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Abstract  
Background  
The reduced level of physical activity in individuals with chronic obstructive pulmonary 
disease (COPD) is associated with disease severity; however, mild COPD may or may not 
decrease individuals’ physical fitness. Currently, it is unknown whether high-altitude 
hypoxia is a modifying factor of physical activity levels in COPD compared to healthy 
subjects. 

Objective  
To compare physical activity levels in individuals with COPD versus healthy subjects 
residing in high-altitude environments. 

Methods  
Individuals with COPD GOLD 1(A, B) and control subjects residing at high altitudes 
(>2500m) were studied. Physical activity level was measured for seven days using triaxial 
accelerometry. Measurement variables included METs/hour, energy expenditure in kcal/
hour, total daily energy expenditure, and number of steps per day. 

Results  
Daily caloric expenditure associated with physical activity showed only a slight decrease 
(3.1%) in COPD patients compared to the control group; there was a significant 61.32% 
lower hourly calorie consumption rate in the COPD group. Additionally, COPD patients 
exhibited lower MET/hour (9.64% difference) and a substantial difference in the number 
of steps per day, with 139.41% fewer steps compared to the control group. 

Conclusion  
COPD patients in hypobaric hypoxia environments exhibit significantly lower levels of 
physical activity compared to healthy individuals. Altitude hypoxia contributes to low 
levels of physical activity in both COPD patients and healthy subjects. 

INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) signifi-
cantly impacts the physical activity levels of affected in-
dividuals. Physical activity is defined as any body move-
ment produced by skeletal muscles that results in energy 
expenditure greater than the baseline. This includes a wide 
range of activities, from those performed during daily living 

and work-related tasks to recreational activities and struc-
tured exercise programs. COPD is a chronic condition char-
acterized by progressive obstruction of pulmonary airflow, 
leading to symptoms such as dyspnea, cough, and sputum 
production.1 These symptoms can limit the capacity to en-
gage in both moderate and high-intensity physical activi-
ties. Consequently, individuals with COPD often exhibit re-
duced levels of physical activity compared to the general 
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population, which may have negative consequences for 
their health and quality of life.2 

The limitation in exercise capacity associated with COPD 
is attributed to various factors, including pulmonary dys-
function, peripheral muscle dysfunction, and the presence 
of comorbidities such as cardiovascular disease.3 Addition-
ally, fatigue and the sensation of breathlessness experi-
enced during physical activity can act as significant barriers 
to regular exercise in these individuals. Consequently, 
many COPD patients tend to adopt a sedentary lifestyle, 
further contributing to the loss of functional capacity and 
overall health deterioration.4 

It is known that exposure to hypobaric hypoxia associ-
ated with high-altitude environments (>2500 m) can have 
significant effects on people’s physical activity levels.5 The 
decrease in partial pressure of oxygen (PO2) can lead to a 
reduction in aerobic capacity and a decline in physical per-
formance.6 This may manifest as quicker fatigue, increased 
difficulty in breathing, and lower exercise tolerance in indi-
viduals with COPD, thereby limiting the ability to maintain 
physical activity levels comparable to those experienced at 
sea level or even with levels of individuals without this dis-
ease residing at high altitudes. 
The reduced level of physical activity in individuals with 

COPD is associated with a series of adverse consequences, 
including a higher risk of disease exacerbations, more fre-
quent hospitalizations, and increased mortality.7 Further-
more, physical inactivity may contribute to the deteriora-
tion of lung function, decreased muscle strength, and loss 
of bone mass, further exacerbating disability and reducing 
the quality of life of these patients. Therefore, the purpose 
of this research was to compare the levels of physical activ-
ity in individuals with COPD versus healthy subjects resid-
ing in high-altitude environments. 
Physical activity was measured by considering the every-

day, routine, and normal activities of individuals in their 
daily lives. This included the assessment of household 
chores, commuting, occupational activities, and recre-
ational pursuits that are part of the participants’ daily rou-
tines. By considering these common daily activities, we 
aimed to obtain a more accurate and realistic representa-
tion of physical activity levels, avoiding any bias that could 
arise from a controlled test environment or from physical 
activities that are not habitual for the participant. 

