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Abstract

Background The altered respiratory patterns have a significant impact on our health. However, the links
between respiration patterns during spontaneous breathing and physical fitness remain unknown. Therefore, we
sought to examine how the respiratory pattern during spontaneous breathing interacts with physical fitness.

Methods A total of 610 participants (aged 20-59 years) were enrolled; 163 men (age =41 + 11) and 401 women (age
=42 + 9) were included for analysis. The parameters of the respiration pattern were respiration rate (RR) and inha-
lation/exhalation (I/E) ratio. The physical fitness components were body size, visuomotor reaction time, balance,
flexibility, hand grip strength, back extension strength, vertical jump height, number of push-ups, number of sit-ups,
and the maximum rate of oxygen consumption. The data were analyzed separately for two gender groups. Partici-
pants within each gender group were further divided into two age categories (young: 20—39 years, middle-aged:
40-59 years) for the analysis, and both correlational and comparative tests were used to solidify the results.

Results Neither RRs nor the I/E ratios were substantially correlated with physical fitness in women. In addition,

the I/E ratios showed no significant correlation with physical fitness in young men, while the results from correlational
and comparative tests were inconsistent in middle-aged men. Consistently, men with lower RRs exhibited signifi-
cantly shorter visuomotor reaction times in two age groups, and demonstrated significantly higher vertical jump
heights in the middle-aged group.

Conclusions In women, respiratory patterns were not correlated with physical fitness. The relationship between mid-
dle-aged men’s I/E ratios and their physical fitness warrants further investigation. Men with lower RRs may have

better visual-motor coordination and/or sustained attention, while middle-aged men with lower RRs may also have
greater leg explosive power and neuromuscular coordination, which should be considered for physical assessment
and health improvement.
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Introduction

Maintaining good physical health is essential for over-
all well-being and ensuring a high quality of life. A key
indicator of physical health is physical fitness [1], which
encompasses both health-related and skill-related fit-
ness. Health-related fitness includes muscular strength,
muscular endurance, flexibility, cardiorespiratory endur-
ance, and body composition; skill-related fitness includes
speed, power, agility, balance, coordination, and reaction
time [2]. Thorough physical fitness tests provide a com-
prehensive assessment of one’s overall physical well-
being. Furthermore, respiration plays a vital role in our
health, as breathing patterns have a profound impact
not only on ventilation effectiveness but also on motor,
cardiovascular, and autonomic nervous functions [3-5].
Therefore, the interaction between respiration patterns
and physical fitness deserves attention.

The pattern of respiration includes a range of param-
eters, including rate, inhalation and exhalation duration,
tidal volume, and depth [6]. Among these parameters,
respiration rate (RR) and the ratio of inhalation to exha-
lation duration (I/E ratio) are particularly important.
The RR serves as a crucial indicator of an individual’s
health status and is highly responsive to various stress-
ors, including cognitive load, physical exertion, and
exercise-induced fatigue [7]. A systematic review study
summarized that intentionally reducing the RR yielded
positive effects, such as enhanced ease, comfort, relaxa-
tion, and positive energy, and reduced feelings of anxi-
ety, dejection, anger, hostility, and confusion [8]. One
month of slow breathing training with a rate of 6 reps/
min, as compared to the rate of 15 reps/min, improved
exercise performance in chronic heart failure patients.
Specifically, there were significant enhancements in the
load reached and oxygen consumption during peak exer-
cise [9]. In individuals with isolated systolic hyperten-
sion, eight weeks of slow-loaded breathing at a rate of 6
reps/min resulted in a significant improvement in arm
exercise endurance [10]. In healthy subjects, engaging in
18 minutes of slow breathing led to an immediate reduc-
tion in visual reaction time, suggesting that slow breath-
ing enhances the capacity for information processing and
response inhibition [11]. On the other hand, fast breath-
ing is known to enhance ventilation and elevate pH lev-
els [12]. The elevation of pH levels enhanced Ca®* and
Na® currents, reduced the action potential threshold,
and shortened the refractory periods of action poten-
tials, thereby promoting muscle contraction [13, 14].
Studies have demonstrated that intentionally induced
hyperventilation as a strategy can improve repeated
sprint performance, and pre-exercise hyperventilation
can significantly enhance performance in the 50-meter
front crawl [4, 5]. It appears that an intentionally slowed
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breathing rate can improve mental state and physical
condition (e.g., higher visuomotor reaction speed and
better muscle endurance), while purposefully fast breath-
ing can enhance short-term explosive muscle strength.
In addition to RR, the processes of inhalation and exha-
lation have distinct effects on the autonomic nervous
system. During exhalation, the increased pressure in the
chest cavity raises blood pressure [15], which activates
the aortic arch baroreceptor and increases the stimula-
tion of the nucleus tractus solitarius. This, in turn, leads
to increased excitation of parasympathetic efferent sig-
nals. Conversely, the effect of inhalation on sympathetic
activity is vice versa [16—18]. Thus, the I/E ratio received
attention in the psychological research. Experiments
have shown that deliberately decreased I/E ratio enhance
the cardiac vagal tone [19]. Participants experienced
increased relaxation, positive energy, reduced stress, and
heightened mindfulness when adopting a breathing pat-
tern with a low I/E ratio compared to a high ratio [20].
These findings indicate that lowering the I/E ratio is able
to promote parasympathetic nervous activity.

However, the relationship between spontaneous res-
piratory patterns and physical fitness remains unclear,
and clarifying the relationship can offer healthcare pro-
fessionals more information for physical assessment
and health improvement. Therefore, the objective of the
current study was to examine the relationship between
respiratory patterns (RR and I/E ratio) and physical fit-
ness components (muscle endurance, muscle explosive
power, balance, flexibility, visuomotor reaction time, and
cardiopulmonary endurance). The goal was to determine
whether people with lower or higher RRs and/or I/E
ratios exhibit differences in physical fitness.

During spontaneous breathing, the diaphragm muscle
performs 60—80% of the inspiratory work [21]. A slower
breathing rate necessitates a larger tidal volume to main-
tain normal ventilation [22], which should increase the
workload of the diaphragm muscle. The diaphragm is one
of the main core muscles responsible for trunk stability
[23], and enhanced trunk stability facilitates improved
physical performance [24, 25]. In conjunction with the
findings cited in the second paragraph, we hypothesize
that participants with lower respiratory rates (RRs) will
demonstrate better physical fitness.

