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Abstract
Background Chronic obstructive pulmonary disease (COPD) is a common respi-
ratory disease in elderly patients. Decreased peripheral transcutaneous oxygen
saturation (SpO2) during activity is a ubiquitous phenomenon correlated with
disease prognosis. Currently, assessment conclusions regarding exercise-induced
desaturation (EID) are inconsistent. Objective To explore methods suitable for
assessing EID in community and home-based COPD patients. Methods Seventy-
six stable COPD patients admitted to China-Japan Friendship Hospital from
January 2021 to August 2023 were retrospectively selected as study subjects.
Resting SpO2 and lowest SpO2 during exercise (ΔSpO2) in the six-minute walk
test (6MWT) were recorded, with ΔSpO2 ≥ 4% serving as the EID criterion.
Patients were divided into non-EID and EID groups based on EID presence. Pul-
monary function indices, 30-second sit-to-stand test (30s STST) ΔSpO2, and
COPD Assessment Test (CAT) scores were compared between groups. The rela-
tionship between 6MWTΔSpO2 and both 30s STST ΔSpO2 and CAT score was
explored. Receiver operating characteristic (ROC) curve analysis was employed
to evaluate the predictive value of 30s STST ΔSpO2, CAT score, and their
combination for EID. Results Statistically significant differences in 30s STST
ΔSpO2 and CAT scores were observed between the non-EID group (n=29) and
EID group (n=47) (P<0.05). The 30s STST ΔSpO2 cutoff value for predict-
ing EID was 2, with sensitivity of 59.6%, specificity of 82.8%, and area under
the receiver operating characteristic curve (AUC) of 0.730 (95%CI=0.614~0.846,
P<0.05). The CAT score cutoff value for predicting EID was 13 points, with sen-
sitivity of 48.9%, specificity of 79.3%, and AUC of 0.712 (95%CI=0.596~0.828,
P<0.05). The combination of 30s STST ΔSpO2 and CAT score for predicting
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EID was 0.593, with sensitivity of 70.2%, specificity of 72.4%, and AUC of 0.765
(95%CI=0.659~0.871, P<0.001). Conclusion When 30s STST induces a SpO2
decrease ≥ 2% or CAT score ≥ 13 points, vigilance for possible EID is warranted;
the 30s STST and CAT score can serve as assessment methods for predicting
induced EID in stable COPD patients in community and home settings.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is one of the
most common respiratory diseases in elderly patients. Decreased peripheral
oxygen saturation (SpO2) during activity is a common phenomenon correlated
with disease prognosis, yet current assessments of exercise-induced hypoxemia
(EID) have yielded inconsistent results.

Objective: To explore methods suitable for inducing and assessing EID in
community and home-based COPD patients.

Methods: This retrospective study included 76 stable COPD patients admitted
to China-Japan Friendship Hospital from January 2021 to August 2023. Resting
SpO2 and the lowest SpO2 during exercise (ΔSpO2) were recorded during the
six-minute walk test (6MWT), with EID defined as ΔSpO2 ≥ 4%. Patients were
divided into non-EID and EID groups. Pulmonary function indicators, ΔSpO2
during the 30-second sit-to-stand test (30s STST), and COPD Assessment Test
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(CAT) scores were compared between groups. The relationship between ΔSpO2
in 6MWT and both 30s STST ΔSpO2 and CAT scores was investigated. Re-
ceiver operating characteristic (ROC) curve analysis was used to evaluate the
predictive value of 30s STST ΔSpO2, CAT score, and their combination for
EID.

Results: Significant differences were observed between the non-EID group
(n=29) and EID group (n=47) in 30s STST ΔSpO2 and CAT scores (P<0.05).
The optimal cutoff value of 30s STST ΔSpO2 for predicting EID was 2%, with
sensitivity of 59.6%, specificity of 82.8%, and area under the curve (AUC) of
0.730 (95%CI=0.614–0.846, P<0.05). The optimal cutoff for CAT score was
13 points, with sensitivity of 48.9%, specificity of 79.3%, and AUC of 0.712
(95%CI=0.596–0.828, P<0.05). The combination of 30s STST ΔSpO2 and CAT
score yielded a cutoff of 0.593, sensitivity of 70.2%, specificity of 72.4%, and
AUC of 0.765 (95%CI=0.659–0.871, P<0.001).

