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this study was to clarify the relationship between
A strength and skeletal muscle mass (trunk, upper limbs,
older people who were certified as requiring nursing or
ethods: Thirty-five older people (65 years or older) who
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d as requiring nursing care or support were included in the study.
The subjects were divided into a non-sarcopenic group (n = 12) and a sarco-

enic group (n = 23) according to the sarcopenia diagnostic criteria proposed
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e Asian Working Group for Sarcopenia. Maximum inspiratory pressure,
maximum expiratory pressure, skeletal muscle mass (trunk, upper and lower
limbs), and hand grip strength were measured. Pearson’s correlation coeffi-
cient and multiple regression analysis were used for statistical processing.
Results: In the non-sarcopenic group, both expiratory muscle strength and
hand grip strength were correlated with skeletal muscle mass. In the sarcope-
nia group, expiratory muscle strength was not correlated with skeletal muscle
mass, and only hand grip strength was correlated with upper limb muscle
mass. Multiple regression analysis revealed that, in the non-sarcopenic group,
trunk muscle mass was the primary factor in expiratory muscle strength and
upper limb muscle mass was the primary factor in hand grip strength. In the
sarcopenia group, upper limb muscle mass was found to be the main factor in
hand grip strength. Conclusion: Our results highlight the importance of as-
sessing expiratory muscle strength and trunk muscle mass before sarcopenia
develops in older people who require support and nursing care.
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1. Introduction

Sarcopenia is considered to be a major health issue among older people world-

wide. Sarcopenia not only increases the risk of falls and fracg@ire der people,

agnosed with sarcopenia,

such as walking speed, a

mportan sarcopenia before it occurs, to reduce the

w ag the personal and social economic burden [5].
Accurate detection\@fsblder people who have muscle weakness but no decrease in

ef body mass index values were reported to be predictors of the
of sarcopenia, and larger lower leg circumference was found to be
with less susceptibility to sarcopenia [6]. Malnutrition was also re-

d,to be a predictor of sarcopenia, with a fourfold increase in the incidence

[7]. Among these potential predictors, respiratory muscle strength has attracted
substantial attention in recent years. It has been reported that respiratory muscle
strength is correlated with performance on the skeletal muscle index, a definitive
diagnostic factor for sarcopenia [8] [9] [10], and measurement of diaphragm
muscle pressure during forced deep breathing using ultrasound has been con-
firmed to be a predictor of muscle mass loss in sarcopenia [11]. The skeletal mus-
cle index, which has been used in many previous studies, is an index obtained by
dividing the upper and lower limb muscle mass by the square of the height of the
patient. The diaphragm and intercostal muscles, which are the main muscles in-
volved in breathing, and the abdominal and dorsal muscles, which are the aux-
iliary muscles used for breathing, are located in the trunk. Thus, these muscles
are not present in the limbs. The authors stated that the decrease in walking

speed in sarcopenia was not correlated with lower limb muscle strength, sug-
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gesting a relationship with muscle strength other than that in the lower limbs
[12]. Additionally, it was reported that trunk muscle strength declines gradually
with age, although not rapidly, and is associated with decreased walking speed,
an important risk factor for falls. However, trunk muscle strength was examined
in terms of endurance strength of the back muscles, but not in terms of respira-
tory muscle strength. In the current study, we hypothesized that respiratory
muscle strength would be the most relevant factor for predicting sarcopenia.
Clarifying the details of this hypothesis may be helpful for identifying a more

accurate predictor of sarcopenia. In this study, we measured atory muscle

strength and muscle mass of the trunk, upper limbs, apf lower li in older

people in need of nursing care to clarify the relationship b factors.

2. Participants and Methods
2.1. Participants

males, 8 females) and 23 i
153.0 + 8.9 cm; weight: 5

p (age: 84.6 = 5.2 years; height:
1 males, 12 females). Exclusion criteria

tand steadily, respiratory disease as the

ecline, and inability to measure respirato-

enia ywas identified using the diagnostic criteria pro-

ach participant signed the Declaration of Helsinki. This study
ed, by the Ethics Committee of the Kanazawa Orthopedic Sports
edicine @linic (Kanazawa-OSMC-2023-003).

easurements

Maximum inspiratory pressure (PIMAX) and maximum expiratory pressure
(PEMAX) were measured as respiratory muscle strength. The Autospiro AS-507
(Minato, Tokyo, Japan) was used as the measurement device. The subjects were
asked to sit in a natural posture, and a nose clip was used to prevent breath lea-
kage. Skeletal muscle mass was measured with the Bioelectrical impedance anal-
ysis method using the Inbody 470 body composition analyzer (InBody Japan
Inc., Tokyo, Japan). Measurements were taken by standing upright with both
feet on the measuring device. The measured muscle mass was divided by body
weight and statistically analyzed. Grip strength was measured using a grip

strength meter (Takei Scientific Instruments, Tokyo, Japan).

2.3. Statistical Analysis

Pearson’s correlation coefficient and multiple regression analysis were used to
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examine respiratory muscle strength, hand grip strength, and muscle mass. Mul-
tiple regression analysis was performed using the stepwise method, with expira-
tory muscle strength and hand grip strength as dependent variables and trunk
muscle mass, upper limb muscle mass, and lower limb muscle mass as indepen-

dent variables. SPSS (Version 26.0; IBM, Tokyo, Japan) was used for analysis.

