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Abstract.	 [Purpose] The purpose was to determine the correlation between the skeletal muscle mass index and 
parameters of respiratory function and muscle strength in young healthy adults as predictors of sarcopenia in as-
sociation with aging and respiratory diseases. [Participants and Methods] Participants were 41 males and 37 females 
with a mean age of 19.5 ± 1.5 years. The following were measured: body composition (skeletal muscle mass index), 
respiratory function (vital capacity, inspiratory reserve volume, expiratory reserve volume, inspiratory capacity, 
forced vital capacity, one-second forced expiratory volume, peak expiratory flow rate), and respiratory muscle 
strength (maximum inspiratory pressure, maximum expiratory pressure). Correlations between the skeletal muscle 
mass index and parameters of respiratory function and respiratory muscle strength were assessed using Pearson’s 
coefficient. [Results] The total skeletal muscle mass index showed a positive correlation with all items. The male 
skeletal muscle mass index showed a positive correlation with respiratory function excluding inspiratory reserve 
volume, expiratory reserve volume, maximum inspiratory pressure, and maximum expiratory pressure. The female 
skeletal muscle mass index showed a positive correlation with all respiratory functions including inspiratory re-
serve volume and expiratory reserve volume, but was not associated with respiratory muscle strength. [Conclusion] 
The skeletal muscle mass index showed a positive correlation with respiratory function and respiratory muscle 
strength. Gender-based features were correlated with respiratory muscle strength in males and lung capacity in 
females.
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INTRODUCTION

Aging is associated with decreasing skeletal muscle. This may result in sarcopenia, which impairs physical capability. Ag-
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ing also leads to muscle fiber size decrease, muscle strength and power loss, and fast-to-slow fiber type shift1). In contrast to 
changes with aging, the rate of slow fiber type shift has been reported to decrease with chronic obstructive pulmonary disease 
(COPD)2). However, reasons underlying these two contrasting outcomes remain unclear. Additionally, 15% prevalence of 
sarcopenia in patients with COPD has been reported3). Baumgartner reported skeletal muscle mass index (SMI) as a param-
eter of muscle mass4). SMI was calculated by dividing the muscle mass of limbs by the square of height4). Sanada calculated 
the reference value of SMI in patients with sarcopenia as 6.87 kg/m2 for males and 5.46 kg/m2 for females in Japan5). In 
regard to healthy adults, muscle mass is moderately correlated with respiratory function in terms of forced vital capacity 
(FVC), %FVC, one-second forced expiratory volume (FEV1), and FEV1/FVC ratio6). In recent years, in addition to respira-
tory function, respiratory muscle strength can also be evaluated, such as maximum inspiratory pressure (PImax) or maximum 
expiratory pressure (PEmax). However, only a few studies have considered the association between skeletal muscle mass and 
respiratory muscle strength. In particular, there are few reports on the relationships between SMI, respiratory function, and 
muscle strength. In order to elucidate muscle mass and respiratory changes with aging and COPD, their association among 
healthy adults should be clarified. The purpose of this study was to clarify the correlation between skeletal muscle mass index 
and parameters of respiratory function and muscle strength in young healthy adults, with a focus on gender features given 
the difference of respiratory function between genders. When studying elderly, it is necessary to adjust for age, smoking, and 
alcohol record7). Life history affects respiratory function. Therefore, in this study, young healthy adults who have few biases 
in daily living and less affected by aging, were focused on.

PARTICIPANTS AND METHODS

Participants, who were students of the International University of Health and Welfare (IUHW), were recruited through 
convenience sampling. A total of 78 participants, of which 41 were males and 37 were females (age, 19.5 ± 1.5 years), were 
enrolled. The exclusion criteria were respiratory and cardiovascular diseases. Participants were provided information about 
this study before they volunteer. This study was approved by the Ethics Review Committee of IUHW, Japan (approval 
number: 16-Io-171, 2016). Body composition, respiratory function, and respiratory muscle strength of all participants were 
measured. Body composition was measured by direct segmental multifrequency bioelectrical impedance analysis method 
(DSM-BIA) (Inbody520, Biospace, Japan). SMI was calculated by dividing the muscle mass of limbs by the square of 
height1). Respiratory function and muscle strength were measured using Autospiro (AS-507, Minato Medical Science, Japan) 
and attached unit (AAM377, Minato Medical Science, Japan). Each participant performed three acceptable SVC and FVC 
maneuvers according to the American Thoracic recommendations and European Respiratory Society8). Respiratory function 
and muscle strength were determined by measuring vital capacity (VC), inspiratory reserve volume (IRV), expiratory reserve 
volume (ERV), inspiratory capacity (IC), FVC, FEV1, peak expiratory flow rate (PEFR), PImax, peak inspiratory pressure 
(PIpeak), PEmax, peak expiratory pressure (PEpeak). PImax and PEmax were the maximum pressure averaged over 1 to 2 
seconds. PIpeak and PEpeak were the highest value regardless of time. Characteristics and results between males and females 
were compared by unpaired t-test. Moreover, relationships between SMI and parameters of respiratory function and muscle 
strength were assessed by Pearson’s correlation coefficient. SPSS version 22 (IBM, Japan) was used for all analyses. A p 
value <0.05 was considered statistically significant.

RESULTS

Table 1 shows characteristics and results of respiratory function, respiratory muscle strength, and SMI in total, male and 
female participants. In the unpaired t-test between male and female participants, significant differences were found in all 
items except for age and body mass index. Table 2 shows Pearson’s correlation coefficient between SMI and respiratory 
function as well as between SMI and respiratory muscle strength in total and in male and female participants. The SMI of all 
participants had a positive correlation with all measured items. The SMI of male participants had a positive correlation with 
respiratory function excluding IRV and ERV, PEmax, and PEpeak. The SMI of female participants had a positive correlation 
with all respiratory function including IRV and ERV, but it was not associated with respiratory muscle strength.

