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a  b  s  t  r  a  c  t

Maximal  inspiratory  mouth  pressure  (MIP)  is  a common  measurement  of  inspiratory  muscle  strength,
which  is often  used  in  a variety  of exercises  to evaluate  the effects  of  inspiratory  muscle  training.  An
understanding  of  elite  athletes’  MIP  characteristics  is  needed  to guide  sport-specific  inspiratory  muscle
training  programs.  The  purpose  of this  study  was  to investigate  and  better  understand  the  MIP  character-
istics  of elite  athletes  from  a variety  of  sports.  A  total  of 301  Japanese  elite  male  athletes  participated  in  this
study.  MIP  was  assessed  using  a portable  autospirometer  with  a handheld  mouth  pressure  meter.  Athletes
with  higher  body  mass  tended  to have  stronger  MIP values,  in  absolute  terms.  In relative  terms,  however,
athletes  who  regularly  experienced  exercise-induced  inspiratory  muscle  fatigue  tended  to have  stronger
MIP values.  Our  findings  suggest  that  athletes  could  benefit  from  prescribed,  sport-specific,  inspiratory
muscle  training  or warm-ups.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Maximal inspiratory mouth pressure (MIP) is commonly used
to measure inspiratory muscle strength; it reflects the combined
force-generating capacity of the inspiratory muscles during a brief,
quasi-static contraction. Because MIP  measurements are taken
using volitional, non-invasive techniques, which are better toler-
ated by participants than balloon catheter systems, the index often
uses a variety of exercises to evaluate the effects of inspiratory
muscle training or warm-ups (HajGhanbari et al., 2013).

Inspiratory muscle training is classified into two  major cate-
gories: inspiratory muscle strength training and inspiratory muscle
endurance training. Inspiratory muscle strength training is per-
formed by breathing against an external inspiratory load. This
load is often adjusted with reference to MIP  (HajGhanbari et al.,
2013). Inspiratory muscle training requires participants to achieve
a threshold pressure to open the valve of an inspiratory muscle
training device (e.g., the POWER breathe inspiratory muscle trainer)
to provide an inflow of air (HajGhanbari et al., 2013). Substantial
respiratory strength is needed to achieve and maintain the tar-
get threshold pressure, which ranges between 50% and 80% of MIP
(HajGhanbari et al., 2013). Inspiratory muscle warm-up is typically
performed at 40% of MIP  (Ohya et al., 2015; Volianitis et al., 2001),
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and has been found to improve inspiratory muscle function (Ohya
et al., 2015) and exercise performance (Volianitis et al., 2001). How-
ever, the optimal inspiratory muscle training or warm-up loads for
athletes, based on their specific sports, remain unclear.

The characteristics of MIP  have already been reported in both
young (Leech et al., 1983), and older adults (Summerhill et al.,
2007). To our knowledge, no study has quantified and reported the
MIPs of elite athletes across a variety of sports. An understand-
ing of the characteristics of elite athletes’ MIPs is needed to guide
inspiratory muscle training programs relative to specific sports. The
purpose of this study was  to understand the MIP  characteristics at
rest in a variety of sport-specific elite athletes.

2. Methods

2.1. Participants

Participants in this study were 301 Japanese elite male ath-
letes and 28 normal healthy males. Table 1 shows the age, height,
and body mass of the participants. All the athletes were recruited
following medical and/or fitness checks conducted in the Japan
Institute of Sports Sciences. Written consent to participate was
obtained from all participants after informing them of the pur-
pose of the experiment, the procedure, and the possible risks. This
study was  approved by the Human Subjects Committee at the Japan
Institute of Sports Sciences.
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2.2. MIP measurement

MIP  was  assessed according to published guidelines (American
Thoracic Society/European Respiratory Society, 2002), using a
portable autospirometer (AS-507; Minato Medical Science, Osaka,
Japan) with a handheld mouth pressure meter (AAM377; Minato
Medical Science) (Ohya et al., 2016). All measurements were made
while the participant sat with their nose occluded. Participants
were instructed to breathe out to residual volume and then inhale
as hard and as quickly as possible to total lung capacity and sustain
this inspiration for at least 1 s. Measurements were repeated until a
minimum of five and a maximum of seven technically satisfactory
measurements were obtained; the greatest of the three measure-
ments that had less than 10% between-measurement variability
was defined as the maximum (McConnell, 2007).

2.3. Statistical analysis

Values are expressed as means ± standard deviation (SD). Sta-
tistical analyses were performed using SPSS for Windows, Version
19.0 (IBM Corp., Armonk, NY, USA). Correlations between the MIP
value and height and body mass of each athlete were determined
and tested for significance using the Pearson product-moment cor-
relation. Significance was set at P < 0.05.

3. Results

Fig. 1 shows the MIP  values of Japanese elite male athletes;
the mean was  132.8 ± 17.3 cm H2O. Fig. 2 shows the athletes’ MIP
values relative to their body mass; the mean was 1.85 ± 0.21 cm
H2O kg−1. A strong correlation (r = 0.59, P < 0.001) was  observed
between mean MIP  values and mean body mass of athletes from
each sport, but no correlation was  found between mean MIP values
and mean height (r = 0.11, P > 0.05).

4. Discussion

This is the first study to investigate the MIP  characteristics of
Japanese elite male athletes. In absolute terms, the MIP  values of
athletes with higher body mass tended to be stronger (Fig. 1). Haut-
man et al. (Hautmann et al., 2000) reported that MIP  was strongly
correlated with body mass in healthy males. In another study, body
mass was found to affect lung function (Schoenberg et al., 1978);
the authors suggested that the improved lung function associated
with body mass was  attributable to the increased muscle bulk
(Schoenberg et al., 1978).

Previous studies have reported that inspiratory muscle
fatigue (IMF) occurs after swimming (Brown and Kilding, 2011),
short-duration high-intensity exercise (Ohya et al., 2016), and long-
duration exercise (Ross et al., 2008). In relative terms, athletes
whose sport typically demands exercise-induced IMF  (e.g., middle-
distance runners, triathletes, swimmers and long-distance runners
in this study; Fig. 2) tend to have stronger MIP values than other
athletes. For example, swimmers are required to precisely coor-
dinate their frequency of breathing and tidal volume with stroke
mechanics, which results in a different breathing pattern com-
pared with on-land exercise (Rodríguez, 2000). Coupled with the
increased hydrostatic pressure on the chest, and the potential effect
of body position on breathing, these factors individually and collec-
tively likely result in an increased load on the respiratory system
(Cordain and Stager, 1988). Furthermore, in a previous study of
highly trained female middle-distance runners, we demonstrated
that IMF  occurred after a 400-m and 800-m running test (Ohya
et al., 2016). Running requires additional work from the inspira-
tory muscles; therefore, runners might be more susceptible to IMF
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