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Abstract: Recently, physical activity has increasingly become the focus in patients with chronic
obstructive airway disease (COPD) because it is a strong predictor of COPD-related mortality. In
addition, sedentary behavior, which is included as a category of physical inactivity including such
behaviors as sitting or lying down, has an independent clinical impact on COPD patients. The present
review examines clinical data related to physical activity, focusing on the definition, associated
factors, beneficial effects, and biological mechanisms in patients with COPD and with respect to
human health regardless of COPD. The data related to how sedentary behavior is associated with
human health and COPD outcomes are also examined. Lastly, possible interventions to improve
physical activity or sedentary behavior, such as bronchodilators and pulmonary rehabilitation with
behavior modification, to ameliorate the pathophysiology of COPD patients are described. A better
understanding of the clinical impact of physical activity or sedentary behavior may lead to the
planning of a future intervention study to establish high-level evidence.

Keywords: chronic obstructive pulmonary disease; physical activity; sedentary behavior

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a common respiratory disease, with
251 million cases worldwide, and it is a life-threatening disease that became the third
leading cause of death globally in 2019 [1]. Medical interventions focusing on physical
activity in the stable phase are currently demanded for COPD patients according to the
results of several studies, although avoiding events such as exacerbations, infections, and
comorbidities is also important because they are involved in clinical outcomes, including
mortality, of COPD patients [2]. In addition, the specific impact of sedentary behavior on
COPD patients has come to be understood [3]. Importantly, the effects of physical inactivity
and sedentary behavior on clinical outcomes of COPD patients are different, and many
data have shown that sedentary behavior negatively affects the pathophysiology of COPD,
independent of physical inactivity, as described below.

In this review, the clinical impacts of physical activity and sedentary behavior on
patients with COPD are addressed. The interactions of physical activity, sedentary behavior,
and human health regardless of COPD are also described to explore novel therapeutic
approaches. Lastly, possible therapeutic interventions focusing on sedentary behavior for
COPD patients, including pharmacological and nonpharmacological interventions, such as
pulmonary rehabilitation including behavior modification, are shown. We believe that the
present review can contribute practically to clinical practice and provide future direction
for the appropriate design of a clinical trial specifically focusing on sedentary behavior in
COPD patients.

J. Clin. Med. 2023, 12, 1631. https://doi.org/10.3390/jcm12041631 https://www.mdpi.com/journal/jcm
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2. Physical Activity and Human Health

2.1. What Is Physical Activity?

Physical activity is defined as any movement or exercise of the body produced by
skeletal muscles that requires energy consumption [4]. To focus on the clinical impact of
physical activity on human health, the intensity level should be considered with respect
to individual physical performance and response. Physical activity involves organs and
tissues producing motion such as the skeletal muscles, heart, lungs, and others, and it leads
to energy metabolism via aerobic or anaerobic pathways, depending on the individual
threshold [5]. Aerobic metabolism requires oxygen to meet the energy demand during
movement and uses energy derived from adenosine triphosphate (ATP) synthesized in the
mitochondria of skeletal muscle by the tricarboxylic acid cycle [6,7]. Movements inducing
aerobic metabolism are normally considered light- to moderate-intensity activities that
allow people to perform typically repeating sequences of movements without causing
risk or harm to human health [8,9]. On the other hand, anaerobic metabolism induces
glycolysis, which is the transformation of glucose to lactate via the pyruvate cascade and
synthesis of ATP under limited amounts of oxygen [10,11]. Movements inducing anaerobic
metabolism are high-intensity activities that reach in excess of 90% of the maximum heart
rate, increasing the risk of physical disorders such as musculoskeletal injuries along with
the higher load on the body [12,13]. Thus, the recommended intensity level of an activity
and its duration in daily life should be considered according to its benefit, especially for
elderly individuals.

For standardized evaluation of physical activity, several methods including question-
naires and devices are used [14]. Briefly, questionnaires involve individual reporting of
patients’ own physical activity behaviors, along with job categories, such as the global
physical activity questionnaire, international physical activity questionnaire, and the short
physical performance battery [14,15]. Devices such as pedometers that count steps and
accelerometers that measure truncal or limb movements are normally used [14]. Physical
activity considering intensity and duration has increasingly come into focus for the mainte-
nance of human health and the improvement of disease pathophysiology. The intensity
of physical activity is calculated by metabolic equivalents (METs) and defined as follows:
sedentary behavior, 1.0–1.5 METs; light intensity, less than 3.0 METs; moderate intensity,
3.0–6.0 METs; vigorous intensity, more than 6.0 METs [16]. Examples of physical activities
calculated by METs are shown in Table 1.

Table 1. Examples of physical activities calculated by metabolic equivalents.

Major Headings of Physical Activity METs

Sitting 1.5
Walking slowly 2
Standing performing light work 2–2.5
Walking at 3 mph 3.3
Walking at 4 mph 5
Walking at 4.5 mph 6.3
Jogging at 5 mph 8
Jogging at 6 mph 10
Running at 7 mph 11.5

Leisure Activities and Sports
Arts, crafts, playing cards 1.5
Fishing, darts 2.5
Sailing, wind surfing 3
Table tennis 4
Golf 4.3
Badminton, basketball, volleyball 4.5–8
Tennis 5–8
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Table 1. Cont.

Major Headings of Physical Activity METs

Bicycling (10–12 mph) 6
Bicycling (14–10 mph) 10
Swimming—leisurely 6
Swimming—moderate/hard 8–11

METs: metabolic equivalents, mph: miles per hour. Data are cited from a paper by Haskell et al. [17].

The recommended intensity of physical activity differs depending on life stage, pur-
pose, and demand. For example, it is strongly recommended that children and adolescents
do at least an average of 60 min per day of moderate- to vigorous-intensity physical ac-
tivity [18–20]. For adults aged 18–64 years, 150–300 min of moderate-intensity aerobic
physical activity throughout the week and muscle-strengthening activity at moderate or
greater intensity involving all major muscles groups on two or more days a week is strongly
recommended [21,22]. For older adults aged 65 years and older, at least 150–300 min of
moderate-intensity aerobic physical activity or 75–150 min of vigorous-intensity aerobic
physical activity throughout the week is recommended [21,23]. Muscle-strengthening
activities such as exercise training at moderate or greater intensity can also be performed
on two or more days a week, along with the physical activity protocol mentioned above [4].
At all ages, physical activity should be undertaken as part of recreation, leisure such as
play, games, sports, or planned exercise, transportation, work, or household chores in daily
occupational, educational, home, and community settings [4], but the appropriate intensity
level of the activity should be considered depending on the physical condition, including
COPD and comorbidities. According to these recommendations, physical activity should
be encouraged for maintenance of human health, although it is necessary to avoid excessive
load on skeletal muscles that could cause harm.

2.2. Factors Associated with Physical Activity

Considering the clinical impact of physical activity on human health, it is necessary
to understand which factors are related to physical activity in daily life. The factors as-
sociated with physical activity are varied, and include physical disability, mental health,
lifestyle, and environmental situation. Physical function, including bone mass and muscle
strength, tends to decrease with increasing age, which is related to decreased physical
activity [23–25]. Specifically, sarcopenia, which is an age-related decrease of skeletal muscle
volume plus low muscle strength, is associated with decreased physical performance [26].
Osteopenia/osteoporosis, which is characterized by low bone mass, also increases the
risk of fractures due to bone fragility, leading to decreased physical activity [27,28]. The
range of motion of the ankle joint, which is important for smooth forward movement
during walking, is restricted by trauma, aging, and inflammatory disease of the joint [29,30]
and, importantly, limited joint mobility decreases physical activity [30]. Mental health
also contributes to physical inactivity [31]. Cross-sectional analyses involving 1536 Ger-
mans showed that individuals who do not perform physical exercise have a 3.15 times
increased risk of developing moderate to severe depression [32]. Furthermore, positive
mood, emotions [33,34], and even sleep quality are significantly correlated with physical
activity level [35]. Lifestyles of individuals [36], including use of cell phones and computers,
as well as playing video games, are also related to reductions in steps per day, and these
data remind us of the necessity of ‘behavior modification’ to improve physical activity.
Certainly, a person’s environmental situation is a strong factor related to physical activity.
Accordingly, various factors affect physical activity, and interventions for improvement
require a multilateral focus.

2.3. Beneficial Effects of Physical Activity on Human Health and the Mechanisms

Improvement of physical activity produces beneficial effects on human health and
quality of life (QOL) [4]. Evidence has shown that regular physical activity such as mat
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Pilates improves physical function, including muscle strength, flexibility, and cardiorespi-
ratory fitness [37]. Importantly, physical activity increases life expectancy [38]. A multi-
center, cohort analysis in the US showed that a greater number of daily steps measured
by accelerometer is significantly associated with lower all-cause mortality [39]. Notably,
whether an intervention that increases physical activity would contribute to increasing
life expectancy is not known because of the lack of clinical studies, but all-cause mortality
might be reduced by improving wellbeing with increased individual physical activity.
Furthermore, physical activity can contribute to health benefits for adults and older adults
with chronic conditions, such as cancer survivors, or those with hypertension or type 2
diabetes mellitus. Briefly, a higher intensity of physical activity after cancer diagnosis has a
protective effect on all-cause and cancer-specific mortality of various types of cancer [40].
For hypertension, people who engage in regular exercise show decreased systolic blood
pressure of approximately 12 mmHg compared to people who do not exercise regularly [41].
Aerobic activity and/or muscle-strengthening activity are also related to improvements in
glucose tolerance assessed as by glycosylated hemoglobin and insulin levels in patients
with type 2 diabetes mellitus [42]. In terms of mental health, several studies have shown
that engaging in physical activity and/or exercise programs can also improve emotional
wellbeing [43]. Babyak et al. reported that an aerobic exercise intervention showed sig-
nificantly better improvement and a lower relapse rate of depression than psychotropic
treatment [44]. Similarly, a walking program in addition to social sports, measured using a
10-item modified version of the social support for exercise scale [45], was significantly asso-
ciated with greater positive mood in women [46]. Notably, exercise, as mentioned above,
is defined as planned, structured, and repetitive physical activity, not exactly identical to
the broad meaning of physical activity [47]. However, exercise training has the capacity to
improve physical activity with modification of behavior [47].

As for the biological mechanisms of the beneficial effects of improvement of physical
activity, blunting or optimizing modulation of hormonal stress-responsive systems such as
the hypothalamic–pituitary–adrenal axis and the sympathetic nervous system, which con-
tribute to physiological, emotional, and metabolic reactivity, has been considered [48–51]. In
addition, exercise affects the brain by enhancing growth factor expression and neural plas-
ticity, contributing to improved mood and cognition [52,53]. A resilient anti-inflammatory
effect through minimization of excessive inflammation is also induced by regular exer-
cise/activity, which is supported by previous studies. Briefly, cancers, hypertension, and
type 2 diabetes mellitus are associated with systemic markers of inflammation such as tu-
mor necrosis factor-alpha, interleukin (IL)-1, IL-6, IL-8, and C-reactive protein, and exercise
intervention reduces them [48]. As mentioned above, exercise intervention increases phys-
ical activity along with improvements of skeletal muscle function and cardiopulmonary
function, and the improvement might attenuate systemic inflammation [54,55]. According
to these data, exploring biological targets related to improvement of physical activity might
be important for focusing on novel therapeutic perspectives.

3. Physical Activity and Chronic Obstructive Pulmonary Disease

3.1. Clinical Impact of Physical Activity in Patients with COPD

There is increasing evidence that decreased physical activity in patients with COPD
is an important part of the pathophysiology that is associated with the clinical outcome.
For example, Minakata et al. [56] reported that patients with COPD showed a significant
reduction in the duration of physical activity, including activities at each intensity level of
more than 2.0 METs, 2.5 METs, 3.0 METs, and 3.5 METs, compared to healthy subjects. In
addition, levels of physical activity were further reduced with progression of the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) stage [56]. Similarly, walking and
standing times are shorter, and time spent sitting and lying down is longer in patients
with COPD than in healthy subjects [57]. Another single-center study showed that, in
patients with COPD, daily physical activity measured by a triaxial accelerometer was an
independent prognostic factor for mortality and hospitalization due to severe exacerba-
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tions [58]. Importantly, Waschki et al. [59] suggested, in a prospective, cohort study, that
physical activity is the most important predictor of all-cause mortality. The relative risks of
death with a standardized decrease in physical activity level measured by a multisensory
armband and steps per day are higher than those with worsening of pulmonary function,
exercise capacity assessed by 6 min walk distance, COPD-related QOL, or symptoms such
as dyspnea in patients with COPD.

Notably, sarcopenia [60], osteopenia [61], and depression [62] are negatively associated
with physical activity, as mentioned above, and they are major comorbidities of COPD.
Thus, a decreased level of physical activity in patients with COPD might be involved
in these comorbidities. According to these data, physical activity has a great impact in
patients with COPD, and aggressive intervention to increase physical activity might be
necessary to improve clinical outcomes of patients with COPD. Therefore, the present
GOLD guideline notes that physical activity is a strong predictor of mortality, and COPD
patients might be encouraged to increase their physical activity levels [63]. Again, it is
unknown whether interventions that increase physical activity in patients with COPD,
such as pulmonary rehabilitation, would directly contribute to improvement in the clinical
outcomes of COPD, such as mortality, QOL, symptoms, and exacerbations, because of a
shortage of data. Recently, a standard for the recommended number of steps for patients
with COPD considering the modified Medical Research Council (mMRC) dyspnea scale and
inspiratory capacity (IC) has been reported. A simple standard equation is the following:
step count = (−0.079 × [age] − 1.595 × [mMRC] + 2.078 × [IC] + 18.149)3 [64], which is a
useful tool for education of patients with COPD.

3.2. Factors Associated with Physical Activity in Patients with COPD

There are several factors related to physical activity in patients with COPD. Pul-
monary function parameters such as forced vital capacity (FVC) percent predicted and
FEV1.0 percent predicted are positively correlated with physical activity [56]. Results on
the incremental shuttle walk test and 6 min walking distance, muscle function measured
by handgrip force and quadriceps force, and symptoms such as dyspnea are also asso-
ciated with physical activity in patients with COPD [57,65]. Briefly, skeletal muscle is
positively associated with exercise capacity as assessed by 6 min walking distance and
oxygen uptake at peak exercise measured by cardiopulmonary exercise testing in patients
with COPD [66,67]. Interestingly, the cross-sectional area of skeletal muscle measured by
computed tomography is positively associated with physical activity [67], showing that
exercise capacity involves physical activities via skeletal muscle mass. Waschiki et al. [65]
reported that physical activity measured by a multisensory armband and steps per day is
negatively correlated with score on the modified Medical Research Council dyspnea scale.
These data show that pulmonary function, exercise tolerance involving skeletal muscles,
and symptoms related to COPD, which are major pathophysiological markers and clinical
features of COPD, affect physical activity. Yoshida et al. reported that depression and
anxiety assessed using the self-rating depression scale and state-trait anxiety inventory
were significantly correlated with physical activity level [68]. Others also found, in a
prospective, multicenter study, that symptoms of depression examined by the Hospital
Anxiety and Depression Scale [69] were associated with a measurable reduction in physical
activity 6 months later in patients with COPD [70]. In addition to parameters related to the
pathophysiology of COPD, sociodemographic factors including age, sex, cultural group,
educational level, and working status might be involved in physical activity levels [71].
Lifestyle and environmental factors including alcohol consumption and smoking might
also be associated with physical activity levels in patients with COPD [71].

3.3. Possible Biomarkers Reflecting Physical Activity of Patients with COPD

There is an increased focus on evaluation of biomarkers related to physical activity in
patients with COPD. For example, the total cholesterol level in blood, which reflects cardiac
function and nutritional status, 8-isoprostane in exhaled breath condensate (EBC), which is
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an airway oxidative stress marker, and IL-6 in EBC, which reflects systemic inflammation,
are negatively correlated with physical activity level [68,72]. Myokines, especially irisin,
which has been discovered as a hormone secreted from skeletal myocytes at the start of
exercise training [73,74], is considered a valuable biomarker reflecting physical activity in
COPD. Ijiri et al. [75] evaluated serum irisin levels, where were lower in patients with COPD
than in control subjects. The irisin level is correlated with physical activity level, but it is
not correlated with pulmonary function and 6 min walking distance in patients with COPD.
Interestingly, 8 week exercise training is linked to a significant increase in the irisin level [75],
suggesting that irisin might be a useful candidate biomarker reflecting physical activity in
patients with COPD. Furthermore, decreased serum irisin levels are involved in epithelial
apoptosis, resulting in emphysema in patients with COPD [76]. Others have reported that
growth differentiation factor 11 (GDF-11) in plasma, which is expressed in skeletal muscle
and is linked to rejuvenating effects such as muscle regeneration, was positively correlated
with physical activity level. GDF-11 is increased with improvements of lung function,
quadriceps strength, and exercise capacity, as well as reduced inflammatory markers in
patients with COPD [77]. According to these data, irisin and GDF-11 are beneficial, and
8-isoprostane has a harmful effect for COPD patients with respect to physical activity.

3.4. Beneficial Effects of Physical Activity on Patients with COPD and the Mechanisms

Previous epidemiological data have shown that increased physical activity is asso-
ciated with the possible improvement of all-cause mortality or COPD-related mortal-
ity [58,59]. However, to the best of our knowledge, effects on mortality by specific physical
activity interventions have not been evaluated. A multidisciplinary, exercise-based pro-
gram aimed to improve physical activity such as pulmonary rehabilitation is considered a
beneficial intervention [78–80], and pulmonary rehabilitation is strongly recommended in
the present COPD guideline [81], because functional disorders of skeletal muscle, such as
frailty or sarcopenia, have harmful impacts on the pathophysiology of COPD, including
on physical activity [82,83]. There are several lines of evidence showing that pulmonary
rehabilitation, physical activity programs including exercise in water, active mind-body
movement therapies, neuromuscular electrical stimulation, and personalized physical
activity programs with a motivational interview can reduce exacerbations and symptoms,
including dyspnea and fatigue, as well as enhance health-related QOL, along with an
improvement of physical activity in patients with COPD [84–87]. COPD-related QOL,
symptoms including fatigue and dyspnea, and emotional function are also improved by
pulmonary rehabilitation compared to usual care [86]. Notably, high-intensity exercise
training with a 30 min exercise session at 80% of baseline maximal power output improves
exercise capacity with physiological adaptation to endurance training occurring if the pro-
gram is completed [88,89]. Importantly, it is still unclear whether pulmonary rehabilitation
contributes to improvement of physical activity via exercise capacity, because physical
activity is affected by several factors, such as sociodemographic factors, lifestyle, and envi-
ronmental factors, along with individual exercise capacity, as mentioned above. Therefore,
pulmonary rehabilitation might contribute to improvement in physical activity, potentially
increasing physical function in patients with COPD, but further data are needed.

As an extrapulmonary comorbidity, depression is important in patients with COPD [62,90],
and it involves physical activity, as mentioned above. Importantly, pulmonary rehabilitation
also improves anxiety and depression as examined by the Hospital Anxiety and Depression
Scale [91]. These data show that pulmonary rehabilitation might improve physical activity
through a psychological effect, and improvement of anxiety and depression might also
improve physical activity. Unfortunately, the biological mechanisms of the beneficial
effects on physical activity for patients with COPD are still unclear because of the lack
of clinical studies. Therefore, prospective interventional studies of physical activity in
patients with COPD, especially those focusing on biological mechanisms such as hormonal
stress-responsive systems, anti-inflammatory effects, and neural effects through the brain,
should be performed.
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4. Importance of Sedentary Behavior in Human Health

4.1. What Is Sedentary Behavior?

Sedentary behavior involves physically inactivity, with examples including sitting
or lying down [92]. Sedentary behavior is more precisely defined as any waking behav-
ior characterized by any energy expenditure less than or equal to 1.5 METs [16]. There
is increasing evidence that sedentary behavior affects human health. The US National
Health and Nutrition Examination Survey found that individuals, including children and
adults, are generally sedentary for approximately 55% of their waking lives [93]. The
degree to which sedentary behavior and physical activity interact in their association with
health status is interesting. Biswas et al. [94] reported, in a meta-analysis, associations
between physical activity and various deleterious health outcomes, and that sedentary
time, independent of physical activity, is positively associated with all-cause mortality
and cardiovascular disease-related mortality. Given the data, sedentary behavior, which
might differ from a lack of moderate to vigorous physical activity, has qualitatively and
independently harmful effects on health outcomes, human metabolism, and physical func-
tion. Katzmarzyk et al. [95] performed a prospective study to examine the relationship
between sitting time and mortality in a representative sample of 17,013 Canadians ranging
in age from 18 to 90 years. It was found that all-cause and cardiovascular disease-related
mortalities were significantly higher if sitting time was increased, and the results remained
significant after adjustment for potential confounders including physical activity level,
which showed that sitting time had a harmful effect on mortality, independent of the
physical activity level. Others reported that sedentary time measured by an accelerometer
is associated with increases in waist circumference, triglycerides, 2 h plasma glucose, and
insulin levels [96–98]. In addition, there is a relationship between sedentary behavior and
reduced bone mass, and a 1% to 4% reduction was seen in the lumbar spine and femoral
necks of healthy individuals following 12 weeks of bed rest [99].

Notably, sedentary behavior and physical inactivity do not have completely identical
meanings, and careful interpretation of the studies mentioned above is needed, because
physical inactivity constitutes an insufficient amount of moderate-to-vigorous physical
activity [100], which is different from the definition of sedentary behavior, as mentioned
above. In addition, a lifestyle in which time is spent performing an insufficient amount
of moderate-to-vigorous physical activity does not directly involve increasing time spent
being sedentary. Thus, sedentary behavior might have an impact on clinical outcomes
independent of physical inactivity. According to these data, sedentary behavior is also an
important independent factor along with general physical activity level, and shortening
sedentary behavior time in daily life has beneficial effects on human health.

4.2. Factors Associated with Sedentary Behavior

Examples of sedentary behavior primarily consist of sitting and lying while watching
TV, working on a computer, driving, eating, etc. There are many factors related to the
duration of sedentary behavior, including sociodemographic phenotypes, such as age and
sex. The amount of time spent on sedentary behavior is significantly greater with increased
age in youths and adults, and it is also different between males and females in each age
group among youths and adults aged 20–29, 60–69, and 70–85 years. Briefly, females
spend more time sedentary than do males throughout youth and early adulthood, but this
phenomenon is reversed after the age of 60 years [93]. Ethnic group is also associated with
sedentary time, with Mexican Americans being less sedentary than their White counterparts
in youth and adulthood [93]. Obesity, cancer, and chronic diseases including cardiovascular
disease, hypertension, and diabetes mellitus, as well as psychosocial health, are also factors
associated with sedentary behavior, even though whether they are the cause or the effect
is unclear from the results of studies. Obesity can increase sedentary behavior because
of structural and functional limitations to movement it can cause, and vice versa [101].
For children aged 7 to 11 years, TV watching and video game playing increase the risk of
overweight by 17–44% and of obesity by 10–61% [102]. As for adults, Brown et al. [103]
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analyzed 8071 middle-aged women, and participants who spent time sitting for more than
4.5 h per day were more likely to gain more than 5 kg than those who spent time sitting
less than 3 h per day [104]. Increasing TV watching time or sitting at work for 2 h per day
was also associated with an increased risk of obesity in adults. In terms of the relationship
between cancer and sedentary behavior, a large, prospective, cohort study of 488,720 people
aged 50 to 71 years showed that longer TV and video watching time was significantly
associated with increased risks of colon cancer and endometrial cancer [105,106]. In chronic
disease, sedentary time is positively associated with increased risks of cardiovascular
disease [107], hypertension, [108] and diabetes mellitus [109].

In terms of psychosocial health, people with the highest level of sedentary behavior
showed a 31% higher risk of mental disorders compared with less sedentary individu-
als [110], which indicated that psychosocial health might be an important factor associated
with sedentary behavior, although strong evidence, such as from a prospective interven-
tion study, is lacking. According to these data, various factors might be associated with
sedentary behavior, but biological mechanisms for reducing sedentary behavior time to
obtain a beneficial effect are unclear because of the absence of interventional studies.

5. Clinical Impact of Sedentary Behavior in Patients with Chronic Obstructive
Pulmonary Disease

5.1. Clinical Impact of Sedentary Behavior in Patients with COPD

Evidence and studies show that sedentary behavior is associated with clinical out-
comes in patients with COPD. Sedentary behavior including sitting and lying down during
the day, as measured by triaxial accelerometers, accounts for a very high percentage, ap-
proximately 64%, of patients with COPD, higher than the 46% for healthy subjects, and
both time spent sitting and time spent lying down are significantly longer in patients with
COPD than in healthy subjects [57]. Another retrospective, cohort study showed that
sedentary behavior was independently related to mortality in patients with COPD [3]. In
this study involving 101 patients with COPD, time spent on sedentary behavior, defined
as <1.5 METs as measured by activity monitors, was determined, and 41 patients died
during the average follow-up period of 62 months. Sedentary behavior, especially more
than 8.5 h per day spent in sedentary activities at <1.5 METs, was significantly correlated
with mortality in patients with COPD after adjusting for potential confounders such as sex,
age, body mass index, educational level, lung function, functional exercise capacity, and
moderate-to-vigorous physical activity.

Interestingly, sedentary behavior itself might increase the risk of COPD. A large-scale,
cross-sectional study of 14,073 individuals showed that those who remained sedentary
for more than 7 h per day were more likely to have COPD than the control group, whose
sedentary time was less than 3 h after adjustment for confounders including sex, age,
country, educational level, marital status, occupation, economic status, smoking habit,
physical activity, and all other chronic diseases, even though detailed physical activity
levels other than sedentary time were not clarified [111]. Thus, increasing sedentary
behavior time might contribute to increasing the incidence rate of COPD, along with the
associated clinical outcomes.

5.2. Factors Possibly Associated with Sedentary Behavior in Patients with COPD

Evidence-based factors associated with sedentary behavior in patients with COPD
are limited, but possible factors are considered to include COPD-related symptoms such
as dyspnea and shortness of breath, reduced pulmonary function, weight loss including
loss of skeletal muscle mass, decreased exercise capacity, and mental disorders such as
depression. The pathophysiology of COPD involves airway narrowing as reflected by
obstructive ventilatory failure on pulmonary function testing, which shows dyspnea and
shortness of breath induced by dynamic pulmonary hyperinflation and oxygen desatura-
tion [112]. Importantly, exercise can exacerbate the phenomena [113] that might contribute
to avoidance of moderate or vigorous physical activity and increase sedentary behavior.
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Even worse, the sequence of behavior induces a negative feedback cycle leading to poor
outcomes for COPD patients, because increasing sedentary time with a reduction in physi-
cal activity contributes to skeletal muscle atrophy, especially in antigravity muscles such as
the erector spinae muscles and thigh muscles, causing weight loss and decreased exercise
capacity [59,66,67,114]. Consequently, the symptoms of dyspnea and shortness of breath
are induced at a low intensity of physical activity, and patients try to avoid movement along
with progression of muscle atrophy. Thus, interventions such as bronchodilators for symp-
tom reduction and/or pulmonary rehabilitation with behavior modification are necessary
to break these negative feedback cycles and improve COPD outcomes if we are to consider
therapeutic intervention to improve physical activity and decrease sedentary behavior.

Mental disorders are also associated with sedentary behavior in patients with COPD.
Indeed, anxiety and depression are important comorbidities in patients with COPD, and
their prevalence was 80% in patients with COPD in a US cohort [90] and 38% in Japan [115].
As mentioned above, mental disorders are known to generally contribute to increased
sedentary behavior [110], meaning they are also likely associated with sedentary behavior
in patients with COPD. According to these data, various factors might be associated with
sedentary behavior in patients with COPD, but biological mechanisms that can inform
strategies for reducing sedentary behavior time and achieve a beneficial effect still remain
unclear because of the shortage of interventional studies.

6. Possible Interventions Focused on Physical Activity, Especially Sedentary Behavior,
in Patients with Chronic Obstructive Pulmonary Disease

6.1. Pharmacological Intervention: Bronchodilators

Use of bronchodilators is one of the pivotal treatment modalities for patients with
COPD. Several interventional studies of bronchodilators showed their potential in improv-
ing sedentary behavior. Minakata et al. [116] performed a post hoc analysis of a randomized,
double-blind, active-controlled, crossover trial (VESUTO study) that evaluated the efficacy
of tiotropium plus olodaterol dual therapy versus tiotropium monotherapy in Japanese
patients with COPD. Sedentary behavior was measured by a three-axis accelerometer, and
182 patients were evaluated to identify the impact of the bronchodilator treatments on
sedentary behavior. It was found that sedentary behavior was significantly reduced by dual
therapy, with an 8.64 min grater reduction in 1.0–1.5 METs of activity per day, compared to
monotherapy, along with improvement of lung function and dyspnea.

In another study, we conducted a prospective, multicenter, randomized, open-label,
parallel, interventional trial (SCOPE study) to examine the efficacy of tiotropium plus
olodaterol dual therapy versus tiotropium monotherapy [117]. Importantly, the recruited
patients with COPD in this study were treatment-naïve, which allowed us to effectively
and specifically examine the impact of the treatments on sedentary behavior. Sedentary
behavior, defined as activity of 1.0–1.5 METs measured by a triaxial accelerometer, was
assessed, and 74 patients were enrolled. It was found that the duration of sedentary
behavior after dual therapy tended to be reduced by more than 38.7 min per day compared
to after monotherapy. Other parameters, such as changes of forced expiratory volume in 1 s
and the transient dyspnea index, were more improved by dual therapy than monotherapy.
We also reported that COPD patients with lower inspiratory capacity or shorter time spent
on activity of more than 2.0 METs before dual therapy had a significantly greater reduction
in sedentary time after dual therapy [118]. These data showed that sedentary behavior time
was reduced because of improvement of decreased inspiratory capacity, which contributes
to shortness of breath and dyspnea, by dual bronchodilator therapy. Recently, inhaled
corticosteroid therapy was also found to be effective for patients with COPD, especially in
those with frequent exacerbations with elevation of blood eosinophil levels [114,119]. We
do not know the impact of inhaled corticosteroid therapy on sedentary behavior in patients
with COPD, and further trials are needed to clarify its efficacy.
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6.2. Nonpharmacological Intervention: Rehabilitation and Behavior Modification

Several interventional studies focusing on exercise rehabilitation and behavior modifi-
cation showing beneficial outcomes related to sedentary behavior in patients with COPD
have been reported. For example, Breyer et al. [120] reported that COPD patients were
assigned to 2 h instruction by a professional Nordic walking instructor and performed a
3 month long training regimen. The training significantly reduced sitting time, and the
improvement continued for 9 months after the intervention. Another trial showed that a
home-based rehabilitation program and hospital-based rehabilitation program significantly
reduced sedentary time and reduced acute exacerbations and emergency department visits
in patients with COPD [121]. However, in a randomized, controlled trial, an intervention of
ground-based walking training performed for between 30 and 45 min, two or three times
a week for 8 to 10 weeks, showed no significant effect on sedentary time in patients with
COPD [122]. According to these data, what constitutes effective and appropriate exercise
rehabilitation to reduce sedentary time in patients with COPD is still unclear, and further
interventional studies are needed.

Behavior modification might also be considered an effective intervention to improve
physical activity and may be especially useful for reduction of sedentary behavior time. For
example, Cruz et al. [123] reported a randomized, controlled trial in which COPD patients
in the experimental group received a physical activity-focused behavioral intervention,
which involved psychosocial support and education from physiotherapists, and use of
a diary log to record daily steps during 3 months of pulmonary rehabilitation, with an
additional 3 months of follow-up. Compared to the control group, the experimental
group showed significantly reduced time of sedentary activities, along with increased
moderate-to-vigorous physical activity. However, in another randomized, controlled trial
performed by Cheng et al. [124], COPD patients performed a 6 week behavior change
intervention that consisted of once weekly sessions for 6 weeks with a physiotherapist to
reduce sedentary behavior through education, guided goal-setting, and real-time feedback.
Compared to the sham intervention group, the intervention did not reduce sedentary
behavior time. Considering these data, the clinical impact of exercise rehabilitation and
behavior modification for sedentary behavior in patients with COPD remains controversial,
and further trials are needed for clarification (Figure 1).

Figure 1. Risk of poor clinical outcomes of chronic obstructive pulmonary disease depending on
physical activity and sedentary behavior, focusing on possible intervention.
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The heat map shows that less sitting time and more moderate-to-vigorous physical
activity are related to a reduced risk of poor clinical outcomes of chronic obstructive pul-
monary disease. Interventions with bronchodilator therapy and pulmonary rehabilitation
with behavior modification can possibly reduce the risk, which is indicated as decreasing
from the red to the green. The figure is based on the reports from the 2018 Physical Activity
Guidelines Advisory Committee Scientific Report [14], with partial modification.

7. Conclusions

The data reviewed above show the clinical impact of physical activity and sedentary
behavior in patients with COPD, along with the benefit of physical activity for healthy
individuals. Sedentary behavior affects clinical outcomes of COPD independent of physi-
cal inactivity, and interventions to reduce sedentary behavior time are necessary despite
the difficulty presented by the multiplicity of related factors, including lifestyle and en-
vironmental factors, along with physical disorders. To break the negative feedback cycle
of worsening clinical outcomes in patients with COPD induced by increasing sedentary
behavior, bronchodilator and pulmonary rehabilitation with behavior modification appear
to be effective for improvement of physical activity and sedentary behavior. Further inves-
tigations, such as those with a prospective design, large population, and multilateral focus
including pharmacological and nonpharmacological approaches, are needed to obtain
high-level evidence.
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Abstract: Objective measurement methods using accelerometers have become the mainstream ap-
proach for evaluating physical activity (PA) and sedentary behavior (SB). However, several problems
face the objective evaluation of PA and SB in patients with chronic obstructive pulmonary disease
(COPD). For example, indicators of PA differ depending on whether the accelerometer detects the
kind of activity on the one hand, or its intensity on the other. Measured data are also strongly
influenced by environmental factors (weather, season, employment status, etc.) and methodological
factors (days with uncommon activities, non-wearing time, minimum required wearing time per
day, minimum number of valid days required, etc.). Therefore, adjusting for these factors is required
when evaluating PA or SB, especially when evaluating the effects of intervention. The exclusion
of sleeping time, unification of total measurement time, and minimization of the required wearing
time per day might be more important for the evaluation of ST than for evaluating PA. The lying-
down-time-to-sitting-time ratio was shown to be larger in COPD patients than in healthy subjects.
In this review, we clarified the problems encountered during objective evaluations of PA and SB in
patients with COPD and encouraged investigators to recognize the presence of these problems and
the importance of adjusting for them.