As for the I/E ratio, it is influenced by many factors.
During inhalation, the diaphragm and external intercos-
tal muscles contract to enlarge the thoracic cavity, which
causes a decrease in intra-thoracic pressure and enables
air to enter the lungs [12]. Thus, the strength of the dia-
phragm and external intercostal muscles likely impacts
the duration of inhalation. In a resting state, individuals
with higher inspiratory muscle strength should have a
larger inspiratory movement and, consequently, a longer
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inhalation duration. Notably, improved inspiratory mus-
cle strength is associated with enhanced physical perfor-
mance (e.g., 800-meter run, peripheral muscle strength)
[26, 27]. Normal exhalation represents a passive process
as it relies on the elastic recoil of the muscles and lungs
[28]. Therefore, inhalation duration should be the main
factor impacting the I/E ratio, leading to the hypothesis
that people with a higher I/E ratio would demonstrate
better muscle performance. However, studies referenced
in the second paragraph indicate that participants expe-
rienced increased relaxation when taking a breathing
pattern with a low I/E ratio. Given that chronic stress
significantly slows task response [29], participants with
lower I/E ratios may exhibit faster reaction speeds.

Methods

Trial design and participants

A total of 610 healthy adults (aged 20—59) were enrolled
through convenience sampling from six communities
in Haidian District in Beijing. The inclusion criteria for
participants were as follows: 20-59 years old, capable
of understanding and responding to the interview ques-
tions, having completed the Physical Activity Readi-
ness Questionnaire and meeting all requirements, and
providing written informed consent. Exclusion criteria:
pregnancy or lactation; the presence of a mental illness;
recent or ongoing acute diseases without physical recov-
ery; consumption of coffee or tea within 2 hours prior to
the tests; having a RR exceeding + 2 times the standard
deviations from the average in their age group (subjects
excluded if RR < mean — 2 X SD or RR > mean + 2 X
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SD); did not perform ten consecutively stable respira-
tory cycles from a two-minute respiration test. The final
study sample consisted of 564 participants, 163 men (age
=41+ 11, BMI = 25.8 + 4.1) and 401 women (age: 42 + 9,
BMI: 23.3 + 3.5), as shown in Fig. 1.

The Research Ethics Committee of Beijing Sport Uni-
versity approved the present study (Approval number:
2021079H), and all participants were informed of the
risks of the tests prior to signing the informed consent
document.

Data collection and processing

Respiratory movements testing and data processing
Respiration was recorded by a respiration belt (Vernier,
Beaverton, OR, USA) which is a strap of fabric with a
resistive stretch sensor embedded into it and provides
ground truth respiration rate signals [30]. Prior to the
test, participants were instructed to remain seated qui-
etly for 5 minutes. Then, participants stood up, the exper-
imenter tied the belt at the level of the xiphoid process of
the participants until the light on the belt turned green
according to the user’s instructions. Throughout the two-
minutes test, the participants were asked to watch a neu-
tral video featuring slow-swimming fishes in the sea. The
video was displayed on a Xiaomi Pad (11 inches, Xiaomi,
Beijing, China), positioned in front of the participant’s
face at a distance ranging from 50 to 80 cm.

Different authors employed various approaches to
determine the number of respiratory cycles for analy-
sis, ranging from three satisfactory readings to six min-
utes of breathing cycles [31-33]. We observed that the

4 N\
A total of 610 healthy adults were enrolled from Haidian District in Beijing
using convenience sampling
- J
4 N\
Participants (men: 176; women: 434) were divided into two age groups
in 20-years interval
G J
4 N\
Exclusion criteria for respiration:

(1) respiration rates outside the normal range for their age group;
or (2) who do not exhibit ten consecutive stable respiration cycles.

v

13 men were excluded, leaving a
total of 163 men included for data
presentation and analysis.

33 women were excluded, leaving
a total of 401 women included for
data presentation and analysis.

Fig. 1 Flowchart of study participants
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respiration waves became more regular after 30 seconds
from the beginning. Consequently, we chose ten consec-
utive respiration cycles that demonstrated consistent sta-
bility, minimal motion artifact, and baseline wander after
the initial 30 seconds of the testing period.

A Matlab App Designer program (Matlab 2022a, Math-
works, Natick, MA, USA) was used to process the raw
data and target the maximum peaks (indicating the end
of inspiration) and minimum troughs (indicating the end
of expiration). Safeguards were implemented to decrease
the chance of flagging false minimum and maximum
values in data with higher noises. As shown in Fig. 2,
the inhalation duration (ID) was calculated by subtract-
ing the time at the peak from the preceding trough and
then averaging across all ten summed IDs. Exhalation
duration (ED) was calculated by subtracting the time of
trough from the peak time that preceded it and averaging
across all ten summed EDs. The I/E ratio was calculated
by dividing the ID by the ED. The RR was determined as
60 seconds divided by the time used for one respiration
cycle, which was calculated from the time of the 11th
peak minus the time of the 1st peak, divided by 10 (RR =
60/(P11 — P1)/10).

Physical fitness testing

All physical fitness tests were performed using the Jian-
min electronic physical fitness assessment system (Xin-
donghuateng Sports Equipment Co., Ltd., Beijing, China),
which is approved by the Sports Equipment Approval
Committee of the General Administration of Sport in
China. The testing protocol was developed and executed
in accordance with the manual National Physical Fitness
Testing and Evaluation [34].

Bodly size tests

Height measurements were taken without shoes using
an electronic body height measuring instrument (Jian-
min GMCS-SGJ3, Xindonghuateng, Beijing, China) with
an accuracy of 1 cm. Weight measurements were taken
on an electronic weighing scale (Jianmin GMCS-RCS3),
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with an accuracy of 0.1 kg. Body fat percentage was
assessed using a body composition analyzer (Jianmin
GMCS-TZL3). Participants stood barefoot on two elec-
trode plates while holding two electrode handles for
one minute. The accuracy of the measurement was 0.1
kg. Waist and hip circumference were measured using
an electronic circumference measuring ruler (Jianmin
GMCS-WD3) at the navel height and the widest part of
the buttocks. The accuracy of these measurements was
0.1 cm.

For a clearer illustration of tests on muscular strength,
muscular power, muscular endurance, balance, flexibility,
visuomotor reaction time, and cardiorespiratory endur-
ance, we have provided Fig. 3 below.

