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Purpose: A recent study demonstrated that exertional desaturation is a predictor of 
rapid decline in lung function in patients with chronic obstructive pulmonary dis-
ease (COPD); however, the study was limited by its method used to detect exertion-
al desaturation. The main purpose of this study was to explore whether exertional 
desaturation assessed using nadir oxygen saturation (SpO2) during the 6-minute 
walk test (6MWT) can predict rapid lung function decline in patients with COPD. 
Materials and Methods: A retrospective analysis was performed on 57 patients 
with moderate to very severe COPD who underwent the 6MWT. Exertional desatu-
ration was defined as a nadir SpO2 of <90% during the 6MWT. Rapid decline was 
defined as an annual rate of decline in forced expiratory volume in 1 second (FEV1) 
≥50 mL. Patients were divided into rapid decliner (n=26) and non-rapid decliner 
(n=31) groups. Results: A statistically significant difference in exertional desatura-
tion was observed between rapid decliners and non-rapid decliners (17 vs. 8, 
p=0.003). No differences were found between the groups for age, smoking status, 
BODE index, and FEV1. Multivariate analysis showed that exertional desaturation 
was a significant independent predictor of rapid decline in patients with COPD (rel-
ative risk, 6.8; 95% CI, 1.8 to 25.4; p=0.004). Conclusion: This study supports that 
exertional desaturation is a predictor of rapid lung function decline in male patients 
with COPD.
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function

INTRODUCTION
 

Chronic obstructive pulmonary disease (COPD) is characterized by persistent air-
flow limitation that is usually progressive and associated with an enhanced chronic 
inflammatory response to noxious particles or gases in the airways and the lung. 
COPD is a leading cause of morbidity and mortality worldwide, with an economic 
and social burden that is both substantial and increasing.1 It is now widely recog-
nized that COPD is a complex syndrome in which significant heterogeneity exists 
with respect to clinical presentation, physiology, imaging, response to therapy, de-
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walk test (6MWT) at Kangdong Sacred Heart Hospital of 
Hallym University Medical Center (Seoul, Korea) between 
January 2007 and June 2010. The inclusion criteria for the 
present study were a smoking history ≥10 pack-years; a ra-
tio of forced expiratory volume in 1 second (FEV1) to forced 
vital capacity (FVC) <0.7; FEV1 <80% of predicted; and an 
oxygen saturation (SpO2) on room air ≥90% according to 
pulse oximetry.

Among 80 subjects who underwent 6MWT, 23 patients 
did not satisfy the inclusion criteria (15 patients had a smok-
ing history of less than 10 pack-years and 8 patients had a 
FEV1 ≥80% of predicted). Finally, a total of 57 patients 
with moderate to very severe COPD were included. The 
study was approved by the Kangdong Sacred Heart Hospi-
tal Institutional Review Board (Approval No. 12-2-041).

Lung function measurements
Spirometry was performed using Vmax 22 (Sensor Medics, 
Yorba Linda, CA, USA) and PFDX (Medgraphics, St. 
Paul, MN, USA), as recommended by the American Tho-
racic Society.15 The following values were obtained: FEV1, 
FVC, and FEV1/FVC ratio. Post-bronchodilator spirometry 
values were obtained 15 minutes after the administration of 
a 400 μg dose of salbutamol, which was delivered via a 
metered dose inhaler connected to a spacer. The predicted 
values of FEV1, FVC, and FEV1/FVC ratio were calculated 
from Korean equations formulated using data from a healthy 
non-smoking population.16

Administration of the 6MWT
The methods of the 6MWT were mainly based on the guide-
lines of the American Thoracic Society.17 The 6MWT was 
performed indoors, along a flat, straight, enclosed corridor 
with a hard surface. The walking course was 30 m in length. 
The patient was instructed to sit at rest in a chair for at least 
10 minutes before the test was begun, and during this time, 
resting heart rate, blood pressure, and SpO2 were moni-
tored. The test was avoided in patients with musculoskeletal 
problems that limited walking or with cardiovascular contra-
indications (unstable angina or myocardial infarction during 
the previous month, a resting heart rate of more than 120, 
and a systolic blood pressure of more than 100 mm Hg). Pa-
tients were instructed to walk as far as possible in a 6-min-
ute time period and to set the pace of ambulation with rest 
stops as needed. The time elapsed and statements of en-
couragement were provided at standardized intervals dur-
ing the test. The total distance walked was measured to the 

cline in lung function, and survival.2

As the disease progresses, alveolar hypoxia and consequent 
hypoxemia are more prevalent. Chronic hypoxemia is associ-
ated with the development of adverse sequelae, including pul-
monary hypertension, polycythemia, systemic inflammation, 
skeletal muscle dysfunction, and neurocognitive dysfunction.3 
A combination of these factors leads to reduced health-related 
quality of life and exercise tolerance, and ultimately increased 
risk of death in patients with COPD.4 Although the main 
cause of resting hypoxemia in individuals with COPD is con-
sidered to be ventilation-perfusion mismatching, other causes 
such as reduced mixed venous oxygen tension may play a 
important role in hypoxemia during exercise.5 The prevalence 
of exertional desaturation without resting hypoxemia in 
COPD is unknown, but is estimated to be not so rare accord-
ing to recent reports.6,7 Moreover, COPD patients with exer-
tional desaturation were reported to exhibit a higher mortality 
than those without exertional desaturation.8-10