Keywords: accelerometer; indicator; environmental factor; methodology; reproducibility

1. Introduction

Chronic obstructive pulmonary disease (COPD) is now a major cause of morbidity
and mortality worldwide [1,2], and its burden is projected to increase in the coming
decades because of continued exposure to COPD risk factors and the aging of the world’s
population [3]. Physical activity (PA) is lower in COPD patients than in healthy subjects [4,5]
(Figure 1). A reduced level of PA was associated with a decline in forced expiratory
volume in one second (FEV1) [6–10], COPD exacerbation [11–15], and mortality [11,16,17].
Furthermore, lower PA has been shown to be the strongest predictor of all-cause mortality
in patients with COPD [17].

In COPD, hyperinflation causes exertional dyspnea, leading to a vicious cycle of a
reduced exercise capacity, decreased PA, skeletal muscle dysfunction, and further dyspnea,
thereby equating to a poor prognosis [18]. Exercise capacity reflects a patient’s maximal
ability to do exercise, while PA reflects a patient’s willingness to move. PA is defined
as any bodily movement by skeletal muscle that results in energy expenditure [19] but
is usually taken to mean physically active behavior that is comparable to moderate-to-
vigorous-intensity PA (MVPA) [20,21].

The two parameters of “physical inactivity” and “sedentary behavior (SB)” are also
considered when evaluating a subject’s physical condition. Physical inactivity is defined
as a PA level that is not sufficient for meeting present PA recommendations, which is
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150 min of MVPA per week or 75 min of vigorous-intensity PA per week, or an equivalent
combination of moderate- and vigorous-intensity activity [21,22]. Physical inactivity is
simply the opposite of PA. SB is defined as any waking behavior characterized by an energy
expenditure ≤1.5 metabolic equivalents (METs) while in a sitting, reclining, or lying-down
posture [21,23,24]. As SB is a risk factor for COPD mortality independently of PA [25], it
has been attracting an increasing amount of attention in recent years [25–31].

Figure 1. Mean reduction rate of PA in COPD patients compared to healthy subjects. Mean reduction
rate of PA in COPD patients was calculated as 100 × [(mean duration of PA in COPD) − (mean
duration of PA in healthy subjects)]/(mean duration of PA in healthy subjects) at each intensity of PA.
PA: physical activity; COPD: Chronic obstructive pulmonary disease; METs: metabolic equivalents.
Quoted from reference [5].

Objective measurement methods using accelerometers have become mainstream ap-
proaches for evaluating PA and SB, replacing conventional questionnaire-based methods,
which tended to overestimate the findings [32]. However, objective approaches still involve
several issues that remain to be resolved. While data obtained by objective measurements
are thought to be highly accurate, no adjusting for influencing factors can reduce the relia-
bility and significantly affect results, especially in intervention studies. Furthermore, PA
is behavior with a relatively high intensity and accounts for only a small part of the day,
whereas SB has a low intensity and accounts for most of our waking hours. This should be
kept in mind when evaluating PA or SB with an accelerometer.

In this narrative review, we clarified the problems encountered during objective
evaluations for PA and SB in patients with COPD and encouraged investigators to recognize
the presence of these problems and the importance of adjusting for them.

2. The Objective Measurement of PA in COPD

2.1. Self-Reported vs. Objectively Measured PA

When the duration at ≥2.0 METs measured by a questionnaire and that by an ac-
celerometer were compared in COPD patients, most of the patients showed higher values
based on a questionnaire than based on an accelerometer evaluation (Figure 2), and the
mean (±standard deviation [SD]) values were 366.7 (221.8) min and 201.2 (99.1) min, re-
spectively [32]. When the duration at >3.0 METs measured by a questionnaire and that
by an accelerometer were compared, these values were 146 (143.1) min and 65 (89.4) min,
respectively [33]. A systematic review showed that self-reported assessments overestimate
the level of PA compared with objectively measured assessments [34]. Therefore, the ob-
jectively measured assessments are accurate, although they have various technical and
associated difficulties.
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Figure 2. Correlations between objectively measured and patient-reported durations of PA equivalent
to ≥2 METs. PA: physical activity; METs: metabolic equivalents. Quoted from reference [32] with
permission.

2.2. Types of Accelerometry

Accelerometers are roughly classified into two types: those that detect the kinds of
activity undertaken (e.g., DynaPort MoveMonitor™ from McRobert BV, the Hague, The
Netherlands) and those that detect the intensity of activity (e.g., SenseWear Armband™
from BodyMedia Inc., Pittsburgh, PA, USA; Active Style Pro HJA-750C™ from Omron
Health Care, Kyoto, Japan; etc.). Both types of accelerometers can measure total PA and the
daily step count. In the type that detects intensity of activity, the results are expressed as
acceleration for some models and activity intensity for others.

2.3. Indicators

There are various indicators for assessing PA, depending on the type of accelerometer
used. When accelerometers that detect kinds of activity are used, the duration of walking
and/or standing, proportion of the duration of walking and/or standing to that of total
activity, movement intensity during movement, and total step count can be used as indica-
tors. When accelerometers that detect intensity of activity are used, durations of several
intensities, e.g., light PA (LPA; 1.5–3.0 METs), moderate PA (MPA; 3.0–6.0 METs), vigorous
PA (VPA; ≥6.0 METs), moderate-to-vigorous PA (MVPA; ≥3.0 METs), LPA + MVPA (≥2.0
METs), total PA at ≥3.0 METs (METs·h), and step count can be used as indicators. Some
accelerometers display the results in acceleration intensity rather than activity intensity.
The values for these metrics are evaluated daily or weekly.

2.4. Validated Accelerometers for COPD

Regarding accelerometers that detect the kind of activity undertaken, the Dyna-
Port Activity Monitor™ (McRoberts BV) [4], which is the old version of the DynaPort
MoveMonitor™, and the new DynaPort MoveMonitor™ [35–37] are validated for use
in COPD patients. Regarding accelerometers that detect the intensity of activity, the
SenseWear Armband™ (Bodymedia Inc.) [34,35,37,38], RT3™ (StayHealthy Inc., Monrovia,
CA, USA) [35,37,39], Actiwatch Spectrum™ (Philips Respironics, Bend, OR, USA) [35,37],
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Actigraph GT3X™ (Actigraph LLC, Pensacola, FL, USA) [37,40], Lifecorder™ (Kenz Suzuken
Co. Ltd., Nagoya, Japan) [35,37], Actimarker™ (Panasonic, Osaka, Japan) [41], and Active
Style Pro HJA-750C™ [42] have been validated for use in COPD patients.

While pedometers tended to detect low step counts for slow-walking people such as
those with COPD [43], triaxial accelerometers including the DynaPort™ [44], SenseWear
Armband™ [45], and Actigraph GT3X™ [46] have been able to detect slow walking. Fur-
thermore, the Active Style Pro HJA-750C™ uses different algorithms for two different kinds
of activities (household and locomotive activities), so it may be more useful for monitoring
COPD patients, who often engage in low-intensity activity [47,48].

2.5. Environmental Factors Requiring Adjustments for Evaluations

Environmental factors can influence the PA level. These factors should be included in
the individual’s average PA level, but they can also influence the results when comparing
changes in PA over time. As these factors can lead to intra-patient errors, they should be
minimized for longitudinal evaluations.

2.5.1. Weather

Weather is one such environmental factor. The duration of PA and step count are
significantly reduced on rainy days in comparison to non-rainy days [41,42,49–51]. Indeed,
the duration of PA at ≥3.0 METs was shown to be 11.1 min on rainy days and 21.3 min
on non-rainy days [41]. Furthermore, the daily step count was 3999 on non-rainy days
and 3771 on rainy days [49], although this difference was below the minimal clinically
important difference. Rainfall of 10 mm translated to a decrease of approximately 175
steps [50].

2.5.2. Season

Season is another potential environmental factor, as the duration of PA is longer in
summer than in winter [52–54]. Temperature might be the main factor associated with
these seasonal effects. For example, when the average temperature was ≤20.5 ◦C, more
COPD patients went out as the temperatures became warmer (odds ratio [OR]: 1.028 per
1 ◦C rise in temperature), and at <2.5 ◦C, the increase in patients going outdoors with rising
temperature grew significantly (OR: 1.13 per 1 ◦C rise). However, when the temperature
was >20.5 ◦C, patients reduced outdoor activity (OR: 0.96 per 1 ◦C rise) [55]. When the
average temperature was ≤22.5 ◦C, the daily step count increased 43 steps per 1 ◦C rise, and
at >22.5 ◦C, the daily step count fell by 891 steps per 1 ◦C increase in temperature [49]. The
daily step count increased 316 steps for each 10 ◦C rise in temperature [50]. The duration of
daylight time may also influence PA [52].

2.5.3. Day of the Week

The day of the week might also influence PA. The PA on weekends was shown to be
reduced compared to weekdays in healthy subjects [56–58]. However, the PA on weekends
was not significantly different from that on weekdays in COPD patients [39,42]. Most
healthy subjects were working, while most COPD patients were retired. The level of PA
in patients with a job is higher than in those without a job [32]. Therefore, when PA is
investigated in retired COPD patients, the timing of weekends or holidays might not need
to be taken into consideration.

2.5.4. Air Pollution

Air pollution might influence PA. In one report, the time spent outdoors decreased
with increasing ozone levels but not with PM10 values. An increased ozone level decreased
both the time spent outdoors and daily step count [49]. In another report, however, PA
was not correlated with the values of main atmospheric pollutants, including PM10, ozone,
nitrogen dioxide, and sulfur dioxide [51]. The effects of air pollution on PA are therefore
still controversial.
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2.5.5. Employment Status

Employment status can also influence PA. The duration at ≥3.0 METs and step count
in non-employed patients were significantly lower than in employed patients according to
a multivariate analysis (−13.2 ± 2.9 min and −1332.3 ± 295.6 steps, respectively, compared
to employed patients) [32]. Most COPD patients seem to be retired, but caution should be
practiced when evaluating subjects who have a job.

2.6. Methodological Factors Requiring Adjustments for Evaluations
2.6.1. Days with Uncommon Activities

In our daily lives, there are days when we engage in relatively uncommon activities,
such as traveling or recuperating from sickness. Data from days spent engaged in these un-
common activities are therefore not representative of the usual PA and should be excluded
from the analysis.

2.6.2. Non-Wearing Time

Even if the subject is active, the measurement result will show inactivity if the ac-
celerometer is not worn. Therefore, the detection of non-wear time is an important issue
when measuring PA using an accelerometer. For accelerometers that can be attached di-
rectly to the skin of the arm to collect biometric information, such as a SenseWear™ or
Actiwatch™, it is possible to detect non-wearing. However, these models are relatively
expensive, and as most other accelerometers cannot collect biological information, it is
necessary to set detecting conditions for non-wearing.

PA below the detection limit of the accelerometer (e.g., 1.0 METs) also cannot be
measured, but most reports refer to non-measurement time as non-wearing time. In such
cases, there is a risk of resting behavior being considered non-wearing time. In some
studies, a non-measurement time of 60 consecutive minutes has been defined as non-
wearing time [59]. Recently, a more precise definition of non-wearing time was used for
COPD patients, consisting of 90 consecutive minutes of non-measurement time with an
allowance of 2 min of interruption [60,61].

2.6.3. Minimum Required Wearing Time per Day

In previous reports, most studies reported findings without assessing the actual
wearing time [62]. Demeyer et al. recommended a wearing time of at least 8 h [63], and the
minimum wearing times used were 8 [32,64–66], 12 [67], or 20 h [68].

2.6.4. Minimum Number of Valid Days Required

Even after adjusting for environmental and methodological factors, the amount of
daily activity can easily change from day to day. Generally, one’s representative PA value is
calculated as the average or sum of daily PA values over a certain period of time. Therefore,
the minimum number of days required to obtain repeatability should be determined.
The repeatability has been evaluated using intraclass correlation coefficients, and the
number of days of measurements required in COPD patients has ranged from two to
seven [62]. Watz et al. reported that a minimum of two to three days was required in stage
IV COPD patients, whereas it was five days in stage I COPD patients [69]. Demeyer et al.
recommended measuring for at least four weekdays when assessing step and light activity
with a Sensewear Armband™ [63]. After adjusting for environmental and methodological
factors, the minimum number of days required to obtain reproducibility was three for both
the Actimarker™ [41] and Active Style Pro HJA-750C™ [42].

2.7. Patient Conditions Influencing PA

PA in COPD patients can be influenced by several patient factors, including demo-
graphic factors, the pulmonary function, dyspnea, exercise capacity, comorbidities, muscu-
lar conditions, mental state, and living environment. These factors can lead to inter-patient
differences in PA, but the associations are still controversial at present.
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The age [5,32,70,71], dyspnea [5,32,70–74], exercise capacity [5,71–73], and pulmonary
function—including FEV1 [5,32,71,72,75], inspiratory capacity (IC) [70,76], and diffusing
capacity [5,73]—are all important factors potentially influencing PA in COPD patients.
Depression [75,77], cardiac dysfunction [71], dog walking, grandparenting [78], and em-
ployment status [32] can also influence PA in COPD patients.

Muscle quality may also be a relevant factor influencing PA. Muscle mass, especially
the cross-sectional area of the erector spine muscle assessed by chest computed tomography
(ESMCSA) [79], and muscle strength, especially the quadriceps strength [72,80], were shown
to be associated with PA in COPD patients. Myokines, especially irisin [81] and growth
differentiation factor 11 [82], have been reported to be associated with PA in COPD patients.

Regarding serological tests, C-reactive protein (CRP), fibrinogen, and interleukin-6
values were reported to be associated with PA in COPD patients [78,83,84]. In another
report, however, the CRP value was not associated with PA [85]. Furthermore, Taka et al.
reported that SIRT1 and FOXO1 mRNA might be associated with PA in COPD patients [86].

2.8. Interventions for Improving PA

Evidence concerning the improvement in PA with interventions, including pharmaco-
logical management and pulmonary rehabilitation, has been limited, possibly due to a lack
of established methodological details, including optimal timing, components, duration,
and models for interventions, as well as the evaluation methods. There has also been scant
evidence supporting a continued effect over time after the end of intervention [87].

2.8.1. Pharmacological Interventions

Bronchodilator administration has been shown to improve PA in some
reports [66,88–94], albeit depending on the indicator in some cases [95–97], while no
improvement was seen in other reports [98–101]. When adjusted for at least two influ-
encing factors, bronchodilators invariably showed beneficial effects on PA with some
indicators [66,89–91,93,96,97]. However, none of the studies reporting that bronchodilators
exerted no beneficial effect on PA performed such adjustments [98–101]. Consideration
of potentially influential factors should therefore be required when evaluating the effects
of intervention, and bronchodilators may thus yet be found to improve PA in all COPD
patients [18]. Furthermore, when a long-acting muscarinic antagonist (LAMA) and a long-
acting beta 2 adrenergic agonist (LABA)/LAMA combination agent were compared in a
meta-analysis, PA was found to be significantly improved with LABA/LAMA treatment
compared to LAMA [102].

2.8.2. Non-Pharmacological Interventions

Evidence supporting improvements in PA in COPD patients with pulmonary rehabili-
tation is also limited [87]. However, changes in PA with pulmonary rehabilitation combined
with counseling using pedometer feedback have tended to be high [103]. Counseling is pre-
dominantly based on the principle of goal-setting and implementation of that goal [104,105].
A positive effect of providing target step count values using an internet-mediated program
was seen after 3 or 4 months [106,107] but not after 12 months [108]. The disappearance
of this effect after 12 months might have been because even if the patients worked hard
to increase the number of steps taken each day, the target value was reviewed and then
increased further each week; furthermore, the target value was set according to the current
step count without considering the disease condition of each patient. These issues may
have made it difficult for patients to remain motivated for a long time. Indeed, half of the
participants believed the automated target step counts were too high, and many did not
feel comfortable reaching their targets [109].

We created referent equations for step count using PA-associated factors for COPD
patients (Figure 3) [70,71] and developed a method to set an individual target step count
using the current steps and the steps calculated by the equation [110]. Furthermore, a pilot
study found that providing a target value was able to increase the step count in patients
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with innately low step counts [110]. Although an intervention study conducted over a
longer duration is required, this target value setting method reflecting the disease condition
might be useful for increasing PA in COPD patients.

 

Figure 3. Reference equations of PA using associated factors for COPD patients. PA: physical
activity; COPD: chronic obstructive pulmonary disease; mMRC: modified Medical Research Council
dyspnea scale; IC: inspiratory capacity; 6MWD: 6-minute walk distance; HADS-A: anxiety score of
the Hospital Anxiety and Depression Scale; FEV1%pred: forced expiratory volume in one second
percent of predicted value; BNP: serum brain natriuretic peptide. Quoted from references [67,68].

3. The Objective Measurement of SB in COPD

3.1. Sedentary Time (ST) in Subjects with Several Conditions

SB is defined as any waking behavior characterized by an energy expenditure ≤1.5
metabolic equivalents (METs) while in a sitting, reclining, or lying-down posture [21,23,24].
ST is one of the frequently used indicators of SB. The concept of ST has been attracting
attention in the general population [111–116] as well as in patients with cardiovascular
disease [117–119], diabetes mellitus [118,120,121], and cancer [112,122–126] because of our
increasing awareness of our health condition and mortality risk. In COPD patients, ST was
reported to be an independent predictor of mortality after adjusting for the duration at
≥3.0 METs and several other variables [25].

3.2. Objectively Measured ST and Its Problems

While an accelerometer might detect ST more precisely than a questionnaire, it is
difficult to extract the exact ST according to the definition. Investigators should thus treat
ST more carefully than PA, as ST accounts for more than half of the total measurement
time and does not include the time spent moving during sleep. Associated issues with
its measurement can include functional limitations of accelerometers, the exclusion of
sleeping time, unification of the total measurement time per day, and minimum required
wearing time.

3.2.1. Functional Limitations of Accelerometers

When an accelerometer that detects the kind of activity is used, the sitting time or
sitting + lying-down time is employed as an indicator of ST. In such cases, however, the
duration of behavior with an intensity of >1.5 METs while sitting, which is not SB, is
included. In our investigation, such instances accounted for 27.5% of the sitting time [127].
Furthermore, the duration spent sleeping while sitting or lying down is also included.
These times should be excluded from ST according to the definition (Figure 4) [18]. When
an accelerometer that detects the intensity of activity is used, the duration of behavior with
an intensity of 1.0–1.5 METs (including both 1.0 and 1.5 METs) [23,66,128] or the ratio of
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the duration of behavior at 1.0–1.5 METs to the total measurement time may be employed
as indicators of ST. In such cases, however, the duration of behavior with an intensity
of <1.0 METs is not included in the ST, as it cannot be detected by most accelerometers.
Furthermore, the duration spent sleeping while still performing activity with an intensity
of 1.0–1.5 METs is also included (Figure 4). These errors are functional limitations of the
accelerometer and cannot be avoided. However, while an accurate measurement of ST by
definition is difficult regardless of the type of accelerometer used, investigators need to
aware that these errors exist and be prepared to compensate for them.

Figure 4. Indicators regarding the physical status based on a comparison of the intensity and kind of
activity in cases of COPD. The area surrounded by a bold line indicates sedentary behavior according
to the established definition. METs, metabolic equivalents; LPA, light-intensity physical activity;
MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity.

3.2.2. Exclusion of Sleeping Time

Exclusion of sleeping time is another problem for precisely detecting ST. Most behavior
during sleep is <1.0 METs in intensity, but during some periods, it can reach ≥1.0 METs,
which is incorrectly counted as ST. Furthermore, napping time is difficult to exclude. Since
these times cannot be distinguished based on the results obtained with an accelerometer,
investigators should keep this error in mind.

3.2.3. Unification of Total Measurement Time per Day

ST can be markedly affected by the total measurement time, as the time spent sitting
and lying down accounts for 64% of the total measurement time in COPD patients [4].
Furthermore, subjects tend to feel less of a need to wear accelerometers when they are not
active, which might lead to both the total measurement time and ST being shorter than the
actual active time. It is therefore best to unify the measurement time if possible.

In some reports, subjects were instructed to wear an accelerometer from the time they
woke up to the time they went to bed in order to exclude time spent sleeping [128–130].
However, these times varied from day to day and person to person, so the total measure-
ment time varied among measurements. If subjects are instructed to wear an accelerometer
at a particular time, such as from 6:00 am to 9:00 pm, some subjects may not have woken
up yet at 6:00 am or may have already gone to bed at 9:00 pm. It might therefore be
better to ask subjects to wear the accelerometer constantly and extract only the data for
a defined period from all of the data obtained [28,66,131]. However, this method has the
disadvantage of increasing the burden on the subject due to unnecessary data acquisition
during sleep. There is no perfect method for unifying measurement times, so investigators
should interpret the data with an understanding of the weaknesses associated with each
method.
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3.2.4. Minimum Required Wearing Time per Day

Even if the measurement time is unified, wearing time will decrease due to bathing or
forgetting to wear the accelerometer. ST can be more strongly influenced by the wearing
time than the duration of PA, simply because ST accounts for the majority of the mea-
surement time. The minimum required wearing time was reported to be set to 8 [31],
10 [130,132–134], or 12 h [67,128,131,135] in previous studies, and the wearing time tended
to be longer for SB assessments than for PA assessments. Further research is needed to
confirm the optimal wearing time for evaluating ST.

3.3. Lying-Down-Time-to-Sitting-Time Ratio (LSR) in COPD Patients

Both the sitting and lying-down (including reclining) times are included in ST, and
both set a lower levels in ST measured in COPD patients compared to those in healthy
subjects [4]. However, when the lying-down time was compared with the sitting time, the
LSR was larger in COPD patients (23.1%) than in healthy subjects (9.5%) [4]. We investigated
the lying-down time and sitting time in COPD patients wearing both intensity-based and
activity type-based accelerometers at the same time. The lying-down time accounted for
28.3% of the total wearing time (212 ± 160 min), and the sitting time accounted for 49.4%
of the total wearing time (370 ± 123 min), resulting in the LSR being 57.3% [127]. Patients
with COPD might spend more time lying down than expected during ST. Furthermore,
the duration spent engaged in behaviors at 0 METs, 1.0–1.5 METs, and ≥3.0 METs while
sitting accounted for 9.2%, 63.3%, and 27.5% of total time, respectively, and the duration
spent engaged in those behaviors while lying down accounted for 29.5%, 62.7%, and
7.8%, respectively [127]. While we have previously described the relationship between
the indicators measured with an intensity-based accelerometer and those with an activity
type-based accelerometer [18], slight modifications are needed in cases of COPD, as shown
in Figure 4.

3.4. Interventions for Improving ST

Since no objective measurement method has yet been established, few reports have
demonstrated clear intervention effects. We sub-analyzed the results of a crossover study
after strictly adjusting for factors affecting the ST and found that the LAMA/LABA com-
bination significantly reduced the ST compared to LAMA alone [66]. This effect was
confirmed in a meta-analysis, although the number of reports was only two [102]. Further
research with strict adjustment for the influential factors will be required to clarify the
effects of interventions.

4. Conclusions

The objective measurement of PA and SB is a promising method for clarifying the
physical condition of COPD patients; however, several problems remain to be solved.
Researchers need to recognize the existence of these problems and the importance of
adjusting for them when evaluating.
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Abstract: Background. Physical activity is a potential parameter to assess the severity or prognosis of
lung disease. However, the differences in physical activity between healthy individuals and patients
with lung disease remain unclear. Methods. The analyses in this report are a combined analysis of
four cohorts, including a healthy control cohort, in a prospective study designed to evaluate wearable
device-estimated physical activity in three cohorts: the lung cancer cohort, the interstitial pneumonia
cohort, and the COPD cohort (UMIN000047834). In this report, physical activity in the lung disease
cohort was compared with that in the healthy cohort. Subgroup analyses were performed based on
age, sex, duration of wearable device use, and lung disease subtype. Results. A total of 238 cases
were analyzed, including 216 patients with lung disease and 22 healthy cases. Distance walked and
number of steps were significantly lower in the patient group compared to the healthy control group.
ROC analysis for the diagnostic value of lung disease by mean distance walked and mean number of
steps showed AUC of 0.764 (95%CI, 0.673 to 0.856) and 0.822 (95%CI, 0.740 to 0.905), respectively.
There was a significant difference in physical activity by age, but not by gender nor by duration based
on the threshold of 7 days of wearing the device. Conclusions. Lung disease decreases physical
activity compared to healthy subjects, and aging may bias the estimation of physical activity. The
distance walked or number of steps is recommended as a measure of physical activity, with a period
of approximately one week and adjusted for age for future investigation.

Keywords: physical activity; lung disease/pulmonary disease; healthy case; wearable fitness
tracker device

1. Introduction

Physical activity is an important parameter to evaluate an individual’s general health
status. Some reports have indicated the importance of physical activity in patients with
lung diseases, especially COPD [1–5]. reports about the difference in physical activity
between the patients with lung diseases and healthy cases were limited. In practice, there
are even some patients with serious diseases, such as lung cancer, who show full activity
that is not inferior to that of healthy individuals. Therefore, we investigated whether
there is a difference in physical activity between patients and healthy individuals before
discussing whether the measurement of physical activity is available to assess the severity
of a specific disease. We hypothesized that there is difference in physical activity between
the healthy population and lung disease population and that the physical activity value
is available for evaluating the general status among lung disease population. The aim of
this exploratory analysis is to investigating the hypothesis. We first identified the useful
measurements with a comparison of each physical activity between the healthy population
and lung disease population, and investigate the diagnostic value of physical activity for
lung disease. We expected that METS and distance walked would correlate better with
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disease status and prognosis than step count, so we used a wearable device that could
measure all of these. The data of the three cohorts and healthy control in a prospective
study to evaluate disease severity by physical activity estimated by wearable device were
used for the analyses as an exploratory investigation.

2. Materials and Methods

2.1. Patients

The results of this report are from exploratory analysis of the main study, which
was designed to assess disease severity in three disease cohorts using a wearable device
(UMIN000047834), and the aim of this analysis was to compare physical activity between
healthy cases and patients with lung disease.

The main study is a prospective observational study at a single-institution, and the
inclusion criteria included (1) patients diagnosed with advanced lung cancer, interstitial
pneumonia or COPD, and (2) outpatients for treatment or observation at a single institution.
Patients with interstitial pneumonia were enrolled regardless of the type of interstitial
pneumonia, from interstitial pulmonary fibrosis to collagen-disease-related interstitial
pneumonia, and patients with COPD were diagnosed in clinical practice based on pul-
monary function testing. The exclusion criteria included (1) patients with unstable gait
due to lower limb disease. Healthy controls without lung disease were recruited from
the medical staff. The healthy group was enrolled as an exploratory group, separate from
the other three cohorts in this analysis, for the purpose of exploratory validation as an
exploratory study group.

2.2. Measurement of Physical Activity

We used the wearable device, amue link (SONY, Inc., Tokyo, Japan), which is equipped
with a GPS system that can monitor real time movements without any other device, such
as smart phone. To estimate the distance walked, this device adopts a unique algorithm to
distinguish the method of travel, such as by vehicle or on foot. This device is also expected
to calculate the actual walked distance. In this study, this device measured a total of
6 physical activity values as follows: sum and mean of (1) METS, (2) distance walked, and
(3) number of steps. All patients were instructed to wear the wearable device on their wrist,
following the company’s recommendation that the device on the wrist can adequately
measure distance walked and steps taken. The duration of measurement was from wake-up
to bedtime, with the exception of special situations such as bath time. All participants were
instructed to wear the fitness tracker device for up to 14 days. The data were sent to the
data center via the Internet and stored in real time with the reservation of privacy.

2.3. Outcome

The wearable device measurements were compared between the healthy and lung
disease groups, and we estimated the AUC to discriminate the healthy from lung disease
groups by physical activity in the ROC analysis. Although the aim was not to discriminate
disease by physical activity, we assumed that the high accuracy of discriminating disease
by physical activity, represented by a higher AUC, means that physical activity is associated
with the presence or absence of respiratory disease. Comparisons of physical activity were
made between patients with lung disease and healthy controls, and between the different
types of lung disease. We hypothesized that the factors of age, sex, and the duration
the device is worn may bias the estimation of physical activity and subgroup analyses
performed based on these factors.

2.4. Statistics and Ethics

As described above, physical activity, as continuous values, were compared between
patients with lung disease and healthy controls, and between different types of lung
disease. The physical activity values were compared between the healthy group and lung
disease using the Kruskal–Wallis test, and the multiple comparison tests across groups were
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performed using the Dunn–Bonferroni method. Statistical comparisons of the continuous
values were tested with 0.05 representing a significant difference. ROC analyses were
performed, and the 95% confidential intervals were calculated by SPSS version 28.0. As this
is an exploratory study, sample size calculations were not performed. We obtained written
informed consent from all enrolled cases and followed them prospectively in this study.
The study was conducted in accordance with the principles of the Declaration of Helsinki.

3. Results

3.1. Characteristics

A total of 238 cases were analyzed, including 22 healthy cases, 119 patients with
lung cancer, 51 patients with interstitial pneumonia, and 46 patients with COPD (Table 1).
Written informed consent was obtained from all enrolled cases, and we observed them
prospectively. For all cases, the median age was 73 years (range, 24 to 88) and the duration
of device wear was 8 days. The median and the duration of wear were not significantly
different in each group, but the age is significantly younger in the healthy group compared
to the other groups (p < 0.001). The failure rate for physical activity assessment in the whole
population is 5.5%. The physical activities measured by the wearable device showed a
stronger correlation with each other, except for METS.

Table 1. Characteristics.

All
Healthy
Control

Pulmonary
Disease

Lung Cancer
Interstitial
Pneumonia

COPD

N 238 22 216 119 51 46
Median age [range]

≥75 years old
73 (24–88)
99 (41.6%)

36 (24–58)
0 (0%)

74 (32–88)
99 (45.8%)

72 (32–88)
47 (39.5%)

74 (54–85)
24 (47.1%)

75 (43–83)
28 (60.9%)

Sex
M/F 152/86 9/13 143/73 71/48 34/17 38/8

Wearing days, median
≤7 days

8
117 (49.2%)

9
7 (31.8%)

7
110 (50.9%)

7
60 (50.4%)

8
25 (49.0%)

7
25 (54.3%)

Failure to estimate PA 13 (5.5%) 0 (0%) 13 (%) 8 (6.7%) 0 (0%) 5 (10.9%)

Abbreviation: Physical activity, PA; Chronic obstruct pulmonary disease, COPD.

3.2. Healthy vs. Pulmonary Disease

Nonparametric test was performed for the measured value estimated by the wearable
device between groups. As a result, the distance walked and the number of steps walked
were candidate parameters as physical activities for diagnosis of lung disease. The physical
activities in the patient group were statistically significantly lower compared with the
healthy control group, with p value of 0.05 or less for the sum of METS, sum and mean of
the distance walked, and sum and mean of the number of steps walked (Figure 1). ROC
analysis for the diagnostic value of lung disease by distance walked showed an AUC of
0.764 (95%CI, 0.673 to 0.856) (Figure 2).

3.3. Across the Subtype of Pulmonary Disease

There was significant difference in physical activity in except with METS between
healthy control group and each lung disease group (Table 2). For all lung diseases, the
physical activity has trend to be decreased compared with healthy control group, and the
largest difference compared with healthy group was found in lung cancer cohort, while the
smallest difference was in COPD cohort (Figure 3).

3.4. Subgroups by Age, Gender, and the Wearing Period

Subgroup analysis by age showed that patients aged 75 years or older had less physical
activity in all disease subtypes, and distance and steps walked were significantly different
between younger and older patients (Figure 4). There was no difference in physical activity
between men and women in all disease subtypes, except for COPD, where the sample size of
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women was very small. Analyses based on time worn showed that there was no difference
in physical activity between 7 or fewer days worn and 8 or more days worn. This trend is
consistent across lung disease subtypes, so the data suggest that one week may be a sufficient
estimation period. Finally, based on these results, we hypothesized that age may be biased in
discriminating the reason for lower physical activity due to disease status or aging. Therefore,
we conducted an ROC analysis in the subgroup of 69 or younger cases, which resulted in an
AUC of 0.732 (95%CI, 0.617 to 0.848) to 0.825 (95%CI, 0.721 to 0.929) (Figure 5).

Figure 1. Comparison of physical activity estimated by ePRO between healthy group and pulmonary
disease group. Three parameters of physical activity were shown as (1-A,2-A) METS, (1-B,2-B) distance
walked, and (1-C,2-C) number of steps of (1-A–1-C) the average (on the top) and (2-A–2-C) the total (on
the bottom). In a box plot, the box represents the interquartile range, with its top and bottom indicating
the third and first quartiles, respectively. The whiskers extend from the box to cover the data within an
area 1.5 times the size of the interquartile range. Data points outside this range are considered outliers and
are represented as dots.

Figure 2. AUC for diagnosis with lung disease by physical activity in ROC analysis. Blue line is ROC
curves of sum of distance walked or mean of distance walked. Green line is a reference line.
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Table 2. Kruskal–Wallis test and multiple comparison test by Dunn-Bonferroni method for each
paired groups.

Parameter of Physical Activity
to Subtype of Pulmonary Disease for Null Hypothesis Kruskal–Wallis Test

Multiple Comparison Test

LK vs.
IP

LK vs.
CO

LK vs.
HE

IP vs.
CO

IP vs.
HE

CO vs.
HE

Sum of METS 0.769 -
Mean of METS 0.090 -

Sum of distance walked <0.001 0.892 0.596 <0.001 0.723 <0.001 0.002
Mean of distance walked <0.001 0.842 0.178 <0.001 0.310 <0.001 0.006

Sum of steps walked <0.001 0.609 0.437 <0.001 0.276 <0.001 <0.001
Mean of steps walked <0.001 0.409 0.219 <0.001 0.083 <0.001 <0.001

Abbreviations: LK, lung cancer; CO, COPD; IP, interstitial pneumonia; HE, healthy control case.