METHODS 

STUDY DESIGN 

A cross-sectional observational study was conducted on the 
comparative effects of hypobaric hypoxia on individuals di-
agnosed with COPD versus those without this disease resid-
ing at >2500 m. 
Participants were conveniently assigned to the research 

groups, considering whether they had COPD or not. The 
COPD group consisted of individuals diagnosed with COPD, 
while those without respiratory disease joined the CTRL 
group (Figure 1). 

PARTICIPANTS 

The study included adults aged 65 years or older with a 
medical diagnosis of COPD, classified as GOLD 1 and 2 (A 
or B) according to the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD).8 The inclusion criteria were as 
follows: (i) residing at high altitude (>2500 m) without ex-
periencing changes in altitude in the 24 months prior to the 
start of the study, (ii) not experiencing disease exacerba-
tions three months before the start of the study, (iii) not re-
quiring oxygen therapy, (iv) being affiliated with a medical 
insurance system, (v) having signed informed consent. 
Individuals were excluded from the study if they met any 

of the following criteria: (i) having any physical, sensory, 
cognitive, or psychosocial disability that would limit par-
ticipation in the physical exercise program, (ii) being diag-
nosed with cardiac, vascular, renal, or hepatic diseases that 
could affect the level of physical activity, (iii) being active 
smokers or being exposed to occupational chemicals that 
could exacerbate COPD, (iv) actively participating in phys-
ical exercise or pulmonary or cardiac rehabilitation pro-
grams, (v) being involved in other medical or therapeutic 
research. 
For the CTRL group, inclusion criteria included: (i) in-

dividuals aged 65 years or older who have resided at high 
altitude (>2500 m) for at least 12 months before the start 
of the research, (ii) not presenting hypoxemia with periph-
eral oxygen saturation (SpO2) below 92%, (iii) being affili-
ated with a medical insurance system. Exclusion criteria for 
this group included: (i) having any disability that restricts 
the practice of physical activity, (ii) being diagnosed with 
cardiac, vascular, or renal diseases, (iii) being physically ac-
tive, recording more than 150 min/week of physical activ-
ity, (iv) being an active smoker or being exposed to tobacco 
smoke. 

OUTCOME VARIABLES 

Physical activity level was assessed using a triaxial ac-
celerometer ActiGraph GT3X+ (Pensacola, USA, 2011),9 de-
signed to record acceleration with magnitudes ranging from 
0.05 to 2.5 g (where g = 9.8 m/s^2), within a frequency range 
of 0.25 to 2.5 Hz over a period of 60 seconds. This device 
was secured to each participant’s dominant hip using a belt. 
Data were collected for a total of nine days, of which seven 
days were considered valid, excluding the first and last day 
of measurement. A valid day was defined as one in which 
the accelerometer was worn continuously for a period of 8 
to 10 hours. In data analysis, non-recorded periods were 
eliminated, defined as a 60-minute interval with a count 
equal to 0, indicating device non-usage. To determine the 
level of physical activity, the following outcomes were cal-
culated: (i) Metabolic Equivalent of Task (METs)/hour, (ii) 
energy expenditure in kcal/hour and kcal/day, (iii) number 
of steps per day. The physical activity of the subjects was 
measured according to their everyday activities during the 
measurement days; therefore, people were instructed to 
continue with their routine activities in a normal way dur-
ing the measurement time. The individuals in the study did 
not participate in any additional or different physical exer-
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Figure 1. Research diagram   
The research flowchart is presented with the execution phases. COPD: Chronic Obstructive Pulmonary Disease group, CTRL: Control group. 

cise programs beyond what they normally engage in as part 
of their daily routine. This approach ensured that the data 
accurately reflected their habitual levels of physical activity 
without introducing any external or non-routine activities. 

ENVIRONMENTAL CONDITIONS DURING MEASUREMENT 

The assessment of physical activity level was conducted in 
a specific geographical and environmental setting with the 
following characteristics: (i) location: Andean Region, (ii) 
Altitude: 2,640 m (8,660 feet), (iii) barometric pressure dur-
ing assessment: 752.1 hPa, (iv) average temperature: 14°C 
to 22°C (57°F to 71.6°F), (v) relative humidity: 62%. 

ETHICAL ASPECTS 

This research adhered to the principles and guidelines es-
tablished in the Helsinki Declaration and obtained approval 
from the ethics committee of the Universidad Nacional de 
Colombia granted on 7 December 2020 and registered with 
approval number 14-2020. All participants signed an in-
formed consent agreeing to their participation. 