Conclusion: A 30s STST-induced SpO2 decrease ≥ 2% or CAT score ≥ 13
points should alert clinicians to potential EID. The 30s STST and CAT score can
serve as practical assessment tools for predicting EID in stable COPD patients
in community and home settings.

Keywords: Pulmonary disease, chronic obstructive; Sit-to-stand test; Hypox-
emia; Exercise-induced hypoxemia; Home-based rehabilitation; Forecasting

Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condi-
tion characterized by chronic respiratory symptoms including dyspnea, cough,
and sputum production that lead to persistent and progressively worsening air-
flow limitation. COPD has become the third leading cause of death worldwide.
Since 2011, the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines have shifted from purely spirometry-based assessment to incorporate
clinical indicators such as symptom evaluation and dyspnea severity. Peripheral
oxygen saturation (SpO2) is a crucial respiratory parameter reflecting hypoxia
status. Exercise-induced hypoxemia (EID) is clinically defined as a difference
between resting SpO2 and the lowest SpO2 during exercise (ΔSpO2) ≥ 4%
and/or minimum SpO2 < 90% during six-minute walk testing (6MWT) or car-
diopulmonary exercise testing (CPET). EID etiology is multifactorial, involv-
ing ventilation-perfusion mismatch, alveolar hypoventilation, diffusion limita-
tion, and decreased oxygen content in mixed venous blood. Patients with EID
typically exhibit severe airflow limitation, reduced carbon monoxide diffusing
capacity (DLCO), decreased resting arterial oxygenation, and emphysema. Hy-
poxemia is associated with impaired exercise capacity and increased mortality.

Current clinical measurements for EID include monitoring resting SpO2, forced
expiratory volume in one second (FEV1), and DLCO, but these have limitations
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for community and home implementation. There is an urgent need for simple,
direct EID assessment methods. This study investigates the correlation between
EID during 6MWT and both the 30-second sit-to-stand test (30s STST) and
COPD Assessment Test (CAT) score in stable COPD patients, aiming to iden-
tify simple and accurate methods for predicting EID in community or home
settings.

1. Materials and Methods

1.1 Study Population We retrospectively selected 76 stable COPD patients
admitted to China-Japan Friendship Hospital between January 2021 and August
2023 as study subjects.

1.2 Inclusion and Exclusion Criteria Inclusion criteria: (1) Diagnosis
and severity classification of COPD followed the 2021 GOLD guidelines, with
all patients meeting diagnostic criteria and being in stable condition; (2) Com-
pletion of 6MWT, 30s STST, and CAT score assessments.

Exclusion criteria: Patients were excluded based on absolute and relative
contraindications specified in the Chinese Expert Consensus on Clinical Appli-
cation of the Six-Minute Walk Test. The study was approved by the Clinical
Research Ethics Committee of China-Japan Friendship Hospital (approval num-
ber: 2022-KY-141), and all participants provided informed consent.

1.3 Measurement Indicators and Methods 1.3.1 Demographic data:
Patient demographics (age, sex) and anthropometric data (height, weight) were
collected from pulmonary function reports to calculate body mass index (BMI).

1.3.2 Measurement indicators and methods: (1) Pulmonary function tests
were performed by qualified technicians according to standard protocols. (2) The
6MWT was used to evaluate exercise capacity, treatment efficacy, and prognosis.
Testing was conducted in a quiet 30-meter corridor with minimal pedestrian traf-
fic. Patients were instructed to walk at their maximum capacity for 6 minutes,
adjusting speed as needed. Resting SpO2 and the lowest SpO2 during exercise
were recorded to calculate ΔSpO2, with EID defined as ΔSpO2 ≥ 4%. Trained
hospital staff supervised the test according to guideline requirements. (3) The
30s STST was used to measure lower limb muscle strength. A standardized chair
with a seat height of 47 cm from the floor was placed against a wall for stability.
Patients sat with feet flat on the floor and arms crossed at the chest. Upon the
“start”signal, patients performed repeated sit-to-stand cycles without using their
arms for assistance, completing as many repetitions as possible within 30 sec-
onds. A complete cycle required standing fully and then sitting until touching
the seat. Staff recorded resting SpO2, minimum SpO2 during the test, number
of repetitions, and fatigue level. (4) The CAT score supplemented spirometry
data for risk assessment, evaluating eight dimensions including cough, sputum,
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chest tightness, breathlessness, activity limitation, confidence, sleep, and energy.
It quantifies health status and symptom burden in COPD patients, with total
scores of 0–10, 11–20, 21–30, and 31–40 representing mild, moderate, severe,
and very severe clinical impact, respectively.