Figure 3. Physical activity in each lung disease subtype. In each graph, from left to right, healthy cases,
lung cancer patients, interstitial pneumonia patients, and COPD patients. In a box plot, the box represents
the interquartile range, with its top and bottom indicating the third and first quartiles, respectively. The
whiskers extend from the box to cover the data within an area 1.5 times the size of the interquartile range.
Data points outside this range are considered outliers and are represented as dots.

Figure 4. Subgroup analyses based on age, sex, and the duration worn. Comparison of mean distance
walked between (left) <75 years and ≥75 years, (middle) female and male, (right) worn less than 7 days
and more than 7 days. Each comparison based on lung disease is shown in the bottom row. In a box plot,
the box represents the interquartile range, with its top and bottom indicating the third and first quartiles,
respectively. The whiskers extend from the box to cover the data within an area 1.5 times the size of the
interquartile range. Data points outside this range are considered outliers and are represented as dots.

36



J. Clin. Med. 2023, 12, 4424

Figure 5. ROC analysis for diagnosis with pulmonary disease in the subgroup of cases with age less
than 70. Blue line is ROC curves of sum of distance walked or mean of distance walked. Green line is
a reference line.

4. Discussion

The analyses in this study indicated the following three important clinical questions:
(1) which measurement among wearable device is appropriate to assess physical activity,
(2) which factor should be adjusted, and (3) how long of a term is required to estimate
physical activity?

Our data showed a significant difference in physical activity between the patients with
lung disease and healthy cases. In previous reports, Fabio Pitta et al. reported that patients
with COPD were inactive compared with healthy elderly patients [6], and Benoit Wallaert et al.
reported that the patients with fibrotic idiopathic interstitial pneumonia also had less activity
in their daily lives compared to healthy controls [7], which is consistent with the results of our
study. However, there was a significant difference in age between these two groups, which
was further investigated in the subgroup analyses.

A greater difference was found in the lung cancer group followed by interstitial
pneumonia group among three cohort, from which we expect that an measurement of
physical activity will be of clinical significance, especially in the two pulmonary diseases.
Sofie Breuls et al. showed that the patients with interstitial pneumonia were less active
compared with the patients with COPD in their propensity score analysis. This study used
the daily steps to evaluate the physical activity [8]. As we can see in Figure 3, our data
also showed that the physical activity, in both distance walked and steps walked, were
lower in the interstitial pneumonia group compared with the COPD group. In addition,
the proportion of the patients aged 75 or older was higher in the COPD group, with 47.1%
in the interstitial pneumonia group and 60.9% in the COPD group, which supports the
inactivity of patients with interstitial pneumonia.

There was a significant difference in the distance walked and the number of steps
walked between each disease cohort and the healthy group, and these two measurements
seemed to be the candidate parameters of physical activities in our study. In our study,
METS is not a better candidate to evaluate the physical activity, however, the formula for
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estimating METS is specified for the device, therefore, the results in our study do not mean
that METS is not completely excluded as a parameter of physical activity when using the
other device. The previous study, as mentioned above, assessed physical activity using
steps, and our data also showed that the number of steps walked was a better predictor
of lower physical activity due to lung disease. Meanwhile, our data showed that mean
distance walked also had potential as a candidate measure of physical activity in the lung
disease population. In particular, this device, amue link, was designed to calculate the
distance by using a unique algorithm to identify movement on foot, which may be the
reason why the distance walked was a better predictor of physical activity in this study.

The subgroup analyses based on age, sex, or duration of device wear showed that
age may be a bias for physical activity, suggesting that these measured activities require
adjustment based on age but not sex. Therefore, we performed an additional subgroup
analysis of cases of individuals aged 69 or younger, in which the difference in physical
activity between patients and healthy controls has remained consistent, and the AUC in
this subgroup is 0.732 (95%CI, 0.617 to 0.848), which is not as inferior compared to that in
all cases (0.764 (95%CI, 0.673 to 0.856)). The decrease in physical activity with age has been
reported in the previous reports [9–11], which is consistent with our results. However, the
female sex has also been reported to be associated with a decreased physical activity [10],
which was not confirmed in our study, probably because of the imbalance in the proportion
of male and female participants. This indicates that a decreased physical activity is not only
due to aging, but also to lung disease, so the assessment of physical activity in patients
with lung disease should be performed in any disease cohort with adjustment for age. The
subgroup based on the days of wearing the device showed that the duration of physical
activity estimation may be sufficient to be approximately one week. However, the results
were suggestive rather than conclusive, and further confirmation is needed for them to be
associated with disease severity, even after adjusting for age.

This study has some limitations. Failure to measure physical activity was calculated
to occur at 5.5%, which may bias the analysis. There are some outliers in the data, which
are assumed to be caused by errors with the device in estimating physical activity. The
analyses were not prospectively designed, and the sample size of the healthy control group
is small, although the sample size of the pulmonary disease group is sufficiently large,
which may be a limitation. In addition, it is inevitable that the variation across disease will
be a limitation of the analysis.

5. Conclusions

The lung disease decreased the physical activity compared with healthy cases in our
study. Considering the fact that the difference in physical activity between healthy case
and lung disease patients, the physical activity had potential to be reflected on the severity
of the disease. We are preparing to report the association between the lung disease severity
and physical activity in the next report of this study, which is the primary endpoint of the
main study. Our data showed that age should be adjusted for when assessing physical
activity, but the reduced physical activity in patients with lung disease was found even in
the younger population. The subtype of lung disease seems to be associated with reduced
physical activity. The number of steps walked was a good parameter of physical activity in
our study, as shown in the previous study indicated. In addition, the distance walked was
also a good indicator of daily activity when calculated by the device used in our study. We
recommend using the distance or steps walked as a measure of physical activity with the
period of about one week while adjusting for age for future investigations.
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Abstract: Contracting COPD reduces a patient’s physical activity and restricts everyday activities
(physical activity disorder). However, the fundamental cause of physical activity disorder has not
been found. In addition, costly and specialized equipment is required to accurately examine the
disorder; hence, it is not regularly assessed in normal clinical practice. In this study, we constructed a
machine learning model to predict physical activity using test items collected during the normal care
of COPD patients. In detail, we first applied three types of data preprocessing methods (zero-padding,
multiple imputation by chained equations (MICE), and k-nearest neighbor (kNN)) to complement
missing values in the dataset. Then, we constructed several types of neural networks to predict
physical activity. Finally, permutation importance was calculated to identify the importance of the test
items for prediction. Multifactorial analysis using machine learning, including blood, lung function,
walking, and chest imaging tests, was the unique point of this research. From the experimental
results, it was found that the missing value processing using MICE contributed to the best prediction
accuracy (73.00%) compared to that using zero-padding (68.44%) or kNN (71.52%), and showed
better accuracy than XGBoost (66.12%) with a significant difference (p < 0.05). For patients with
severe physical activity reduction (total exercise < 1.5), a high sensitivity (89.36%) was obtained. The
permutation importance showed that “sex, the number of cigarettes, age, and the whole body phase
angle (nutritional status)” were the most important items for this prediction. Furthermore, we found
that a smaller number of test items could be used in ordinary clinical practice for the screening of
physical activity disorder.

Keywords: COPD; physical activity; prediction; neural network; autoencoder

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease of
the lungs that is primarily caused by smoking, which causes the occlusion of airflow and
prevents the return to normal function according to respiration function tests [1]. Airflow
limitation and air trapping lead to the static and dynamic hyperinflation of the lungs. In
turn, this causes patients to have difficulty breathing during laborious tasks, leading to
a reduction in exercise tolerance and physical activity as measured by the indicators of
activity time and the amount of physical activity at each level of exercise intensity. This is
called physical activity disorder. In other words, if COPD patients suffer from reductions in
their exercise ability, this leads to reduced physical activity, which in turn leads to a vicious
cycle of reduced muscle strength and worse prognosis [2–5]. In addition, COPD patients
may not be aware of their respiratory symptoms because they are physically inactive, i.e.,
some patients are physically inactive even though they feel few respiratory symptoms.
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This suggests that it is difficult to make immediate judgements regarding actual physical
activity in clinical settings. Physical activity is regulated by various factors, which can make
physical activity disorder challenging to understand and assess in patients with COPD.
However, the mechanism of physical activity disorder that worsens COPD and appropriate
treatment targets have not been found. In addition, there are many related test items and
running all possible tests incurs significant costs. As a result, in the treatment of COPD, it
is important to find relevant test items to predict physical activity with high accuracy.

Previous research on predicting physical activity has included predictions made with
and without machine learning. As an example of predictions using machine learning, pulse
rate data were used to predict the physical activity of elderly patients [6]. In [7], the physical
activity of children not yet in preschool was predicted using a random forest method. In [8],
data provided by sensor chips capable of being adapted for use in mobility assistance
devices, such as canes or crutches, were used to make predictions using machine learning.
In [9], accelerometer bracelets were used to predict physical activity using various machine
learning models. In [10], physical activity was predicted using experimental processes
of change (experimental POCs), behavioral processes of change (behavioral POCs), and
interactions between the two. Research using deep learning has also been conducted,
including a proposed physical activity prediction model that used long short-term memory
recurrent neural networks [11]. In [12], factors associated with low-intensity physical
activity were examined using multivariate regression analysis. In [13], the effectiveness
of a simple prediction equation for step counts obtained using multivariate regression
analysis was evaluated by comparing the predicted values to actual measured values.
Some research has been conducted without using machine learning, including [14], which
investigated whether it was possible to predict domain-specific physical activity 20 years
later in adulthood using domain-specific physical activity in early childhood. Similarly,
Ref. [15] investigated the extent to which adult physical activity patterns could be predicted
using physical characteristics, physical abilities, and activity levels during adolescence.
In [16], physical activity and metabolic equivalents (METs) per day were predicted using
three commercially available accelerometers and eight regression equations. Ref. [17]
applied the Fogg behavior model and the transtheoretical behavior model to predict
physical activity. In [18], the authors examined the association between physical activity
and the expiratory to inspiratory (E/I) ratio of mean lung density (MLD) and showed
that the E/I ratio of MLD could be a useful imaging biomarker for the early detection of
physical inactivity in COPD patients.

On the other hand, machine learning models for predicting the physical activity of
COPD patients using multifactorial test data, including blood, lung function, walking, and
chest imaging tests, have not been constructed. Therefore, in this study, we attempted to
build a typical neural network model for physical activity prediction using various types
of test items and evaluated its prediction performance. Generally, in machine learning, a
large amount of training data is required. However, since collecting a sufficient amount of
data for specific diseases from one medical institution is difficult, the proposed prediction
model applied pre-training using an autoencoder [19]. Since physical activity is defined
by a variety of factors, it is difficult to predict physical activity disorder using simple tests
in ordinary clinical practice. Therefore, the main aims of this study were as follows: (1) to
clarify whether physical activity could be predicted using machine learning and measure
the prediction performance; (2) to clarify which test items were important for prediction
using a method called permutation importance; (3) to examine the applicability of machine
learning for the diagnosis of physical activity disorder through (1) and (2), even in local
hospitals with access to only simple tests.
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2. Materials and Methods

2.1. Ethics Approval and Consent to Participate

This study was approved by the Institutional Review Board of Yamaguchi University
Hospital (H27-204) and was conducted according to the principles of the Declaration of
Helsinki. Informed consent was obtained from all individuals included in this study.

2.2. Dataset

The dataset used in this study was composed of 406 cases of patient data provided
by the Department of Respiratory Medicine and Infectious Disease, Yamaguchi University
Hospital, Japan (COPD patients, non-COPD patients, and healthy individuals). The non-
COPD patients were patients with respiratory illnesses other than COPD, such as bronchial
asthma, bronchiectasis, and interstitial pneumonia. The numbers of patients in each
category were 143 COPD patients, 238 non-COPD patients, and 25 healthy individuals. Data
were collected for 32 test items, including questionnaires regarding respiratory symptoms,
whole body phase angle, blood tests, lung function tests, and computed tomography (CT)
images. The activity monitor we used (produced by Omron) measured and aggregated
exercise (Ex) from the number of steps and activity levels during each hour from 0:00
to 23:00. Ex was computed by multiplying activity intensity (METs) by time, and only
exercise with an intensity of 3.0 METs or more was used to calculate Ex. Physical activity
represents the performance of physical actions, so smaller values indicated reductions
in physical activity. Total exercise (T-Ex) values of less than 3 (METs × hr) were defined
as abnormal physical activity, while those of 3 (METs × hr) or more were considered
normal physical activity, as previously reported in [20]. Based on the above data, we
trained a neural network to classify each patient as displaying either normal or abnormal
physical activity. The explanatory variables were the 32 test items (the inputs to the neural
network) and the response variable was physical activity (i.e., Total Exercise or T-Ex (the
output from the neural network)). When applying these data to machine learning, each
value was normalized to fall between a minimum of 0 and a maximum of 1. Detailed
information about the variables is presented in Table 1. Note that importance index in
Table 1 will be explained in later sections. However, as not every test was performed for
each patient, the data were missing some values. Thus, one of the three missing value
imputation methods (zero-padding, multiple imputation by chained equations (MICE) [21],
and k-nearest neighbor (kNN) [22]) was used to complement missing values.

2.3. Missing Value Processing

The outlines of the three missing value processing methods (zero-padding, MICE, and
kNN) are as follows:

• Zero-padding just replaces missing values with zeros;
• MICE handles missing values by predicting them (in detail, MICE builds a machine

learning model that predicts missing values for certain test items by using the values
of the other test items);

• kNN handles missing values by using values of the nearest data from the data with
missing values.
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The detailed procedures for MICE and kNN are as follows:

• MICE is a multiple imputation method in which missing values are predicted through
regression using other feature values. Below, the explanatory variables of the dataset
(the values of each of the test items) are referred to as x1, x2, . . . , xq in the MICE
sequence. The explanatory variables are called feature values hereinafter.

1. An initial value (e.g., mean value) is assigned to each missing value to create
pseudo-complete data;

2. If x1 is a missing value, x1 is returned to the missing state and a regression
model (e.g., linear regression) is used on the pseudo-complete data x2, x3, . . . , xq
to produce and replace x1 with the imputed value;

3. The imputed values for x2 and onward are generated and replaced, just as in
step 2;

4. The procedure from steps 2–3 is repeated an arbitrary number of times. MICE
is a method that updates imputed values sequentially. In this study, the initial
values were set as the means of the corresponding features and linear regression
was used.

• kNN is a supervised learning classification algorithm. In kNN, the given data are
plotted on a feature space and if unknown class data appear, the k points of the data
are selected in the order of proximity to the unknown class data and the unknown
class data are categorized into classes based on the majority of these k points. Eu-
clidean distance was used to compute distance and k = 1, i.e., the k-nearest neighbor
algorithm, was used for missing value processing in our preliminary experiments. In
kNN with k = 1, the nearest data to the missing values are searched and the values of
the nearest data are used to complement the missing values. If the nearest data also
have missing values, the next nearest data without missing values are chosen instead.

2.4. Physical Activity Prediction Model Using an Autoencoder

In this section, we first summarize how we constructed a neural network for physical
activity. There were two steps for the construction. The type of neural network trained
in the first step was an “autoencoder”. The autoencoder was constructed so as to extract
important information from the inputs (test items). This was called “pre-training”. Then, in
the second step, a simple “feed-forward neural network” was constructed by changing the
neural network structure built in step 1 to predict physical activity levels. This was called
“fine-tuning”.

Then, 3- and 4-layer neural networks (NNs) were used to build prediction models and
each model was constructed using a combination of pre-training with the autoencoder and
fine-tuning. The autoencoder was composed of an encoder, which converted the inputs
into feature values, and a decoder, which reconstructed the inputs based on the obtained
feature values. The goal of the pre-training was to set the initial weights of the NNs for
the training that made the inputs and outputs coincide. The pre-training had the effect of
constructing an effective encoder that extracted features that were hidden in the test items.
Following pre-training, fine-tuning was conducted to achieve the final objective, i.e., the
prediction of T-Ex.

Figure 1 shows the 3-layer autoencoder that conducted the pre-training. Figure 2
shows the model structure used for the fine-tuning, which was constructed after pre-
training. In Figure 1, the number of input units was 34, where 32 units corresponded to the
test items (except T-Ex) and two units corresponded to T-Ex1 and T-Ex2. The number of
output units was also 34, corresponding to the number of input units. There were two T-Ex
units to represent the one-hot vectors for normal and abnormal activity, i.e., the normal
case was represented as (T-Ex1, T-Ex2) = (1,0), while the abnormal case was represented
as (T-Ex1, T-Ex2) = (0,1). The loss function used in the autoencoder training was the mean
squared error (MSE).
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Figure 1. The model structure of the 3-layer autoencoder used for pre-training. There were 34 units
in the input layer. In the hidden layer, a feature vector (feature values) that encoded the inputs was
obtained. There were 34 units in the output layer, in which the inputs were reconstructed from the
hidden layer vectors. The number of units in the hidden layer was 20, i.e., the feature values were
represented by 20-dimensional vectors.

Figure 2. The model structure used for the fine-tuning, which was constructed after pre-training with
the 3-layer autoencoder. The output layer in Figure 1 was removed and the model was connected to a
new output layer to predict T-Ex1 and T-Ex2.

Next, a classifier was constructed using the autoencoder (Figure 2) to conduct fine-
tuning. As the goal was to predict T-Ex, T-Ex could not be used as an input at this
stage. Accordingly, when conducting fine-tuning, zeros were used as the inputs for the
units corresponding to T-Ex. The two units in the output layer produced the respective
probability that the input was normal or abnormal. The loss function used for fine-tuning
was cross-entropy. Note that the weights of the input and hidden layers were adjusted in
pre-training and further updated in fine-tuning.

For comparison, we also constructed a model based on a 4-layer autoencoder. The
4-layer autoencoder and the structure for fine-tuning are shown in Figures 3 and 4, re-
spectively. The numbers of input and output units were the same as in the 3-layer case,
while there were 20 units in both the first and second hidden layers. Representation ability
increases with the number of neural network layers; however, because the amount of
treated data was limited in this study, it was possible that overfitting could occur simply by
deepening the number of layers. To prevent this overfitting, dropout [23] was applied to
the first and second layers of the autoencoder (the dropout rate was 20% for the first layer
and 10% for the second layer).

45



J. Clin. Med. 2023, 12, 4297

Figure 3. The model structure of the 4-layer autoencoder used for pre-training. The input layer had
34 units. In the two hidden layers, the vectors (feature values) that encoded the inputs were obtained.
The output layer had 34 units and the inputs were reconstructed from the hidden layer vectors.

Figure 4. The model structure used for fine-tuning, which was constructed after pre-training with
the 4-layer autoencoder. The output layer in Figure 3 was removed and the model was connected to a
new output layer to predict T-Ex1 and T-Ex2.

2.5. Calculating the Importance of Each Test Item

Permutation importance [3] was used to calculate the importance of each test item.
Permutation importance is a method of randomly substituting feature values between
data. Using this process, the substituted feature values stop correlating with the response
variable, that is, they lose their ability to explain the response variable. By comparing the
accuracy when using the substituted data (accsubstitute) and the accuracy prior to substitu-
tion (accoriginal), we could calculate to what extent the feature values contributed to the
prediction. The importance of a test item was calculated using Equation (1).

importance(i) = accoriginal(i)− accsubstitute(i), (1)

where i is a test item with values that have been substituted to calculate its importance.

3. Evaluation Metrics and Results

3.1. Evaluation Metrics

In this section, we explain the method for separating the dataset into training and
testing datasets. Here, the word “testing” is used to represent the testing dataset, while
“test” is used for medical tests. The data used in this study included test results for the
same patients on different days. Separating the dataset without taking this into account

46



J. Clin. Med. 2023, 12, 4297

produced the possibility that test results from the same patient were included in both the
training and testing datasets. As reliable prediction results could not be obtained in such
cases, we ensured that data from the same patient were not included in either the training
or testing datasets. Performance was then assessed using 20-fold cross-validation.

3.2. Prediction Accuracy of Each Method

Pairing datasets processed using one of the three missing value imputation methods
with one of the four types of neural networks (NNs) (i.e., 3- and 4-layer NNs without
pre-training and those with pre-training) yielded a total of 12 condition patterns. The
mean accuracy for each method is shown in Table 2. The 3-layer NN that was pre-trained
with missing values processed using MICE (3-layer NN with PT (MICE)) had the highest
accuracy of 73.00%. In addition, focusing on missing value processing, MICE yielded the
highest prediction accuracy compared to zero-padding (p = 0.00025) and kNN (p = 0.023).
Conventionally, XGBoost [24] is often used in the analysis of table data; thus, a comparison
between XGBoost, MICE, and the proposed method was also conducted. The accuracy of
the proposed method was 73.00%, which was higher than that of XGBoost (66.12%) with
a significant difference (p = 0.016). Therefore, the 3-layer NN with PT (MICE), i.e., the
method with the highest accuracy, was used for the subsequent experiments.

Table 2. The mean accuracy obtained by each method. The 3-layer NN with PT (MICE) showed the
highest accuracy.

Method Accuracy (%)

3-layer NN without PT (zero-padding) 68.44
3-layer NN without PT (MICE) 72.55
3-layer NN without PT (kNN) 70.32
4-layer NN without PT (zero-padding) 65.98
4-layer NN without PT (MICE) 72.66
4-layer NN without PT (kNN) 69.74
3-layer NN with PT (zero-padding) 68.05
3-layer NN with PT (MICE) 73.00
3-layer NN with PT (kNN) 71.52
4-layer NN with PT (zero-padding) 67.63
4-layer NN with PT (MICE) 72.81
4-layer NN with PT (KNN) 70.05

Note: PT, pre-training.

3.3. Importance of Each Test Item

We calculated the permutation importance of each test item. In Figure 5, the impor-
tance of each test item is shown in a box plot. The triangles show the mean values and the
test items are sorted by their mean values. Table 1 shows detailed information about the
data statistics and their importance. In Table 1, the items are listed in order of importance.
As previously stated, larger importance values indicated more important test items. In
Figure 5, it can be seen that sex, the number of cigarettes per day, age, whole body phase
angle, DDR, mMRC, FEV1, %RV/TLC, pack years, and BNP were the most important test
items (in this order). Interestingly, whole body phase angle (nutrition status) was the fourth
most important test item. Test items showing an importance of 0 or less did not contribute
to the prediction or could have been noise due to the effects of individual differences.
The lifestyles of the patients also influenced their physical activity, so large deviations in
importance were also found for some test items.
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Figure 5. The importance of each test item. The horizontal axis shows the test items and the vertical
axis shows their importance. The test items in order of effect on prediction performance were sex, the
number of cigarettes per day, age, whole body phase angle, DDR, mMRC, FEV1, %RV/TLC, pack
years, and BNP.

3.4. Comparison of Classification Performance by the Number of Items Used

Making it possible to predict physical activity not only in large hospitals but also in
regional clinics could contribute to the treatment of COPD by reducing test costs. Accord-
ingly, to ascertain whether it would be possible to perform predictions using a smaller
number of test items, we also inspected how classification performance changed as the
number of test items decreased. Below are the five conditions that were used for this
investigation.

1. 32 items (all of the test items);
2. 28 items (removing blood test);
3. 19 items (removing blood test and lung function test);
4. 15 items (removing blood test, lung function test, and walking test);
5. 10 items (removing blood test, lung function test, walking test, and chest

imaging test).

Condition 1 was the case in which all 32 test items were used, while conditions 2 to 5
removed the blood test, lung function test, walking test, and chest imaging test one by one.
Note that the items removed from conditions 2 to 5 were determined by referencing the
items with the lowest importance in Figure 5 and considering the costs of the tests.

Table 3 shows the accuracy, precision, sensitivity, and specificity of each condition. As
expected, the highest accuracy, precision, sensitivity, and specificity were obtained when all
32 items were used. However, even in condition 5, an accuracy of 69.28% was obtained, that
is, the difference between conditions 1 and 5 was 3.72%. The test items used in condition
5 were age, sex, BMI, whole body phase angle, grip strength (left hand), Charlson index,
pack years, the number of cigarettes per day, CAT, and mMRC. The p-values between
the accuracy of condition 1 and the accuracy of the other conditions did not show any
significant differences; therefore, a smaller number of test items could be conducted in
ordinary clinical practice for the screening of physical activity disorder.
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Table 3. The classification performance using different numbers of test items. The classifier using all
32 items showed the best accuracy, precision, sensitivity, and specificity. On the other hand, even
when the number of test items was reduced to 10, the accuracy was still approximately 69%. The
p-values show the results of t-tests on accuracy between condition 1 and the other conditions and
demonstrate that there were no significant differences.

# of Items Accuracy Precision Sensitivity Specificity p-Value (vs. Condition 1)

32 73.00 75.34 76.59 69.40 –
28 70.78 73.07 73.49 67.79 0.178
19 69.42 70.23 72.64 69.10 0.106
15 69.05 72.09 73.66 67.65 0.055
10 69.28 71.09 73.66 67.08 0.182

3.5. Sensitivity of T-Ex by Range

In this study, all T-Ex values of less than 3 were classified as abnormal, but a T-Ex
value of less than 1.5 is defined as physical inactivity and implies a poor prognosis [25].
As a result, for patients with T-Ex values of 1.5 or less, there is a particularly prioritized
need for physicians to respond, so it would be preferable to be able to predict these values
without overlooking any cases. Accordingly, in this section, we analyze the sensitivity
of T-Ex by range (Table 4). The analysis was performed using a prediction model for all
32 items. In this investigation, cases were divided into 2.5 ≤ T-Ex < 3.0, 2.0 ≤ T-Ex < 2.5,
1.5 ≤ T-Ex < 2.0, and T-Ex < 1.5 and the sensitivity was calculated for each range. As
can be seen from Table 4, the number of cases in which 2.5 ≤ T-Ex < 3.0 was 217, of
which 166 cases were correctly predicted to be abnormal with a sensitivity of 76.50%. The
sensitivity for 2.0 ≤ T-Ex < 2.5 was 79.46%, while that for 1.5 ≤ T-Ex < 2.0 was 85.62%
and that for T-Ex < 1.5 (severe physical activity reduction) was 89.36%. The sensitivity
increased for patients with lower T-Ex values, indicating that the trained model captured
the features of physically inactive patients.

Table 4. The sensitivity by T-Ex range. TP (true positive) represents the number of correctly predicted
positive cases as positive and FN (false negative) represents the number of incorrectly predicted
positive cases as negative. Therefore, TP + FN represents the actual positive numbers. Sensitivity was
calculated using TP/(TP + FN).

2.5 ≤ T-Ex < 3.0 2.0 ≤ T-Ex < 2.5 1.5 ≤ T-Ex < 2.0 T-Ex < 1.5

TP 166 147 125 84
TP + FN 217 185 146 94

Sensitivity (%) 76.50 79.46 85.62 89.36

3.6. Classification Performance for Healthy Individuals, Non-COPD Patients, and COPD Patients

We also analyzed the classification performance for healthy individuals, non-COPD
patients, and COPD patients (Table 5). To obtain these results, the same trained model was
used for all three patient categories. Note that the data to be predicted did not provide the
model with any information regarding which category the patients belonged to.

Table 5. The classification performance for healthy individuals, non-COPD patients, and
COPD patients.

Accuracy (%) Precision (%) Sensitivity (%) Specificity (%)

Healthy
Individuals 88.00 0.00 0.00 100.0

Non-COPD
Patients 68.49 70.27 65.00 72.03

COPD Patients 78.32 77.88 93.62 48.98
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As shown in Table 5, extreme values for sensitivity (0%) and specificity (100%) were
found for healthy individuals. Table 6 shows a confusion matrix of the classification results
for healthy individuals, for which only three positive cases were found in the dataset.
Accordingly, it is possible that training was insufficient due to the lack of positive cases
among the healthy individuals. It is also possible that the test results obtained for healthy
individuals rarely showed any signs of physical activity reduction.

The predictions for COPD and non-COPD patients, as shown in Table 5, had high
sensitivity and low specificity, which was contrary to the results for healthy individuals.
Therefore, the features of positive cases were captured well. In the test results for COPD
patients and non-COPD patients, the characteristics of positive cases were strongly ex-
pressed, while it was more difficult to make negative classifications. Tables 7 and 8 show the
confusion matrices of the classification results for COPD patients and non-COPD patients,
respectively. For patients with COPD, out of the 94 actual positive cases, 89 cases were
correctly classified as positive. For non-COPD patients, out of the 120 actual positive cases,
94 cases were correctly classified as positive, indicating a weaker expression of features for
reduced physical activity in comparison to that for COPD patients.

Table 6. The confusion matrix of the classification results for healthy individuals.

Prediction
Positive Negative

Actual Positive 0 3
Negative 0 22

Table 7. The confusion matrix of the classification results for COPD patients.

Prediction
Positive Negative

Actual Positive 88 6
Negative 25 24

Table 8. The confusion matrix of the classification results for non-COPD patients.

Prediction
Positive Negative

Actual Positive 78 42
Negative 33 85

4. Discussion

In this study, test results from patients with respiratory illnesses, including COPD,
who were examined at the Yamaguchi University Hospital in Japan were used to construct
a physical activity prediction model. An analysis was performed to determine which test
items were important for predicting physical activity. While this study shared the same
goal as previous studies in terms of the prediction of physical activity, we aimed to use a
different motivation and technical approach. First, if physical activity could be predicted
using simple tests that could be conducted in daily clinical practice, the efficiency of COPD
treatment could be improved, even in areas with limited medical resources. Second, we
implemented two measures to increase the applicability of machine learning to insufficient
datasets. The first measure was the enhancement of the amount of data using missing
value imputation. As it is difficult to conduct all possible tests on all patients, many
missing values were included in the dataset. Accordingly, the following three missing
value imputation methods were applied to enhance the data: zero-padding, MICE, and
kNN. The second measure was the enhancement of feature extraction through the pre-
training of the neural network using an autoencoder. By extracting useful information
from test items measured during ordinary clinical practice, we strove to improve the
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performance of our prediction model for physical activity using machine learning. The
results of our experiments indicated that the neural network that was pre-trained using
the autoencoder with missing value imputation performed using MICE was the most
effective model. Sex, the number of cigarettes per day, age, and whole body phase angle
were the most important test items. This implied that it could be possible to conduct
screening for reduced physical activity using some low-cost test items while omitting
other tests, such as pulmonary function tests. Moreover, the fact that whole body phase
angle was a useful item allowed us to infer that poor nutritional status could be related
to poor prognosis accompanying physical inactivity. This suggests that in the future,
there could be a need to longitudinally examine whether nutrition treatment interventions
are effective as new methods of treatment for physical activity disorder. Although there
have been studies attempting to find relationships between COPD patients and physical
activity/muscle strength/body composition using whole body phase angle [26–28], to date,
multifactorial analysis using machine learning, including blood, lung function, walking,
and chest imaging tests, has not been performed. Therefore, this study showed that whole
body phase angle was an important indicator for predicting physical activity.

This study had several limitations. First, there is room for improvement in the accuracy
of 73.00%. As the amount of physical activity among patients is related to their personality
and environment, it is difficult to obtain accurate predictions based solely on clinical test
results. Further improvements in prediction performance may be aided by the collection
of new data obtained via questionnaires concerning the living environments of patients.
However, the prediction sensitivity for T-Ex < 1.5 was 89.36%, a level that could be clinically
helpful as a screening method for reduction in physical activity. Furthermore, when
calculating the importance of the test items, we only focused on single items to determine
how much they contributed to the classification. If several highly correlated feature values
existed, it could be possible that some truly important items were regarded as less important
as the information could be imputed from other items, even with the removal of important
items. Accordingly, it may be possible to extract the truly important items by calculating
item importance after simultaneously shuffling highly correlated items. From another
perspective, by changing combinations when shuffling multiple items, it may be possible
to discover that although certain items have a small effect on classification, they could have
a large effect when combined with other items. Additionally, only one type of data from
Yamaguchi University Hospital was used in this study. However, the proposed model is
universally applicable to table-form datasets, including those with missing values; thus,
we will apply it to other datasets and evaluate its performance.
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Abstract: Sedentary behavior has been shown to be an independent predictor of mortality in patients
with chronic obstructive pulmonary disease (COPD). However, physicians have difficulty ascertaining
patients’ activity levels because they tend to avoid shortness of breath. The reformed shortness of
breath (SOB) in the daily activities questionnaire (SOBDA-Q) specifies the degree of SOB by measuring
low-intensity activity behavior in everyday living. Therefore, we aimed to explore the utility of
the SOBDA-Q in detecting sedentary COPD. We compared the modified Medical Research Council
dyspnea scale (mMRC), COPD assessment test (CAT), and SOBDA-Q with physical activity levels
(PAL) in 17 healthy patients, 32 non-sedentary COPD patients (PAL ≥ 1.5 METs·h), and 15 sedentary
COPD patients (PAL < 1.5 METs·h) in this cross-sectional study. CAT and all domains of the SOBDA-
Q in all patients are significantly correlated with PAL, even after adjusting for age. The dietary
domain has the highest specificity, and the outdoor activity domain has the highest sensitivity for
detecting sedentary COPD. Combining these domains helped determine patients with sedentary
COPD (AUC = 0.829, sensitivity = 1.00, specificity = 0.55). The SOBDA-Q is associated with PAL and
could be a useful tool for determining patients with sedentary COPD. Moreover, eating and outing
inactivity claims reflect sedentary behavior in patients with COPD.