3. Results

The certification level classifications are shown in Table 1. Table 2 shows the

mass. In the sarcopenic group, there was

muscle strength and muscle mass. Hand

Table 1. Certification level classificatio

Support
Level 1 7
Level 2 6

Level 1 5 5
Level 2 3 1
1 1
1 -

le 2. Correlation between respiratory muscle strength, hand grip strength and muscle

magshisf each area.
L4
Muscle mass Hand Grip
PIMAX PEMAX
Trunk Upper limb Lower limb Strength
Non-Sarcopenia group
PIMAX 0.4 0.424 0.411 - 0.713* 0.781*
PEMAX 0.719* 0.704* 0.676* 0.713* - 0.867*

Hand Grip Strength  0.736* 0.781* 0.659* 0.781*  0.867* -

Sarcopenia group

PIMAX 0.234 0.235 0.081 - 0.505 0.274
PEMAX 0.178 0.377 0.154 0.505 - 0.553*
Hand Grip Strength ~ 0.284 0.456* 0.067 0.274  0.553* -

*p < 0.05; PIMAX, Maximum inspiratory pressure; PEMAX, Maximum expiratory pres-
sure.

DOI: 10.4236/0jtr.2023.113007 85 Open Journal of Therapy and Rehabilitation


https://doi.org/10.4236/ojtr.2023.113007

Y. Hyodo et al.

upper limb muscle mass. Multiple regression analysis in the non-sarcopenic
group showed that trunk muscle mass was a significant factor when expiratory
muscle strength was used as the dependent variable (8 = 0.719, p = 0.008), and
upper limb muscle mass was a significant factor when grip strength was used as
the dependent variable (4= 0.781, p = 0.003). Multiple regression analysis in the
sarcopenic group showed a significant difference in upper limb muscle mass
when grip strength was the dependent variable (B = 0.455, p = 0.029). Each re-

gression equation yielded significant results.

4. Discussion

In this study, we examined the relationships betwee

group. Hand gri

The results of m

strength was correlated with grip strength. The correlation of

scle strength with trunk muscle mass was stronger in the

-sarcopenic group.

as been reported that type II muscle fibers decrease in size and oxidative
capacity with aging, while type I muscle fibers remain unchanged or increase
[13] [14]. Additionally, there is evidence that the loss of motor units of type II
myofibers accelerates as the loss of motor units progresses and workload in-
creases, and that as an adaptive response, the remaining motor units adopt de-
nervation fibers and act as if they have been replaced by type I myofibers [14]
[15]. This atrophy of type II muscle fibers (fast-twitch muscle fibers) is thought
to cause a decrease in muscle output. In addition, the infiltration of adipose tis-
sue into myofibers is believed to have an effect on the decline in muscle strength
with aging. It has been confirmed that fat deposition in muscle fibers increases
with aging and that the adipocyte type increases with age among muscle satellite
cells, in which case there is no significant change in body weight [15] [16]. These
findings suggest that muscle weakness without loss of muscle mass occurs in the

early stages of aging and weakness, when fast-twitch muscle fibers are dener-
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vated and adipose tissue begins to infiltrate myofibers. Sarcopenia is generally
diagnosed when both muscle mass loss and muscle weakness occur. However, in
this study, the results indicated that the trunk may also be an important indica-
tor of muscle mass, suggesting that respiratory muscle strength as well as hand
grip strength should be focused on as indicators of muscle strength. Thus, the
prevention of sarcopenia may be aided by identifying subjects who show a de-
crease in trunk muscle mass and respiratory muscle strength, especially expira-
tory muscle strength, before they are diagnosed.

Regarding muscle mass, a previous report suggested tha ainal muscle

reported that androgens, which are involved in the increa $€/in mus-

muscle mass in our study ests that/the abdominal muscles can be active as

auxiliary muscle

correlated with grip strength in the sarcopenic group. Grip

bgen reported as an index of whole-body muscle strength in many

hand grip strength, but the results of the present study are inconsistent be-
cau$e not only inspiratory muscle strength but also expiratory muscle strength
were correlated in the non-sarcopenic group [10]. The authors also reported a
correlation between the skeletal muscle index of the limbs and inspiratory mus-
cle strength, but they tested healthy older people aged 60 years or older as sub-
jects. This is an important finding, because the subjects of our study were older
people in need of long-term care, who are likely to be affected by age-related
muscle weakness and loss of muscle mass. Thus, it is possible that the abdominal
muscles, which are auxiliary muscles for expiration, are selectively weakened in
older people who require nursing care, suggesting that expiratory muscle
strength, rather than inspiratory muscle strength, may be more important for
older people with sarcopenia compared with healthy older people.

The factors mentioned above suggest that, for preventing the worsening of
sarcopenia from a frail state requiring nursing care, it is important not only to

consider hand grip strength and inspiratory muscle strength, but also expiratory
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muscle strength, to avoid overlooking muscle weakness. Additionally, it is ne-
cessary to evaluate trunk muscle mass as well as upper and lower limb muscle

mass.

5. Limitations

Because we did not conduct a longitudinal study, it remains unclear how respi-
ratory muscle strength and trunk muscle mass change over time as a result of
sarcopenia. Further studies will be required to clarify this issue in future. In ad-

dition, because we were unable to assess lower limb muscle h, it will be

the sarcopenic group, res
cle mass, but hand grip

mass.
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