Muscular strength tests

Before conducting the strength test, participants received
a detailed explanation of the testing procedures and
were advised to engage in a five-minute warm-up. The
warm-up routine included 30 seconds of jogging in place,
dynamic stretching for the main joints (e.g., neck, shoul-
ders, wrists, back, hips, knees) for two minutes, and per-
forming the movements to be tested for two minutes
(without equipment, with participants deciding on the
movements and repetitions). A physical therapist stood
by to provide assistance and answer questions. Subse-
quently, participants stood upright and held a handgrip
dynamometer (Jianmin GMCS-WCS3) in their dominant
hand, positioned approximately 10-20 cm away from
their thigh, with the palm facing inward. Following a two-
minute rest from the handgrip strength test, participants
proceeded to perform a back extension test using another
dynamometer (Jianmin GMCS-BLJ3). This dynamometer
consisted of a standing plate, a hand-holding bar, and a
chain connecting the plate and bar. Participants stood
on the plate with their hands hanging down and fin-
gers extended in front of their thighs. The experimenter
adjusted the chain length and positioned the bar at the
height of the participants’ middle fingertips. Subjects
flexed their hips, maintaining straight arms, legs, and
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Fig. 3 Anillustration of the tests of physical fitness. This figure was adapted from our previous publication [35]

trunk, and then gradually lifted the bar with maximal
effort. Each muscular strength test was conducted twice,
and the higher value was recorded with a precision of 0.1

kg.

Muscular power tests

The countermovement jump with arm swing was uti-
lized to assess vertical jump height. Participants stood on
a timing mat (Jianmin GMCS-ZT]3), which featured an
integrated calculator capable of measuring the time spent

in the air and calculating the corresponding jump height.
Each participant performed two jumps, and the highest
recorded value was documented with a precision of 0.1
cm.

Muscular endurance tests

Participants positioned themselves facing the floor, dis-
tributing their weight between their straight hands and
legs, utilizing push-up counting equipment (Jianmin
GMCS-FWC3). An assistant adjusted two laser detectors
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to align with the participants’ shoulder height. Subse-
quently, participants engaged in the standard push-up
exercise for one minute. The system accurately recorded
the instances when participants elevated their trunks
and reached the designated shoulder height. Similarly,
the number of sit-ups completed within one minute
was recorded using sit-up counting equipment (Jianmin
GMCS-YWQZ3), employing a similar methodology.

Balance test

Participants stood with their arms akimbo at a balance
testing equipment (Jianmin GMCS-DJZL3). They closed
their eyes and raised one foot off the ground when pre-
pared. The system initiated the recording when the par-
ticipant lifted their foot and ceased recording when the
other foot moved away. The precision of the recorded
standing time was 0.1 seconds.

Flexibility test

Participants sat on the equipment (Jianmin GMCS-
TQQ3) without shoes and straightened their legs against
a designated box. The experimenter secured their knees
to maintain a straight alignment. With their palms fac-
ing downwards, participants reached forward along the
measuring bar, striving to extend as far as they could. The
test was conducted two times, and the greater distance
achieved was recorded with a precision of 0.1 cm.

Visuomotor reaction time test

A visuomotor reaction time testing panel (Jianmin
GMCS-FYS3) consists of a starting button and five signal
buttons. Participants stood in front of the panel, placing
their dominant hand on the starting button. During each
trial, one of the signal buttons randomly illuminated, and
participants were required to quickly press the illumi-
nated button. Each round consists of five trials, and the
average time taken to respond in those trials was calcu-
lated as the final result. The participants engaged in two
rounds, and the shorter response time was recorded with
a precision of 1 millisecond (ms).

Cardiorespiratory endurance test

To estimate the maximal oxygen consumption
(VO2max), the YMCA submaximal cycle ergometer
(Jianmin GMCS-GLC3) was employed. Following a five-
minute period of rest, participants positioned themselves
on the cycle ergometer while wearing an optical heart
rate sensor (Polar OH1, Kempele, Finland) on their upper
arm. The heart rate sensor was connected to the physi-
cal fitness assessment system via Bluetooth, enabling the
system to calculate heart rate and introduce workloads
accordingly. The test lasted for a total of seven minutes,
with 30 seconds allocated for establishing the baseline
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heart rate, three minutes each for the first and second
stage heart rates, and a final 30 seconds for cooling down.
For a detailed explanation of the calculation method,
please refer to the study conducted by Nuria Garatachea
et al. [36].

Normalization of muscular performance

As grip strength, back extension strength, push-ups, sit-
ups, balance were influenced by body weight, and studies
recommended to normalized the muscular performance
with weight using the equation:

Pn = P/Mb 1)

where P is the outcome of muscular performance, Pn
is the normalized outcome of muscular performance, M
is the body mass, and b is the allometric value [37, 38].
The allometric values (b) for hand grip strength and back
extension strength were 0.67, and for push-ups, sit-ups,
and balance was —0.33 [38]. Visuomotor reaction time,
vertical jump height, and flexibility were not influenced
by body size and did not require normalization. Addi-
tionally, the outcome of cardiorespiratory endurance has
already been adjusted for body size and does not require
further normalization.

Data analyses

Since the distributions of some parameters were skewed
according to the Kolmogorov-Smirnov test, the Mann-
Whitney U Test was conducted to compare two age
groups (young: 20—39 years, middle-aged: 40—59 years),
and the data were presented as the median and inter-
quartile range (IQR). The Spearman correction test was
employed for correlation tests. The linear regression
method was used to generate residuals between age and
the physical fitness components, for which it had a sig-
nificant correlation with age. Additionally, to explore dif-
ferences in physical fitness between groups with longer
and shorter RR, ID, ED, and high and low inhalation/
exhalation ratios, these four respiratory parameters were
each bifurcated based on their median values. Given the
observed correlation between RR and physical fitness,
the K-means clustering method was applied to catego-
rize participants into two clusters according to ID and
ED. The physical fitness levels of these clusters were then
compared. Due to the skewness in the distribution of cer-
tain respiratory parameters, the Mann-Whitney U Test
was again employed for the comparisons of both median-
split and clustered groups.

The primary analytical method is the correlation
test, while the comparative test serves as a second-
ary approach. Based on the results of power analysis, to
obtain a medium sized correlation (0.3), a=0.05 (one
tailed), power=0.8) [39], 67 participants were needed.
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The significance level was set at p < 0.05. The strength
of the effect size (Rho) from the Spearman correlation
test was adopted as negligible (Rho < 0.20), weak (0.21 <
Rho < 0.40), moderate (0.41 < Rho < 0.60), strong (0.61
< Rho < 0.80), and very strong (0.81 < Rho < 1.00) [40].
The effect sizes (r) from the Mann-Whitney U Test were
derived from the z-values divided by the square root of
the sample size [41], and it was referred to as small (d <
0.2), medium (0.2 < d < 0.5), and large (d > 0.5) accord-
ing to other studies [42]. All data were calculated and
analyzed using Excel 365 (Excel, Microsoft, Redmond,
WA) and SPSS 20.0 (IBM Corp., Armonk, NY, USA). The
power analysis was conducted with G*Power software.