Keywords: sedentary behavior; physical activity; patient-reported outcome measures (PROMs);
chronic obstructive pulmonary disease (COPD)

1. Introduction

Shortness of breath (SOB) on exertion is one of the most important symptoms and
is said to accompany exercise intolerance and reduce physical activity in patients with
chronic obstructive pulmonary disease (COPD) [1,2]. Patients with symptomatic COPD
spend less time walking and standing and, consequently, tend to be sedentary compared
to healthy patients [3]. Recent studies show that sedentary behavior is an independent
predictor of mortality in patients with COPD [4,5]. However, it is difficult for physicians to
identify sedentary behavior in patients using a standard questionnaire because patients
with a sedentary lifestyle are more likely to avoid the discomfort of feeling SOB on exertion
and tend to underreport their symptoms. Therefore, in a clinical setting, we subjectively
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assessed sedentary behavior as physical activity (PA) using questionnaires and objectively
assessed PA using pedometers and accelerometers [6]. Although conventional PA-related
questionnaires are inexpensive and easy to apply to patients, they are reported to be less
sensitive than accelerometers, especially when assessing low-intensity physical activity,
including sedentary behavior [6]. This could arise from inaccurate perception, recall of
information by the subject, questionnaire design, age, and the cognitive ability of the
patient [6]. The University of California, San Diego Shortness of Breath questionnaire
(UCSD SOBQ) [7] is a specific daily life activity questionnaire that uses the verbal rating
scale. We devised the SOB in the daily activities questionnaire (SOBDA-Q), which can
detect detailed situations in which patients with COPD experience SOB in their daily
lives. Therefore, we hypothesized that the SOBDA-Q could be a useful tool for detecting
sedentary behavior in patients with COPD.

2. Materials and Methods

2.1. Study Subjects

This is a cross-sectional study. We recruited 17 healthy patients and 47 patients with
COPD who were treated at Yamaguchi University Hospital between January 2017 and
November 2020. Healthy patients were defined as those with no respiratory, cardiovascular,
or musculoskeletal diseases that interfered with their daily lives. COPD was diagnosed by a
respiratory physician in accordance with the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines and treated according to the GOLD guidelines [1]. Patients
with COPD were stable and had no exacerbations for at least three months before the study.
Patients with other pulmonary diseases, such as interstitial lung disease and bronchiectasis,
or those with restricted physical activity due to complications, such as cardiac or neuro-
muscular disease, were excluded. The study protocol was explained to healthy patients
and COPD patients, and written informed consent was obtained from all patients. This
study was approved by the local ethics committee of Yamaguchi Medical University (IRB
number:H27-204).

2.2. Evaluation of Physical Activity

An Active Style Pro HJA-750C® (Omron Healthcare Co., Ltd., Kyoto, Japan) with a
triaxial acceleration sensor was attached to the waist, and physical activity was recorded
continuously for 2 weeks. We measured the metabolic equivalent (METs) values and
calculated the physical activity level (PAL) by multiplying the activity METs by the duration
of the activity in hours (MET·h/day), as previously reported [8,9]. To obtain typical physical
activity data, we collected values from weekdays without rain during the two weeks. The
first and last days of recording were excluded because the data for one day were unavailable.
Based on the 2011 Compendium of Physical Activity [10], we defined PAL < 1.5 METs
as sedentary behavior [11], 1.6–2.9 METs as light-intensity activities [12], 3–5.9 METs as
moderate-intensity activities, and ≥6 METs as vigorous-intensity activities. METs for
various daily activities included approximately 1.3 METs for sitting and quietly watching
TV, 2.0 METs for cooking and washing, 3.0 METs for walking the dog, 4.0 METs for climbing
stairs, and 6.0 METs for bicycling. In addition, the American College of Sports Medicine and
the American Heart Association recommend that older adults perform moderate-intensity
(3 METs to 6 METs) aerobic exercise for at least 0.5 h five days a week [13]. Therefore, we
considered patients with PAL < 1.5 METs·h as those with sedentary behavior [14]. In this
study, we analyzed COPD groups with a PAL cutoff of <1.5 METs·h.

2.3. Assessment of Questionnaire Patient-Reported Outcome Measures (PROMs)

We used the modified Medical Research Council (mMRC) dyspnea scale, COPD
assessment test (CAT), and SOBDA-Q as PROMs. The SOBDA-Q is a composite SOB
questionnaire comprising 22 items organized into six domains of daily living (morning,
dietary, indoor activity, outdoor activity, recreation, and night-time activity) (Table S1). The
SOBDA-Q score was set using a scale with a minimum of one point (I do not do it because
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I feel short of breath) and a maximum of six points (I’m doing as usual without adjusting. I
don‘t feel short of breath). Activity items that were not originally performed were defined
as “no evaluation.” We calculated the average score for every domain except for the absence
of evaluation. For example, if you scored 4 points for brushing teeth, 5 points for changing
clothes, and 4 points for defecation/urination in the morning domain, the score for the
morning domain would be calculated as (4 + 5 + 4)/3 items = 4.33 points (Table S2). This
SOBDA-Q was devised and prepared by Dr. Hiromasa Ogawa, Tohoku University Hospital,
with permission from the authors of the University of California, San Diego Shortness
of Breath questionnaire (UCSD SOBQ) [7]. Trained research assistants administered the
Japanese versions of the mMRC, CAT, and SOBDA-Q to participants.

2.4. Assessment of Pulmonary Function

Pulmonary function was assessed using a dry-rolling seal spirometer (CHESTAC-8800;
Chest Co., Tokyo, Japan) according to the American Thoracic Society/European Respiratory
Society recommendations [15].

2.5. Statistical Analysis

Data are shown as mean ± standard deviation. The chi-square test or Fisher’s exact
test was used to compare the categorical data. Wilcoxon’s rank sum test was used to com-
pare nonparametric data between each group. Spearman’s rank correlation and multiple
linear regression analyses using the least-squares method were performed to analyze the
correlation between PAL and PROMs. We analyzed sensitivity versus specificity using
the area under the curve (AUC) and found a cutoff value for PROMs that could detect
COPD patients with PAL of <1.5 METs·h. Statistical analyses were performed using JMP
Pro®, version 15.0.0 (SAS Institute, Inc., Cary, NC, USA). Statistical significance was set at
p < 0.05.

3. Results

3.1. Patient Characteristics

The baseline patient characteristics are shown in Table 1. This study included 17 healthy
patients, 32 non-sedentary patients with COPD, and 15 sedentary patients with COPD. A
total of 43 patients with COPD (91.5%) were classified as GOLD stages 1 and 2; 17 patients
with COPD (36.2%) had a CAT score <10 points; and 35 patients with COPD (74.5%) had
mMRC grades 0 and 1. Compared to healthy patients, patients with COPD were signif-
icantly more likely to be male, older, and to have a higher smoking status, CAT score,
mMRC grade, and severe airflow limitation (p < 0.0001, p < 0.05, p < 0.0001, p < 0.0001,
p < 0.05, and p < 0.05, respectively).

3.2. Comparison of the Physical Activity among Patients

A comparison of PAL, duration of physical activity, and total number of steps among
the patients is shown in Table 2. PAL, duration of physical activity at all activity intensities,
and the total number of steps are significantly lower in sedentary patients with COPD
across all groups. In particular, the duration of ≥2 METs in sedentary patients with COPD is
significantly reduced to about half of that in non-sedentary patients with COPD (≥2 METs:
208.5 min vs. 93.8 min, p < 0.0001), and the duration of ≥3 METs and ≥4 METs in sedentary
patients with COPD are significantly reduced to about one-quarter of that in non-sedentary
patients with COPD (≥3 METs: 55.2 min vs. 14.7 min, p < 0.0001; ≥4 METs: 12.2 min vs.
2.7 min, p < 0.0001, respectively).
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Table 1. Patient characteristics.

HP
(N = 17)

Non-Sedentary COPD
(N = 32)

Sedentary COPD
(N = 15)

p Value

Number, n (M/F) 4/13 32/0 14/1 <0.0001
Age (years) 61.1 ± 10.6 70.0 ± 8.0 70.9 ± 10.2 <0.05
BMI (kg/m2) 21.8 ± 3.5 22.6 ± 2.8 24.9 ± 4.1 n.s.
Smoking status (non/ex/cu) 15/2/0 0/24/8 0/9/6 <0.0001
Smoking history (pack years) 3.6 ± 11.0 45.2 ± 26.7 51.8 ± 22.0 <0.0001
GOLD (1/2/3/4) - 16/13/3/0 5/9/1/0 -
CAT (<10/≥10) 17/0 12/20 5/10 <0.0001
mMRC(0/1/2/3/4) 13/4/0/0/0 16/9/2/5/0 5/5/4/0/1 <0.05
FEV1 2.38 ± 0.42 2.21 ± 0.56 1.90 ± 0.51 <0.05
%FEV1 106.8 ± 12.6 77.7 ± 18.7 70.4 ± 16.0 <0.0001

Data are shown as means ± standard deviation. Abbreviations: HP, healthy patients; COPD, chronic obstructive
pulmonary disease; BMI, body mass index; non, non-smoker; ex, ex-smoker; cu, current smoker; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; CAT, COPD assessment test; mMRC, modified Medical Research
Council; FEV1, forced expiratory volume in one second. p-value compared across all groups with the chi-square
test or Fisher’s exact test or the Wilcoxon test.

Table 2. Comparison of the physical activity among patients.

HP
(N = 17)

Non-Sedentary COPD
(N = 32)

Sedentary COPD
(N = 15)

p Value

PAL (METs·h) 5.18 ± 1.95 a 3.50 ± 1.99 a 0.87 ± 0.33 <0.0001
≥1METs (min) 776.1 ± 151.4 b 609.4 ± 180.9 c 495.5 ± 222.3 <0.0005
≥2METs (min) 259.8 ± 79.8 a 208.5 ± 87.2 a 93.8 ± 50.8 <0.0001
≥3METs (min) 83.9 ± 33.4 a 55.2 ± 31.3 a 14.7 ± 5.6 <0.0001
≥4METs (min) 20.2 ± 10.9 a 12.2 ± 14.6 a 2.7 ± 2.0 <0.0001
Total number of steps 6315.5 ± 2284.8 a 5224.7 ± 2860.0 a 1714.6 ± 1755.8 <0.0001

Data are shown as means ± standard deviation. Abbreviations: HP, healthy patients; COPD, chronic obstructive
pulmonary disease; PAL, physical activity level; METs: metabolic equivalents; p-value compared across all groups
with Wilcoxon test. a p < 0.001, b p < 0.01, c p < 0.05, in reference to sedentary COPD.

3.3. Comparison of PROMs among Patients

Table 3 shows a comparison of the mean scores for each PROMs among the patients.
Significantly higher mMRC and CAT scores and lower SOBDA-Q scores in all domains are
observed in sedentary patients with COPD. In particular, the average scores in the morning,
dietary, outdoor activity, recreation, and night-time activity domains are significantly lower
in sedentary patients with COPD to non-sedentary patients with COPD.

Table 3. Comparison of PROMs among patients.

HP
(N = 17)

Non-Sedentary
COPD (N = 32)

Sedentary
COPD (N = 15)

p Value

mMRC 0.2 ± 0.4 b 0.9 ± 1.1 1.1 ± 1.1 <0.05
CAT 4.1 ± 3.2 a 11.7 ± 6.7 15.4 ± 9.1 <0.0001
SOBDA-Q

Morning 5.9 ± 0.2 a 5.5 ± 0.7 c 4.4 ± 1.5 <0.001
Dietary 5.9 ± 0.2 a 5.6 ± 0.8 b 4.3 ± 1.6 <0.0005
Indoor activity 5.9 ± 0.3 b 5.2 ± 1.0 4.3 ± 1.8 <0.05
Outdoor activity 6.0 ± 0.1 a 5.1 ± 1.1 c 3.8 ± 1.7 <0.0001
Recreation 5.6 ± 0.4 a 4.8 ± 1.1 c 3.7 ± 1.7 <0.0005
Night-time activity 5.9 ± 0.3 a 5.4 ± 0.9 c 4.3 ± 1.5 <0.001

Data are shown as means ± standard deviation. Abbreviations: HP, healthy patients; COPD, chronic obstructive
pulmonary disease; mMRC, modified Medical Research Council; CAT, COPD assessment test; SOBDA-Q, short-
ness of breath in daily activities questionnaire. p-value compared across all groups with Wilcoxon test. a p < 0.001,
b p < 0.01, c p < 0.05, in reference to sedentary COPD.

57



J. Clin. Med. 2023, 12, 4105

3.4. Correlation between PROMs and Physical Activity

The correlations between PROMs and PAL are presented in Table 4. MMRC and
CAT show a significant moderate negative correlation with PAL in univariate analysis.
All SOBDA-Q domains show significant positive correlations with PAL in the univariate
analysis. The linear regression model adjusted for age using the least-squares method
shows that the CAT and all SOBDA-Q domains have significant independent associations
with PAL.

Table 4. Correlation between PROMs and physical activity in all patients.

Variables

Univariate Analysis Multivariate Analysis

Correlation
Coefficient (ρ)

p Value
Correlation

Coefficient (F)
p Value

mMRC −0.27 <0.05 0.25 n.s.
CAT −0.42 <0.001 4.72 <0.05
SOBDA-Q

Morning 0.48 <0.0001 5.46 <0.05
Dietary 0.6 <0.0001 5.5 <0.05
Indoor activity 0.44 <0.001 5.33 <0.05
Outdoor activity 0.62 <0.0001 6.28 <0.05
Recreation 0.44 <0.0005 4.23 <0.05
Night-time activity 0.44 <0.0005 5.04 <0.05

Univariate analysis was performed by Spearman’s rank correlation coefficient. For multivariate analysis, multiple
linear regression analysis using the least-squares method were performed to adjust correlation of univariate
analysis by age. Abbreviations: n.s., not statistically significant.

3.5. The Relationship between Quartiles of PAL and PROMs

The relationship between quartiles of PAL (Q1: <1.6 METs·h, Q2: 1.6–3.0 METs·h,
Q3: 3.0–4.5 METs·h, Q4: >4.5 METs·h) and mMRC, CAT, dietary, and outdoor activity
domains of SOBDA-Q are shown in Figure 1. Significant differences are observed between
the median values of Q1 and Q3 for CAT (13 vs. 5, p < 0.05). Similarly, the dietary domain
shows significant differences between the median values of Q1, Q3, and Q4 (5 vs. 6,
p = 0.0005, 5 vs. 6, p < 0.005, respectively) as well as between the median values of Q2 and
Q3 or Q4 (5.75 vs. 6, p < 0.01, 5.75 vs. 6, p < 0.05, respectively). The outdoor activity domain
shows significant differences between the median values of Q1, Q3, and Q4 (4.5 vs. 6,
p < 0.005, 4.5 vs. 6, p < 0.0005, respectively).

3.6. The Diagnostic Ability of PROMs to Predict Sedentary Patients with COPD

We assessed the diagnostic ability of PROMs to predict sedentary patients with COPD
using receiver operating characteristics (ROC) analysis (Table 5). The outdoor activity do-
main (cut off points ≤ 5.667) shows the highest area under the curve (AUC), and the dietary
domain (cut off points ≤ 5.5) shows the second highest. Figure 2 shows the ROC curves for
CAT (cut off points ≥ 21) and the SOBDA-Q combination for the two domains (outdoor
activity and dietary). The ROC analysis of the SOBDA-Q combination for predicting COPD
in sedentary patients has an AUC of 0.829, a sensitivity of 1.00, and a specificity of 0.55.

3.7. The Relationship between Stratified CAT, SOBDA-Q Combination, and PAL

Using the cutoff values obtained from ROC analysis, a scatter plot of the relationship
between CAT, SOBDA-Q combination, and PAL is shown in Figure 3. Compared to
the CAT score <21 group, the CAT score ≥21 group shows significantly less physical
activity (p < 0.005). Compared with both negative groups of the SOBDA-Q combination
(two domains negative), at least one domain-positive group (one domain positive or
two domains positive) shows significantly less physical activity (p < 0.05, p < 0.0001,
respectively). In particular, there are no sedentary patients with COPD who test negative
in the two domains of the SOBDA-Q combination.
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Table 5. Diagnostic ability in PROMs to predict sedentary patients with COPD.

Variables AUC Cut Off Sensitivity Specificity

mMRC 0.641 1 0.67 0.59
CAT 0.686 21 0.4 0.92
SOBDA-Q

Morning 0.733 5 0.67 0.76
Dietary 0.759 5.5 0.67 0.8
Indoor activity 0.679 5 0.54 0.76
Outdoor activity 0.817 5.667 1 0.58
Recreation 0.755 4.667 0.67 0.76
Night-time activity 0.756 5.667 0.73 0.73

Abbreviations: mMRC, modified Medical Research Council; CAT, COPD assessment test; SOBDA, shortness of
breath in daily activities questionnaire; AUC, area under the curve.

Figure 1. The relationship between quartiles of PAL and PROMs. (a) Box and whisker plots of PAL
(quartiles) versus (a) mMRC, (b) CAT, (c) SOBDA-Q (dietary), and (d) SOBDA-Q (outdoor activity),
where mMRC, CAT, and SOBDA-Q are represented by PAL (quartiles). Data are presented as the median
and interquartile range (box), with minimum and maximum values (whiskers). Data beyond the end
of the whiskers are called “outlying” points and are plotted individually. PROMs, patient-reported
outcome measures; open circles, healthy patients; closed circles, COPD patients. Data were analyzed
using the Wilcoxon test.
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Figure 2. Diagnostic ability of CAT and SOBDA-Q combination to predict sedentary COPD. CAT,
COPD assessment test; SOBDA-Q, Shortness of Breath in Daily Activities questionnaire; AUC, area
under the curve. The arrow indicates the cut-off point.

Figure 3. The relationship between stratified CAT, SOBDA-Q combination, and physical activity.
CAT, COPD assessment test; SOBDA-Q, Shortness of Breath in Daily Activities questionnaire; open
circles: healthy patients; closed circles: COPD patients. The dotted line represents 1.5 METs·h. Data
were analyzed with the Wilcoxon test.
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4. Discussion

We demonstrate that the newly devised SOBDA-Q significantly correlates with physi-
cal activity levels. Moreover, the combination of dietary- and outdoor-activity-related SOB
can accurately identify patients with sedentary COPD.

The International Physical Activity questionnaire (IPAQ) [16] and its modified version,
the Global Physical Activity questionnaire (GPAQ) [17], are representative physical activity
questionnaires. They are not applied to patients with COPD but to the general adult
population. They do not have sufficient sensitivity to detect low-intensity physical activity
reduction [18], which is a feature of patients with COPD [3]. Meanwhile, the Minnesota
Leisure Time Physical Activity questionnaire (Minnesota LTPA Questionnaire), the Baecke
Questionnaire of Habitual Physical Activity, and the Physical Activity Scale in the Elderly
(PASE) questionnaire are more valid in the older and other populations [6,19–21]. However,
since many patients with COPD limit their daily activities to avoid experiencing dyspnea
and underestimate the feeling of dyspnea by patients themselves [22], it is difficult for
physicians to accurately analogize physical activity, especially daily physical activity, using
the above self-reported questionnaires. We show that in the conventional subjective SOB
evaluation questionnaire, the mMRC is poorly correlated with the objectively measured
PAL and that the mMRC does not increase in a PAL-dependent manner (Table 4 and
Figure 1). In short, the simple SOB questionnaire has limitations in assessing the physical
activity of patients with COPD who tend to avoid daily activities [23–25].

CAT also did not have sufficient power to capture physical activity as sensitively
as SOBDA-Q in this study. CAT includes major symptoms in patients with COPD [26];
however, some questions, such as cough, sputum, and sleep status, are not associated
with physical activity. Furthermore, CAT is formatted as a semantic differential six-point
scale [26], and it may require higher cognitive demands from participants owing to the
abstract level of interpretation between the end-label representations [27]. In other words,
the interpretation of each person’s end-label scores differs depending on how each person
sets the maximum end-label value. On the other hand, SOBDA-Q can reflect wide-intensity
activities in various life situations and specifically determine the latent behavior that saves
daily activities due to SOB. Therefore, as shown in Table 3, SOBDA-Q shows significant
differences in mean scores not only between HP and sedentary patients with COPD, but
also between non-sedentary patients and sedentary patients with COPD. We consider this
detection ability to be a strength of SOBDA-Q. Additionally, SOBDA-Q indicates the degree
of breathlessness in specific terms, making it easier for participants to choose their options
without hesitation. Hence, as shown in Table 4 and Figure 1, SOBDA-Q may have resulted
in more PAL-dependent changes than CAT.

Furthermore, within each SOBDA-Q domain, the dietary and outdoor activity domains
are more important for detecting sedentary COPD (Tables 4 and 5). Meal-induced dyspnea
in patients with COPD is thought to be related to irregular breathing caused due to chew-
ing and swallowing [28,29], abdominal distension after eating [30], and upper extremity
exertion during eating [31,32]. In addition, the causes of an outdoor-activity-related SOB in
patients with COPD are thought to be related to increased respiratory rate and inspiratory
time/total time ratio (Tin/Ttot) and end-expiratory load during a conversation [33–35].
However, the causal relationship is unclear, and further analysis is required to understand
this mechanism.

The specific SOBDA-Q combination had high sensitivity (1.00) for detecting sedentary
COPD (Figure 2). This means that asking patients with COPD questions related to dietary
and outdoor activities would be useful as a screening tool for sedentary behavior. Although
approximately 90% of the patients with COPD in this study had GOLD stages 1 and 2,
approximately 30% had already been sedentary. This is consistent with previous studies in
which COPD patients with GOLD stages 1 or 2 had reduced physical activity [3]. These
results suggest that our SOBDA-Q is useful for detecting sedentary behavior in early-stage
COPD and for initiating early intervention for COPD.
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Regarding the clinical application of SOBDA-Q, Hirano et al. demonstrated that using
SOBDA-Q as a guide for the assistive use of short-acting β2 agonists (SABA) can increase
PAL in patients with COPD [36]. Using the SOBDA-Q as a communication tool in daily
medical practice, medical staff (doctors, nurses, etc.) can recognize and understand patient-
specific breathlessness situations and circumstances. Medical staff will be able to instruct
patients with COPD in situations where they need assistive use of SABA. Patients with
COPD can also access this tool to understand when and how to use assistive use of SABA.
In particular, the SOBDA-Q can identify unrecognized inactivity, which has been restricted
owing to potential SOB in daily life. This concept coincides with previous studies showing
that behavioral change counseling is needed to improve physical inactivity [37]. We believe
that the SOBDA-Q can be an interactive communication tool between medical staff and
patients with COPD that promotes behavioral change.

However, there are several limitations in generalizing the results of this study. First,
the sample size was small, and there was a difference in the ratio of male to female
participants between healthy patients and patients with COPD. Some studies have reported
sex differences in breathlessness and other symptoms in patients with COPD [38,39], which
may have affected the results of this study. In addition, multivariate analysis including sex,
smoking status, and pulmonary function as confounding factors could not be performed in
this study because of lack of statistical power due to the small sample size. In the future,
we will examine this issue with a large sample size. Second, many patients had early
GOLD stage. As there may be differences in symptoms and physical activity according
to the severity of airflow obstruction [40], further studies are needed to verify this by
recruiting more patients with more severe stages. Third, the results were evaluated using
the average score for each SOBDA-Q domain. Using the average score, we were able to
compare the SOB in each daily lifestyle; however, some patients did not perform all daily
physical activities in the domains. Fourth, we did not compare SOBDA-Q to questionnaires
other than the mMRC or CAT. Therefore, we cannot mention any differences from other
questionnaires. We will consider further studies that incorporate other questionnaires
in the future. Fifth, we did not perform a combination analysis of the SOBDA-Q as a
questionnaire for identifying sedentary patients with COPD. Therefore, the present study
did not examine the effect of SOBDA-Q in combination with CAT or mMRC. Further studies
will be conducted to increase the sample size and examine the usefulness of combining the
SOBDA-Q with other questionnaires.

5. Conclusions

The newly developed SOBDA-Q correlates significantly with objectively measured
physical activity and has the potential to accurately identify patients with sedentary COPD.
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Abstract: Physical inactivity correlates with poor prognosis in chronic obstructive pulmonary disease
(COPD) and is suggested to be related to lung hyperinflation. We examined the association between
physical activity and the expiratory to inspiratory (E/I) ratio of mean lung density (MLD), the
imaging biomarker of resting lung hyperinflation. COPD patients (n = 41) and healthy controls
(n = 12) underwent assessment of pulmonary function and physical activity with an accelerometer, as
well as computed tomography at full inspiration and expiration. E/IMLD was calculated by measuring
inspiratory and expiratory MLD. Exercise (EX) was defined as metabolic equivalents × duration
(hours). COPD patients had higher E/IMLD (0.975 vs. 0.964) than healthy subjects. When dividing
COPD patients into sedentary (EX < 1.5) and non-sedentary (EX ≥ 1.5) groups, E/IMLD in the
sedentary group was statistically higher than that in the non-sedentary group (0.983 vs. 0.972).
E/IMLD > 0.980 was a good predictor of sedentary behavior in COPD (sensitivity, 0.815; specificity,
0.714). Multivariate analysis showed that E/IMLD was associated with sedentary behavior (odds ratio,
0.39; p = 0.04), independent of age, symptomology, airflow obstruction, and pulmonary diffusion. In
conclusion, higher E/IMLD scores are associated with sedentary behavior and can be a useful imaging
biomarker for the early detection of physical inactivity in COPD.

Keywords: physical activity; sedentary behavior; density analysis

1. Introduction

Physical activity (PA) in patients with chronic obstructive pulmonary disease (COPD)
is lower than that in healthy subjects [1], and this decline is associated with a greater risk of
mortality and hospitalization [2–4]. PA in patients with COPD is related to many factors,
including age, sex, and the BODE index, which synthesizes information on body mass
index, degree of airflow obstruction, dyspnea, and exercise (EX) capacity [5].

PA and EX tolerance in patients with COPD have previously been evaluated using
self-administered questionnaires, step counts per day, and evaluations of the 6 min walking
distance (6MWD). Of late, triaxial accelerometers have been more sensitive predictors of
mortality and hospitalization [3,4]; however, PA evaluation with this method necessitates a
dedicated measuring device and reliable measurement data recorded on at least three dry
(no rain) weekdays [6]. Therefore, this evaluation method is not practical for all patients
with COPD.
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Physical inactivity has been observed even in the early stages of COPD, before the
onset of breathlessness [7]. Recently, the usefulness of inspiratory–expiratory computed
tomography (CT) has been reported in patients with COPD [8]. Specifically, the expiratory
to inspiratory (E/I) ratio of the mean lung density (MLD; E/IMLD), an imaging biomarker,
has been reportedly used for the evaluation of small airway disease [9–11]. E/IMLD has
been associated with pulmonary function [10–12] and EX tolerance [13]; moreover, it can
detect lung hyperinflation, measured as residual volume (RV)/total lung capacity (TLC),
more accurately than can the change in relative lung volume, with attenuation values
between −860 and −950 Hounsfield units (HU) [14].

In COPD patients, airflow obstruction occurs due to airway wall inflammation and
thickening due to inflammatory cell infiltration [15,16]. The resulting air trapping and lung
hyperinflation, which are characteristic features of COPD, are more strongly associated
with decreased PA than is airflow obstruction [17–19], and reports suggest that these two
factors contribute to the vicious cycles of COPD aggravation [20]. If lung hyperinflation is
closely associated with the mechanisms of physical inactivity, then E/IMLD may be useful
for detecting physical inactivity and predicting poor prognoses in COPD, given that CT is
commonly performed for the assessment of patients with COPD.

Therefore, the aim of the present study was to evaluate the association between PA and
E/IMLD and to examine the ability of imaging biomarkers to detect physical inactivity in
patients with COPD. The hypothesis was that E/IMLD is associated with physical inactivity
in COPD. To the best of our knowledge, no prior studies have evaluated this association.

2. Materials and Methods

2.1. Study Design and Subjects

Between 2016 and 2020, ambulatory patients with COPD aged > 40 years at the Yam-
aguchi University Hospital were recruited for this cross-sectional prospective study. We
did not perform power calculations to determine the optimal sample size for statistical
significance because this was an exploratory study investigating the association between
lung density analysis and PA in a small enrolled sample. We also recruited 12 healthy
controls, aged > 40 years, who underwent CT for further evaluation of abnormal findings
detected during medical examinations and did not demonstrate any abnormalities on the
CT images. All participants underwent pulmonary function tests. COPD was diagnosed
according to a post bronchodilator forced expiratory volume in a 1 s/forced vital capacity
(FEV1/FVC) ratio of < 70%. The exclusion criteria were as follows: poor disease control;
presence of other diseases that could affect walking, such as lower limb paralysis; require-
ment of long-term oxygen therapy; and presence of malignant tumors, which can restrict
PA. All patients were stable and had not experienced exacerbation for at least 4 weeks. The
symptomology was evaluated using the COPD Assessment Test (CAT) and the Modified
Medical Research Council (mMRC) Dyspnea Scale. All participants received an explanation
of the study and provided written informed consent prior to participation. The study was
approved by the institutional review board (No. H27-204-3) of Yamaguchi University
Hospital and has been registered in the UMIN Clinical Trials Registry (UMIN 000024749).
The protocol was in accordance with the principles of the Declaration of Helsinki and its
later amendments.

2.2. PA Evaluations

PA was measured using an accelerometer (Active Style Pro HJA-750C; OMRON
HEALTHCARE Co., Ltd., Kyoto, Japan). Although this device is small (30 × 52 × 12 mm)
and lightweight (approximately 23 g), it can effectively estimate metabolic equivalents
(METs) every 10 s using an internal triaxial accelerometer. All participants wore this
device during all waking hours for 2 consecutive weeks. Their PA levels, denoted as
EX values, were defined as METs multiplied by their durations (i.e., METs × hour/day)
during the last 3 days of monitoring (excluding rainy days and holidays), according to the
methodology described in previous studies [6,21]. The duration of each PA with a value
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of > 1–4 METs was measured in minutes. Patients with COPD showing EX values of < 1.5
(equivalent to < 30 min of walking time per day) and those showing EX values of ≥ 1.5
were divided into the sedentary and non-sedentary groups, respectively [22,23].

2.3. CT Scanning and Lung Density Analysis

All participants underwent volumetric chest CT scans at full inspiration, and expira-
tion was measured using a scanner (Aquilion 64, Toshiba Medical Systems, Otawara, Japan)
with the following parameters: 120 kVp; thickness, 1 mm; and rotation time, 0.28–0.5 s.
Density analyses were performed using a commercial workstation (Virtual Place; AZE
Inc., Tokyo, Japan), as described below. The average HU value for the total lung density
area (−1000 to −300 HU) on CT conducted at inspiration was calculated as the inspiratory
MLD (I). Expiratory MLD (E) was determined at expiration. E/IMLD was denoted as the
E/I ratio [24]. An increase in the E/I ratio, which occurs when there is little difference
in HU between inspiration and expiration, indicates the presence of more severe lung
hyperinflation and air trapping [9,12,14]. A low attenuation area (LAA) was defined as an
area with an attenuation value of < –950 HU in the lung parenchyma.

2.4. Statistical Analyses

All statistical analyses were performed using EZR statistical software (version 1.40;
Saitama Medical Center, Jichi Medical University, Shimotsuke, Japan); a modified ver-
sion of the R commander that was designed to add statistical functions (The R Project
for Statistical Computing, Vienna, Austria) [25]. Continuous variables are presented as
medians ± interquartile ranges, and categorical variables are presented as numbers and
percentages, as appropriate. Comparisons between two continuous variables were per-
formed using the Mann–Whitney U test, whereas those between two categorical variables
were performed using Fisher’s exact test. Spearman’s rank correlation analysis was per-
formed to detect the correlations between E/IMLD and various EX parameters. To identify
the predictive factors for sedentary behavior in COPD, we used multivariate logistic re-
gression analysis to calculate adjusted odds ratios (ORs) and the associated 95% confidence
intervals (CIs). Variables that reportedly affect PA, including age, CAT score, percent pre-
dicted FEV1 (%FEV1), and percent predicted carbon monoxide diffusing capacity (%DLCO),
were included in the multivariate model [5]. A two-side p-value of < 0.05 was considered
statistically significant.

3. Results

3.1. Healthy Subjects vs. Patients with COPD

The baseline characteristics of the participants are shown in Table 1. We enrolled
12 healthy controls and 41 patients with stable COPD. Compared with healthy subjects,
patients with COPD were older and had higher CAT scores. Values of pulmonary function
parameters such as FEV1 and FVC were also significantly lower in patients with COPD
than in healthy subjects. Among the patients with COPD, 19, 20, and 2 showed stages 1, 2,
and 3 COPD, respectively, according to the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria. Thus, almost all the enrolled patients presented with mild-to-
moderate COPD. COPD patients with mMRC ≥ 2 exhibited worsening airflow obstruction,
hyperinflation, and pulmonary diffusion compared with healthy subjects (Table S1). The
EX values were significantly lower (median, 2.29 vs. 4.97 METs × hour; p < 0.0001), while
E/IMLD values were significantly higher (0.975 vs. 0.964, p = 0.01) for patients with COPD
than for healthy subjects (Figure 1). E/IMLD was significantly correlated with EX for all
participants (patients with COPD and healthy subjects: Figure 2, r = –0.36, p = 0.008) and
for patients with COPD (Table 2, r = –0.32, p = 0.04), but not for healthy subjects (Table 2,
r = –0.32, p = 0.32). Moreover, E/IMLD showed a significant negative correlation with the
duration of higher intensity EX (e.g., > 3 METs; Table 2).
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Table 1. Clinical characteristics of healthy subjects and patients with COPD.

