robust group and higher than those in the respiratory sarcopenia
group, suggesting that physical activity decreased due to respiratory muscle weakness,
which may have caused loss of skeletal muscle mass loss and physical function decline.
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