STATISTICAL CONSIDERATIONS 

Taking into account the characteristics of the population 
object of this research, convenience sampling was devel-
oped given that (i) patients with COPD should have strat-
ification of the disease before the start of the study, (ii) 
control group (CTRL) subjects should not have significant 
differences around anthropometric conditions, (iii) the 
study subjects had to be residents at high altitude, (iv) the 
participants had to have adequate cognitive functions to 
make adequate use of the accelerometer and for which two 
education sessions were carried out. 
Continuous variables were examined using measures of 

central tendency (such as mean and median) and dispersion 
(such as standard deviation and interquartile range), de-
pending on their normal distribution, which was assessed 

using visual methods (histograms and scatter plots) and 
statistical tests (Shapiro-Wilk test). Comparison between 
COPD and CTRL patient groups was conducted using 
SigmaPlot software (version 12.5, Systat Software, Inc., 
2008–2009). Parametric and non-parametric statistical 
tests were applied based on a priori criteria. Chi-square test 
was used to compare proportions between groups, while 
Kruskal-Wallis test was applied for continuous variables. 
Data are presented as mean ± standard deviation (SD), and 
p-values indicating significant statistical differences are re-
ported throughout the text, tables, and figures, with signif-
icance set at p<0.05. 

RESULTS 

Six patients diagnosed with confirmed COPD and six indi-
viduals without COPD who exhibited similar health char-
acteristics and sociodemographic conditions (all residing at 
>2500 m) were recruited. (Figure 2). Regarding age, no sig-
nificant differences are observed between the two groups, 
with a mean age of 74.0 years for the COPD group and 
75.6 years for the control group (p=0.613). However, sig-
nificant differences are observed in height, with the COPD 
group being slightly taller on average compared to the con-
trol group (161.1 cm vs 151.3 cm, p=0.108). In terms of 
weight and body mass index (BMI), no significant differ-
ences are observed between the two groups, with the COPD 
group having an average weight of 68.5 kg and a BMI of 26.3 
kg·m-2, while the control group has an average weight of 
64.2 kg and a BMI of 28.4 kg·m-2 (p=0.556 vs p=0.359). See 
Table 1. 
Regarding pulmonary function tests, significant differ-

ences are observed in several parameters between the two 
groups. The COPD group shows significantly lower forced 
vital capacity (FVC) and forced expiratory volume in one 
second (FEV1) compared to the CTRL (p=0.069 vs P=0.089). 
Additionally, the forced expiratory volume in 1s/forced vital 
capacity (FEV1/FVC) ratio is significantly lower in the 
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Figure 2. Flow of participants    
The flowchart of participants and the assignment by study groups is presented. COPD: Chronic Obstructive Pulmonary Disease group, CTRL: Control group. 

COPD group (p=0.039). Additionally, significant differences 
are evidenced in the baseline dyspnea score between the 
two groups, with the COPD group experiencing a higher 
dyspnea score compared to the CTRL group (3.6 vs 1.6, 
p=0.002). Furthermore, significant differences are found in 
pulse arterial oxygen saturation (SpO2) and breath fre-
quency (BF), with lower SpO2 values and higher BF in the 
COPD group compared to the CTRL group (p<0.001 and 
p=0.030). 

PHYSICAL ACTIVITY LEVEL 

Daily calorie expenditure associated with physical activity 
was slightly decreased in patients diagnosed with COPD 
compared to the CTRL group, with a percentage difference 
of 3.1% (Kcal/day: COPD 197.84 ± 85.4 vs CTRL 191.94 ± 
105.9. p=0.398). Regarding calorie expenditure per hour, a 
significant difference was observed between both groups, 
showing that the COPD group had a 61.32% lower hourly 
calorie consumption rate compared to the control group 
(Kcal/Hour: COPD 8.92 ± 5.4 vs CTRL 14.49 ± 16.7. p=0.018) 
In relation to METs/hour, a 9.64% difference was found 

between the COPD group and the control group, with lower 
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Table 1. Participant characteristics   