HS (n = 12) COPD (n = 41) p-Value

Sex (M/F) 6/6 41/0 <0.0001
Age (year) 62 (56–70) 71 (67–74) 0.02
BMI (kg/m2) 21.4 (19.8–23.8) 22.8 (20.4–24.4) 0.33
Smoking index (pack-year) 10 (0.0–31) 45 (29–103) 0.0004
CAT 4 (3.5–6.3) 11 (7.8–14.5) 0.001
mMRC Dyspnea Scale (0/1/2/3/4) 6/6/0/0/0 17/15/5/3/0 0.62
FEV1 (L) 2.65 (2.39–3.16) 2.21 (1.90–2.46) 0.002
FEV1/FVC (%) 78.2 (75.8–86.9) 63.6 (58.0–66.4) <0.0001
FEV1 % pred (%) 110 (103–115) 77.0 (65.9–85.6) <0.0001
GOLD stage (1/2/3/4) - 19/20/2/0 -
FVC % pred (%) 110 (105–120) 103 (88.6–118) 0.08
RV % pred (%) 114 (103–117) 105 (98.7–128) 0.84
RV/TLC % pred (%) 100 (90.7–113) 90.7 (80.7–102) 0.46
IC/TLC (%) 44.4 (42.5–49.6) 41.4 (34.1–45.8) 0.18
%DLCO (%) 105 (96.8–125) 90.1 (75.8–109) 0.09
%DLCO/VA (%) 94.6 (89.9–105) 75.0 (65.1–102) 0.18

Data are presented as medians (interquartile ranges). Definition of abbreviations: HS, healthy subjects; COPD,
chronic obstructive pulmonary disease; BMI, body mass index; CAT, COPD Assessment Test; mMRC, Modified
Medical Research Council; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity; IC, inspiratory capacity;
DLCO, carbon monoxide diffusing capacity; VA, alveolar volume.

Figure 1. Comparison of EX (a) and E/IMLD (b) values between healthy subjects and patients with
COPD. EX values are lower (median, 2.29 vs. 4.97 METs × hour; p < 0.0001) (a); while E/IMLD values
are higher (median, 0.975 vs. 0.964; p = 0.01) for patients with COPD than for healthy subjects (b).
Definition of abbreviations: HS, healthy subjects; COPD, chronic obstructive pulmonary disease;
METs, metabolic equivalents; EX, exercise (METs × hour); E/IMLD, expiratory to inspiratory ratio of
the mean lung density. The horizontal bars indicate median values.
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Figure 2. Correlations between EX and E/IMLD values for healthy subjects and patients with COPD.
�, healthy subjects; •, patients with COPD. Definition of abbreviations: COPD, chronic obstructive
pulmonary disease; METs, metabolic equivalents; EX, exercise (METs × hour); E/IMLD, expiratory to
inspiratory ratio of the mean lung density.

Table 2. Coefficients of correlation between exercise intensity and E/IMLD for healthy subjects and
patients with COPD.

E/IMLD

All Subjects
(n = 53)

Healthy
(n = 12)

COPD
(n = 41)

>1 MET duration (min) −0.18 −0.02 −0.03
>2 MET duration (min) −0.21 −0.31 −0.15
>3 MET duration (min) −0.37 † −0.31 −0.31 *
>4 MET duration (min) −0.37 † −0.46 −0.36 *
Exercise (METs × hour) −0.36 † −0.32 −0.32 *

* p < 0.05, † p < 0.01. Data are presented as correlation coefficients. Definition of abbreviations: HS, healthy
subjects; COPD, chronic obstructive pulmonary disease; METs, metabolic equivalents; E/IMLD, expiratory to
inspiratory ratio of the mean lung density.

3.2. Predictive Factors for Detecting Sedentary Behavior in COPD

Table 3 shows the results of comparisons between the sedentary and nonsedentary
groups of COPD patients. E/IMLD was significantly higher in the sedentary group than in
the nonsedentary group (0.983 vs. 0.972, p = 0.02; Table 3, Figure 3a). However, CAT scores
and pulmonary function parameters, including FEV1, FVC, DLCO, and LAA%, were not
significantly different between the groups, even after adjustments for age, smoking index,
and the mMRC Dyspnea Scale score (Table 3). Moreover, an E/IMLD of > 0.980 exhibited a
sensitivity of 0.815 and a specificity of 0.714 (area under the receiver operating characteristic
[ROC] curve [AUC] = 0.730) (Figure 3b) for the identification of sedentary patients with
COPD, whereas an age of > 71 years yielded a sensitivity of 0.704 and a specificity of 0.786
(AUC = 0.745; 95% CI, 0.568–0.922).

The results of multivariate analysis indicated that E/IMLD was significantly associated
with sedentary behavior (EX < 1.5) in patients with COPD, with an adjusted OR of 0.39
(95% CI, 0.16–0.95; p = 0.04) when accounting for age, CAT score, predicted %FEV1, and
%DLCO (Table 4).
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Table 3. Comparison between sedentary and nonsedentary groups of patients with COPD.

Sedentary Group
(n = 14)

Nonsedentary Group
(n = 27)

p-Value

Sex (M/F) 14/0 27/0 -
Age (years) 75.5 (72.0–80.8) 68.0 (66.0–72.o) 0.01
BMI (kg/m2) 24.1 (22.0–24.7) 22.7 (20.4–23.9) 0.42
Smoking index (pack-year) 52.9 (41.3–61.5) 38.0 (22.8–51.5) 0.04
CAT 9.5 (7.0–11.8) 12.0 (9.3–16.0) 0.16
mMRC Dyspnea Scale
(0/1/2/3/4) 3/7/4/0/0 14/8/1/3/0 0.02

FEV1/FVC (%) 61.6 (58.1–66.2) 63.7 (58.5–66.8) 0.69
FEV1 % pred (%) 74.4 (58.6–83.8) 80.9 (69.8–90.2) 0.26
GOLD stage (1/2/3/4) 5/9/0/0 14/11/2/0 0.33
FVC % pred (%) 98.0 (80.6–121) 104 (93.3–113) 0.67
RV % pred (%) 115 (103–132) 104 (96.1–121) 0.34
RV/TLC % pred (%) 94.3 (81.2–107) 88.8 (80.7–102) 0.87
IC/TLC (%) 39.0 (33.5–41.8) 44.3 (35.8–47.4) 0.10
%DLCO (%) 92.2 (76.3–109) 89.5 (76.2–109) 0.90
%DLCO/VA (%) 68.0 (60.6–85.8) 85.1 (70.1–107) 0.11
Step per hour 59.1 (49.0–61.5) 64.4 (52.9–73.3) 0.17
6MWD (m) 386 (375–417) 412 (372–459) 0.21
LAA (%) 22.2 (20.9–22.8) 22.5 (20.9–25.6) 0.75
E/IMLD 0.983 (0.972–0.987) 0.972 (0.959–0.976) 0.02

Data are presented as medians (IQR, interquartile ranges). Definition of abbreviations: COPD, chronic obstructive
pulmonary disease; BMI, body mass index; CAT, COPD Assessment Test; mMRC, Modified Medical Research
Council; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; RV, residual volume; TLC, total lung
capacity; IC, inspiratory capacity; DLCO, carbon monoxide diffusing capacity; VA, alveolar volume; 6MWD,
6-min walking distance; SpO2, peripheral oxygen saturation; MWT, 6-min walking test; LAA, low attenuation
area; E/IMLD, expiratory to inspiratory ratio of the mean lung density.

Figure 3. Comparison of E/IMLD for physical activity (a) and ROC curve evaluation of the utility of
E/IMLD for detecting sedentary behavior in patients with COPD (b). A comparison of E/IMLD values
between the sedentary (patients with EX values of < 1.5, n = 14) and nonsedentary (patients with
EX values of ≥1.5, n = 27) groups demonstrates a statistically significant between-group difference
(median, 0.983 vs. 0.972; p = 0.02). The ROC evaluation of the utility of E/IMLD for detecting sedentary
behavior in patients with COPD is shown here. If the cutoff value of E/IMLD is 0.980 (arrow), the
sensitivity and specificity are 0.815 and 0.714, respectively. The AUC is 0.730 (95% confidence interval,
0.568–0.893). Definition of abbreviations: E/IMLD, expiratory to inspiratory ratio of the mean lung
density; ROC, receiver operating characteristic; COPD, chronic obstructive pulmonary disease; EX,
exercise; AUC, area under the receiver operating characteristic curve. The horizontal bars indicate
median values.
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Table 4. Univariate and multivariate analyses of factors predicting sedentary behavior in patients
with COPD.

Variable
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Age (years) 0.89 (0.80–0.99) 0.03 0.87 (0.75–1.00) 0.05
CAT 1.05 (0.95–1.15) 0.34 1.15 (0.99–1.33) 0.07
FEV1 % pred (%) 1.02 (0.98–1.05) 0.38 1.04 (0.92–1.10) 0.21
%DLCO (%) 1.00 (0.98–1.03) 0.78 0.96 (0.92–1.01) 0.11
E/IMLD (%) 0.47 (0.25–0.87) 0.02 0.39 (0.16–0.95) 0.04

Definition of abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval;
CAT, COPD Assessment Test; FEV1, forced expiratory volume in 1 s; DLCO, carbon monoxide diffusing capacity;
E/IMLD, expiratory to inspiratory ratio of the mean lung density.

4. Discussion

The present study demonstrated that higher E/IMLD values were associated with
physical inactivity in stable COPD patients. To the best of our knowledge, this is the first
study to demonstrate an association between E/IMLD values and PA in patients with COPD.
We also found that a higher E/IMLD value (>0.980) was a predictive factor for physical
inactivity in patients with COPD, irrespective of age, symptomology, airflow obstruction,
and pulmonary diffusion. These results confirm that higher E/IMLD values, which are
associated with air trapping and lung hyperinflation, can be useful for detecting sedentary
behavior in patients with COPD. This suggests that E/IMLD can be a new tool for evaluating
physical inactivity in patients with COPD (as an alternative to triaxial accelerometers). We
showed that E/IMLD evaluated using inspiratory and expiratory CT readings showed a
significant negative correlation with PA (Figure 2, Table 2). We also detected sedentary
behavior in patients with COPD (Figure 3). In a previous study, E/IMLD was elevated in
smokers with predicted FEV1 values of < 80% and/or DLCO values of < 80% [10]. Another
study evaluating patients with emphysema showed that E/IMLD was negatively correlated
with the predicted %FEV1 in patients with COPD (in contrast to %LAA) [11]. Studies have
also shown that E/IMLD values are more strongly associated with air trapping derived from
the RV to TLC ratio (RV/TLC) [9,12] and positively correlated with small airway obstruction
evaluated by a single-breath nitrogen test [26]. These findings indicate that E/IMLD may be
an effective imaging biomarker for detecting air trapping, airflow obstruction, and small
airway obstruction in smokers and patients with COPD. This may explain the association
between E/IMLD and EX tolerance observed in the previous study [13], as well as the
association between E/IMLD and physical inactivity in the present study.

Interestingly, the present study demonstrated that sedentary patients with COPD
tended to exhibit mild dyspnea (predominantly mMRC grade 0–1, 71.4%; Table 3). Physical
inactivity is highly prevalent, even in patients with COPD who are not aware of severe
dyspnea (mMRC grade 0, 45.8%; grade 1, 47.2%) [27], and symptom questionnaires may
therefore underestimate physical inactivity in patients with COPD [28]. Similarly, the
present study showed that the evaluation of symptoms on the basis of mMRC and CAT
scores is not necessarily useful for the earlier detection of physical inactivity in patients
with COPD. In addition to the significant negative correlation between E/IMLD and PA in
patients with COPD (Figure 2, Table 2), a strong correlation between higher EX intensity and
E/IMLD was observed in the present study (r = –0.15 for > 2 METs, –0.31 for > 3 METs, –0.36
for > 4 METs) (Table 2). Minakata et al. reported that PA of higher intensity was reduced
in patients with COPD; compared with healthy subjects, patients with COPD showed
reductions of 23.1% for ≥ 2.0 METs and 66.9% for ≥ 3.5 METs [29]. This report helps explain
why E/IMLD preferentially identifies a decrease in PA of significantly higher intensity.

The PA levels of patients with COPD enrolled in the present study were significantly
lower than those of healthy subjects, although the majority of enrolled subjects had mild-
to-moderate COPD, and the median predicted FEV1 in patients with COPD was 77.0%
(Table 1). Moreover, half the sedentary patients with COPD had GOLD stage 1 COPD
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(14/27, 52%; Table 3). Previous studies have shown that FEV1, inspiratory capacity (IC), RV,
and DLCO values are associated with PA in patients with COPD [17–19]. However, our
data showed that the values of various pulmonary function parameters, such as airway
obstruction (FEV1), static hyperinflation (IC/TLC), and diffusing capacity (DLCO), were not
significantly different between sedentary and nonsedentary patients with COPD (Table 3).
These differences may be attributed to the varying backgrounds of the participants. For
example, in a previous study that included patients evenly categorized according to GOLD
stages 1–4, the mean predicted %FEV1 was 40–60%, which was significantly lower than
that in the present study [17–19]. In other words, prior studies have shown that airway
obstruction is associated with physical inactivity in patients with more severe COPD,
whereas the present study indicated that E/IMLD is more useful than is spirometry for
detecting physical inactivity in patients with less advanced COPD. Further prospective
studies are required for a more comprehensive evaluation of the association between PA
and lung density.

Of late, CT evaluations have shown that extrapulmonary factors such as skeletal
muscles are associated with PA and air trapping [30]. Because E/IMLD is the difference
between inspiration and expiration on CT, it may be affected by the strength of the lungs
and respiratory muscles. Additional studies should evaluate the association between
respiratory muscle volume and density in sedentary patients with COPD in more detail. In
the present study, ROC curve analyses indicated that an E/IMLD value of > 0.980 showed
good sensitivity with a high AUC value for the detection of sedentary behavior in patients
with COPD (Figure 3b). Of course, age was correlated with both physical activity and
E/IMLD because age was thought to effect physical activity and progressive hyperinflation
in COPD patients. Nevertheless, multivariate analyses showed that the association between
E/IMLD and sedentary behavior in patients with COPD was independent of age, CAT score,
% predicted FEV1, and %DLCO (Table 4). Our findings indicate that E/IMLD is useful to
screen for physical inactivity prior to symptom progression and onset of lung dysfunction
in COPD. Aging was a predictive factor for physical inactivity, but sensitivity was better
for E/IMLD than for age. Moreover, the usefulness of bronchodilators for improving PA
when evaluating improvements in airway obstruction with COPD has been controversial,
as mentioned in a few previous reports [31–38]. In contrast, Takahashi et al. recently
reported that tiotropium/olodaterol reduced the duration of PA with 1.0–1.5 METs, thus
improving PA [39]. Furthermore, according to the American Thoracic Society guidelines,
patients with COPD showing EX intolerance must be treated with long-acting β2-agonist
(LABA)/long-acting muscarinic antagonist (LAMA) combination therapy instead of LABA
or LAMA monotherapy [40]. This suggests that early detection of physical inactivity may
facilitate initial dual bronchodilator treatments to improve PA in inhaler-naive patients
with COPD. Other therapeutic interventions, such as long-lasting rehabilitation programs
and educational initiatives aimed at increasing PA and thereby optimizing health, also
exist [31,41,42]. Moreover, early detection of physical inactivity by the evaluation of
E/IMLD may decrease the risk of exacerbation and improve the prognosis of patients
with COPD. Although CT increases medical radiation exposure, evaluation of E/IMLD
should be considered for patients with COPD who exhibit few symptoms and preserved
pulmonary function.

This study has some limitations. First, this was a cross-sectional study conducted
at a single institution, and the number of enrolled patients was small. This may have
resulted in uncontrolled bias inherent to the study design. Second, most of the targeted
patients presented with mild-to-moderate disease, which limits the generalizability of
the study findings. Notably, however, the rate of coexistence of severe COPD with heart
disease or neuromuscular disorders causing activity restriction is high. Third, certain
cardiorespiratory variables that may affect sedentary behavior, such as respiratory muscle
force, lung elasticity, and various physiological responses (heart rate, maximal oxygen
assumption, and ventilation at maximal EX), could not be accounted for in the present
study. Four, all COPD patients were male compared to the female patients in the healthy
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subjects group (Table 1); therefore, the comparison by sex is not sufficient in this study. The
sex differences in COPD patients have been reported to affect dyspnea [43], the severity
of CT emphysema [44], and physical inactivity [45]. Future studies should evaluate these
topics in a more comprehensive fashion.

5. Conclusions

We demonstrated that higher E/IMLD values were associated with sedentary behavior
in patients with mild-to-moderate COPD. The results suggest that this imaging biomarker is
a useful tool for the early detection of physical inactivity in patients with COPD, which can
improve the quality of life and health trajectories in this patient population. Our findings
need to be verified in future highly powered investigations. However, they are expected to
guide future study directions and, if confirmed, will ultimately facilitate the development
of medical guidelines and interventions.
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Abstract: Physical activity is decreased in patients with chronic obstructive pulmonary disease, and
decreased physical activity leads to a poor prognosis. To determine an individual’s target step count
from the measured step counts and predicted step counts, simple and detailed prediction equations
for step count were developed. To verify the validity of the simple prediction equation, the validity of
the simple equation was evaluated in a different cohort and the correlation between the step counts
calculated by the simple equation and those by the detailed prediction equation were evaluated.
When the step counts calculated by the simple prediction equation for all participants were compared
with the measured step counts, a significant correlation was obtained among them, and the calculated
values were found to be reproducible with the measured values in patients with a measured step
count of <6500 by Bland–Altman plots. Furthermore, the values calculated by the simple prediction
equation and those calculated by the detailed prediction equation showed a significant correlation.
In conclusion, the simple prediction equation was considered reasonable.

Keywords: chronic obstructive pulmonary disease; COPD; physical activity; step count; prediction
equation

1. Introduction

Physical activity is decreased in patients with chronic obstructive pulmonary disease
(COPD) compared to healthy controls [1,2], and decreased physical activity leads to a
poor prognosis [3,4]. Physical inactivity is typically associated with all-cause mortality in
patients with COPD [5].

Recently, the use of tri-axial accelerometers to evaluate physical activity has attracted
attention, and various studies have been conducted [6–14]. However, tri-axial accelerome-
ters are not yet widely available and are not familiar to general physicians. A pedometer is
a simple device for evaluating physical activity, and the daily step count has been used as
an indicator of physical activity [15–17]. For the general population, the American College
of Sports Medicine recommends moderate-intensity cardiorespiratory exercise training
for ≥30 min/day ≥5 days/week, vigorous-intensity cardiorespiratory exercise training
for ≥20 min/day ≥3 days/week (≥75 min/week), or a combination of moderate- and
vigorous-intensity exercise to achieve a total energy expenditure of ≥500–1000 metabolic
equivalent (MET)·min/week [18]. However, there have been no recommendations regard-
ing target values of physical activity for patients with COPD. Since patients with COPD
have limited physical activity due to reduced lung function, goals comparable to those of
healthy individuals may be excessive and should be recommended based on the number of
steps expected for each COPD patient.

The factors related to the daily step count among anthropometry, dyspnea, and pul-
monary function test findings in Japanese patients with COPD were evaluated and a simple
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prediction equation for the daily step count using three variables, namely age, a modi-
fied Medical Research Council (mMRC) dyspnea scale, and inspiratory capacity (IC), was
developed [19]. In addition, since physical activity in COPD patients is considered to be
affected by various factors, the use of more factors was examined and a detailed prediction
equation for the step count using four variables were developed; these four variables are
a 6-min walking distance (6MWD), the mMRC dyspnea scale, the Hospital Anxiety and
Depression Scale (consisting of seven items for anxiety; HADS-A) and the forced expiratory
volume in one second as a percentage of the predicted value (FEV1 %pred) [20]. Although
the detailed prediction equation is considered more accurate, measuring the 6MWD and
HADS-A is not easy in daily clinical practice. Therefore, the simple prediction equation
may be more practical. Recently, a study has been started to try to increase the step count to
reach the target value, which was determined from the measured step counts and predicted
values of the step counts by the simple prediction equation [21]. It is necessary to verify
whether the simple prediction equation is indeed accurate.

In the current study, to verify the validity of the simple prediction equation, the validity
of the simple equation was evaluated in a different cohort and the correlation between the
step count calculated by the simple equation and that by the detailed prediction equation
was examined.

2. Materials and Methods

2.1. Design

The previous data from a multicenter, prospective cross-sectional study conducted
at 23 institutions belonging to National Hospital Organization of Japan were used as
secondary use, in which the detailed prediction equation of physical activity in Japanese
patients with COPD was developed [20].

2.2. Evaluations

To verify the simple prediction equation of step count for the current cohort, the
standard value of the step count for each patient by applying the simple equation was
calculated and compared with the actual measured value. Moreover, the step counts
calculated by the simple prediction equation was compared with those calculated by the
detailed prediction equation and the correlation between the two was examined.

2.3. Measurement of Step Count

Subjects wore a tri-axial accelerometer (Active style Pro HJA-750C [HJA]; Omron
Healthcare, Kyoto, Japan) on their waist for 15 to 29 days. From the measured days, the
first and last days, rainy days, holidays, days with an average temperature of less than
2.5 ◦C, days with unusual activities, and days with <8 h per day of measurement time were
excluded. Of the remaining valid days, the average of the data from the first three days
was used.

2.4. Prediction Equations

The equation by Nakanishi et al. was employed as a simple prediction equation [19].
This is the equation created using a multiple regression analysis with the age, gender, body
mass index (BMI), smoking history, IC, forced vital capacity as a percentage of the predicted
value (FVC %pred), FEV1 %pred, and mMRC dyspnea scale as independent variables. The
simple equation was as follows:

step count = (−0.079 × age − 1.595 × mMRC dyspnea scale + 2.078 × IC + 18.149)3

The equation by Minakata et al. was used as a detailed prediction equation [20]. This
is the equation created based on a multiple regression analysis with the age, gender, height,
weight, BMI, smoking history, IC, FVC %pred, FEV1/FVC, FEV1 %pred, 6MWD, lowest
percutaneous oxygen saturation during the 6MW test, upper arm circumference, subcuta-
neous fat thickness of triceps branch, grip strength, fasting blood glucose, hemoglobin A1c,
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red blood cells, hemoglobin, brain natriuretic peptide, albumin, HADS-A, mMRC dyspnea
scale, treatment history, rehabilitation history, and comorbidities as independent variables.
The detailed equation was as follows:

step count = (0.01 × 6MWD − 0.666 × mMRC dyspnea scale + 0.155 × HADS-A + 0.029 × FEV1 %pred + 9.843)3

2.5. Statistical Analyses

Statistical analyses were performed using the GraphPad Prism 7 software program
(GraphPad Software, San Diego, CA, USA). Correlation coefficients and Bland–Altman
plots were used to compare the measured and calculated step counts. The level of statistical
significance was considered to be p < 0.05.

2.6. Ethical Consideration

This study was conducted in accordance with the Declaration of Helsinki and was
approved by the local ethics committee (IRB Committee of National Hospital Organization
Wakayama Hospital; approval number: 03-4; approval date: 22 April 2021) and has been
registered with the University Hospital Medical Information Network (UMIN 000047281,
26 March 2022). The contents of this study and the opportunity to reject the agreement
were explained on the website of the National Hospital Organization Wakayama Hospital.

3. Results

In all, 253 patients were recruited, and 239 were enrolled. Among enrolled patients,
12 had fewer than 3 valid days, so 227 patients were ultimately included in the analysis
(Figure 1). The age was 73.1 ± 6.7 years old, the FEV1 %pred was 62.7% ± 20.9%, and
the FVC %pred was 99.6% ± 19.5% (Table 1). Histograms for the indicators used in the
prediction equations (6MWD, HADs anxiety score, IC, mMRC dyspnea scale, FEV1 %pred
and age) are shown in Figure 2.

Figure 1. CONSORT diagram. Abbreviations: FEV1, forced expiratory volume in one second; FVC,
forced vital capacity; BD, bronchodilator.
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Table 1. Patient characteristics.

Gender (Male/Female) 213/14

Age 73.1 ± 6.7

Smoking (pack-year) 64.2 ± 66.5

BMI 22.5 ± 3.4

COPD stage (1/2/3/4) 54/110/48/15

mMRC (0/1/2/3/4) 51/108/42/24/2

IC (L) 2.22 ± 0.56

FVC (L) 3.28 ± 0.78

FVC %pred (%) 99.6 ± 19.5

FEV1 (L) 1.64 ± 0.60

FEV1 %pred (%) 62.7 ± 20.9

FEV1/FVC (%) 49.7 ± 13.2

HADS anxiety score 3.3 ± 2.6

HADS depression score 4.3 ± 3.1
Abbreviations: BMI, body mass index; mMRC, modified British Medical Research Council; IC, inspiratory capacity;
FVC, forced vital capacity; FVC %pred, FVC % of predicted; FEV1, forced expiratory volume in one second;
FEV1 %pred, FEV1 % of predicted; HADS, Hospital Anxiety and Depression Scale; COPD, chronic obstructive
pulmonary disease.

Figure 2. Histograms of the indicators. Abbreviations: 6MWD, 6 min walking distance; HADS,
Hospital Anxiety and Depression Scale; IC, inspiratory capacity; mMRC, modified British Medical
Research Council; FEV1 %pred, forced expiratory volume in one second % of predicted.

When the step counts calculated by the simple prediction equation for all 227 partici-
pants were compared with the measured step counts, a significant correlation was obtained
among them (r = 0.344, p < 0.0001) (Figure 3A). However, when both step counts were ex-
amined with the Bland–Altman plots, there was no fixed bias, although a proportional bias
was noted (Figure 3B). According to Nakanishi’s report, the values calculated by the simple
prediction equation were reproducible with the values measured by the Bland–Altman
plots in patients whose measured step count was <6500 steps [19]. In the current population,
the calculated values by the simple prediction were also found to be reproducible with the
measured values in patients with a measured step count <6500 (Figure 4). Furthermore,
reproducibility was obtained in patients with a measured step count <7500.
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Figure 3. Correlations between the measured values and calculated values by the simple equation.
(A) Scatter plot and (B) Bland–Altman plot.

Figure 4. Correlations between the measured values and calculated values by the simple equation in
patients with <6500 measured step. (A) Scatter plot and (B) Bland–Altman plot.

The values calculated by Nakanishi’s simple prediction equation and those calculated
by Minakata’s detailed prediction equation showed a significant correlation (r = 0.657,
p < 0.0001) (Figure 5).

Figure 5. Correlation between the step count calculated by the simple prediction equation and that
calculated by the detailed prediction equation.
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4. Discussion

The calculated step counts obtained from Nakanishi’s simple prediction equation
showed a significant correlation with the measured step counts in the current population
among patients with a measured step count <6500, confirming its reproducibility. In
addition, it showed a significant correlation with the calculated step counts obtained from
Minakata’s detailed prediction equation.

The simple prediction equation was confirmed to be reliable in patients with COPD
and a low step count. The number of patients with a step count <6500 was 185 among
227 recruited patients (81.5%) in the current cohort and 121 among the 162 (74.7%) in the
cohort for the development of Nakanishi’s simple prediction equation [19]. In the previous
meta-analysis on the step counts in patients with COPD, the mean step count was 4579.3
(95% confidence interval 4310.2–5208.4) [22], which suggests that the daily step count
of most patients with COPD is <6500. Therefore, Nakanishi’s prediction equation was
found to be reproducible in different cohorts and may be a useful tool for evaluating the
individual predictive step counts in most patients with COPD.

The step counts calculated by the simple prediction equation correlated with those
calculated by the detailed prediction equation. The simple equation consisted of the age,
mMRC dyspnea scale, and IC, whereas the detailed equation consisted of the 6MWD,
mMRC dyspnea scale, HADS-A, and FEV1 %pred. The mMRC dyspnea scale was the
only common variable between these two equations. The mMRC dyspnea scale has been
reported to correlate with the step count and physical activity in many reports [15,23,24]
and detailed prediction equations, and it was considered to be an important factor for
the step count. Exercise capacity may be related to physical activity [1,2,25–28], and the
6MWD was included in the detailed equation. However, it was not included in the simple
equation because exercise capacity was not evaluated as an independent variable for that
equation. Exercise capacity has been reported to be more closely related to IC than to
FEV1 %pred [29]. In the current cohort, the 6MWD was multicollinear with IC (r = 0.270,
p < 0.001), as was FEV1 %pred (r = 0.458, p < 0.001) [20]. A decrease in the 6MWD can
be predicted by a decrease in the IC/TLC ratio, with a 0.1-unit decrease in the baseline
IC/TLC ratio resulting in a 12.7-m decrease in the 6MWD per year [30]. In addition, IC
reflects the resting hyperinflation of the lung, and both resting and dynamic hyperinflation
contribute to reduced physical activity in COPD [31], which suggests that a lower IC may
lead to lower physical activity levels. The 6MWD and FEV1 %pred may thus be able to
predict the step count relatively accurately, but IC might be used to some extent instead of
them. Although the detailed equation is based on a larger number of variables and seems
to be more accurate, the simple equation is easier to use in daily clinical practice.

The attempt to develop a method for setting individual target values of step counts
based on the standardized values calculated by the simple prediction equation and the
actual measured values is being made. A pilot study in which target values were provided
showed the potential to increase the target achievement rate and step count when supplying
such values [21]. The efficacy of providing a target value for the step count needs to be
verified in future studies with a larger scale.

Limitations

Several limitations associated with the present study warrant mention. First, most of
the enrolled patients were men (93.8%). This distribution may be due to the fact that the rate
of men with COPD is higher in Japan than in Western countries [32–35], and patients with
bronchial asthma, which is thought to be relatively common in women, were excluded from
the current cohort. While the number of women was small, gender was included in the
regression analysis as an independent variable in both the simple and detailed prediction
equations and was not extracted as a factor related to the step count. Further studies
including a cohort in which more women participate might be required. Second, there
might have been other step-related factors that were not employed as independent variables
for the prediction equations. Ichinose et al. reported that the job status (employment) as
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well as mMRC dyspnea scale were factors related to the step count [24]. Further studies on
other influencing factors not used in the current study should thus be conducted. Third,
both the simple and detailed prediction equations were based on the Japanese population.
Individual studies may be necessary for populations of other countries.

5. Conclusions

The simple equation for predicting the step count of Japanese patients with COPD was
validated in different cohorts, and the values calculated by it were significantly correlated
with those determined by the detailed prediction equation. The simple prediction equation
was considered reasonable.
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Abstract: Physical exercise is a very promising non-pharmacological approach to prevent or reduce
the cognitive decline that occurs in people aged 60 years or older. The objective of this study was to
determine the effect of a high-intensity intervallic functional training (HIFT) program on cognitive
functions in an elderly Colombian population with mild cognitive impairment. A controlled clinical
trial was developed with a sample of 132 men and women aged >65 years, linked to geriatric care
institutions, which were systematically blind randomized. The intervention group (IG) received a
3-month HIFT program (n = 64) and the control group (CG) (n = 68) received general physical activity
recommendations and practiced manual activities. The outcome variables addressed cognition
(MoCA), attention (TMTA), executive functions (TMTB), verbal fluency (VFAT test), processing
speed (Digit Symbol Substitution Test-DSST), selective attention and concentration (d2 test). After
the analysis, improvement was found in the IG with significant differences with respect to the CG
in the level of cognitive impairment (MoCA), attention (TMTA), verbal fluency and concentration
(p < 0.001). Executive functions (TMTB) showed differences in both groups, being slightly higher
in the IG (p = 0.037). However, no statistically significant results were found for selective attention
(p = 0.55) or processing speed (p = 0.24). The multiple analysis of covariance (MANCOVA) showed
the influence of the education level on all cognition assessments (p = 0.026); when adjusting for
sociodemographic variables, the influence of the intervention remained significant (p < 0.001). This
study empirically validates that the implementation of a HIFT program has a positive effect on
cognitive functions in elderly people with mild cognitive impairment. Therefore, professionals
specialized in the care of this population could consider including functional training programs as an
essential part of their therapeutic approaches. The distinctive features of this program, such as its
emphasis on functional training and high intensity, appear to be relevant for stimulating cognitive
health in the geriatric population.

Keywords: cognition; physical activity; verbal fluency; processing speed; mild cognitive impairment

1. Introduction

Cognition, defined as the ability to learn, remember, solve problems and appropriately
use previously stored information, is one of the most important factors in healthy aging [1].
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Multiple complex structures are strongly affected by aging, generating neuroanatomical
and neurophysiological changes that impact cognition [2]. One of the pathologies that are
associated with cognition as a result of aging is mild cognitive impairment (MCI).

MCI is considered the transition point between the cognition problems expected
during aging and dementia [3]. Although it is a relatively common disease, that affects
between six and fifty million people worldwide with a prevalence that tends to double
every five years [4], no pharmacological treatment exists yet that can prevent or cure it [5].
Considering that the decline in cognition has been multiple times negatively associated
with the practice of physical activity [6,7] and that the prevalence of sedentary lifestyles
along with life expectancy is increasing [8,9], it is logical to think that this disease will
become a public health problem in the medium term.

Hence, many researchers have focused their attention on this pathology, seeking
cost-effective treatments that can help to reduce the economic burden on the health sys-
tems that this disease represents. Among the possible interventions, physical exercise is
highlighted for its effects on blood flow [10], oxidative stress [11] and brain volume [12],
which could mitigate the impact of aging and thus delay the onset of diseases that lead to
cognitive impairment.

Several authors have investigated the effects of physical activity on variables associated
with cognition, such as verbal fluency, processing speed, and selective attention, and have
observed favorable results in the older adult population [13,14]. In recent years, there
has been an increasing recognition that these cognitive variables can serve as predictors
of cognitive impairment, enabling early diagnosis and a more accurate prognosis [15].
Consequently, it is widely considered that exercise practice generates positive effects on
cognition in older adults with MCI.

One training method that has gained particular attention is the high-intensity and
short-duration training, known as High-Intensity Interval Training (HIIT) or its variant
High-Intensity Functional Training (HIFT), which, unlike HIIT, focuses on the execution of
multi-joint exercises with a functional approach that can be adapted to any level of physical
condition [16]. HIFT programs have already been shown to be useful as a means of improv-
ing gait speed, strength, quality of life, muscle function and metabolic performance [17–19],
among others in different populations, but their effects on cognition in older adults with
MCI are still unclear [20]. Therefore, this study seeks to determine the effects of HIFT on
different variables associated with cognition in Colombian older adults with MCI.

2. Materials and Methods

2.1. Study Design

This randomized controlled clinical trial (NCT04638322) was performed following
the guidelines of the Consolidated Standards of Reporting Trials (CONSORT), with the
approval of the Institutional Ethics Committee of the University of Jaén (SEP.20/4.TES)
and in compliance with the Declaration of Helsinki. All participants signed an informed
consent form.