Results

Data description and comparison of all parameters
between age groups in men and women

The comparison of all study parameters across age
groups is presented in Table 1 for men and in Table 2 for
women. The results indicate that there are no significant
differences in men’s RR, ID, ED, and I/E ratio between the
young (aged 20-39 years) and middle-aged (aged 40-59
years) groups (Table 1). However, young men exhibited
higher body height, weight, hip circumference, back
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extension strength, vertical jump height, number of sit-
ups in one minute, and balance, while middle-aged men
had longer reaction times.

As for women (Table 2), RR, ID, ED, and I/E ratio were
also not significantly different between the young and
middle-aged groups. But, waist circumference, waist-
hip circumference, body fat percentage, back extension
strength, and reaction time were higher in middle-aged
group. At the same time, vertical jump height, number
of sit-ups, balance, and VO,max were higher in young

group.

Correlation between respiration patterns and physical
fitness in men and women

Since many physical fitness components were signifi-
cantly different between the young and middle-aged
groups, correlation analysis was conducted in these two
age groups separately. For young men, there was no sig-
nificant correlation between age and physical fitness
components. Whereas, in the middle-aged group, age
was significantly correlated with vertical jump height (n
= 93, Rho = -0.451, P < 0.001), with sit-ups (n = 75, Rho
= —0.272, P = 0.018), with balance (=90, Rho = —0.405,
P < 0.001), and reaction time (# = 85, Rho = 0.242, P =

Table 1 Data presentation and comparison between age groups in men (n=163)

All parameters Age' n' Median (IQR)’ Age? n2 Median (IQR)? z p r
Age (year) 20-39 70 32.0(10.0) 40-59 93 49.0(10.5) 10.9 0.000 0.86
Height(cm) 70 176 (8.45) 93 172 (8.55) 295 0.003 0.23
Weight (kg) 70 80.4(18.2) 93 739(14.4) 231 0.021 0.18
BMI (kg/m?) 70 25.7 (5.29) 93 25.2(4.47) 1.30 0.193 0.10
WC (cm) 67 89.8 (13.0) 90 92.0(10.7) 1.36 0.173 0.11
HC (cm) 67 102 (9.80) 90 97.8(9.38) 218 0.029 017
WH ratio 67 0.89 (0.09) 90 0.93 (0.07) 3.79 0.000 0.30
Body fat (%) 67 249 (7.32) 91 24.2 (6.90) 1.06 0.290 0.08
RR (rep/min) 70 15.2 (4.52) 93 17.1(5.52) 1.22 0.224 0.10
ID (s) 70 1.53(0.53) 93 1.41(0.70) 1.27 0.205 0.10
ED (s) 70 2.19(0.71) 93 2.03(0.72) 1.05 0.292 0.08
I/E ratio 70 0.70(0.23) 93 0.73(0.18) 0.14 0.891 0.01
Grip strength (kg) 69 435(11.0) 93 41.5(9.80) 1.65 0.099 0.13
Back strength (kg) 69 120 (35.2) 93 111 (41.0) 2.32 0.021 0.18
Jump height (cm) 70 37.0(12.5) 93 27.5(12.5) 5.57 0.000 0.44
Push-ups (rep/min) 65 20.0(19.5) 79 18.0 (15.0) 1.38 0.168 0.11
Sit-ups (rep/min) 67 28.0(11.0) 75 20.0(11.0) 3.65 0.000 0.31
Balance (s) 70 14.4 (20.9) 90 11.3(13.5) 2.04 0.042 0.16
Flexibility (cm) 69 290 (15.3) 89 3.30(14.1) 0.59 0.556 0.05
Reaction time (s) 68 0.52(0.09) 85 0.58 (0.12) 3.84 0.000 0.31
VO, max (mL/(kgxmin)) 44 39.9(10.8) 52 404 (12.6) -0.31 0.760 0.03

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC Waist circumference. HC Hip circumference, WH ratio Waist/hip
circumference ratio, ID Inhalation duration, ED Exhalation duration, I/E ratio Inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption, N
Newton, kg Kilogram, cm Centimeter, m/ Milliliter. Age’, n', and Median (IQR)" are for the young group (20-39 years), while age?, n?, and Median (IQR)? for the middle-

aged group (40-59 years).
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Table 2 Data presentation and comparison between age groups in women (n=401)

All parameters Age' n' Median (IQR)" Age? n? Median (IQR)? z p r
Age (year) 20-39 154 34(8) 40-59 247 48 (10) 16.9 0.000 0.84
Height (cm) 154 161(7.12) 247 161 (6.70) 037 0.710 0.02
Weight (kg) 154 58.3(134) 247 61.1(11.8) 1.85 0.065 0.09
BMI (kg/mz) 154 22.2(5.15) 247 23.0(4.11) 1.96 0.050 0.10
WC (cm) 151 73.3(13.6) 245 775(11.9) 3.15 0.002 0.16
HC (cm) 151 93.7 (9.50) 245 94.6 (9.05) 061 0.540 0.03
WH ratio 151 0.79 (0.08) 245 0.82 (0.08) 3.75 0.000 0.19
Body fat (%) 151 27.6 (9.07) 244 29.7 (6.79) 2.21 0.027 0.11
RR (rep/min) 154 17.2 (4.39) 247 17.1 (4.83) 0.68 0.494 0.03
ID (s) 152 140 (0.44) 247 1.38 (0.44) 0.30 0.760 0.02
ED (s) 152 2.08(0.61) 247 2.15(0.68) 1.32 0.188 0.07
I/E ratio 152 0.69 (0.18) 247 0.66 (0.17) 1.65 0.099 0.08
Grip strength (kg) 150 24.6 (6.60) 244 25.8 (7.25) 1.65 0.100 0.08
Back strength (kg) 153 62.3(23.7) 241 66.5 (22.9) 215 0.031 (OA N
Jump height (cm) 153 226 (6.80) 243 19.6 (6.50) 5.63 0.000 0.28
Push-ups (rep/min) 141 17.0(14.5) 229 15.0 (14.0) 132 0.186 0.07
Sit-ups (rep/min) 141 23.0(13.0) 218 17.0(12.3) 512 0.000 027
Balance (s) 153 22.0(255) 246 2(219) 349 0.000 0.17
Flexibility (cm) 150 8.65 (13.9) 245 9(12.8) 1.88 0.061 0.09
Reaction time (s) 148 0.57 (0.08) 245 0.60(0.11) 3.72 0.000 0.19
VO, max (mL/(kgxmin)) 116 415(11.2) 192 34.3(8.03) 6.51 0.000 037

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC waist circumference, HC Hip circumference, WH ratio Waist/hip
circumference ratio, ID inhalation duration, ED Exhalation duration, I/E ratio inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption; Age in
years; N Newton; kg Kilogram, cm Centimeter, m/ Milliliter. Age', n', and Median (IQR)" are for the young group (20-39 years), while age?, n?, and Median (IQR)? for the

middle-aged group (40-59 years)

0.025). Therefore, the generated residuals of these four
performances were used for the correlational test.