1.4 Statistical Analysis Data were processed and analyzed using SPSS 26.0
software. Normally distributed continuous variables were expressed as mean
± standard deviation and compared between groups using independent t-tests.
Non-normally distributed variables were presented as median (P25, P75) and
compared using Mann-Whitney U tests. Categorical data were expressed as
frequencies and compared using �2 tests. ROC curve analysis evaluated the pre-
dictive value of 30s STST ΔSpO2 and CAT score for 6MWT ΔSpO2. Statistical
significance was set at P<0.05.

2. Results

2.1 General Characteristics The 76 stable COPD patients ranged in age
from 32 to 87 years, with a mean age of (64$±10)𝑦𝑒𝑎𝑟𝑠.𝐵𝑀𝐼𝑟𝑎𝑛𝑔𝑒𝑑𝑓𝑟𝑜𝑚17.3𝑡𝑜29.9𝑘𝑔/𝑚{2}, 𝑤𝑖𝑡ℎ𝑎𝑚𝑒𝑎𝑛𝑜𝑓(24.4±3.1)𝑘𝑔/𝑚{2}.𝑇 ℎ𝑒𝑐𝑜ℎ𝑜𝑟𝑡𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑59𝑚𝑎𝑙𝑒𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠(𝑎𝑔𝑒42–87𝑦𝑒𝑎𝑟𝑠, 𝑚𝑒𝑎𝑛(66±9)𝑦𝑒𝑎𝑟𝑠; 𝐵𝑀𝐼17.3–29.8𝑘𝑔/𝑚{2}, 𝑚𝑒𝑎𝑛(24.5±2.9)𝑘𝑔/𝑚{2})𝑎𝑛𝑑17𝑓𝑒𝑚𝑎𝑙𝑒𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠(𝑎𝑔𝑒32–75𝑦𝑒𝑎𝑟𝑠, 𝑚𝑒𝑎𝑛(61±11)𝑦𝑒𝑎𝑟𝑠; 𝐵𝑀𝐼17.4–29.9𝑘𝑔/𝑚{2}, 𝑚𝑒𝑎𝑛(24.1±3.7)𝑘𝑔/𝑚{2}$).
No significant differences were observed between groups in sex, age, or BMI
(P>0.05) .

2.2 Comparison of 30s STST ΔSpO2, CAT Scores, and Pulmonary
Function Indicators Significant differences were found between the non-
EID and EID groups in 30s STST ΔSpO2, CAT score, DLCO/SB%pred,
and DLCO/VA%pred (P<0.05). No significant differences were observed in
FEV1/FVC ratio, FEV1%pred, peak expiratory flow (PEF), MEF25, MEF50,
or MMEF75/25 between groups (P>0.05) .

2.3 Predictive Value of 30s STST ΔSpO2, CAT Score, and Their
Combination The optimal cutoff value of 30s STST ΔSpO2 for predicting
EID was 2%, with sensitivity of 59.6%, specificity of 82.8%, and AUC of 0.730
(95%CI=0.614–0.846, P<0.05). The optimal cutoff for CAT score was 13 points,
with sensitivity of 48.9%, specificity of 79.3%, and AUC of 0.712 (95%CI=0.596–
0.828, P<0.05). The combination of 30s STST ΔSpO2 and CAT score yielded
a cutoff of 0.593, sensitivity of 70.2%, specificity of 72.4%, and AUC of 0.765
(95%CI=0.659–0.871, P<0.001) [Figure 1: see original paper].