2.2. Participants

The study participants were men and women over 65 years of age with MCI residing
in five private institutions that offer care services for the elderly (nursing homes) in the city
of Santiago de Cali, Colombia. Recruitment was carried out between January and March
2023 through direct visits in which the project was presented to each institution and the
users and their families could decide whether to participate in the study. Each participant
was screened with the MMSE to verify that he/she met the required cognitive level.

Participants were included if they met the following criteria: (i) being 65 years of age
or older, (ii) voluntary acceptance of participation and signature of informed consent and
(iii) having sufficient autonomy to perform physical activities and the ability to follow in-
structions. Exclusion criteria for this study were: (i) people performing some other exercise
program, (ii) contraindicated for performing exercise or physical tests, (iii) medicated with
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beta-blockers, (iv) diagnosed with moderate or severe cognitive impairment, cancer, pul-
monary hypertension, renal failure, heart failure, infected with Human Immunodeficiency
Virus (HIV/AIDS), orphan diseases or with neurological disorders and (v) the population
that does not accept participation or refuses the use of their data for the research.

2.3. Procedures

Randomization was carried out systematically using Epidat 4.2 software (Xunta de
Galicia, Consellería de Sanidade-Servizo Galego de Saúde, Spain); additionally, to guarantee
blinding, different work teams were organized: one for recruitment and admission of
participants, another for the execution of the intervention, and another for pre- and post-
measurements. Likewise, the analysis of the results was performed by an epidemiologist
who was not involved in the previous process and who received the database in a coded
form to keep the information confidential and avoid distinction between the control group
and the experimental group.

The sample size was determined with a confidence level of 95% and a power of
90%, with an expected improvement of 10 points in the mean of each measurement in
the intervention group (IG). The sample size was 120 people, divided into two balanced
groups of 60 people each (60 for the control group and 60 for the intervention group). In
addition, this value was adjusted to a probable loss rate of 20%, for which 145 persons
were randomized.

2.4. Outcomes

Sociodemographic data, including sex, age, socioeconomic strata (according to Law
142 of 1994 that establishes the Regime of Domiciliary Public Services in Colombia), ed-
ucation level, occupation and tobacco and alcohol consumption, was collected through
surveys. This data obtained through surveys were then cross-verified and confirmed with
the participants’ own registration forms, which were submitted upon their admission to
the nursing home.

Cognition was assessed in participants using the following validated scales:
General cognition was assessed with the Montreal cognitive assessment/MoCA test,

which evaluated executive and visuospatial function, memory, attention, language, abstrac-
tion, recall and orientation [21].

Attention and executive functions were assessed through the Trail Making Test part A
and part B (TMTA and TMTB, respectively), which consists of visual and timed motor tasks
where participants had to connect consecutively numbered circles (TMTA) or alternating
circles of numbers and letters (TMTB) [22]. The shorter the time in which the person
manages to connect all the circles, the better the level of attention and executive function is
considered [23].

For verbal fluency, the Verbal Fluency Test (VFT) was applied; this test is widely
used worldwide in neuropsychological evaluation. The instrument consists of asking the
patient to name as many animals as possible for one minute, without using superordinate
categories, such as fish, or subordinate categories [24].

Selective attention and concentration were assessed with the D2 test. Selective at-
tention focuses on the subject’s ability to quickly discriminate and select a specific visual
stimulus (i.e., the letter “d” with two marks) among other randomly appearing distractor
stimuli. This is a time-limited test of following instructions that considers the ability to dis-
criminate stimuli. The output scores are divided into total hits (TH), percentage error (%E),
total test effectiveness (TE), calculated from the difference between total words processed
and errors, and the concentration index (CON), obtained from the difference between TH
and commission errors (errors made by mistakenly marking a letter as correct when it
should have been omitted). This test is a useful instrument in research, showing a high
degree of validity and reliability [25].

Processing speed was assessed through the Digit Symbol Substitution Test (DSST),
a paper-and-pencil cognitive test, presented on a single sheet of paper that requires a subject
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to match symbols to numbers according to a key located at the top of the page. The subject
copies the symbol in spaces below a row of numbers. The number of correct symbols within
the time allowed, usually 90 to 120 s, constitutes the score [26]. The maximum score is 60.

2.5. Intervention

Two groups were defined in this study.
The intervention group (IG) received a HIFT program for 12 weeks with 3 sessions

per week, with a duration of 45 min per session. The sessions were led by a professional in
sports science. The exercises to be performed were divided into three phases. Warm-up:
10 min of joint mobility, starting with neck flexion-extension, rotation and lateral flexion-
inflection while looking at a fixed point. Trunk mobility exercises executing rotations
were performed. For the upper limb, flexion, extension, abduction, and adduction, as well
as internal and external rotation, grip exercises and pumping exercises were performed.
For the lower limb, hip abduction and adduction from a standing position with upper
limb support on the table, as well as hip and knee extension, plantar flexion and ankle
dorsiflexion were performed.

The main part consisted of 25 min divided into 4 intervals of 4 min each, performed
at an intensity of 80–85% of the maximum heart rate. The exercises included a simulation
of a bicycle exercise from a seated position with alternating lower limb movement, wall
push-up from a standing position, chair squat with upper limb stabilization support and
throwing and catching balls against the wall while performing lateral and frontal lunges.
Each exercise was performed for 20 to 30 s as intensely or as fast as possible without
generating joint impact, followed by a rest period of 10 to 15 s before repeating the exercise.

The return to calm consisted of 10 min of muscle stretching, with an emphasis on
the quadriceps, gluteus maximus and gluteus medius, biceps and triceps brachii and
gastrocnemius muscles.

The intervention was standardized and conducted at the group level, with subgroups
of 10 people to facilitate logistics and heart rate control using heart rate monitors. Each
assistant was assigned a maximum of 2 participants for supervision during the training
phase and rest phase, ensuring the necessary intensity was reached.

During the first two weeks, an exercise adaptation protocol was carried out. For this,
in the main phase, aerobic training was performed with an initial intensity of 50% to 60% of
the maximum heart rate. After the third week, the exercises were divided into four 4 min
intervals at an intensity of 80–90% of the maximum heart rate followed by active rest
intervals of 3 min at 40–60% of the maximum heart rate. From the fourth week onwards,
the exercises continued with the same distribution, but the intensity increased to 85–95%
of the maximum heart rate followed by active rest intervals of 3 min at 50–70% of the
maximum heart rate.

On the other hand, the control group (CG) participated in the execution of manual
activities, such as painting mandalas on paper and decorating picture frames. These
activities were directed by occupational therapists and supported logistically by nursing
assistants. The CG engaged in these activities for 12 weeks, with a frequency of 3 sessions
per week and a duration of 45 min each. Additionally, they were provided with the PAHO
physical activity recommendations guide, which had been prepared by professionals in
sports science.

2.6. Statistical Analysis

The population was characterized according to its socio-demographic conditions,
differentiated by groups (CG and IG). Qualitative variables were presented with frequency
and percentage in each category. Given the normal distribution of the cognitive outcome
variables (Kolmogorov–Smirnov test p > 0.05), the data were presented with the mean value
and standard deviation (SD). To ensure equality between groups in the initial conditions,
chi-square and Student’s t-test statistical tests were applied.
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Intra-group analysis was performed with a paired t-test to evaluate changes in each
cognitive test before and after the intervention. The effect size was measured using Cohen’s
d, where a value of ≤0.2 indicates no effect, >0.2 and ≤0.5 indicates a small effect, >0.5 and
≤0.8 indicates a medium effect and >0.8 indicates a large effect [27].

For the analysis of the comparison between IG and CG at the end of the intervention,
the ANOVA test and the mixed ANOVA analysis were performed, with the factor between
groups being participation in or absence from the HIFT program. Each dependent variable
was evaluated with possible group-by-time interactions to determine if significant differ-
ences exist between the groups over time. The within-group factor was time, and the effect
size was evaluated using eta-squared (η2).

Finally, all the dependent variables of cognition were integrated into a multiple regres-
sion model adjusted for the covariates sex, age, initial MMSE level and education level.
For all statistical hypothesis tests, a significance level of 0.05 and a confidence level of 95%
were established and analyzed using the Stata 14.0 statistical package (STATA Corporation,
College Station, TX, USA).

3. Results

From a total of 224 elderly residents in the institutions who were eligible, 145 were
randomized and allocated to the CG (n = 73) and the IG (n = 72). During the follow-up,
13 persons dropped out of the study (5 in the CG and 8 in the IG). Finally, 132 patients
participated in the study; refer to Figure 1.

Figure 1. CONSORT flow diagram showing participant selection and allocation.

The sociodemographic characteristics (Table 1) show a participation rate of 59.8% females
and 40.2% males in the population. They belonged to a middle socioeconomic stratum
(36.4%), completed secondary education (53.0%) or professional education (28.8%), worked
as housewives (41.7%) or were retired (31.8%); they did not use tobacco (95.5%) or consume
alcohol (70.5%) and had an average age of 77.15 ± 7.67 years and an MMSE of 21.54 ± 1.42.
None of the variables measured at baseline showed significant differences between the CG
and IG (p > 0.05), which makes the intervention and post-intervention comparison feasible.
Additionally, no adverse events were reported during the course of the investigation.
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Table 1. Baseline characteristics of the participants (n = 132).

Total (n = 132) CG (n = 68) IG (n = 64) p Value

Age. Mean (SD) 77.2 (7.6) 77.19 (7.7) 77.11 (7.3) 0.951

MMSE. Mean (SD) 21.5 (1.37) 21.56 (1.25) 21.62 (1.59) 0.862

Sex. n (%)
Female 79 (59.8) 41 (60.3) 38 (59.4)

0.914Male 53 (40.2) 27 (39.7) 26 (40.6)

Socioeconomic strata. n (%)

1 0 (0.0) 0 (0.0) 0 (0.0)

0.731

2 0 (0.0) 0 (0.0) 0 (0.0)
3 45 (34.1) 26 (38.2) 19 (29.7)
4 48 (36.4) 23 (33.8) 25 (39.1)
5 22 (16.7) 10 (14.7) 12 (18.8)
6 17 (12.9) 9 (13.2) 8 (12.5)

Education level. n (%)

Elementary school 21 (15.9) 12 (17.6) 9 (14.1)

0.862
High school 70 (53.0) 35 (51.5) 35 (54.7)

College 38 (28.8) 20 (29.4) 18 (28.1)
Postgraduate 3 (2.3) 1 (1.5) 2 (3.1)

Occupation. n (%) Housewife 55 (41.7) 35 (51.5) 20 (31.3)

0.821
Businessman 5 (3.8) 3 (4.4) 2 (3.1)

Self-employed 30 (22.7) 14 (20.6) 16 (25.0)
Employed 42 (31.8) 16 (23.5) 26 (40.6)

Tobacco consumption. n (%) No 126 (95.5) 63 (92.6) 63 (98.4)
0.115Yes 6 (4.5) 5 (7.4) 1 (1.6)

Alcohol consumption. n (%) No 93 (70.5) 46 (67.6) 47 (73.4)
0.466Yes 39 (29.5) 22 (32.4) 17 (26.6)

SD: standard deviation; MMSE: mini-mental status examination; CG: control group; IG: intervention group;
n: frequency.

3.1. General Cognition

Cognitive impairment measured on the MoCA scale initially showed a mean score of
21.53 ± 1.18 for the CG and 21.63 ± 1.53 for the IG (p = 0.687). Post-intervention, a mean
difference of 0.902 was found (CG 21.68 ± 1.27 vs. IG 22.58 ± 1.41), which was statistically
significant with a medium effect size (p < 0.001, Cohen’s d = −0.671), highlighting higher
scores in participants who received the HIFT program. The intra-group analysis paired
t-test was −5.55 (p < 0.001, Cohen’s d = 0.694). The group × time interaction analysis was
also significant (F = 5.87 p = 0.016 η2 = 0.021), which corroborates the effects of the HIFT
intervention and its interaction with the measurement time (see Table 2).

Table 2. Effects of the HIFT program over the general cognition, psychomotor attention, attention
and executive functions, verbal fluency and processing speed.

Test Mean
(SD)

Pre Post Group Time Group × Time

CG IG
p

Value
CG IG

p
Value

F p Value η2 F p Value η2 F p Value η2

MoCA
TEST.

21.53
(1.18)

21.63
(1.53) 0.687 21.68

(1.27)
22.58
(1.41) <0.001 ** 8.98 0.003 * 0.031 10.93 0.001 * 0.038 5.87 0.016 * 0.021

TMTA 95.44
(10.47)

97.25
(12.71) 0.373 93.99

(10.37)
85.86

(10.72) <0.001 ** 5.35 0.021 * 0.018 22.13 <0.001 ** 0.074 13.24 <0.001 ** 0.044

TMTB 204.25
(38.60)

199.33
(29.09) 0.412 199.49

(41.91)
186.83
(24.12) 0.037 * 3.067 0.039 * 0.016 4155 0.043 0.015 0.834 0.362 0.003

VFT 20.19
(3.08)

19.92
(3.18) 0.622 22.2

(3.08)
25.8

(2.43) <0.001 ** 20.5 <0.001 ** 0.048 115.6 <0.001 ** 0.273 27.8 <0.001 ** 0.065

D2 48.90
(9.88)

48.13
(10.45) 0.663 53.97

(14.29)
51.64

(12.12) 0.316 1.135 0.288 0.004 8.699 0.003 * 0.032 0.286 0.593 0.001

D2-TA 130.71
(17.78)

128.53
(16.02) 0.463 111.99

(19.34)
210.58
(41.56) <0.001 ** 20.8 <0.001 ** 0.275 100 <0.001 ** 0.118 254 <0.001 ** 0.300
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Table 2. Cont.

Test Mean
(SD)

Pre Post Group Time Group × Time

CG IG
p

Value
CG IG

p
Value

F p Value η2 F p Value η2 F p Value η2

D2-%E 6.69
(2.30)

6.80
(1.92) 0.767 9.05

(3.38)
5.37

(2.55) <0.001 ** 31.05 <0.001 ** 0.095 02.07 0.151 0.006 34.98 <0.001 ** 0.107

D2-TOT 338.38
(51.86)

335.23
(51.74) 0.728 347.47

(67.37)
354.03
(57.74) 0.55 0.058 0.810 0.000 3.861 0.050 0.015 0.468 0.494 0.002

D2-CON 122.29
(18.32)

120.28
(15.93) 0.503 101.40

(20.53)
204.33
(43.39) <0.001 ** 235.5 <0.001 ** 0.280 92.2 <0.001 ** 0.109 254.7 <0.001 ** 0.302

DSST 48.03
(7.63)

45.50
(8.61) 0.076 48.22

(7.56)
44.77
(9.69) 0.24 8.3808 0.004 * 0.031 0.069 0.793 0.000 0.201 0.655 0.001

MoCA: Montreal cognitive assessment; TMTA: Trail Making Test A; TMTB: Trail Making Test B; VFT: Verbal
Fluency Test; %E: percentage of error; CON: concentration index; CG: control group; IG: intervention group; DSST:
Digit Symbol Substitution Test. *: p value < 0.05; **: p values < 0.001.

3.2. Attention

The attention evaluated at the beginning of the research with the TMTA test, obtained
time records of 95.44 ± 10.47 and 97.25 ± 12.71 s for the CG and IG, respectively. After
the intervention, the measurements showed a decrease in the time taken to execute the
test in the IG (85.86 ± 10.72), which demonstrates a significant improvement compared to
the initial conditions (p < 0.001, mean difference = −0.953 Cohen’s d = 0.694). When post-
intervention comparison was made between groups, a difference of 8.12 s was observed,
which proves that the intervention with HIFT favors attention and speed with a medium
effect (p < 0.001, Cohen’s d = 0.771). The ANCOVA analysis corroborated the group
differences as a function of time (F = 13.24, p < 0.001, η2 = 0.044)

3.3. Executive Functions

The executive functions assessed through the TMTB at baseline showed time records
of 204.25 ± 38.60 for CG and 199.33 ± 29.09 for IG (p = 0.412). Once the intervention
ended, the means of both groups decreased (CG = 199.49 ± 41.91 and IG = 186.83 ± 24.12)
evidencing significant changes within each group, but with a small effect size in CG
(p = 0.027, mean difference = 5.05, Cohen’s d = 0.274) and large effect size in IG (p < 0.001,
mean difference = 12.5, Cohen’s d = 0.880). Consequently, the group × time analysis of
covariance was not significant (F = 0.834 p = 0.36 η2 = 0.003). The intergroup comparison of
the final measurements showed that despite the fact that both showed improvement over
time, the intervention with HIFT had a better outcome, but the effect size of this difference
was small (mean difference between groups = 12.65, p = 0.037, Cohen’s d = 0.367).

3.4. Verbal Fluency

The verbal fluency assessment through the VFT at baseline showed similar scores
(CG = 20.19 ± 3.08 and IG = 19.92 ± 3.18; p = 0.622); after 12 weeks of intervention,
significant differences were observed between the groups, evidencing the influence of HIFT
in the increase of word registration in one minute and a large effect size (CG 22.2 ± 3.08;
IG = 25.8 ± 2.43, mean diff = 3.574, p < 0.001, Cohen’s d = 1.284). The pre- and post-
comparison showed that the IG achieved a significant improvement in verbal fluency and
its effect size is large (p < 0.001, mean difference = −5.844, Cohen’s d = −2.366).

Considering the mixed variance group × time, it was possible to establish that signifi-
cant differences exist between the groups as a function of time, showing changes in the IG
that favor processing speed (F = 27.8, p < 0.001, η2 = 0.065).

3.5. Selective Attention and Concentration

Post-intervention inter-group analysis of the D2 test percentile score (CG = 53.97 ± 14.2
and IG = 51.64 ± 12.1) showed neither significant differences (mean difference = 2.330,
p = 0.316, Cohen’s d = 0.174) nor intra-group analysis of the IG (mean difference = −3.516,
p = 0.095, Cohen’s d = −0. 212). However, when analyzing the individual components of
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the D2, an increase in the TH with a large effect size (mean difference = −82.093, Cohen’s
d = −2.601), a decrease in the %E (mean difference = −8.73, p < 0.001) with large effect size
(Cohen’s d = 1.30) and an improvement in the CON (mean difference = −84.09, p < 0.001,
Cohen’s d = 2.53) can be observed in the intra-group comparison of the IG. Inter-group
analyses for these variables also prove post-intervention differences in favor of the HIFT
program (p < 0.001).

In the mixed variance analysis, no group × time interaction was observed (F = 0.286,
p = 0.593, η2 = 0.001), which indicates that neither the changes in time nor the group were
significantly related for the d2 percentile, the total number of responses (F = 0.112, p = 0.738,
η2 = 0.000) or the total effectiveness of the test (F = 0.468, p = 0.494, η2 = 0.002), although
it did show an interaction for the TH (F = 254, p < 0.001, η2 = 0.300), the %E (F = 34.98,
p < 0.001, η2 = 0.107) and the CON (F = 254.7, p < 0.001, η2 = 0.302).

3.6. Processing Speed

Processing speed through DSST score (CG = 48.22 ± 7.56 and IG = 44.77 ± 9.69) did not
show significant changes between groups after the intervention (mean difference between
groups = 3.455, p = 0.24, Cohen’s d = 0.399). Considering the mixed variance group × time,
it could be determined that there were neither significant differences between groups as a
function of time (F = 0.069, p = 0.793, η2 = 0.000) nor significant interaction found (F = 0.201,
p < 0.655, η2 = 0.001).

The multivariate statistical analysis (MANCOVA) integrated all the cognitive variables
(Moca, TMTA TMTB, d2, VFT and DSST) and found an interaction with the education
level (p = 0.026) that favored those with higher levels of education. Adjustment for all
sociodemographic variables was performed, which allowed establishing that the effects of
the intervention evidenced in all cognitive variables are maintained independently of sex,
age and MMSE level (F = 62.922, p < 0.001, Wilks’ λ = 0.133) (Table 3).

Table 3. MANCOVA for MoCA, TMTA TMTB, d2, VFT and DSST for evaluation of interaction with
MMSE, group assigned, education level, sex and age.

Model Wilks’ λ F p Value

GROUP 0.133 62.922 <0.001 **
EDUCATION LEVEL 0.670 1.379 0.087

SEX 0.938 0.631 0.796
GROUP × EDUCATION LEVEL 0.635 1.580 0.026 *

GROUP × SEX 0.932 0.710 0.730
EDUCATION LEVEL × SEX 0.906 0.493 0.976

GROUP × EDUCATION LEVEL × SEX 0.835 0.912 0.579
AGE 0.746 3.285 <0.001 **

MMSE 0.698 4.174 <0.001 **
MMSE: mini-mental status examination. *: p value < 0.05; **: p values < 0.001.

4. Discussion

The objective of this study was to determine the effect of a HIFT program on cognitive
functions in a Colombian older adult population with MCI. Among the main findings, it
was observed that HIFT is an effective strategy to improve general cognition, psychomo-
tor speed and attention, executive functions and verbal fluency, although no significant
differences were observed in concentration or information processing speed. Together,
these findings corroborate the importance of physical exercise for the brain health of older
adults. Considering that cognitive impairment and dementia have become a major burden
for health systems, families and the community, in addition to the large financial costs it
entails [28,29], this study is of great value, since it proposes new methods of early treatment
of dementia to prevent the loss and even improve cognitive performance and quality of life
of older adults.

The regular practice of a physical activity is being recognized as a highly protective
factor of the cognitive functions [30] and for its neuroprotective effects on brain regions
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that are vulnerable to neurodegeneration, including the hippocampus and temporal and
frontal regions [31–33]. Our findings revealed that a 12-week HIFT program improved
general cognition in older adults with MCI; similarly, a study conducted on people with
dementia in Nigeria [34] showed that a circuit training program is effective in improving,
developing and training cognition [35]. Likewise, a randomized trial showed that a high-
intensity strength training program, performed for four months significantly improved
global cognitive function and maintained the benefits for eighteen months [35].

In relation to the processing speed evaluated with the DSST, no significant improve-
ments were obtained. Consistent with these results, Zhu et al. [36] found that there was
no correlation between the physical activity program and processing speed. A system-
atic review conducted on 809 people receiving interventions based on rhythmic physical
activity concluded that the longer the intervention (>13 weeks) the better the effects on
cognition [37]. This could explain the lack of significant differences in processing speed
since the duration of the study was 12 weeks. It should be highlighted that, although there
is evidence of the benefits of HIFT on cognition, due to the heterogeneity of the intervention
protocols, it is still necessary to generate more research to determine the dose-response
that guarantees the effectiveness of the interventions in relation to all the components of
cognition [20].

In this research, attention and executive functions were evaluated through the TMTA
and TMTB, respectively. The results showed significant improvements for both tests; how-
ever, selective attention and concentration evaluated with the D2 did not show significant
differences. This dissimilarity could be explained by the fact that in the D2, attention is
not considered as a single aptitude; for this reason, components such as processing speed,
precision, stability, fatigue and the effectiveness of attentional inhibition are considered [25].
For the executive functions evaluated with the TMTB, significant changes were found for
both CG and IG, with a small effect size for the CG (Cohen’s d = 0.274) and a large effect size
for the IG (Cohen’s d = 0.880). This could be explained since therapies based on visual arts,
such as the one proposed in this study in the control group, have been shown to be effective
in improving cognitive functions [38,39]. Similarly, with the practice of physical exercise
a stronger connectivity can be achieved between the amygdala and the medial temporal
gyrus, inferior frontal gyrus, postcentral gyrus and hippocampus, regions that are related
to memory and executive functions [40,41]. From these findings, it can be suggested that
although it is common to prescribe activities involved with the arts and physical exercise in
people with dementia [42], therapies that include physical exercise may be more effective.

Verbal fluency was another variable that showed significant improvements, which is
consistent with a study conducted with postmenopausal women where improvements in
verbal fluency were found after 12 weeks of Pilates training [43]. Similarly, a systematic
review with meta-analysis suggests that physical exercise can produce improvements
in verbal fluency in older adults with MCI [44]. It is possible that verbal fluency may
be responsive to improvements from physical exercise interventions, especially aerobic
exercise, due to the positive selective impact of this type of intervention on the frontal and
prefrontal regions of the brain.

Likewise, high-intensity physical exercise has been shown to be more beneficial for
brain health than moderate-intensity exercise because, although the physical exercise of
different intensities has improvements in different aspects related to brain health, it is
vigorous intensity exercise that has the greatest effects on acute levels of circulating brain-
derived neurotrophic factor and corticospinal excitability [45,46]. Furthermore, it improves
neural plasticity of the hippocampus [47,48], facilitates inhibitory control and its underlying
neuro-electrical activation [49], improves brain activation during memory retrieval [50],
decreases oxidative stress and anxiety levels and increases antioxidants capacity as a
protective system against neuronal damage [51]. In addition, a high-intensity interval
training session has a three times shorter duration than a continuous training session of low
or moderate intensity [52], which implies a lower time cost while maximizing the beneficial
effects at cardiovascular, metabolic and systemic levels [53].
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Finally, this study had some limitations. First, the effects of HIFT were evaluated only
in the short term, and the intervention time was short. Second, it was conducted only with
adults living in the city of Santiago de Cali, Colombia; for this reason, the findings cannot
be generalized to other populations. Third, it is important to develop more research that
evaluates the effects of HIFT on cognition in older adults with MCI in the long term. And
fourth, the lack of consideration for the co-occurrence of other medical conditions and the
pharmacological treatments of the patients, apart from those mentioned in the exclusion
criteria, could have potentially influenced the results. Among the strengths of this study,
we can find its low attrition rate, in addition to its large sample size and its randomized,
single-blinded, controlled trial design.

5. Conclusions

The present study, developed in Colombian older adults with MCI, demonstrates that
a 12-week HIFT program with a frequency of 3 times per week has beneficial effects on
general cognition, attention, executive functions and verbal fluency.

Considering that the population of older adults continues to grow and that the preva-
lence of dementia is increasing, it is important to generate strategies such as the one pre-
sented in this study. Similarly, further research on the effects of HIFT is needed to determine
the most appropriate dose-response to improve cognition and its different components. In
light of these considerations, it is imperative that future research endeavors concentrate on
providing comprehensive descriptions of training variables, including volume, time and
frequency. Moreover, conducting comparative studies between various training protocols
will enable a thorough analysis of the aforementioned dose-response relationships.
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Abstract: Moderate-intensity aerobic exercise improves gastrointestinal (GI) health and alleviates
irritable bowel syndrome (IBS) symptoms. This study explored its effects on physical capacity (PC)
and IBS symptoms in 40 patients from Southern Italy (11 males, 29 females; 52.10 ± 7.72 years).
The exercise program involved moderate-intensity aerobic exercise (60/75% of HRmax) for at least
180 min per week. Before and after the intervention, participants completed the IBS-SSS question-
naire to assess IBS symptoms, reported their physical activity levels, and underwent field tests to
evaluate PC. PC was quantified as the Global Physical Capacity Score (GPCS). A total of 38 subjects
(21 males, 17 females; 53.71 ± 7.27 years) without lower GI symptoms served as a No IBS group. No
significant differences were found between IBS patients and No IBS subjects, except for the symptom
score, as expected. After the exercise, all participants experienced significant improvements in both
IBS symptoms and PC. Higher PC levels correlated with greater benefits in IBS symptomatology,
especially with GPCS reaching above-average values. Engaging in moderate-intensity aerobic ex-
ercise for at least 180 min per week positively impacts IBS symptoms and PC. Monitoring GPCS in
IBS patients provides insights into the connection between physical activity and symptom severity,
aiding healthcare professionals in tailoring effective treatment plans.

Keywords: aerobic exercise; irritable bowel syndrome; Global Physical Capacity Score; physical capacity

1. Introduction

Irritable bowel syndrome (IBS) is a prevalent functional gastrointestinal (GI) disorder,
affecting approximately 9–22% of the European adult population [1,2]. This syndrome
is characterized by abdominal pain or discomfort linked to altered bowel habits without
an identifiable organic cause [3]. In addition to pharmacological treatments, there has
been growing interest in alternative approaches to manage this condition better. Some
of the most effective alternative treatments for IBS include acupuncture, herbal remedies,
and mind–body techniques [4]. Peppermint oil, ginger, and aloe have been widely used
as herbal remedies for treating IBS [5]. Psyllium powder and L-Glutamine have also
been considered alternative natural remedies that may help with IBS [6]. Acupuncture
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has proven effective for treating chronic pain, but the studies are mixed on whether this
treatment works for IBS [7].

Food is often considered a triggering factor for IBS symptoms, and diet is crucial to
preventing and managing this functional disorder. However, there is no one-size-fits-all diet
for individuals with IBS. Nonetheless, several dietary changes can help alleviate symptoms.
Avoiding caffeine, alcohol, fatty foods, and spicy foods can also be helpful for some IBS
patients [8]. Several studies have shown that a low FODMAPs (fermentable oligo-, di-,
monosaccharides, and polyols) diet leads to a clinical response in 50–80% of IBS patients,
particularly improving bloating, flatulence, and diarrhea [9]. In this context, our research
group recently published articles highlighting the benefits of a low FODMAP diet [10] and
a diet based on products derived from a new cereal called tritordeum [11]. Both dietary
approaches have significantly improved GI symptoms.

As widely documented in the literature, physical activity (PA) plays a key role in the
prevention and treatment of various diseases [12–15], can improve general health, and
reduce stress levels. In addition, it exerts numerous positive and protective effects on the
GI tract [16,17], such as relieving constipation [18] and improving digestive processes by
increasing the speed of stool movement. Furthermore, Villoria et al. [19] demonstrated that
PA reduces symptoms such as abdominal bloating by increasing intestinal gas clearance.
The same group [20] previously demonstrated that PA improved gas transit and abdominal
distension in healthy subjects but not the perception of bloating. A long-term follow-up
study [21] showed that a placebo effect alone cannot explain PA’s effects. A pure placebo
effect would have to be decreased during follow-up.

From this perspective, PA can be a valuable tool for managing IBS, as increased
participation in moderate PA has been associated with improved IBS symptoms. Several
studies on IBS recommend an average prescription of 30 to 60 min of moderate-intensity
aerobic PA, 3 to 5 times per week, for a minimum of 12 weeks [17]. Walking is the most
common form of exercise, often complementary to other physical exercises [22]. It is known
that regular walking, independent of other types of physical exercise, can improve risk
factors for cardiovascular diseases, including diastolic blood pressure and lipid profiles,
and reduces the risk of general mortality [23–25] and type 2 diabetes [26], and brings
additional benefits in that it improves self-esteem, alleviates symptoms of depression and
anxiety, and improves mood [27,28]. The advantages of using walking as a therapeutic
tool are numerous: it can be performed at different speeds (and thus intensities), easily
monitored by heart rate monitors, in groups or alone, and without special equipment
or clothing.

In this framework, the walking group is a potentially interesting PA intervention as the
dynamics and social cohesion of walking groups can have supportive effects that encourage
and sustain adherence and positive attitudes towards PA [29], companionship, and the
shared experience of well-being [30].

Regular walking, as well as regular PA, has many health effects related to physical
capacity (PC) and can be assessed using various field tests. Unlike PA, which is related to
the movements that people perform, PC is a set of attributes that people have or can achieve.
The components of PC related to health [31] are: (a) cardiorespiratory capacity, (b) muscular
resistance endurance, (c) muscle strength, (d) body composition, and (e) flexibility.

PC has been identified as an indicator of general health [32] and could also be a
possible predictor of the response to PA treatment in IBS patients.

Based on the published evidence, we hypothesized that a programmed and controlled
PA intervention could lead to an overall benefit in patients with IBS. In this framework,
the study aimed to estimate the effect of a standardized PA program on the intensity and
frequency of GI symptoms and the PC of IBS patients in Southern Italy.
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2. Materials and Methods

2.1. Participants

Subjects were recruited in the study by the Functional Gastrointestinal Disorders
Research Group in collaboration with the Laboratory of Epidemiology and Statistics of
the National Institute of Gastroenterology IRCCS “Saverio de Bellis” Castellana Grotte,
Italy. The project started in May 2022 and is still ongoing. The trial was registered at
www.clinicaltrial.gov (accessed on 08 July 2022) (registration number NCT05453084).

2.2. Study Design

This study included adults attending the Outpatient Clinic for Celiac Disease and
Functional Disorders who met the Rome III-IV criteria for IBS or were referred by local
General Practitioners. The inclusion criteria were: (1) age 18–65 years, (2) availability to
participate in the walking group, (3) in possession of a medical certificate of non-competitive
sports fitness; and the exclusion criteria comprised: (1) presence of serious cardiac, hepatic,
neurological or psychiatric diseases, (2) gastrointestinal disorders other than IBS, (3) subjects
who have previously followed a low FODMAPs, vegan or gluten-free diet, (4) patients
using antidepressants (5) significant orthopedic or neuromuscular limitations, (6) absolute
contraindications to exercise. Furthermore, subjects who missed more than 20% of their
training sessions would have been excluded from the analysis.

The study was conducted following the Helsinki Declaration and approved by the
local Ethics Committee (Prot. N. 167/CE De Bellis).

2.3. Data Collection

During enrollment, participants signed informed consent and completed a struc-
tured questionnaire collecting data about sociodemographic aspects, medical history, and
lifestyle. PA information was collected using the validated International Physical Activity
Questionnaire, Short Form (IPAQ-SF) [33]. Patients also completed the symptom question-
naires Gastrointestinal Symptom Rating Scale (GSRS) for screening patients with IBS. The
IBS-Severity Scoring System—IBS-SSS was administered to evaluate the selected patients’
symptom intensity and frequency scores. Trained staff collected fast blood samples for
biochemical assessments, anthropometric measurements (weight, height, waist circumfer-
ence), and bio-impedance analysis. All measurements were taken at the start of the project
and after 90 days. The timeline of the study design is shown in Figure 1.