It is well established that patients with COPD lose lung 
function at a steeper rate than subjects without COPD. The 
rate of decline in lung function has been traditionally used 
to indicate disease progression. A number of studies have 
shown that smoking status affects the rate of lung function 
decline.11 Meanwhile, a recent report from the Hokkaido 
COPD Cohort study found that emphysema severity was 
independently associated with rapid annual decline of lung 
function.12 This association between baseline radiologic 
burden of emphysema and subsequent decline in lung func-
tion is consistent with other recently published data.13,14 The 
Korean Obstructive Lung Disease (KOLD) study group re-
cently proposed exertional desaturation as a potential clini-
cal parameter associated with rapid lung function decline in 
their most recent report, but the study was limited in terms 
of its definition of exertional desaturation.7

The main purpose of this study was to explore whether 
exertional desaturation assessed using nadir oxygen satura-
tion can predict rapid lung function decline in patients with 
COPD. We also attempted to identify other long-term clini-
cal outcomes in COPD patients with exertional desatura-
tion, such as the need for oxygen therapy and death.

MATERIALS AND METHODS
　　　

Subjects
A retrospective analysis was performed in patients with 
moderate to very severe COPD who underwent a 6-minute 
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were current smokers. During baseline spirometry, the mean 
FEV1 was 1.26 L/min (47.5% of predicted value) and most 
patients had moderate to severe COPD, according to the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines. Of these, 43.9% were classified as 
GOLD II (moderate COPD), 50.9% as GOLD III (severe 
COPD), and 5.3% as GOLD IV (very severe COPD).

Prevalence of rapid decline and differences between 
study groups
Rapid lung function decline was detected in 26 patients 
(45.6%) over a 2-year period of follow-up. The baseline 
data of the rapid decliners (n=26) and the non-rapid declin-
ers (n=31) were then compared. The statistically significant 
differences observed between the groups were exertional 
desaturation (p=0.003) and nadir SpO2 (p=0.004) during 
the 6MWT. The mean change in SpO2 during 6MWT was 
greater in the rapid decliners. No differences were observed 
for age, smoking status, FEV1, BMI, mMRC dyspnea scale, 
BODE index, comorbidity index, 6-minute walk distance, 
or the use of respiratory medications (Table 1).

Emergency department visits or hospitalization during 
2 years of follow-up
The number of patients who visited an emergency depart-
ment or were hospitalized for exacerbation of COPD was 
greater among the rapid decliners (38.5%) than the non-rap-
id decliners (16.1%) during 2 years of follow-up, but this 
difference was not statistically significant (p=0.074). The 
mean number of emergency department visits or hospital-
izations per patient for 2 years was 0.7 in the rapid decliners, 
compared with 0.2 in the non-rapid decliners (p=0.071). No 
significant differences between the groups were observed in 
terms of the number of patients who visited an emergency 
department or were hospitalized for respiratory causes (in-
cluding COPD exacerbation, pneumonia, pneumothorax, 
lung cancer, non-tuberculous mycobacterial disease, angi-
na, and tachyarrhythmia) for 2 years (Table 2).

Factors associated with rapid lung function decline
Multivariate logistic regression analysis was conducted to in-
dentify independent factors associated with rapid lung func-
tion decline in patients with COPD. Exertional desaturation 
was independently associated with rapid decline, and the rel-
ative risk was 6.8 (95% CI, 1.8 to 25.4; p=0.004). However, 
no statistically significant association was found for severe 
COPD exacerbation requiring emergency department visit 

nearest foot and recorded. Nadir SpO2 and post-exercise 
SpO2 were monitored by a lightweight pulse oximeter. 
Number of rest periods and duration of rest periods were 
also measured.

Definition of exertional desaturation and rapid lung 
function decline
Exercise capacity and exertional desaturation were assessed 
using the 6MWT. The particular form of exercise taken may 
affect the ability to detect exertional desaturation in patients 
with COPD, and the 6MWT been shown to be more sensi-
tive than maximal incremental cycle testing for detecting 
oxygen desaturation.18 Exertional desaturation was defined 
as nadir SpO2 of <90% during the 6MWT. Rapid lung func-
tion decline was defined as annual rate of decline in FEV1 
≥50 mL over a 2-year period of follow-up.