The ID and ED were strongly correlated with RR since
they were calculated from RR. However, RR was not cor-
related with the I/E ratio in the young group but had a
weak and negative correlation in the middle-aged group.
Regarding physical fitness, all respiration parameters
were not correlated with body size (Table 3). Men’s RR
had a weak and positive correlation with visuomotor
reaction time from the two age groups, which indicated
that men with lower RR might have a faster reaction
speed. Additionally, for middle-aged men, their RR
showed a weak and negative correlation with vertical
jump height, suggesting that men aged 40—59 years with
higher RR might have a lower jump height. For ID, it
had a positive and weak correlation with the number of
sit-ups in the young group and back extension strength
in the middle-aged group. ED had a negative and weak
correlation with visual reaction time in young group.
I/E ratios had a weak and positive correlation with back
extension strength and the number of sit-ups in middle-
aged men, which indicated that men with longer inhala-
tion than exhalation might have better strength in the
back, abdominal, and hip flexor muscles.

Regarding women, as shown in Table 4, the respira-
tion patterns were not correlated with all physical fitness
components. Besides, the ID and ED were strongly cor-
related with respiration rate, while RR was not correlated
with the I/E ratio.

The comparison of physical fitness components in lower/
higher respiratory parameter groups within separate age
groups of men and women

For further exploration of the link between respiration
patterns and physical fitness, each parameter (RR, ID,
ED, and I/E ratio) was divided into two groups using the
median split method. This division was performed to
compare physical fitness between the lower and higher
respiratory parameter groups. For men, the comparison
results indicated that there were no significant differ-
ences between the two groups in terms of age, height,
weight, BMI, waist circumference, hip circumference,
and waist-hip circumference ratio. However, as shown in
Table 5 (only significant results are presented), men with
lower RRs had a significantly faster reaction in two age
groups. In addition, middle-aged men with lower RRs
jumped higher. Men with longer EDs had shorter reac-
tion times in the young group and jumped higher in the
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Table 3 Correlation between respiration duration and physical fitness in men (n=163)
Parameter (men) Agegroup' n' RR! D’ ED’ I/Eratio' Agegroup? n? RR? ID? ED? I/E ratio®
Rho Rho Rho Rho Rho Rho Rho Rho
Age (year) 20-39 70 0100 -0132 -0030 -0.193 40-59 93 0.153 -0.089  -0.180 0.101
Height (cm) 70  -0003 -0.109 0.047 -0.156 93  0.085 -0.054  -0.059 -0.038
Weight (kg) 70 -009% -0.039 0087 -0.078 93 0.165 -0.172 -0092 -0.128
BMI (kg/m?) 70 -0063 -0032 0038 -0.028 93 0.120 -0.146  -0.053 -0.122
WC (cm) 70 -0177 0075 0.128 -0.019 90 0171 -0.178  -0.105 -0.161
HC (cm) 67 -0176 0026  0.140 -0.050 90 0.096 -0.091 -0.068  -0.060
WH ratio 67 -0123 0077 0.088 -0.014 90 0.207 -0.188  -0.159  -0.120
Body fat (%) 67 -0.103 0042 0.059 0.017 91 0137 -0.164  -0061 -0.140
Grip (kg) 69 0.021 0.064 0015 0.033 93  -0.169  0.149 0.142 0.106
Back (kg) 69 -0.151  0a71 0.203 -0.038 93 -0.192  .229* 0.112 221*
Jump (cm) 70 -0157 0210 0116 0.094 93 -239*% 189 .227* 0033
Push-ups (rep/min) 65  0.068 0.060 -0.090 0.132 79 -0175 0177 0.109 0.142
Sit-ups (rep/min) 67 -0240 .242* 0157 0.113 75 -0120  0.200 0.030 .245*%
Balance (s) 70 -0123 0147 0.071 0.003 90 -0.090 0.054 0.124 -0.082
Flexibility (cm) 69 -0092 0.068 0.104 0.051 89 -0128 0175 0.028 0.194
Reaction time (s) 68 .278* -0.189 -291* 0.109 85 .246*%  -240* -0.170 -0.170
VO, max (mL/(kgxmin)) 44 0.025 0039 0021 0.072 55  -0069 0054 0.072  -0.063

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC Waist circumference, HC Hip circumference, WH ratio Waist/hip
circumference ratio, ID Inhalation duration, ED Exhalation duration, I/E ratio Inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption, N
Newton, kg Kilogram, cm Centimeter, m/ Milliliter. Age', n', RR",ID', ED', and I/E ratio' are for the young group (20-39 years), while age?, n?, RR?, ID?, ED? and I/E ratio?

for the middle-aged group (40-59 years). * p < 0.05.

Table 4 Correlation between respiration duration and physical fitness in women (n=401)

Parameter Age n' RR’ ID' ED' I/Eratio'  Age n? RR? ID? ED? I/E ratio®
(women) Group' Rho Rho Rho Rho Groupz Rho Rho Rho Rho
Age (year) 20-39 152 0145  -0105 -0068  -0.068 40-59 247 0078  -0045 -0078  0.020
Height (cm) 152 -0046 0005 0053 0014 247 0062 0085 0045 0046
Weight (kg) 152 0005  -0019 0053  -0.049 247 0005 -0021 0023  -0048
BMI (kg/m?) 152 0001 0005 0057  -0.050 247 0049  -0085 -0020 -0.068
WC (cm) 149 0022  -0040 0043  -0.060 245 0059  -0075 -0030 -0.052
HC (cm) 149 0013  -0012 0015 0007 245 0023 -0055 0014  -009
WH ratio 149 -0037 -0005 008  -0.060 245 0043  -0040 0026 -0010
Bodly fat (%) 149 0026 0002 0033  -0032 244 0018 0055 0015  -0070
Grip (kg) 148 -0065 0076 0019 0070 244 0005 0039  -0065 0.109
Back (kg) 151 -0065 0099 0001  0.106 241 0017 0069  -0015 0093
Jump (cm) 151 0025 0084  -0056 0.124 241 0109 0120 0081 0078
Push-ups (rep/min) 139 0084  -0102 -0097 -0.062 229 -0063 0031 0044  -0.003
Sit-ups (rep/min) 139 0102  -0067 -0.115 0004 218 -133* 0119 0122 0030
Balance (s) 151 -0061 0092 0037 0062 246 0082 0117 0041 0099
Flexibility (cm) 148 -0016  -0009 -0012 0006 245 0031 0052 -0023 0.114
Reaction time (s) 146 0102  -0078 -0064  -0.055 245 0062  -0063 -0088  0.029
VO, max (mL/(kgxmin)) 114 0046 0030 0039 0030 192 -0112 0103 0088 0022