Figure 1. Study Design Timeline; GI: gastrointestinal; GSRS: Gastrointestinal Symptom Rating Scale;
IBS-SSS: IBS-Severity Scoring System; BIA: bioelectrical impedance analysis.
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2.4. Anthropometric and Bioelectrical Impedance Analysis (BIA) Parameters

The study assessed various anthropometric parameters to investigate the subjects’
physical characteristics. The parameters included height, weight, body mass index (BMI),
mid-upper arm, waist, and hip circumferences. Accurate measurements were obtained
using a SECA 700 mechanical column scale and a SECA 220 altimeter (INTERMED S.r.l.,
Milan, Italy) for weight and height assessment, facilitating the subsequent calculation of
BMI (kg/m2).

To ensure uniformity, a stringent protocol was followed for individuals undergoing
bioelectrical impedance analysis (BIA). All participants observed a minimum 4 h fasting
period and refrained from alcohol consumption and strenuous exercise in the preceding
12 h.

The BIA procedure involved the injection of a continuous sinusoidal current (800 A)
with a frequency of 50 kHz. The BIA 101 BIVA PRO instrument (Akern SRL, Pontassieve,
Italy) was utilized for all measurements, aligning with the rigorous standards recommended
by the European Society for Parenteral and Enteral Nutrition [34].

Parameters such as resistance (Rz) and reactance (Xc) of human tissue were measured
through BIA. The same instrument was used to assess body cell mass, fat-free mass, fat
mass, total body water, and extracellular water. Specialized software (Bodygram PLUS
Software v. 1.0, Akern SRL, Pontassieve, Italy) facilitated the calculation of these parameters
based on the obtained Rz and Xc values. The phase angle, derived as the arctangent of the
Xc/Rz ratio, was also computed as a crucial metric in the evaluation.

2.5. Training Diary

All participants filled out their daily diary, indicating the type of PA performed and the
duration. At the end of each day, they reported the total number of daily steps monitored
by their heart rate monitor. The diary was used to motivate patients to be physically active,
compare participation in the walking group, and know and quantify the PA performed in
addition to the proposed work.

When the training diary was handed over to the participants, they were given all the
information on how to fill it in correctly.

2.6. Exercise Protocol
2.6.1. Physical Capacity Assessment Tests

Three field tests were performed to assess the subjects’ basic conditions and establish
the most appropriate intensity of the training program. These included cardiorespiratory
capacity, evaluated with the 2 km walk test [35], and strength and flexibility, assessed
with the Hand Grip and Sit and Reach tests [36,37]. Subjects performed these tests at the
beginning of the project and the end of the three months.

The week before the field tests (3 sessions of 60 min), the participants were adequately
instructed on how to carry out the tests correctly so that the results would be as reliable
as possible. In these 3 preliminary sessions, the experts explained the correct walking
technique and corrected any problems, sensitized the participants on using suitable techni-
cal shoes to avoid injuries, and ensured each heart rate monitor functioned correctly and
answered any questions.

As far as possible, the tests were reproduced under the same conditions: (a) in the
same place, (b) supervised by the same operators, (c) at the same time, and (d) monitored
with the same instruments.

2.6.2. Exercise Intervention

PA, organized in “Walking Groups”, was structured as follows:

• Frequency. The aerobic exercise was performed outdoors on an urban route thrice a
week, on non-consecutive days, for 12 weeks.

• Intensity. The aerobic exercise intensity was moderate (60/75% of HR max); it was
monitored through the heart rate monitor and was personalized through Tanaka’s
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formula [38]. In addition, the Talk Test [39] and the Borg scale [40] were used to
measure the rhythm and the perception of fatigue, respectively.

• Type. The aerobic exercise type was walking, ranging from 5 to 10 km/h.
• Time. Each walk had a duration of 60′ for a total of 180′ per week; the single outing

lasting 60′ was structured as follows: Warm-up: 5′; Normal walk: 10′; Sustained
walking: 30′; Fast walking: 10′; Cool-down: 5′. The entire activity was super-
vised by experts (Graduates in Preventive and Adapted Physical Activity Science
and Techniques), and the presence of the participants at each training session was
strictly registered.

2.6.3. Exposure—Global Physical Capacity Score

PC was measured by a series of motor tests of varying difficulty, validated in adult
subjects, to assess cardiorespiratory capacity, strength, and flexibility. A PC score was then
calculated using the results of each test. Each physical test was scored from 0 to 2 using
performance categories (e.g., performance above average = 2 points, average = 1 point,
below average or unable to complete the test = 0 points). Then, the scores of the 3 tests were
added to obtain an overall physical ability score (possible range of scores between 0 and
6 points). The GPCS used in the present study was adapted from the approach previously
proposed by Bouchard et al. [41]. An advantage of calculating and using GPCS is that it
provides an overall measure of physical performance that considers several tasks related to
daily activities, unlike each test taken individually.

2.7. Outcome Assessment—IBS Severity Scoring System (IBS-SSS)

To assess the GI symptom profile, the GSRS and the IBS-SSS questionnaires were ad-
ministered. The first is The GSRS is a disease-specific instrument of 15 items combined into
five symptom clusters depicting “Reflux”, “Abdominal pain”, “Indigestion”, “Diarrhea”,
and “Constipation”. The GSRS has a seven-point Likert-type scale where 1 represents
the absence of troublesome symptoms, and 7 represents very troubling symptoms. The
latter is a validated questionnaire that consists of five items with a score ranging from 0 to
500: “Abdominal pain intensity”, “Abdominal pain frequency”, “Abdominal distension”,
“Dissatisfaction with bowel habit”, and “Interference on life in general”. The applied cut-off
score to determine the IBS severity was as follows; >75–175 for “mild IBS”, 175–300 for
“moderate IBS”, and >300 for “severe IBS” [42].

2.8. Statistical Analysis

Patients’ characteristics were described by mean ± SD (or median values where
necessary) and frequency (%) for continuous and categorical variables. For continuous data,
the Kruskal–Wallis with Dunn’s post-test was used to assess differences among the groups
(No IBS subjects, IBS patients pre- and after treatment). The Wilcoxon test was performed
to evaluate the effects of treatment on the single variables in IBS patients. Chi-square
tests were used to compare categorical data (e.g., results from the 2Km Walking Test, Sit
and Reach Test, Hand-Grip Test, and IPAQ). The main outcome is by an ordered logistic
regression. As there were two repeated measurements of the outcome, we performed a
mixed ordinal logistic model to account for the study’s design and the data’s correlation
structure. After fitting the ordinal logistic model, we obtained predictions (probabilities)
using post-estimation tools. The statistical analysis was performed with Stata Statistical
Software 18 (Corp, 4905 Lakeway Drive, College Station, TX, USA). The analyses were
conducted using RStudio (“Prairie Trillium” Release) for the graphics.

3. Results

The study involved 78 participants, with 40 identified as IBS patients. The No IBS
group comprised 38 individuals without lower gut symptoms but experiencing mild
symptoms of upper gut diseases, such as dyspepsia or gastroesophageal reflux. The study
flow is depicted in Figure 2. All participants adhered to the same exercise program.
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Figure 2. The flowchart of the study.

3.1. Patient Characteristics

The participants’ characteristics are shown in Table 1. Comparing the three groups,
there were no significant differences regarding anthropometric parameters expressed as
BMI, waist and hip circumferences, and waist/hip ratio. As for BIA parameters, the No
IBS subjects had slightly but significantly, higher mean values of BCM, FFM, and TBW
than IBS subjects, indicating better health and nutritional conditions and hydration status.
Furthermore, these parameters remained unchanged at the end of the exercise program
in subjects with IBS. Conversely, the GPCS after the PA program was significantly higher
(p < 0.05) than No IBS subjects and IBS patients before treatment.

Table 1. Characteristics of participants.

Exercise Intervention

No IBS (n.38) IBS Pre (n. 40) IBS Post (40) p

Sex (male/female) 21M/17F 11M/29F
Age (years) 53.71 ± 7.27 52.10 ± 7.72
Body mass index 29.96 ± 5.84 a 29.04 ± 5.12 a 28.80 ± 5.15 a 0.0690
Waist circumference 98.69 ± 13.71 a 93.04 ± 13.41a 92.71 ± 13.62 a 0.1149
Hip circumference 106.53 ± 11.26 a 106.22 ± 10.07 a 105.51 ± 10.07 a 0.0465
Waist/hip ratio 0.93 ± 0.11 a 0.87 ± 0.12 a 0.88 ± 0.12 a 0.0899
PhA (degrees) 6.76 ± 1.06 a 6.46 ± 1.07 a 6.44 ± 0.98 a 0.3671
BCM (kg) 32.51 ± 7.22 a 28.90 ± 7.04 b 28.62 ± 6.6 b 0.0380
FM (kg) 27.82 ± 12.10 a 27.21 ± 10.84 a 26.72 ± 10.91 a 0.9734
FFM (kg) 56.70 ± 10.14 a 51.60 ± 9.29 b 51.22 ± 8.88 b 0.0292
TBW (liters) 41.32 ± 7.68 a 37.60 ± 6.84 b 37.33 ± 6.44 b 0.0340
ECW (liters) 17.57 ± 3.35 a 16.44 ± 2.64 a 16.36 ± 2.51 a 0.2289
Global Physical Capacity Score 2.21 ± 1.76 a 2.40 ± 1.53 a 3.32 ± 1.68 b <0.0001

IBS scores

Abdominal pain intensity 1.84 ± 6.62 a 24.50 ± 27.26 b 12.58 ± 21.92 b <0.0001
Abdominal pain frequency 1.58 ± 5.94 a 21.75 ± 29.86 b 8.62 ± 18.15 b 0.0003
Abdominal Distension 9.21 ± 14.36 a 45.75 ± 23.95 b 27.80 ± 21.37 c <0.0001
Dissatisfaction with bowel habits 10.39 ± 12.81a 47.75 ± 32.20 b 31.25 ± 23.88 b 0.0002
Interference on life in general 5.39 ± 9.96 a 43.38 ± 25.68 b 31.50 ± 27.20 b 0.0077
Total score 28.45 ± 26.02 a 183.10 ± 79.43 b 111.80 ± 76.84 c <0.0001
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Table 1. Cont.

Exercise Intervention

No IBS (n.38) IBS Pre (n. 40) IBS Post (40) p

2Km Walking Test p *

Under the mean 20 (52.6%) 21 (52.5%) 11 (27.5%)
In mean 16 (42.1%) 15 (37.5%) 20 (50%) 0.0516
Above the mean 2 (5.3%) 4 (10.0%) 9 (22.5%)

Sit and Reach Test

Under the mean 23 (60.5%) 22 (55.0%) 16 (40%)
In mean 2 (5.3%) 4 (10.0%) 4 (10%) 0.4907
Above the mean 13 (34.2%) 14 (35.0%) 20 (50%)

Hand-Grip Test

Under the mean 14 (36.8%) 12 (30.0%) 9 (22.5%)
In mean 12 (31.6%) 15 (37.5%) 11 (27.5%) 0.3771
Above the mean 12 (31.6%) 13 (32.5%) 20 (50%)

IPAQ Categories ◦

<700 13 (34.2%) 11 (27.5%)
700–2519 19 (50.0%) 19 (47.5%) 0.5723
≥2520 6 (15.8%) 10 (25.0%)

BMI: body mass index; PhA: phase angle; BCM: body cell mass; FM: fat mass; FFM: fat-free mass; TBW: total body
water; ECW: extracellular water. IPAQ: International Physical Activity Questionnaire. Continuous data reported
as mean ± SD. Categorical data represented as numbers and percentages. At the Kruskal–Wallis with Dunn’s
post-test, different letters differ significantly. p: significance obtained by Wilcoxon rank sum test. p *: Significance
obtained with the chi-square test. ◦: IPAQ categories expressed in MET (metabolic equivalent of task). Different
superscript letters differ significantly at the Kruskal–Wallis, with Dunn’s post-test used.

The results from the IBS-SSS questionnaire indicated a clear difference between IBS
patients and No IBS subjects at baseline, as expected. Considering the IBS-SSS items after
the programmed exercise, a marked and significant reduction (p < 0.01) in single and
total items was found. Moreover, the mean total IBS-SSS score changed from moderate to
mild after the programmed exercise. The temporal trend of GPCS and IBS-SSS scores and
some anthropometrical data (GPCS and IBS-SSS scores, BMI, waist circumference, and hip
circumference) during intervention time are reported in Appendix A.

Concerning the scores of the 2Km Walking Test, Sit and Reach Test, Hand-Grip Test,
and IPAQ, there were no significant differences among the groups.

3.2. Modifications in IBS Categories Based on IBS-SSS and GPCS

Figure 3 illustrates changes in IBS categories based on IBS-SSS score and GPCS after
90 days of treatment.

The aerobic exercise led to 30% (n = 6) of initially “Mild IBS” and 23.5% (n = 4) of
“Moderate IBS” subjects transitioning to “Absent IBS symptoms”.

Within “Moderate IBS”, all but one (70.5% or n = 12) experienced symptom reduc-
tion, now classified as “Mild IBS.” One person with “Severe IBS” improved to “Mild
IBS”, resulting in a 60% increase in that category. GPCS showed a 43.5% decrease in “Be-
low average” subjects and doubled the “Above average” number, increasing from 3 to
11 individuals.

The multivariable ordered logistic mixed model (Table 2), which included age (gender,
BMI, waist and hip circumference, and IBS severity categories), showed the odds ratio for
the highest GPCS category (above the mean) to be 0.04. Subjects above the mean GPCS at
the end of the intervention (score of 5 to 6) significantly reduced IBS symptoms and were
less likely to develop the same symptoms. Furthermore, the higher the fitness score, the
more protective effect of the intervention was on IBS symptoms.
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Figure 3. Alluvial plot showing patient flow in relation to IBS categories: “Mild”, “Moderate”,
and “Severe” (A) and Global Physical Capacity score (GPCS): “Below Average”, “On average”, and
“Above Average” (B) before and after physical exercise.

Table 2. Multilevel mixed-effects ordered logistic regression: effect of physical capacity on irritable
bowel syndrome (IBS) severity.

GPCS Odds Ratio p-Value 95% CI

Below the mean 1.00
In mean 0.32 0.10 [0.08, 1.27]
Above the mean 0.04 0.00 [0.00, 0.31]

Adjusted for age, sex, BMI, waist and hip circumference, and IBS categories. GPCS: Global Physical Capacity
Score; var (subjects): estimated variance of subjects. var (subjects) 8.28 [3.37, 20.34].

4. Discussion

Present findings show that increasing PA and improving PC could reduce the IBS
symptoms, highlighting the positive effects of a structured and controlled aerobic activity
intervention lasting 90 days, three times a week (180 min). As expected, 3 months of
PA significantly affected the IBS symptom profile. As reported by the IBS-SSS, the total
score significantly reduced by 39% compared to baseline, and the same occurred for the
Abdominal Distension. In addition, we observed that subjects with an “above average”
value in the GPCS had a more significant effect in reducing IBS symptoms than the other
categories of the GPCS (namely, “below average” and “average”).

There is well-established evidence supporting the health benefits of PA, making it a
common recommendation for health promotion and prevention [43]. Regular participation
in PA reduces the risk of premature mortality and the development of over 25 chronic
medical conditions [43]. Most international PA guidelines for healthy individuals and
clinical populations recommend a minimum of 150 min per week of moderate to vigorous
intensity PA (MVPA) [44]. Studies have reported that individuals meeting or exceeding
international recommendations experienced a 20–30% reduction in the risk of premature
mortality and chronic diseases [43].

In this framework, greater risk reductions were observed when objective measure-
ments of health-related PC were utilized [43]. Monitoring PC through validated and
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accurate tests provides reliable information about the proposed exercise intervention, the
improvements achieved by each individual, and the possibility of modifying the program
if necessary. Our study utilized a summary score of different field tests (GPCS) to inves-
tigate the hypothesized association between improved PC and reduced IBS symptoms.
Present findings demonstrated that improved IBS symptoms were effectively accompanied
by increased GPCS, which resulted from higher cardiorespiratory capacity, muscle mass,
strength, endurance, and flexibility through the exercise program.

Currently, limited and conflicting data are available regarding the association between
PA and IBS. While there is evidence of health benefits from moderate exercise in patients
with inflammatory bowel disease or functional GI disorders, the safety of more intense
exercise has not been clearly established [45].

Controlled and moderate PA has been consistently linked to many health bene-
fits, including improving gastrointestinal (GI) symptoms. While the precise physio-
logical mechanisms remain not entirely elucidated, several factors contribute to this
positive relationship.

One significant contributor is the enhancement of gut motility achieved through
increased bowel contractions and reduced transit time [46]. This heightened motility can
positively impact digestion and overall GI function. Additionally, controlled PA fosters
improved blood flow, promoting the GI tract’s health. The positive effects extend to the
modulation of inflammation through anti-inflammatory mechanisms, further contributing
to GI well-being [46].

PA plays a role in stress reduction through cortisol regulation, which has implications
for GI health, given the well-established link between stress and gastrointestinal symptoms.
Moreover, there is evidence of positive effects on gut microbiota diversity, with regular
exercise potentially influencing the composition and function of the microbial community
in the digestive system [47].

Hormonal regulation is another key aspect, with controlled PA potentially leading
to the release of glucagon-like peptide-1 (GLP-1), which is associated with improved gut
function. Weight management is also crucial, as PA can aid in preventing obesity-related
GI issues [48].

Furthermore, the positive impact of moderate PA extends to enhanced immune func-
tion, which plays a vital role in overall GI health [49]. Finally, the mind–body connection is
a holistic aspect that influences psychological well-being, positively impacting GI health
overall [50].

It is important to note that individual responses to PA may vary significantly among
individuals, highlighting the need for personalized approaches to understanding and
harnessing the GI benefits of controlled and moderate PA.

Indeed, some previous studies have reported that moderate PA improves IBS symp-
toms. On the other hand, a systematic review evidenced that increasing exercise intensity
and duration can paradoxically lead to intestinal damage, increased permeability, endo-
toxemia, impaired gastric emptying, slowed small intestinal transit, and malabsorption.
Significant GI disturbances occur with exercise stress lasting ≥2 h at 60% VO2 max, regard-
less of the fitness status [51]. Furthermore, case–control studies have shown lower levels
of PA in patients with IBS, while other researchers have found no significant association
between PA and IBS. In this context, Omagari et al. [51] reported a high level of PA among
patients with IBS compared to those without IBS.

Interestingly, our study on IBS patients from Southern Italy did not find a substantial
difference in PA levels at baseline between patients and No IBS subjects. This was probably
related to the fact that the IBS group consisted mainly of patients with mild and moderate
IBS, according to the classification based on the IBS-SSS questionnaire. However, after
evaluation through field tests, we observed lower PC in No IBS subjects compared to those
with IBS, in agreement with previously reported findings [20].
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Further studies are surely needed to clarify this link. Our results again support
the recommendation to increase PA in subjects with IBS and confirm previous findings
indicating a protective effect of PA on GI symptoms [20,52].

Although PA should be recommended for patients with IBS, as suggested in the
literature [22,53], limited studies provide precise guidance on the exercise program with
specific FITT principles (frequency, intensity, time, and type).

The current findings highlight the importance of objectively monitoring participants’
physical capabilities to implement effective interventions. A three-month moderate-
intensity walking regimen, performed thrice weekly, yielded several advantages, especially
for IBS patients. As measured by GPCS, augmented PC resulted in a significant reduction
in IBS symptoms in this cohort. The study indicates that achieving an “above the average”
score is crucial for eliciting statistically significant outcomes, making GPCS a valuable
prognostic tool for personalized treatment criteria.

Interestingly, the adherence of the walking group to the program was total in our study,
attributed to the enjoyment participants experienced during the exercise [54]. Indeed, it is
well known that walking groups are successful both in contributing to the improvement of
participants’ health and well-being and in attracting a large number of people at the same
time, with low levels of drop-out [55]. Furthermore, the benefits of this type of training
were evidenced by the participant’s willingness to continue walking even after the project
was completed, so the exercise intervention was not just an end but the start of a change in
the participants’ lifestyle.

Some methodological issues need to be considered. The program’s main strength
was its supervised nature by trained personnel. Despite the relatively small number
of participants per group, three trainers were assigned to each session to establish a
personalized connection with each participant, resulting in full program adherence. The
training protocol was meticulously designed, adhering to the FITT principles’ specific
parameters and guidelines established by major international associations [56]. The exercise
prescription was provided from a dose–response perspective to achieve the best results for
individuals with IBS. Moreover, the presented results possess practical clinical applications
and do not necessitate costly resources.

Further studies could be useful for advancing our knowledge about the relationship
between physical exercise and IBS by exploring a broader range of activities and refining
the prescription process for better, more personalized outcomes. This approach could have
the potential to contribute significantly to the development of effective and individualized
interventions for managing IBS symptoms through PA.

Nevertheless, certain limitations should be acknowledged. Although the GPCS has
been utilized in prior studies, it needs formal validation. However, this score relies on
three tests widely recognized in the literature for measuring physical capabilities. These
tests are validated, repeatable, reproducible, and objective. Additionally, the small sample
size may only represent a subset of the IBS population. Nevertheless, similar studies have
shown that a comparable sample size was sufficient to detect significant differences in
PA exposure.

5. Conclusions

Moderate-intensity aerobic exercise, performed for at least 180 min per week, can
improve GI symptoms in patients with IBS and should, therefore, be added to the list of
recommended primary interventions for patients with IBS. Additionally, monitoring the
GPCS of IBS patients offers valuable insights into the correlation between PA and symptom
severity. Through continuous PC monitoring, healthcare professionals can evaluate the
impact of exercise and lifestyle modifications on the overall well-being of these patients.
This assessment may reveal improvements in bowel habits, reduced pain levels, and an
enhanced quality of life. Furthermore, regular monitoring allows healthcare professionals
to tailor treatment plans and interventions more effectively, addressing specific symptoms
and optimizing outcomes for patients with IBS.
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Appendix A

Table A1. Temporal trend of GPCS and IBS-SSS scores and some anthropometrical data during
intervention time.

No IBS
Exercise Intervention

PRE POST
N. 21M/17F 21M/17F

GPCS 2.21 ± 1.76 3.13 ± 1.88
IBS-SSS 28.45 ± 26.02 22.26 ± 28.78

BMI 29.96 ± 5.84 29.47 ± 5.45
WC 98.69 ± 13.71 96.32 ± 11.19
HC 106.53 ± 11.26 106.27 ± 10.02

N: number of subjects; GPCS: Global Physical Capacity Score; IBS-SSS: IBS Severity Scoring System; BMI: Body
Mass Index; WC: Waist Circumference; HC: Hip Circumference. Data are reported as mean ± SD.

References

1. Vandvik, P.O.; Lydersen, S.; Farup, P.G. Prevalence, comorbidity and impact of irritable bowel syndrome in Norway. Scand. J.
Gastroenterol. 2006, 41, 650–656. [CrossRef]

2. Wilson, S.; Roberts, L.; Roalfe, A.; Bridge, P.; Singh, S. Prevalence of irritable bowel syndrome: A community survey. Br. J. Gen.
Pract. 2004, 54, 495–502.

3. Thompson, W.G.; Longstreth, G.; Drossman, D.; Heaton, K.; Irvine, E.; Müller-Lissner, S. Functional bowel disorders and
functional abdominal pain. Gut 1999, 45, II43–II47. [CrossRef] [PubMed]

4. Kearney, D.J.; Brown-Chang, J. Complementary and alternative medicine for IBS in adults: Mind–body interventions. Nat. Clin.
Pract. Gastroenterol. Hepatol. 2008, 5, 624–636. [CrossRef]

5. Spanier, J.A.; Howden, C.W.; Jones, M.P. A systematic review of alternative therapies in the irritable bowel syndrome. Arch.
Intern. Med. 2003, 163, 265–274. [CrossRef] [PubMed]

6. Wald, A.; Rakel, D. Behavioral and complementary approaches for the treatment of irritable bowel syndrome. Nutr. Clin. Pract.
2008, 23, 284–292. [CrossRef] [PubMed]

7. Wu, J.C. Complementary and alternative medicine modalities for the treatment of irritable bowel syndrome: Facts or myths?
Gastroenterol. Hepatol. 2010, 6, 705.
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Abstract: There is increasing evidence to support the use of interval training and/or low-impact
blood flow restriction exercises in musculoskeletal rehabilitation. The aim of the study was to assess
the effect of interval training combined with occlusion and cooling in terms of changes in selected
blood parameters affecting the development and progression of atherosclerosis of the lower limbs,
as well as selected parameters of muscle metabolism and oxidative stress affecting the growth of
muscle mass and regeneration after training. Material and methods: The study included 30 young,
healthy and untrained people. The VASPER (Vascular Performance) training system was used—High-
Intensity Interval Training with the simultaneous use of occlusion and local cryotherapy. Blood from
the project participants was collected six times (2 weeks before the start of training, on the day of
training, after the first training, after the 10th training, after the 20th training and two weeks after the
end of training). The subjects were randomly divided into three groups: exercises only (controlled),
with occlusion and with occlusion and local cryotherapy. Results: Statistical analysis of changes in
the average values of indicators in all study groups showed a significant change increase due to
the time of testing IGF-1 (F = 2.37, p = 0.04), XOD (F = 14.26, p = 0.00), D-Dimer (F = 2.90, p = 0.02),
and decrease in MDA (F = 7.14, p = 0.00), T-AOC (F = 11.17, p = 0.00), PT Quick (F = 26.37, p = 0.00),
INR (F = 8.79, p = 0.00), TT (F = 3.81, p = 0.00). The most pronounced changes were observed in the
occlusion and cooling group. Conclusions: Both interval training without and with the modifications
used in the study influences coagulation and oxidative stress parameters and, to a small extent,
muscle metabolism. It seems reasonable to use occlusion and local cryotherapy in combination
with occlusion.

Keywords: coagulology; muscle metabolism; oxidative stress; interval training; occlusion; VASPER

1. Introduction

Chronic ischemia of the lower limbs is a condition resulting from insufficient supply of
oxygen to the tissues of the lower limbs associated with impaired blood flow in the arteries,
caused in 97% of cases by atherosclerosis of the lower limbs. The progressive atherosclerotic
process causes narrowing and occlusion of the arterial lumen, consequently leading to
chronic ischemia of the lower limbs manifested by pain, shortening of walking distance and
intermittent claudication [1]. From a clinical point of view, the finding of atherosclerotic
lesions in one place means that it is necessary to take into account the possibility of
atherosclerosis also in other vascular locations, which may be associated with the risk

J. Clin. Med. 2023, 12, 7636. https://doi.org/10.3390/jcm12247636 https://www.mdpi.com/journal/jcm
110



J. Clin. Med. 2023, 12, 7636

of heart attacks and strokes [2]. Conservative and pharmacological treatment includes
modification of risk factors such as smoking, dyslipidemia, diabetes, and hypertension and
is aimed at stopping the progressive atherosclerotic process [2]. An important and decisive
role in the effectiveness of treatment is attributed to regular physical activity, which allows
the achievement of the best and most long-lasting effects [3]. The beneficial effects of BFR
(blood flow restriction) training were popularized in the 1940s in Japan [4].

Numerous studies have shown that BRF training affects muscle strength, endurance
and hypertrophy [5–7]. So far, according to the standards of The American College of
Sports Medicine, the effective training load that can induce beneficial hypertrophic changes
in muscles is 60–100% of 1RM (Rep Max) [5,7]. Recent publications show that this effect
can also be achieved by using a low exercise intensity of 20–50% 1RM combined with
venous or arterial occlusion, thus avoiding significant damage to muscle fibers [6,8–10].
This mechanism is associated with the increased activation of type II FT (Fast Twitching)
muscle fibers in oxygen-limited work conditions [11,12].

The effectiveness of exercises combined with occlusion causes significant changes
in the level of muscle oxygenation, an increase in anaerobic metabolism products and a
significant endocrine response, visible in changes in selected blood parameters [13]. During
exercises with occlusion, more than twice the level of lactic acid concentration is exposed,
compared to exercises without occlusion [14]. The increased increase in lactic acid levels
persists for up to 10 min after the end of exercise, while after approximately 60 min the
concentration is still higher than the initial level before the start of the study [9,15]. BRF
training also significantly contributes to increasing the concentration of growth hormone
(GH), the highest level of which can be observed 20 min after exercise [11,14,16–18].

GH plays a key role in preventing atherosclerosis and stimulates the production of
peptides called insulin-like growth factors (IGF-1 and IGF-2) [11]. GH and IGF-1 are im-
portant mitogenic factors for cardiomyocytes [19]. Their deficiency is associated with a
reduced heart mass, decreased late diastolic volume and reduced ejection fraction [19]. The
observable increase in the level of VEGF (vascular endothelial growth factor) also plays
a major role in the process of angiogenesis and the creation of collateral circulation [20].
Metabolic changes occurring in response to BRF exercises are an important factor influenc-
ing the increase in VEGF, which is involved in the process of preventing and developing
atherosclerotic lesions.

Pre-cooling of the body applied before training can significantly increase the body’s
performance and exercise intensity, both increasing the capacity for prolonged training
and the intensity of short-term exercise [21,22]. The pre-cooling mechanism related to the
constriction of superficial vessels and probably an increase in blood flow in the muscles
generates more efficient elimination of metabolites, reducing the level of DOMS (delayed
onset muscle soreness) and lowering the heart rate [21,22].

The aim of the study was to assess the effect of interval training combined with
occlusion and cooling in terms of changes in selected blood parameters affecting the
development and progression of atherosclerosis of the lower limbs, as well as selected
parameters of muscle metabolism and oxidative stress affecting the growth of muscle mass
and regeneration after training. Physical exercise combined with occlusion and cooling
can be implemented and bring tangible benefits among patients with atherosclerosis of
the lower limb arteries, but it can also be widely used in the creation of innovative and
effective rehabilitation programs, including patients with chronic ischemia of the lower
limbs and other diseases. Analysis of changes in indicators can contribute a lot to science
in terms of planning effective therapy.

2. Materials and Methods

The research was conducted at the University of Physical Education in Krakow
(Poland). The subjects were students who were included in the research program af-
ter obtaining medical and physiotherapeutic qualifications. To conduct the experiment,
written consent was obtained from the Bioethics Committee at the Regional Medical Cham-
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ber in Krakow (164/KBL/OIL/2021). The trials were also registered with the Australian
New Zealand Clinical Trials Registry (ACTRN12622000734763). Each volunteer received
comprehensive information about the project; if any doubts arose, they had the opportunity
to obtain clarification, and then each of them gave informed, written consent to participate
in the study (Figure 1). The research covered a group of 30 people, divided into further
groups according to the ballot type:

• A total of 10 people performed VASPER Systems LLC (Limited Liability Company)
training (Figure 2) without occlusion and cooling (Group CONT)—age [years]:
23.00 ± 0.00; body height [cm]: 164.50 ± 6.44; body mass [kg]: 58.96 ± 10.34.

• A total of 10 people performed VASPER Systems LLC training using occlusion without
cooling—the pressure in the occlusion cuffs was 10 mmHg lower than the systolic
pressure (Group OCC)—age [years]: 23.22 ± 0.44; body height [cm]: 169.83 ± 9.81;
body mass [kg]: 66.31 ± 11.77.

• A total of 10 people performed VASPER Systems LLC training using occlusion and
cooling—occlusion as in point 2, additionally combined with activation of the cool-
ing system provided by cuffs and cooling mats located under the feet and in the
seat of the subject (Group OCC-COO)—age [years]: 23.25 ± 0.46; body height [cm]:
172.13 ± 9.07; body mass [kg]: 69.45 ± 13.99.

Figure 1. The course of the study.

Figure 2. VASPER device (by VASPER Systems LLC).

Inclusion criteria: age 20–25, general good health, no comorbidities, no contraindi-
cations to participate in HIIT (High-Intensity Interval Training), not engaging in regular
physical training, no changes in diet before or during the research.

2.1. Analysis of Blood Parameters

Blood for the study was collected from fasting subjects (min. 12 h), from the basilic,
cephalic or median vein of the elbow, six times (2 weeks before the start of training, on the
day of training, after the first training, after the 10th training, after the 20th training and two
weeks after the end of training) using vacuum tubes (for serum testing 6 mL) by a qualified
laboratory diagnostician in accordance with applicable protocols. aPTT (Activated Partial
Thromboplastin Time), Fibrinogen, D-Dimer, TT (Thrombin Time), PT Quick, and INR
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(International Normalized Ratio) were determined using the BCS XP analyzer (Siemens
Healthcare Diagnostics Product GmbH, Marburg, Germany). CORT (Cortisol) was de-
termined using IMMULITE® 2000 XPi assays (Siemens Healthcare Diagnostics Product
GmbH, Marburg, Germany). MIO (Myoglobin) was determined using Alinity™ and STAT
Myoglobin Reagent Kit (Abbott, Chicago, IL, USA). HGH (Human Growth Hormone),
IGF-1 (Insulin-like Growth Factor 1), VEGF (Vascular Endothelial Growth Factor), MDA
(Malondialdehyde), T-AOC (Total Antioxidant Capacity), TOS (Total Oxidative Status) and
XOD (Xanthine Oxidase) were determined in the serum. The indices were investigated
with photometric tests: HGH—ELISA Kit and IGF-1 600 ELISA Kit (DRG Instruments
GmbH, Marburg, Germany); Human VEGF Kit, Human MDA Kit, Human T-AOC Kit,
Human TOS Kit, Human XOD Kit (Shanghai Sunred Biological Technology Co., Shanghai,
China). The procedure was in accordance with the manufacturer’s recommendations.

2.2. Description of the Intervention

Before starting training, each subject underwent an exercise test with lactate measure-
ments (Żołądź Test on the VASPER device), and individual loads not exceeding the lactate
threshold were determined. Each participant took part in 20 training sessions (every other
day). The training took place at the Functional Diagnostics Laboratory of the University of
Physical Education in Krakow.

• OCC-COO group—HIIT training combined with occlusion (on the arms and thighs)
and local cooling (built-in cryotherapy system under the feet and under the seat).
The pressure in the occlusive cuffs (constant) was 10 mmHg lower than the systolic
pressure. The cooling and occlusion system was activated for the entire duration of
each training unit. Each session consisted of

◦ Introductory part (approx. 2 min)—warm-up, preparation for exercise;
◦ Main part (approx. 20 min)—training consisting of 3 × 6 min and 1 min of rest

between intervals;
◦ Final part (approx. 2 min)—calming down, conscious muscle relaxation;

• Group OCC—like OCC-COO training, with an occlusion variant, but without cooling;
• CONT group—training as in the previous groups, but without the occlusion and

cooling variant.