3. Discussion

EID is a recognized risk factor for mortality and disease exacerbation in COPD.
Compared to non-EID patients, those with EID exhibit more severe emphysema
on quantitative CT imaging and face a 2.4–2.7-fold higher mortality risk. EID
in COPD is associated with reduced exercise capacity, severe airflow limitation,
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ventilation-perfusion mismatch, dynamic hyperinflation, impaired diffusion ca-
pacity, decreased muscle strength, and limited daily activity. Chronic hypox-
emia, a sequela of COPD, can lead to pulmonary hypertension, neurocognitive
dysfunction, secondary polycythemia, systemic inflammation, skeletal muscle
dysfunction, bone loss, and depression, further reducing quality of life, exercise
tolerance, and increasing cardiovascular and mortality risks. Therefore, assess-
ing EID in community and home settings has important clinical significance.

The sit-to-stand test was first described in 1985 as a functional assessment
tool, with its application in COPD patients beginning in 2007. Recent stud-
ies have investigated correlations between STST and 6MWT distance, grip
strength, quadriceps muscle strength, St. George’s Respiratory Questionnaire,
CAT score, modified Medical Research Council dyspnea scale, and prognostic
indices (BODE and ADO), demonstrating significant relationships. Traditional
EID prediction requires expensive pulmonary function equipment and special-
ized technicians, while 6MWT demands substantial space, necessitating visits
to tertiary hospitals with associated time costs and risks. The 30s STST re-
quires no special venue or equipment—only a chair and pulse oximeter—making
it easily manageable, ideal as a 6MWT alternative for community and home use.
Previous studies have correlated 30s STST with muscle strength and exercise
tolerance but did not examine SpO2 changes. Our study demonstrates that
30s STST ΔSpO2 differs between non-EID and EID groups and correlates with
6MWT ΔSpO2 changes. With a cutoff of 2%, sensitivity of 59.6%, specificity of
82.8%, and AUC of 0.730, community physicians or patients can self-administer
the 30s STST; a SpO2 drop exceeding 2% indicates EID risk requiring clinical
intervention to prevent chronic functional impairment.

The CAT score provides clinicians and patients with a simple, reliable health
status measure that complements spirometry, assesses exacerbation risk, and
facilitates disease severity consensus to optimize management. Previous research
has correlated CAT scores with GOLD stages, airflow limitation, and DLCO.
Our study demonstrates that CAT scores also correlate with and predict EID
in COPD patients, with an optimal cutoff of 13 points. During self-assessment,
scores $�$13 indicate EID risk. Compared to other COPD-specific quality-of-
life scales, CAT is less time-consuming and essential for GOLD classification,
enhancing practical utility.

Combining the 30s STST (capacity test) with CAT scoring (questionnaire assess-
ment) in community and home settings compensates for subjective limitations,
improving EID prediction and reducing exercise risks while identifying needs
for oxygen therapy or hospital referral. With global digital transformation, tele-
rehabilitation using communication technologies has emerged as a research focus.
COPD patients, predominantly elderly with multiple comorbidities (cardiovas-
cular disease, obstructive sleep apnea, hypertension, diabetes), face increased
infection risks and consequently reduce social and outdoor activities, leading to
abdominal obesity, poor muscle quality, decreased cardiopulmonary endurance,
and depression. The shift from traditional outpatient and inpatient rehabilita-

chinarxiv.org/items/chinaxiv-202405.00229 Machine Translation

https://chinarxiv.org/items/chinaxiv-202405.00229


tion to intelligent remote and home-based models represents a future research
direction. STST and CAT require no large equipment, serving as rapid, effective
assessment tools for tracking patient function and health status.

This study has limitations. The sample size was small, and the single-center
design may introduce selection bias. CAT scores may be influenced by patients’
educational levels and subjective perceptions. Variations in patient height and
leg length may affect standardization of chair height in the 30s STST, and we
did not perform subgroup analyses; gender effects remain unclear. Future multi-
center, large-sample studies are needed.

In conclusion, 6MWT ΔSpO2 correlates with 30s STST ΔSpO2 and CAT scores.
The combination of 30s STST and CAT score serves as an important supple-
mentary tool for predicting EID in stable COPD patients, offering valuable
assessment methods for community rehabilitation and tele-rehabilitation that
warrant broader implementation.
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