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC Waist circumference, HC Hip circumference, WH ratio Waist/hip
circumference ratio, ID Inhalation duration, ED Exhalation duration, I/E ratio Inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption, N
Newton, kg Kilogram, cm Centimeter, m/ Milliliter. Age', n', RR",ID', ED', and I/E ratio" are for the young group (20-39 years), while age?, n? RR?, ID? ED? and I/E ratio?

for the middle-aged group (40-59 years). * p < 0.05
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Table 5 The comparison of physical fitness in lower/higher respiratory parameter groups within two age groups of men (n=163)

Age Respiratory Physical Lower RP n' Higher RP n? z p r
group Parameter (RP) fitness
20-39 RR Reaction time 0.50 (0.07) 36 0.55 (0.10) 32 3.23 0.001 0.39
D Vertical Jump 328(132) 35 389 (14.3) 35 1.63 0.102 020
ED Reaction time 0.54 (0.09) 34 0.50 (0.07) 34 2.69 0.007 0.33
40-59 RR Reaction time 0.56 (0.12) 43 0.61(0.11) 42 2.52 0.012 0.27
Vertical Jump 30.1(12.7) 47 24.6 (10.1) 46 3.10 0.002 0.32
D Vertical Jump 252 (11.8) 47 29.0 (13.5) 46 219 0.028 0.23
Flexibility 1.95(12.9) 44 6.80(17.0) 45 2.00 0.045 0.21
ED Vertical Jump 253 (11.5) 46 29.1 (12.6) 47 2.38 0.017 0.25

RR Respiration rate, ID Inhalation duration, ED Exhalation duration, r Effect size. N1 represents the number of participants with lower value of the respiratory

parameters, while n2 for the higher value of the respiratory parameters

middle-aged group. Men with longer IDs jumped higher
in both age groups. There was no significant difference
between higher and lower I/E ratios in men.

Regarding the respiratory parameters in women, there
were no significant differences in the physical fitness
components between the groups with lower and higher
respiratory parameters. Consequently, these results are
not presented.

The comparison of physical fitness components in groups
based on inhalation duration and exhalation duration
within separate age groups of men and women

For male participants, the cluster analysis identified two
sub-groups based on ID and ED. The first cluster had rel-
atively longer ID and ED, whereas the second had shorter
ID and ED in both young and middle-aged groups.
Table 6 shows the comparison results between these two
clusters. The RR was significantly lower in the longer ID
and ED cluster for both young and middle-aged men
(large effect size). In the longer ID and ED cluster, the
reaction time was shorter (medium effect size) in both
age groups, while the vertical jump was higher (small
effect size) only in the middle-aged group.

The cluster analysis also identified two sub-groups in
women based on ID and ED. The first cluster had rela-
tively longer ID and ED, and the second had shorter ID
and ED. As shown in Table 7, women from both age
groups exhibited significantly lower RR in the cluster
with longer ID and ED, and middle-aged women in the
longer ID and ED cluster had a higher number of sit-ups
in one minute and better cardiopulmonary endurance
with small effect size.

Discussion

To the best of our knowledge, this is the first study that
examined the links between respiratory patterns (RR and
I/E ratio) during spontaneous breathing and the most

physical fitness components (body size, body composi-
tion, muscle strength, muscle endurance, balance, flex-
ibility, visuomotor reaction time, and cardiopulmonary
endurance). The main findings indicated that RR and
the I/E ratio were not substantially correlated with all
physical fitness components in women. In contrast, men
with lower RRs exhibited significantly shorter visuomo-
tor reaction times in both the young and middle-aged
groups, and demonstrated significantly higher vertical
jump heights in the middle-aged group.

Visuomotor reaction time relies on the intact func-
tioning of sensory systems, cognitive processing, and
motor performance, and it serves as a valuable indicator
of an individual’s sensorimotor coordination and over-
all performance [43] while also being linked to factors
such as arousal and attention. Kovacs et al. conducted a
study revealing that increased arousal, induced by men-
tal stress, significantly increased the reaction time [44].
Furthermore, attention was found to be closely linked
to reaction time, with higher levels of attention result-
ing in shorter reaction times [45, 46]. Our findings
revealed that men with lower respiration rates exhibited
faster visuomotor reaction speeds, potentially suggest-
ing that men with lower RR (13.8 (2.75) for ages 20-39
and 12.6 (3.19) for ages 40-59) have better visual motor
coordination, higher attention levels, and/or experi-
ence lower mental stress than men with higher RR (18.3
(2.27) for ages 20-39 and 18.5 (3.29) for age 40-59). We
have not found any other studies to verify this result.
However, numerous studies have found that voluntar-
ily decreasing RR increases ease, comfort, relaxation,
and positive energy while reducing anxiety, dejection,
anger, hostility, and confusion [8]. In addition, Krzysz-
tof et al. divided participants into three tertiles based
on their spontaneous respiration rate (10.6 breaths/min
in the first tertile, 14.8 breaths/min in the second ter-
tile, and 18.0 breaths/min in the third tertile), and they
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Table 6 The comparison of the parameters in groups based on inhalation and exhalation duration within two age groups of men

(n=163)
Age group ALL parameters (men) Longer ID and ED Shorter ID and ED z p r
n Median (IQR) n Median (IQR)