2.3. Statistical Analysis

Descriptive statistics were determined: mean (x) as well as standard deviation (SD).
The normality of distributions was verified with the Shapiro–Wilk test. Comparisons
within and between groups were performed using ANOVA for repeated measures. For
comparisons between groups, a multivariate ANOVA was used. If significant changes were
observed, post hoc tests were performed. The significance level of p = 0.05 was adopted
in the analyses. In order to determine sample size, the formula for the minimum sample
size was used, in which the confidence interval was 95%, the fraction size of 0.5 and the
maximum error of 5% were assumed. The analyses were performed with the use of the
Statistica 13 package (Tibco Software Inc., Palo Alto, CA, USA).

3. Results

The results are presented in Tables 1–5. Comparisons carried out in individual groups
showed statistically significant differences:

• Increase in IGF-1 in the OCC-COO group (F = 2.85, p = 0.03), XOD in the OCC-COO
group (F = 10.69, p = 0.00), OCC group (F = 4.42, p = 0.00) and in the CONT group
(F = 6.48, p = 0.00), fibrinogen in the OCC-COO group (F = 2.81, p = 0.03), and D-Dimer
in the OCC-COO group (F = 2.66, p = 0.04);

• Decrease in MDA in the OCC-COO group (F = 3.74, p = 0.01) and CONT group
(F = 3.12, p = 0.03); T-AOC in the OCC-COO group (F = 3.96, p = 0.01), OCC group
(F = 7.24, p = 0.00) and the CONT group (F = 2.76, p = 0.04); PT Quick in the OCC-
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COO group (F = 17.45, p = 0.00), the OCC group (F = 8.27, p = 0.00) and CONT
group (F = 6.51, p = 0.00); INR in the OCC-COO group (F = 3.28, p = 0.01), OCC group
(F = 4.22, p = 0.00) and CONT group (F = 2.67, p = 0.05 ); and TT in the OCC-COO group
(F = 4.31, p = 0.00).

Statistical analysis of changes in the average values of indicators in all study groups
showed a significant change increase due to the time of testing IGF-1 (F = 2.37, p = 0.04),
XOD (F = 14.26, p = 0.00), D-Dimer (F = 2.90, p = 0.02), and decrease in MDA (F = 7.14,
p = 0.00), T-AOC (F = 11.17, p = 0.00), PT Quick (F = 26.37, p = 0.00), INR (F = 8.79, p = 0.00),
TT (F = 3.81, p = 0.00).

Table 1. Tested indicators (mean ± standard deviation).

Parameters Group I II III IV V VI

HGH
[ng/mL]

OCC-COO 1.23 ± 0.79 6.64 ± 14.62 6.83 ± 10.51 1.18 ± 1.01 1.41 ± 1.27 1.21 ± 0.78

OCC 3.64 ± 5.53 4.66 ± 9.64 3.45 ± 4.86 7.02 ± 12.90 2.05 ± 3.29 3.53 ± 7.93

CONT 2.06 ± 1.25 1.27 ± 0.78 1.15 ± 0.88 1.42 ± 1.13 2.46 ± 2.70 2.04 ± 2.82

IGF-1
[ng/mL]

OCC-COO 84.27 ± 17.11 83.49 ± 20.48 88.97 ± 22.16 95.18 ± 49.15 147.50 ± 75.62 117.90 ± 43.82

OCC 85.35 ± 11.71 96.27 ± 28.76 94.96 ± 37.09 116.05 ± 62.60 117.54 ± 42.13 131.81 ± 60.50

CONT 120.76 ± 50.52 92.89 ± 39.38 105.85 ± 29.30 147.61 ± 49.20 99.78 ± 51.50 115.35 ± 65.21

MDA
[nmol/mL]

OCC-COO 4.30 ± 1.81 4.06 ± 1.83 3.45 ± 2.27 2.75 ± 1.13 3.60 ± 1.92 2.73 ± 1.80

OCC 3.84 ± 1.16 3.43 ± 1.56 3.32 ± 1.01 2.45 ± 1.04 3.26 ± 1.42 2.89 ± 1.24

CONT 4.55 ± 1.86 3.57 ± 1.12 3.24 ± 0.95 3.44 ± 1.08 2.86 ± 1.85 2.85 ± 1.04

T-AOC
[U/mL]

OCC-COO 6.91 ± 3.98 6.88 ± 2.25 7.57 ± 3.34 3.98 ± 1.88 4.00 ± 1.25 5.91 ± 3.17

OCC 5.87 ± 3.48 7.61 ± 2.37 6.07 ± 2.90 3.61 ± 1.78 4.62 ± 2.76 3.15 ± 2.20

CONT 6.14 ± 1.51 8.84 ± 5.60 7.35 ± 5.39 3.55 ± 1.33 4.67 ± 2.25 3.33 ± 1.61

TOS [U/mL]

OCC-COO 25.97 ± 9.03 30.07 ± 17.30 31.71 ± 13.43 25.96 ± 6.51 36.36 ± 20.72 37.56 ± 17.75

OCC 24.38 ± 13.95 33.41 ± 18.83 39.92 ± 20.17 63.33 ± 101.49 68.12 ± 102.31 25.53 ± 6.66

CONT 40.51 ± 14.44 31.35 ± 9.56 28.39 ± 11.78 31.97 ± 8.43 33.84 ± 5.00 81.06 ± 142.98

VEGF [ng/L]

OCC-COO 857.52 ± 258.86 837.71 ± 281.89 745.30 ± 285.13 953.71 ± 395.19 911.27 ± 424.97 834.30 ± 239.77

OCC 891.03 ± 265.45 997.31 ± 349.36 744.82 ± 268.71 1183.08 ± 681.44 976.39 ± 442.41 900.97 ± 436.82

CONT 753.57 ± 162.34 906.42 ± 380.74 830.65 ± 223.52 861.13 ± 280.11 800.30 ± 116.45 985.13 ± 375.70

XOD
[ng/mL]

OCC-COO 17.18 ± 3.82 13.06 ± 3.53 14.16 ± 1.93 25.96 ± 10.02 21.21 ± 5.63 20.07 ± 3.50

OCC 15.82 ± 3.08 16.50 ± 5.08 12.98 ± 1.86 21.94 ± 9.05 24.93 ± 11.62 21.79 ± 8.77

CONT 16.23 ± 3.87 14.73 ± 4.19 13.76 ± 2.55 19.18 ± 4.87 24.22 ± 5.96 16.70 ± 4.61

CORT
[μg/dL]

OCC-COO 18.10 ± 4.71 18.61 ± 2.40 16.32 ± 2.31 17.52 ± 1.79 17.63 ± 1.44 18.19 ± 1.65

OCC 19.72 ± 4.19 19.04 ± 5.49 18.38 ± 2.30 18.09 ± 2.69 18.37 ± 2.81 17.57 ± 2.49

CONT 19.42 ± 4.78 20.05 ± 3.21 18.08 ± 4.13 21.12 ± 2.98 20.75 ± 5.14 19.72 ± 4.10

MIO [μg/L]

OCC-COO 40.13 ± 29.22 31.79 ± 8.43 37.01 ± 18.04 34.76 ± 13.06 34.07 ± 14.92 32.71 ± 8.48

OCC 40.99 ± 19.57 36.98 ± 14.65 37.22 ± 17.62 34.01 ± 13.41 28.53 ± 9.47 60.69 ± 86.90

CONT 25.67 ± 6.12 29.63 ± 12.63 28.83 ± 12.27 36.40 ± 23.88 27.87 ± 5.72 33.45 ± 18.23

PT Quick [%]

OCC-COO 99.41 ± 9.63 100.87 ± 7.18 95.25 ± 8.20 90.96 ± 7.70 90.94 ± 8.83 89.03 ± 7.30

OCC 104.45 ± 10.80 104.60 ± 14.94 99.58 ± 16.48 91.73 ± 16.70 95.70 ± 14.19 95.81 ± 16.20

CONT 101.20 ± 8.82 101.37 ± 11.00 97.80 ± 6.09 90.38 ± 6.91 93.97 ± 8.59 91.58 ± 9.39

INR

OCC-COO 1.12 ± 0.07 1.08 ± 0.05 1.09 ± 0.05 1.12 ± 0.05 1.12 ± 0.06 1.10 ± 0.05

OCC 1.09 ± 0.07 1.06 ± 0.08 1.07 ± 0.11 1.13 ± 0.12 1.10 ± 0.09 1.06 ± 0.08

CONT 1.11 ± 0.06 1.08 ± 0.06 1.08 ± 0.04 1.13 ± 0.05 1.10 ± 0.06 1.08 ± 0.06
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Table 1. Cont.

Parameters Group I II III IV V VI

aPTT [s]

OCC-COO 29.40 ± 1.72 29.80 ± 1.80 29.88 ± 2.45 29.42 ± 1.32 29.87 ± 1.75 29.39 ± 1.77

OCC 28.17 ± 2.87 28.50 ± 3.13 29.12 ± 3.68 28.73 ± 3.62 28.73 ± 4.00 28.42 ± 3.21

CONT 27.98 ± 1.11 28.07 ± 1.89 28.53 ± 1.03 28.37 ± 0.70 27.65 ± 1.48 27.62 ± 1.69

Fibrinogen
[g/L]

OCC-COO 2.32 ± 0.27 2.30 ± 0.51 2.15 ± 0.32 2.78 ± 0.83 2.39 ± 0.29 2.29 ± 0.20

OCC 2.78 ± 0.66 2.55 ± 0.41 2.43 ± 0.27 2.44 ± 0.53 2.51 ± 0.69 2.71 ± 0.82

CONT 2.76 ± 0.69 2.69 ± 0.84 2.57 ± 0.69 2.85 ± 0.95 2.77 ± 0.76 2.63 ± 0.68

D-Dimer
[mg/L]

OCC-COO 0.20 ± 0.04 0.23 ± 0.08 0.28 ± 0.18 0.20 ± 0.06 0.38 ± 0.24 0.28 ± 0.21

OCC 0.28 ± 0.17 0.28 ± 0.19 0.24 ± 0.13 0.24 ± 0.13 0.29 ± 0.20 0.25 ± 0.13

CONT 0.27 ± 0.10 0.30 ± 0.14 0.27 ± 0.11 0.26 ± 0.11 0.34 ± 0.17 0.29 ± 0.18

TT [s]

OCC-COO 18.12 ± 0.79 18.39 ± 1.14 18.80 ± 0.86 17.22 ± 1.21 18.79 ± 0.77 18.07 ± 0.99

OCC 17.62 ± 1.23 18.08 ± 1.21 18.20 ± 1.07 18.29 ± 1.44 18.50 ± 1.43 17.73 ± 1.07

CONT 17.30 ± 1.39 17.77 ± 1.16 17.90 ± 0.88 17.45 ± 1.58 18.42 ± 1.21 17.85 ± 0.95

HGH (Human Growth Hormone), IGF-1 (Insulin-like Growth Factor 1), VEGF (Vascular Endothelial Growth
Factor), MDA (Malondialdehyde), T-AOC (Total Antioxidant Capacity), TOS (Total Oxidative Status), XOD
(Xanthine Oxidase), CORT (Cortisol), MIO (Myoglobin), PT Quick, INR (International Normalized Ratio), aPTT
(Activated Partial Thromboplastin Time), TT (Thrombin Time).

Table 2. Analysis of variance for repeated measurements for the studied indicators in groups—F test
value and significance level p.

Parameters Groups F Test Value Significance Level p

HGH [ng/mL]

OCC-COO 1.58 0.19

OCC 0.84 0.53

CONT 0.65 0.66

IGF-1 [ng/mL]

OCC-COO 2.85 0.03

OCC 1.44 0.23

CONT 0.96 0.46

MDA [nmol/mL]

OCC-COO 3.74 0.01

OCC 2.30 0.06

CONT 3.12 0.03

T-AOC [U/mL]

OCC-COO 3.96 0.01

OCC 7.24 0.00

CONT 2.76 0.04

TOS [U/mL]

OCC-COO 1.30 0.28

OCC 1.11 0.37

CONT 0.70 0.63

VEGF [ng/L]

OCC-COO 0.57 0.72

OCC 1.17 0.34

CONT 0.78 0.57

XOD [ng/mL]

OCC-COO 10.69 0.00

OCC 4.42 0.00

CONT 6.48 0.00

CORT [μg/dL]

OCC-COO 0.94 0.46

OCC 0.94 0.46

CONT 2.11 0.10

115



J. Clin. Med. 2023, 12, 7636

Table 2. Cont.

Parameters Groups F Test Value Significance Level p

MIO [μg/L]

OCC-COO 0.40 0.84

OCC 0.85 0.53

CONT 1.03 0.42

PT Quick [%]

OCC-COO 17.45 0.00

OCC 8.27 0.00

CONT 6.51 0.00

INR

OCC-COO 3.28 0.01

OCC 4.22 0.00

CONT 2.67 0.05

aPTT [s]

OCC-COO 0.59 0.71

OCC 1.36 0.26

CONT 0.85 0.53

Fibrinogen [g/L]

OCC-COO 2.81 0.03

OCC 0.97 0.45

CONT 0.41 0.84

D-Dimer [mg/L]

OCC-COO 2.66 0.04

OCC 0.57 0.72

CONT 1.26 0.31

TT [s]

OCC-COO 4.31 0.00

OCC 1.77 0.14

CONT 0.73 0.61
HGH (Human Growth Hormone), IGF-1 (Insulin-like Growth Factor 1), VEGF (Vascular Endothelial Growth
Factor), MDA (Malondialdehyde), T-AOC (Total Antioxidant Capacity), TOS (Total Oxidative Status), XOD
(Xanthine Oxidase), CORT (Cortisol), MIO (Myoglobin), PT Quick, INR (International Normalized Ratio), aPTT
(Activated Partial Thromboplastin Time), TT (Thrombin Time). ANOVA test for repeated measurements was
performed; significance level of p = 0.05.

Table 3. Post hoc test values for the studied indicators depending on the study in the same groups.

Parameters Study I II III IV V VI

IGF-1 [ng/mL]
OCC-COO

I 0.97 0.83 0.61 0.00 0.12

II 0.97 0.80 0.58 0.00 0.11

III 0.83 0.80 0.77 0.01 0.18

IV 0.61 0.58 0.77 0.02 0.29

V 0.00 0.00 0.01 0.02 0.17

VI 0.12 0.11 0.18 0.29 0.17

MDA [nmol/mL]
OCC-COO

I 0.62 0.08 0.00 0.15 0.00

II 0.62 0.21 0.01 0.33 0.01

III 0.08 0.21 0.15 0.76 0.14

IV 0.00 0.01 0.15 0.08 0.98

V 0.15 0.33 0.76 0.08 0.08

VI 0.00 0.01 0.14 0.98 0.08
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Table 3. Cont.

Parameters Study I II III IV V VI

MDA [nmol/mL]
CONT

I 0.06 0.02 0.04 0.00 0.00

II 0.06 0.51 0.79 0.17 0.16

III 0.02 0.51 0.69 0.46 0.44

IV 0.04 0.79 0.69 0.26 0.25

V 0.00 0.17 0.46 0.26 0.98

VI 0.00 0.16 0.44 0.25 0.98

T-AOC [U/mL]
OCC-COO

I 0.98 0.55 0.01 0.01 0.37

II 0.98 0.53 0.01 0.01 0.38

III 0.55 0.53 0.00 0.00 0.14

IV 0.01 0.01 0.00 0.99 0.09

V 0.01 0.01 0.00 0.99 0.09

VI 0.37 0.38 0.14 0.09 0.09

T-AOC [U/mL]
OCC

I 0.06 0.83 0.01 0.16 0.00

II 0.06 0.09 0.00 0.00 0.00

III 0.83 0.09 0.01 0.11 0.00

IV 0.01 0.00 0.01 0.26 0.61

V 0.16 0.00 0.11 0.26 0.10

VI 0.00 0.00 0.00 0.61 0.10

T-AOC [U/mL]
CONT

I 0.16 0.52 0.18 0.44 0.14

II 0.16 0.43 0.01 0.04 0.01

III 0.52 0.43 0.05 0.16 0.04

IV 0.18 0.01 0.05 0.55 0.90

V 0.44 0.04 0.16 0.55 0.48

VI 0.14 0.01 0.04 0.90 0.48

XOD [ng/mL]
OCC-COO

I 0.05 0.15 0.00 0.06 0.17

II 0.05 0.60 0.00 0.00 0.00

III 0.15 0.60 0.00 0.00 0.01

IV 0.00 0.00 0.00 0.03 0.01

V 0.06 0.00 0.00 0.03 0.59

VI 0.17 0.00 0.01 0.01 0.59

XOD [ng/mL]
OCC

I 0.83 0.36 0.05 0.01 0.06

II 0.83 0.26 0.08 0.01 0.09

III 0.36 0.26 0.01 0.00 0.01

IV 0.05 0.08 0.01 0.34 0.96

V 0.01 0.01 0.00 0.34 0.31

VI 0.06 0.09 0.01 0.96 0.31

XOD [ng/mL]
CONT

I 0.48 0.25 0.17 0.00 0.82

II 0.48 0.65 0.05 0.00 0.36

III 0.25 0.65 0.02 0.00 0.17

IV 0.17 0.05 0.02 0.02 0.25

V 0.00 0.00 0.00 0.02 0.00

VI 0.82 0.36 0.17 0.25 0.00
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Table 3. Cont.

Parameters Study I II III IV V VI

PT Quick [%]
OCC-COO

I 0.38 0.02 0.00 0.00 0.00

II 0.38 0.00 0.00 0.00 0.00

III 0.02 0.00 0.01 0.01 0.00

IV 0.00 0.00 0.01 0.99 0.25

V 0.00 0.00 0.01 0.99 0.26

VI 0.00 0.00 0.00 0.25 0.26

PT Quick [%]
OCC

I 0.95 0.06 0.00 0.00 0.00

II 0.95 0.06 0.00 0.00 0.00

III 0.06 0.06 0.00 0.14 0.15

IV 0.00 0.00 0.00 0.13 0.12

V 0.00 0.00 0.14 0.13 0.96

VI 0.00 0.00 0.15 0.12 0.96

PT Quick [%]
CONT

I 0.95 0.21 0.00 0.01 0.00

II 0.95 0.19 0.00 0.01 0.00

III 0.21 0.19 0.01 0.16 0.03

IV 0.00 0.00 0.01 0.19 0.65

V 0.01 0.01 0.16 0.19 0.38

VI 0.00 0.00 0.03 0.65 0.38

INR
OCC-COO

I 0.01 0.06 1.00 1.00 0.08

II 0.01 0.32 0.01 0.01 0.25

III 0.06 0.32 0.06 0.06 0.88

IV 1.00 0.01 0.06 1.00 0.08

V 1.00 0.01 0.06 1.00 0.08

VI 0.08 0.25 0.88 0.08 0.08

INR
OCC

I 0.11 0.42 0.04 0.66 0.11

II 0.11 0.42 0.00 0.04 1.00

III 0.42 0.42 0.00 0.21 0.42

IV 0.04 0.00 0.00 0.10 0.00

V 0.66 0.04 0.21 0.10 0.04

VI 0.11 1.00 0.42 0.00 0.04

INR
CONT

I 0.09 0.06 0.34 0.70 0.13

II 0.09 0.85 0.01 0.19 0.85

III 0.06 0.85 0.01 0.13 0.70

IV 0.34 0.01 0.01 0.19 0.02

V 0.70 0.19 0.13 0.19 0.26

VI 0.13 0.85 0.70 0.02 0.26

Fibrinogen [g/L]
OCC-COO

I 0.94 0.36 0.01 0.69 0.88

II 0.94 0.40 0.01 0.64 0.94

III 0.36 0.40 0.00 0.19 0.45

IV 0.01 0.01 0.00 0.04 0.01

V 0.69 0.64 0.19 0.04 0.58

VI 0.88 0.94 0.45 0.01 0.58
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Table 3. Cont.

Parameters Study I II III IV V VI

D-Dimer [mg/L]
OCC-COO

I 0.60 0.18 0.99 0.00 0.19

II 0.60 0.40 0.59 0.02 0.43

III 0.18 0.40 0.17 0.10 0.97

IV 0.99 0.59 0.17 0.00 0.18

V 0.00 0.02 0.10 0.00 0.10

VI 0.19 0.43 0.97 0.18 0.10

TT [s]
OCC-COO

I 0.51 0.10 0.03 0.10 0.89

II 0.51 0.31 0.01 0.32 0.42

III 0.10 0.31 0.00 0.98 0.07

IV 0.03 0.01 0.00 0.00 0.04

V 0.10 0.32 0.98 0.00 0.08

VI 0.89 0.42 0.07 0.04 0.08

IGF-1 (Insulin-like Growth Factor 1), MDA (Malondialdehyde), T-AOC (Total Antioxidant Capacity), XOD
(Xanthine Oxidase), PT Quick, INR (International Normalized Ratio), TT (Thrombin Time). NIR post hoc test was
performed; significance level of p = 0.05.

Table 4. Multivariate analysis of variance for repeated measurements for the studied indicators
between groups—F test value and significance level p depending on the factor used.

Parameters Factor F Test Value Significance Level p

HGH [ng/mL]

S 0.66 0.66

I 0.45 0.65

S*I 1.20 0.30

IGF-1 [ng/mL]

S 2.37 0.04

I 0.69 0.51

S*I 1.22 0.29

MDA [nmol/mL]

S 7.14 0.00

I 0.12 0.88

S*I 0.81 0.62

T-AOC [U/mL]

S 11.17 0.00

I 0.34 0.72

S*I 1.01 0.44

TOS [U/mL]

S 0.69 0.63

I 0.50 0.62

S*I 1.14 0.34

VEGF [ng/L]

S 1.30 0.27

I 0.59 0.57

S*I 0.53 0.87

XOD [ng/mL]

S 14.26 0.00

I 0.29 0.75

S*I 1.32 0.23

119



J. Clin. Med. 2023, 12, 7636

Table 4. Cont.

Parameters Factor F Test Value Significance Level p

CORT [μg/dL]

S 1.60 0.17

I 1.15 0.34

S*I 0.94 0.50

MIO [μg/L]

S 0.64 0.67

I 0.75 0.48

S*I 0.69 0.73

PT Quick [%]

S 26.37 0.00

I 0.37 0.70

S*I 0.49 0.89

INR

S 8.79 0.00

I 0.29 0.75

S*I 0.54 0.86

aPTT [s]

S 1.75 0.13

I 0.90 0.42

S*I 0.48 0.90

Fibrinogen [g/L]

S 1.51 0.19

I 1.00 0.38

S*I 1.20 0.30

D-Dimer [mg/L]

S 2.90 0.02

I 0.09 0.91

S*I 1.06 0.40

TT [s]

S 3.81 0.00

I 0.56 0.58

S*I 1.20 0.30
HGH (Human Growth Hormone), IGF-1 (Insulin-like Growth Factor 1), VEGF (Vascular Endothelial Growth
Factor), MDA (Malondialdehyde), T-AOC (Total Antioxidant Capacity), TOS (Total Oxidative Status), XOD
(Xanthine Oxidase), CORT (Cortisol), MIO (Myoglobin), PT Quick, INR (International Normalized Ratio), aPTT
(Activated Partial Thromboplastin Time), TT (Thrombin Time), S-Study, I-Intervention, S*I—Study*Intervention.
Multivariate ANOVA test was performed; significance level of p = 0.05.

Table 5. Post hoc test values for the studied indicators depending on the study between groups.

Parameters Study I II III IV V VI

IGF-1 [ng/mL]

I 0.81 0.90 0.09 0.02 0.03

II 0.81 0.71 0.05 0.01 0.02

III 0.90 0.71 0.12 0.03 0.04

IV 0.09 0.05 0.12 0.53 0.63

V 0.02 0.01 0.03 0.53 0.89

VI 0.03 0.02 0.04 0.63 0.89

MDA [nmol/mL]

I 0.08 0.00 0.00 0.00 0.00

II 0.08 0.20 0.00 0.13 0.00

III 0.00 0.20 0.05 0.82 0.06

IV 0.00 0.00 0.05 0.09 0.97
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Table 5. Cont.

Parameters Study I II III IV V VI

MDA [nmol/mL]
V 0.00 0.13 0.82 0.09 0.09

VI 0.00 0.00 0.06 0.97 0.09

T-AOC [U/mL]

I 0.06 0.37 0.00 0.01 0.00

II 0.06 0.33 0.00 0.00 0.00

III 0.37 0.33 0.00 0.00 0.00

IV 0.00 0.00 0.00 0.35 0.48

V 0.01 0.00 0.00 0.35 0.81

VI 0.00 0.00 0.00 0.48 0.81

XOD [ng/mL]

I 0.27 0.06 0.00 0.00 0.02

II 0.27 0.44 0.00 0.00 0.00

III 0.06 0.44 0.00 0.00 0.00

IV 0.00 0.00 0.00 0.69 0.06

V 0.00 0.00 0.00 0.69 0.02

VI 0.02 0.00 0.00 0.06 0.02

PT Quick [%]

I 0.62 0.00 0.00 0.00 0.00

II 0.62 0.00 0.00 0.00 0.00

III 0.00 0.00 0.00 0.00 0.00

IV 0.00 0.00 0.00 0.07 0.40

V 0.00 0.00 0.00 0.07 0.34

VI 0.00 0.00 0.00 0.40 0.34

INR

I 0.00 0.01 0.06 0.90 0.01

II 0.00 0.30 0.00 0.00 0.46

III 0.01 0.30 0.00 0.01 0.76

IV 0.06 0.00 0.00 0.08 0.00

V 0.90 0.00 0.01 0.08 0.00

VI 0.01 0.46 0.76 0.00 0.00

D-Dimer [mg/L]

I 0.50 0.56 0.53 0.00 0.42

II 0.50 0.93 0.20 0.02 0.88

III 0.56 0.93 0.23 0.01 0.82

IV 0.53 0.20 0.23 0.00 0.15

V 0.00 0.02 0.01 0.00 0.03

VI 0.42 0.88 0.82 0.15 0.03

TT [s]

I 0.13 0.02 0.85 0.00 0.54

II 0.13 0.37 0.09 0.07 0.37

III 0.02 0.37 0.01 0.36 0.07

IV 0.85 0.09 0.01 0.00 0.42

V 0.00 0.07 0.36 0.00 0.01

VI 0.54 0.37 0.07 0.42 0.01

IGF-1 (Insulin-like Growth Factor 1), MDA (Malondialdehyde), T-AOC (Total Antioxidant Capacity), XOD
(Xanthine Oxidase), PT Quick, INR (International Normalized Ratio), TT (Thrombin Time). NIR post hoc test was
performed; significance level of p = 0.05.
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4. Discussion

Physical exercise, mainly aerobic, is a well-researched method of strengthening the
capillary network in skeletal muscles [23]. There is also evidence that high-intensity resis-
tance exercise also induces angiogenic signaling in activated muscles [24]. An increase in
VEGF levels, which is considered an important modulator of vasculogenesis and angio-
genesis, is necessary for hypertrophy and can be stimulated by lactate accumulation and
hypoxia [25–28]. There is also evidence of an increase in the rate of angiogenesis when
lactate levels are increased, thus producing an even greater hypertrophic stimulus [29].
Accordingly, lactate accumulation resulting from occlusion-induced hypoxia is a stimulus
for muscle hypertrophy. Larkin et al. (2012) assessed the post-exercise VEGF level in
serum during unilateral knee extension with and without the addition of BFR. They also
examined mRNA transcripts indicating angiogenesis, i.e.,: VEGF and its main receptor
(VEGF-R2), hypoxia-inducible factor 1 alpha (HIF-1alpha) and nitric oxide synthase iso-
forms (NOS) [30]. The key finding was that the BFR condition induced a significantly
greater angiogenic response compared with the non-BFR condition. Although serum VEGF
levels did not differ significantly between groups, mRNA transcripts for VEGF, VEGF-R2,
and neuronal nitric oxide synthase were significantly greater at BFR at 4 and 24 h postexer-
cise. In our studies, we observed trends towards lower VEGF 24 h after the first training,
and higher concentrations only after the 10th and 20th training, but these changes were not
statistically significant.

Muscle hypertrophy and increased strength after a single high-intensity exercise
session are thought to be related to the recruitment of high-threshold motor units [31,32].
The recruitment of these motor units results in a significant increase in mechanical
stress [33,34] and endocrine responses [35], as well as the accumulation of metabolites [36].
It is hypothesized that the accumulation of metabolic byproducts and/or the hypoxia-
induced stimulation of afferent nerve fibers causes an increase in the secretion of GH
and GH-releasing hormone [37]. Kraemer and Ratamess (2005) found that a large, sharp
increase in GH after exercise stimulates IGF secretion, leading to increased protein syn-
thesis and ultimately muscle hypertrophy [38]. Pierce et al. (2006) observed a nine-fold
increase in serum GH concentration from baseline to the cessation of knee extension ex-
ercises using BFR [39]. There are also studies that report increases in GH up to 290 times
the baseline [14,40–42], with the GH response after BFR and low-intensity exercise being
similar or even higher than that observed during high-intensity exercise [38,43]. It has
been suggested that lactate accumulation plays a key role in GH release during exercise,
which is supported by the fact that people lacking the myophosphorylase enzyme (those
who do not show an increase in blood lactate levels during exercise) show a weaker GH
response [44]. However, Reeves et al. (2006) demonstrated an increased GH response in the
BFR training group compared to traditional non-BFR training groups with the same lactate
concentrations [45], suggesting additional mechanisms. IGF-1 production also increases
with GH. In fact, IGF-1 increases protein synthesis and activates satellite cells, which causes
myofibril hypertrophy [46]. Furthermore, muscle hypertrophy occurred with the viral
overexpression of IGF-1 [47]. The increase in IGF1 observed in some studies may be related
to hemoconcentration due to changes in plasma volume after BFR resistance exercise [48].
After a training series, a progressive increase in IGF1 levels was observed after 2 weeks
of twice-daily BFR exercise [49]. Therefore, the overall relationship between BFR resis-
tance exercise and the GH–IGF1 axis remains controversial. West et al. (2009) reported
no increase in muscle protein synthesis or the phosphorylation of signaling proteins after
resistance exercise with elevated systemic concentrations of T, GH, and IGF1 compared to
low systemic concentrations of the same anabolic hormones [50]. An important mechanism
underlying BFR-induced hypertrophy may be the prolonged duration of metabolic acidosis,
which induces systemic GH release. Abe et al. (2005) reported an increased IGF-1 response
to low-intensity resistance training with BFR. The control group in this study performed a
protocol of the same intensity and volume but did not show a similar response [49]. In our
studies, we observed a statistically significant increase in IGF-1 after completed training in
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the occlusion and cooling group; in the occlusion-only group, an increasing tendency was
also observed, although statistically insignificant. When analyzing HGH, we did not note
any statistically significant changes.

The stress of resistance exercise is known to increase cortisol levels. Fujita et al. (2007)
compared four sets of exercises with and without BFR. The authors found increased cortisol
concentration after the BFR protocol compared to the control session. In this study, higher
cortisol levels after the BFR session likely indicated a stronger stress response; this is
evident by the fact that cortisol levels returned to baseline values approximately 1 h after
exercise [51]. In our study, we did not observe changes in CORT over time or differences
between groups.

The effects of resistance exercise combined with occlusion on systemic physiological
markers of muscle damage are not well understood. Although no increased levels of
creatine kinase and myoglobin were observed after two sets of resistance exercises with
BFR [14,51], there are studies that report rhabdomyolysis [52]. In addition to the potential
for muscle damage during BFR training, there is a hypothetical risk of microvascular
dysfunction due to reperfusion, which occurs when blood flow is restored after a period
of stenosis or ischemia [53]. It is hypothesized that during occlusion, a hypoxic and
ischemic muscle environment is created, which causes high levels of metabolic stress as
well as mechanical stress when BFR is used in conjunction with exercise. Both metabolic
stress and mechanical stress have been described as “major factors of hypertrophy” [54]
and have been assumed to activate other mechanisms to induce muscle growth: cell
swelling [55], increased systemic hormone production [6,45], the production of reactive
oxygen species (ROS) [51,56], the increased recruitment of fast-twitch fibers [57,58] and
the intramuscular transmission of anabolic/anti-catabolic signals [18,41,59]. Additionally,
although not statistically significant, Goldfarb et al. (2008) showed that the ratio of protein
carbonyls and glutathione (systemic indicators of oxidative stress) increased almost twofold
after BFR resistance exercise in a small group of men [60]. Analyzing the oxidative stress
indicators in our subjects, we observed a decrease in MDA, statistically significant only in
the CONT group, an increase in XOD in all groups after 10 and 20 training sessions and a
decrease in T-AOC in all groups after 10 and 20 training sessions without a simultaneous
change in TOS.

To the best of our knowledge, this study is the first to evaluate the effects of interval
training combined with occlusion or occlusion and cooling on indices of muscle metabolism
and oxidative stress in young healthy humans.

Study Limitation: The current experiment was not without flaws related to the lack of
a uniform diet and its monitoring (the inclusion criterion was only the lack of change in diet
before and during the project), but it undoubtedly showed the impact of interval training
and its modifications on the tested indicators. Research should continue in groups of
patients divided by gender and be adapted for people with vascular diseases and athletes.

5. Conclusions

Based on the research conducted, the following conclusions can be drawn:

• Changes in the examined indicators (IGF-1, MDA, T-AOC, XOD, PT Quick, INR,
Fibrinogen, D-Dimer, and TT) were observed after a series of training sessions, not
after a single training unit.

• Both interval training without and with the modifications used in the study influence
coagulation (PT Quick, INR, Fibrinogen, D-Dimer, and TT) and oxidative stress (MDA,
T-AOC, and XOD) parameters and, to a small extent, muscle metabolism (IGF-1).

• It seems reasonable to use occlusion and local cryotherapy in combination with occlu-
sion.
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