COPD CTRL P Value 

Subjects 6 6 

Age (years) 74.0 ± 5.3 75.6 ± 4.6 p=0.613 

Height (cm) 161.1 ± 11.9 151.3 ± 2.7 p=0.108 

Weight (kg) 68.5 ± 12.5 64.2 ± 10.3 p=0.556 

BMI (kg·m-2) 26.3 ± 4.0 28.4 ± 3.0 p=0.359 

Pulmonary function 

FVC (%) 98 ± 1.7 81 ± 2.5 p=0.069 

FEV1 (%) 89 ± 3.6 77 ± 4.2 p=0.089 

FEV1/FVC (%) 77.4 ± 9.6 66.0 ± 7.9 p=0.039 

PEF (L·s-1) 5.8 ± 2.7 3.3 ± 1.4 p=0.070 

Dyspnea 

Dyspnea score baseline (mMRC) 3.6 ± 0.5 1.6 ± 0.5 p=0.002 

Vital signs - Baseline 

SpO2 (%) 85 ± 1 95 ± 1 p<0.001 

HR (bpm) 77 ± 6 81 ± 2 p=0.145 

Systolic BP (mmHg) 121 ± 3 120 ± 3 p=0.560 

Diastolic BP (mmHg) 81 ± 7 78 ± 7 p=0.122 

BF (breaths/min) 14.5 ± 0.5 15.4 ± 0.4 p=0.030 

The baseline characteristics of participants at rest are shown. Data are presented as mean ± standard deviation (SD). Statistical significance: p<0.05 after running a paired t-Student 
test. BMI: Body mass index, BF: Breath frequency, COPD: COPD group, CTRL: Control group, FVC: forced vital capacity, FEV1: forced expiratory volume in 1s, FEV1/FVC: forced expi-
ratory volume in 1s/forced vital capacity, PEF: peak expiratory flow, FEF: mean expiratory flow, SpO2: pulse arterial oxygen saturation, HR: heart rate; SBP: systolic blood pressure, 
DBP: diastolic blood pressure. 

METs recorded in COPD patients (METs/hour: COPD 1.25 
± 0.1 vs CTRL 1.24 ± 0.25. p=0.025). Finally, quantification 
of physical activity level through the number of steps per 
day showed a significant difference of 139.41% between the 
groups, with an average of 2312 fewer steps in the COPD 
patient group (steps/hour: COPD 1658.50 ± 252.05 vs CTRL 
3970.75 ± 397.19. p=0.001). 
Regarding the results separated down by day, it is ev-

ident that the analysis of daily caloric expenditure (Kcal/
day) reveals notable differences between the groups over 
the week. During this period, patients with COPD exhibit 
a range of 145.6 to 229.7 kcal/day, while the control group 
shows a broader spectrum, fluctuating between 135.05 and 
235.9 kcal/day. Regarding hourly caloric expenditure (Kcal/
hour), marked fluctuations are observed in both sets of par-
ticipants over the seven-day study. Patients with COPD dis-
play a range of 6.27 to 12.81 kcal/hour, while the control 
group has a range of 7.76 to 16.85 kcal/hour, indicating 
variability in physical activity patterns during the observa-
tion period (Figure 3). 
The METs per hour rate (METs/hour) also exhibits signif-

icant variations both between the groups and over the study 
period. Patients with COPD register a METs per hour rate 
ranging from 1.198 to 1.293, while the control group shows 
values ranging from 1.157 to 1.312, highlighting differences 
in the relative intensity of physical activity performed. Fi-
nally, the analysis of the number of steps per day (steps/
day) reveals a considerable disparity in levels of physical ac-
tivity between patients with COPD and the control group 

over the week. Patients with COPD show a range of 922.28 
to 2166.48 steps/day, while the control group records a 
broader range, from 3413.67 to 4993.13 steps/day, reflect-
ing differences in mobility and the level of physical activity 
between the two groups (Figure 3). 

DISCUSSION 

The assessment of physical activity level through daily step 
counts reveals a marked disparity between the groups, with 
COPD-diagnosed patients showing an average of 2312 
fewer steps than the control group. When contrasting our 
step count data with previous studies by Carvalho da Silva 
et al. (Steps/1Day 3066),4 Albarriti et al. (Steps/1Day 
4095),2 Wats et al. (Steps/1Day 7990 ± 3370,)10 and Troost-
ers et al. (Steps/1Day 5584 ± 3360,)11 This disparity could 
be attributed to the coexistence of hypoxemia associated 
with structural and functional lung damage derived from 
COPD, along with exposure to altitude hypoxia due to their 
residence in high-altitude regions.7 The observed differ-
ence between the study groups suggests a notable decrease 
in daily physical activity in COPD patients, a phenomenon 
that may be related to respiratory difficulty and fatigue ex-
perienced during daily activities. 
Although no significant difference was found in quan-