20-39 RR 36 138 (2 75) 34 (2 27) -6.99 0.000 0.84
D 36 1(0.61) 34 9(0.37) -6.13 0.000 0.73
ED 36 2.56 (O 57) 34 (O 34) -6.85 0.000 0.82
I/E ratio 36 0.69 (0.27) 34 0.73 (0.20) -0.16 0.869 0.02
Age (year) 36 0(9.75) 34 33.0(9.50) -0.62 0.533 0.07
Height (cm) 36 176 (9‘1 5) 34 176 (7.45) -0.06 0.948 0.01
Weight (kg) 36 824 (16.5) 34 76.1 (24.0) -0.28 0.778 0.03
BMI (kg/m?) 36 25.8 (4.99) 34 25.3(5.97) -0.04 0.972 0.00
WC (cm) 36 91.8(11.8) 31 87.2(164) -0.84 0403 0.10
HC (cm) 36 102 (7.78) 31 100 (14.8) -0.87 0.382 0.11
WH ratio 36 0.89 (0.08) 31 0.86 (0.10) -0.52 0.606 0.06
Body fat (%) 36 25.5(6.67) 31 24.3(7.70) -0.35 0.725 0.04
Grip (kg) 36 439(10.8) 33 435(13.1) -1.17 0.244 0.14
Back (kg) 36 127 (34 8) 33 115 (42.5) -1.93 0.053 0.23
Jump (cm) 36 1(16.6) 34 344(10.3) -1.96 0.050 0.23
Push-ups (rep/min) 36 20.0 (1 9.5) 29 20.0 (20.0) -0.42 0.677 0.05
Sit-ups (rep/min) 36 27.5(11.5) 31 28.0(14.0) -1.14 0.254 0.14
Balance (s) 36 178 (24.4) 34 6(17.2) -0.56 0.573 0.07
Flexibility (cm) 36 4.90 (16.0) 33 0.50 (12.7) -1.44 0.151 0.17
Reaction time (s) 36 0.50 (0.07) 32 0.55(0.08) -2.76 0.006 0.33
VO, max (mL/(kgxmin)) 26 38.6(12.0) 18 40.9 (948) -0.47 0.642 0.07

40-59 RR 34 12.6 (3.19) 59 5(3.29) -7.94 0.000 0.82
D 34 2.03 (O 59) 59 27 (0.25) =713 0.000 0.74
ED 34 1(0.58) 59 89 (0.32) -7.45 0.000 0.77
I/E ratio 34 0.78 (O 30) 59 0.70(0.15) -1.55 0.122 0.16
Age (year) 34 46.5(10.5) 59 51.0 (10.0) -1.64 0.101 0.17
Height (cm) 34 71(10) 59 173 (7) -1.12 0.261 0.12
Weight (kg) 34 73.0(13.9) 59 75.5(15.5) -0.99 0.321 0.10
BMI (kg/m?) 33 253 (3.46) 59 25.2(5.19) -044 0.661 0.05
WC (cm) 33 .1(9.70) 57 924 (11.7) -1.17 0.241 0.12
HC (cm) 33 96.9 (9.45) 57 98.3 (9.95) -0.49 0.627 0.05
WH ratio 34 0.92(0.07) 57 0.93(0.09) -1.40 0.161 0.15
Body fat (%) 34 235 (6.53) 57 24.8(7.78) -0.78 0436 0.08
Grip (kg) 34 1(8.78) 59 40.5(9.30) -143 0.152 0.15
Back (kg) 34 118 (36.9) 59 104 (42.5) -1.44 0.151 0.15
Jump (cm) 34 30.7 (11.0) 59 25.2(11.3) -3.20 0.001 0.33
Push-ups (rep/min) 33 20.0 (16.0) 46 5(16.0) -0.57 0.571 0.06
Sit-ups (rep/min) 31 0(18.0) 44 200( 8) -1.34 0.180 0.15
Balance (s) 33 127(141) 57 8.50(11.7) -1.03 0.305 0.11
Flexibility (cm) 34 6.10 (17.4) 55 2.70 (14.5) -1.16 0.247 0.12
Reaction time (s) 31 0.55(0.12) 54 0.60 (0.13) -2.52 0.012 0.27
VO, max (mL/(kgxmin)) 21 39.7(11.7) 31 40.6 (13.8) -0.45 0.654 0.06

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC Waist circumference, HC Hip circumference, WH ratio Waist/hip
circumference ratio, ID Inhalation duration, ED Exhalation duration, I/E ratio Inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption, N
Newton, kg Kilogram, cm Centimeter, m/ Milliliter
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Table 7 The comparison of the parameters in groups based on inhalation and exhalation duration within two age groups of women

(n=401)

Age group ALL parameters Longer ID and ED Shorter ID and ED z P r
(women)

n1 Median (IQR) n2 Median (IQR)

20-39 RR 52 2(3.05) 100 18.5(2.93) -9.91 0.000 0.80
ID 52 72 (0.33) 100 1.23(0.29) -9.28 0.000 0.75
ED 52 2.51(0.59) 100 1.91(0.35) -8.88 0.000 0.72
I/E ratio 52 0.70 (0.19) 100 0.67 (0.18) -1.15 0.250 0.09
Age (year) 52 34.0 (5.00) 100 34.0 (9.00) -0.62 0.538 0.05
Height (cm) 52 1.61(0.08) 100 61(0.07) -0.14 0.889 0.01
Weight (kg) 52 57.8(16.2) 100 586 (134) -0.49 0.623 0.04
BMI (kg/m?) 52 22.5(6.38) 100 22.0(5.03) -0.07 0.941 0.01
WC (cm) 51 73.2(14.8) 98 734(13.6) -0.80 0422 0.07
HC (cm) 51 93.7 (11.5) 98 93.8(9.35) -0.78 0435 0.06
WH ratio 51 0.79 (0.07) 98 0.79 (0.08) -0.16 0.873 0.01
Body fat (%) 52 27.5(9.75) 97 27.6 (8.88) -0.61 0.542 0.05
Grip (kg) 51 25.0(6.30) 97 245 (6.75) -0.50 0.620 0.04
Back (kg) 51 61.5(20.8) 100 63.2 (23.6) -0.64 0.524 0.05
Jump (cm) 52 229 (3.65) 99 22.0(8.00) -0.21 0.837 0.02
Push-ups (rep/min) 52 15.5(15.0) 87 17.0(13.0) -0.44 0.657 0.04
Sit-ups (rep/min) 51 22.0(12.0) 88 23.5(14.8) -0.66 0.509 0.06
Balance (s) 52 27.5(29.8) 99 205 (26.4) -0.91 0.360 0.07
Flexibility (cm) 52 845 (8.48) 96 9.05(17.2) -0.16 0.869 0.01
Reaction time (s) 51 0.56 (0.08) 95 0.57(0.10) -1.11 0.269 0.09
VO, max (mL/(kgxmin)) 38 435 (16.1) 76 40.0 (10.6) -1.16 0.245 0.11