DISCUSSION

The purpose of this study was to clarify the correlation between SMI and respiratory function as well as between SMI and 
respiratory muscle strength. The SMI of all participants was associated with respiratory function and muscle strength. This 
suggested that greater muscle mass may contribute to respiratory function and muscle strength. This result was similar to that 
in a previous study6). Interestingly enough, the SMI of male participants had a positive correlation with VC, IC, FVC, FEV1, 
PEFR, PEmax, and PEpeak, but it was not associated with IRV and ERV. The SMI of female participants had a positive 
correlation with all respiratory function including IRV and ERV, but it was not associated with respiratory muscle strength. 
This result suggested that the SMI of male participants was associated with respiratory muscle strength, while the SMI of 
female participants was associated with lung capacity especially. Two studies reported that female’s respiratory function may 
be influenced by the thoracic volume. One report suggested that the thoracic volume of females was likely to expand due 
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to increased abdominal volume during pregnancy9). In recent years, this expanding thoracic volume is measured as chest 
expansion difference, and it is clear that females tend to have increased thoracic volume through chest expansion compared 
to male. Another report suggested that airway resistance of males was higher than that of the females because the lung 
parenchyma and airway grew disproportionately10). This mechanism reported the involvement of androgen. If age and height 

Table 1.	Characteristics and results of respiratory function, respiratory muscle strength, 
and SMI in total, male and female

Total (n=77) Male (n=40) Female (n=37)
Characteristics

Age (years) 19.5 ± 1.5 19.7 ± 2.0 19.2 ± 0.4
Height (cm)* 166.1 ± 8.3 172.3 ± 5.1 159.5 ± 5.3
Body weight (kg)* 57.9 ± 9.0 62.7 ± 7.2 52.7 ± 7.7
BMI (kg/m2) 20.9 ± 2.3 21.1 ± 2.0 20.7 ± 2.5

Respiratory function
VC (l)* 3.8 ± 0.9 4.4 ± 0.6 3.1 ± 0.4
IRV (l)* 1.6 ± 0.6 1.9 ± 0.5 1.2 ± 0.3
ERV (l)* 1.5 ± 0.4 1.8 ± 0.4 1.3 ± 0.3
IC (l)* 2.3 ± 0.6 2.7 ± 0.6 1.8 ± 0.3
FVC (l)* 3.8 ± 0.8 4.4 ± 0.6 3.1 ± 0.4
FEV1 (l)* 3.4 ± 0.8 4.0 ± 0.5 2.8 ± 0.5
PEFR (l/sec)* 7.2 ± 2.3 8.9 ± 1.7 5.3 ± 1.3

Respiratory muscle strength
PImax (kPa)* 6.9 ± 2.7 8.4 ± 2.5 5.3 ± 1.9
PIpeak (kPa)* 7.5 ± 2.8 9.1 ± 2.5 5.8 ± 2.0
PEmax (kPa)* 7.7 ± 2.4 9.1 ± 2.0 6.1 ± 1.7
PEpeak (kPa)* 8.4 ± 2.5 10.0 ± 2.0 6.6 ± 1.8

Body composition
SMI (kg/m2)* 6.9 ± 0.9 7.7 ± 0.4 6.1 ± 0.6

Unpaired t-test between male and female: *p<0.05.
VC: vital capacity; IRV: inspiratory reserve volume; ERV: expiratory reserve volume; 
IC: inspiratory capacity; FVC: forced vital capacity; FEV1: one-second forced expiratory 
volume; PEFR: peak expiratory flow rate; PImax: maximum inspiratory pressure; PIpeak: 
peak inspiratory pressure; PEmax: maximum expiratory pressure; PEpeak: peak expira-
tory pressure; SMI: skeletal muscle mass index.

Table 2.	Pearson’s correlation coefficient between SMI and parameters of 
respiratory function and respiratory muscle strength

Total (n=77) Male (n=40) Female (n=37)
Respiratory function

VC (l) 0.82** 0.50** 0.51**

IRV (l) 0.63** 0.26 0.40*

ERV (l) 0.61** 0.17 0.33*

IC (l) 0.73** 0.41** 0.47**

FVC (l) 0.82** 0.48** 0.44**

FEV1 (l) 0.80** 0.41** 0.35*

PEFR (l/sec) 0.76** 0.34* 0.35*

Respiratory muscle strength
PImax (kPa) 0.56** 0.18 0.13
PIpeak (kPa) 0.58** 0.22 0.17
PEmax (kPa) 0.66** 0.35* 0.27
PEpeak (kPa) 0.69** 0.37* 0.32

Pearson’s correlation coefficient *p<0.05, **p<0.01.
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are the same, VC of males will be higher than that of females. On the contrary, the FEV1 of females may be higher than that 
of males matched for age and height. The gender differences among growth periods were thought to reflect the relationships 
and features in respiratory muscle of male and lung capacity of females. In many items, although a significant difference was 
observed in total values, no significant difference between males and females or in decrease of correlation coefficients was 
observed. This indicates the influence of many factors other than gender, including body size, muscle mass, and fat. This 
study has some limitations. Only univariate analysis was carried out; multivariate analysis was not performed. Moreover, the 
sample size was small and limited to students of one university department. The present study demonstrated the relationship 
between SMI and parameters of respiratory function and muscle strength. In the future, similar measurements for healthy 
elderly, elderly with sarcopenia, and patients with respiratory disease might be undertaken and analyzed. Furthermore, a 
respiratory physiotherapy may be developed considering SMI as important index.
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