tifying daily caloric expenditure, a significant difference 
was found in hourly caloric expenditure between the two 
groups; this may be associated with the fact that daily 
caloric expenditure can be influenced by a wide range of 
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Figure 3. Level of physical activity discriminated by days        
The level of physical activity discriminated by days and measurement variables is presented. Data are presented as mean ± standard deviation (SD). Statistical significance: p<0.05 after running a paired t-Student test. The boxes represent the interquartile range (first 
and third) separated by the median, the black point corresponds to the mean, and the ends of the whiskers are the minimum and maximum values. (a): Kcal*Day discriminated for days, (b): Kcal*Hour discriminated for days, (c): steps/day discriminated for days, (d): 
METs/hour discriminated for days. COPD: COPD group, CTRL: Control group, Kcal: kilocalories, MET: Metabolic Equivalent of Task. 
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physical activities performed throughout the day.12 Thus, 
while COPD patients may experience limitations in certain 
physical activities due to their medical condition, they may 
compensate with other lower-intensity activities that may 
not reflect in a significant difference in daily caloric ex-
penditure. Conversely, hourly caloric expenditure may be 
more directly affected by limited respiratory capacity and 
fatigue associated with COPD.13 Activities requiring more 
intense physical effort may result in greater respiratory dif-
ficulty for COPD patients, limiting their ability to maintain 
a steady pace of physical activity,2 and thus reducing their 
hourly caloric expenditure. 
Regarding METs, COPD patients exhibit a lower number 

of achieved METs/hour, suggesting reduced capacity to per-
form physical activity at a higher metabolic level in these 
individuals. The reduction in METs is associated with phys-
iological and metabolic factors present in COPD patients, 
such as: (i) decreased metabolic efficiency and cellular ox-
idative capacity, likely stemming from lower synthesis of 
oxidative enzymes in muscle tissue,14 (ii) increased mito-
chondrial degradation, which could be linked to the chronic 
inflammatory response characteristic of COPD, as well as 
disuse due to physical inactivity,15 (iii). reduction in the 
proportion of capillarization per muscle area and in the 
proportion of slow oxidative muscle fibres (Slow Oxidative: 
SO),16 which could influence the capacity of COPD patients 
to maintain optimal levels of physical activity in the long 
term,14 (iv) exposure to hypobaric hypoxia imposes addi-
tional stress on the respiratory system, increasing disease 
exacerbations and typical respiratory symptoms in people 
with COPD.17 

All participants in this research do not meet the min-
imum requirements to be physically active (regardless of 
whether they have a diagnosis of COPD), an aspect that may 
be associated with the effects of hypobaric hypoxia on func-
tional fitness and physical independence. It is known that 
lower partial pressure of oxygen in the air can lead to a 

decrease in exercise capacity and an increase in fatigue18; 
likewise, physiological stress caused by hypobaric hypoxia 
along with adverse climatic conditions may reduce motiva-
tion to engage in intense physical activities. 
These findings underscore the importance of considering 

the impact of COPD on physical activity and caloric expen-
diture in patients. The reduction in the ability to engage 
in physical activity observed in COPD patients could have 
significant implications for their health and quality of life, 
highlighting the need for interventions that promote phys-
ical activity tailored to the limitations of these patients. 
Finally, although the sample size in this scientific study 

is small, these results are novel and innovative, considering 
that the number of investigations into the effects of hypo-
baric hypoxia on the level of physical activity in people with 
COPD is limited. Thus, the results of this study can serve 
as a starting point for future larger and more comprehen-
sive studies in the same field, providing a solid foundation 
for the exploration and broad understanding of the rela-
tionship between respiratory disease, altitude hypoxia, and 
physical activity. 

CONCLUSION 

These results suggest that patients diagnosed with COPD 
may exhibit lower levels of physical activity compared to 
healthy individuals when residing in hypobaric hypoxia en-
vironments. COPD subjects may have up to 61% less daily 
caloric expenditure, 3% less hourly metabolic expenditure, 
and approximately 139% less daily physical activity mea-
sured in terms of steps taken. We believe that this low level 
of physical activity observed in individuals with COPD, par-
ticularly those residing at high altitudes, could be a con-
tributing factor to the functional limitations and deteriora-
tion in quality of life associated with this disease. 
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