40-59 RR 93 5301 154 18.8(3.13) -12.94 0.000 0.82
ID 93 71(0.51) 154 1.23(0.22) -12.28 0.000 0.78
ED 93 2.68 (0.66) 154 1.91(043) -11.53 0.000 0.73
I/E ratio 93 0.67 (0.25) 154 0.65 (0.16) -1.27 0.205 0.08
Age (year) 93 47.0(10.5) 154 48.0(10.0) -1.16 0.245 0.07
Height (cm) 93 1.62 (0.06) 154 61(0.07) -1.53 0.127 0.10
Weight (kg) 93 61.0(12.5) 154 3(11.8) -0.16 0.871 0.01
BMI (kg/mz) 93 224 (4.00) 154 23.5(4.01) -1.22 0222 0.08
WC (cm) 92 76.0(11.6) 153 79.2(12.3) -1.13 0.258 0.07
HC (cm) 92 94.5 (10.1) 153 94.6 (8.30) -0.26 0.798 0.02
WH ratio 92 0.81(0.09) 153 0.83 (0.08) -1.20 0.232 0.08
Body fat (%) 92 29.2 (6.61) 152 30.2 (6.81) -0.68 0499 0.04
Grip (kg) 92 25.5(7.20) 152 25.8(7.63) -0.27 0.785 0.02
Back (kg) 91 66.6 (25.0) 150 664 (22.0) -0.14 0.889 0.01
Jump (cm) 92 20.1 (6.15) 151 18.6 (7.00) -1.84 0.065 0.12
Push-ups (rep/min) 90 15.0 (16.0) 139 15.0(13.0) -0.81 0417 0.05
Sit-ups (rep/min) 81 20.0 (15.5) 137 16.0 (10.5) -2.19 0.028 0.15
Balance (s) 93 18.9(26.5) 153 145 (16.2) -1.90 0.057 0.12
Flexibility (cm) 92 11.4(134) 153 10.1(12.6) -1.22 0.221 0.08
Reaction time (s) 92 0.59 (0.10) 153 0.60 (0.11) -0.91 0.365 0.06
VO, max (mL/(kg x min)) 68 36.2 (7.35) 124 33.8(7.35) -2.21 0.027 0.16

BMI Body mass index, the weight in kilograms divided by the square of the height in meters, WC Waist circumference, HC Hip circumference, WH ratio waist/hip
circumference ratio, ID Inhalation duration, ED Exhalation duration, I/E ratio Inhalation exhalation ratio, VO, max The maximum rate of oxygen consumption, N

Newton, kg Kilogram, cm Centimeter, m/ Milliliter
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discovered that participants from the third tertile, char-
acterized by a faster respiratory rate, exhibited greater
sympathetic activity compared to subjects from the first
tertile (P < 0.001, Hedges’ g = 4.7) [47]. Furthermore,
the executive function was improved after voluntarily
decreasing the breathing rate to 6 reps/min compared
to natural breathing, with higher scores observed for
Stroop interference accuracy [48-50].

In addition to the results of reaction time, men with
lower RR had significantly higher jump height but not
on other muscular performance. The countermovement
jump was tested in the present study, which requires a
lower limb explosive power [51, 52], as well as refined,
muscular coordination as it requires the activation
of stretch reflex (or myotatic reflex, muscle stretch-
shortening cycle) on the legs and arms [53, 54]. RR
and tidal volume are negatively correlated [22], and the
diaphragm muscle takes 70-80% work for tidal breath-
ing [55], which means a healthy person with lower RR
should have greater activation of the diaphragm mus-
cle than those with higher RR. The stability of the trunk
is the basis of all functional movements [56]. The dia-
phragm muscle is one of the main core muscles for
trunk stability [23], as it works to control intra-abdom-
inal pressure and reduce stress on the spine through
cooperation with the abdominal and pelvic floor mus-
cles [57]. Therefore, we suggest that people with lower
RR have a better function of the diaphragm that opti-
mizes core stability, facilitates body coordination, and
results in a better countermovement jump. Stress level
might also contribute to the results, as Melanie and
Vanessa summarized in their paper that acute and
chronic stress have both been found and suggested to
affect motor functioning directly but also indirectly
in everyday motor task due to complex links between
changes in hormonal, (neuro-)physiological, psycholog-
ical, cognitive, and motor functions [58].

One finding that has puzzled us is the unsubstantial
difference in reaction time between women with slower
breathing rates and those with faster breathing rates. So
far, we do not have an explanation for this finding, and
this requires further investigation.

Another perplexing finding is that individuals with
different I/E ratios did not exhibit substantial differ-
ences in physical fitness. Inhalation is primarily influ-
enced by sympathetic activity, while exhalation is
predominantly associated with parasympathetic activ-
ity. Lower I/E ratios are often indicative of a higher
level of relaxation. However, despite these associations,
differing I/E ratios did not yield distinguishable effects
on physical fitness. This observation raises the possibil-
ity that I/E ratios may not hold as much influence over
physical fitness outcomes.
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Limitations

The present study had some limitations. At first, the
sample size was unbalanced between ages and gen-
ders. The female participants outnumbered the males
and a larger proportion of middle-aged participants
compared to young participants. Secondly, many male
participants were not willing to have their push-ups
and cardiopulmonary endurance tested, and the sample
size of young men did not meet the estimated number.
Third, we did not collect information regarding the par-
ticipants’ smoking status, medical history, daily level
of physical activity, and exposure to polluted environ-
ments, all of which could be factors influencing their
respiratory patterns and physical fitness. Fourth, the
current study only investigated young and middle-aged
people; further study on elders is necessary.

Practical suggestions

Visuomotor reaction time was associated with
increased injury risk [59], and visuomotor reaction
time may be a potential target for prevention and reha-
bilitation strategies in individuals with ankle sprains
[60]. Therefore, physiotherapists, physical education
teachers, and coaches should consider the respiration
rates of their clients, students, or athletes in order to
enhance reaction speed, improve motor coordination,
and prevent injuries.

Conclusion

Women’s respiratory patterns (RR and I/E ratio) were
not substantially correlated with physical fitness. Men
with lower RRs may have better visual-motor coordi-
nation and/or sustained attention, while middle-aged
men with lower RRs may also have greater leg explosive
power and neuromuscular coordination. Future stud-
ies may explore methods, such as breathing or physi-
cal exercises, to reduce spontaneous RR in men with
relatively high RRs. The I/E ratios were not significantly
correlated with physical fitness in young men, while the
relationship between middle-aged men’s I/E ratios and
their physical fitness warrants further investigation.
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