Other measurements
We calculated the body-mass index (BMI) in kilograms per 
meters squared. The Charlson index was used to determine 
the degree of comorbidity.19 The BMI (B), the degrees of 
airflow obstruction (O) and functional dyspnea (D), and ex-
ercise capacity (E) as assessed by the 6MWT were integrat-
ed into the BODE index.20 The degree of dyspnea was mea-
sured with the use of the modified medical research council 
(mMRC) dyspnea scale.21

Statistical analysis
All statistical analyses were performed using the statistical 
software package SPSS version 12.0.1 (SPSS Inc., Chica-
go, IL, USA). The assumption of a normal distribution of 
data was tested with the Shapiro-Wilk statistics. Bivariate 
comparisons were made using Student’s t-test, Mann-Whit-
ney U test, or Pearson’s χ2 test. Logistic regression analysis 
was conducted to identify independent predictors of rapid 
lung function decline. The last observation carried forward 
method was used for missing data. All p-values ≤0.05 were 
considered statistically significant.

 

RESULTS
 

Baseline characteristics
The mean age of the 57 patients was 67.8±8.2 years. The 
sample included only male patients. The mean BMI was 
21.1 kg/m2. Average smoking history, measured in terms of 
pack-years, was 43.6 years. A total of 7 (12.3%) patients 
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tion. Accordingly, death was significantly more frequent in 
the COPD patients with exertional desaturation (p=0.011). 
The leading cause of death was pneumonia (n=4). One pa-
tient died from hepatocellular carcinoma, and the other was 
dead on arrival in the emergency department. Meanwhile, 
two patients among the desaturators required long-term ox-

or hospitalization, current smoking, age, BODE index, 
Charlson index, or FEV1 (Table 3).

Deaths and long-term oxygen therapy
Six deaths occurred during the follow-up period, and all of 
them were in the group of patients with exertional desatura-

Table 1. Baseline Characteristics of the Two Study Groups*
Rapid decliners (n=26) Non-rapid decliners (n=31) p value

Age (yrs) 69.6±8.6 66.3±7.6 0.129
Smoking status
    Current smoker (n, %)   5 (19.2) 2 (6.5) 0.228
    Smoking history (pack-yrs)   43.1±23.8   44.0±20.8 0.877
Comorbidity (Charlson index)   1.58±0.90   1.65±1.20 0.812
Body-mass index (kg/m2) 21.7±3.8 20.7±2.6 0.223
Baseline spirometry
    FEV1 (liters)   1.25±0.35   1.27±0.41 0.849
    FEV1 (% of predicted value)   48.6±15.3   46.6±14.8 0.612
    FVC (liters)   2.85±0.58   2.87±0.62 0.892
    FVC (% of predicted value)   76.2±15.6   74.9±15.5 0.750
BODE index   3.4±2.4   3.5±2.1 0.919
Dyspnea scale (mMRC scale)   2.0±0.9   2.0±0.9 0.979
6-min walk test
    6-min walk distance (m)   303.8±114.2   328.3±108.6 0.411
    Exertional desaturation (n, %) 17 (65.4)   8 (25.8) 0.003
    Resting SpO2 94.5±2.2 95.5±2.1 0.114
    Nadir SpO2 89.0±3.8 91.9±3.5 0.004
    Post-exercise SpO2 91.2±4.1 93.5±3.6 0.029
    Change in SpO2

†   5.5±3.4   3.5±2.4 0.015
Medication
    LAMA (n, %) 17 (65.4) 21 (67.7) 0.851
    ICS/LABA (n, %) 22 (84.6) 26 (83.9) 0.939
    LAMA+ICS/LABA (n, %) 15 (57.7) 16 (51.6) 0.646
    Methylxanthines (n, %) 12 (46.2) 14 (45.2) 0.940

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; mMRC, Modified Medical Research Council; SpO2, oxygen saturation; LAMA, long 
acting muscarinic antagonist; ICS/LABA, inhaled corticosteroid/long acting beta-2 agonist.
*Plus-minus values are means±SD. The body-mass index is the weight in kilograms divided by the square of the height in meters. 
†Change in SpO2 is the mean change in SpO2 during the 6-minute walk test (resting SpO2 minus nadir SpO2).

Table 2. Emergency Department Visits or Hospitalization during 2 Years of Follow-Up*
ED visits or hospitalization Rapid decliners (n=26) Non-rapid decliners (n=31) p value
For COPD exacerbation
    Number of patients (%) 10 (38.5)   5 (16.1) 0.074
    Mean number per patient 0.65±1.06 0.23±0.56 0.071
For respiratory causes†

    Number of patients (%) 14 (53.8) 15 (48.4) 0.792
    Mean number per patient 1.19±1.52 0.74±1.06 0.196

ED, emergency department; COPD, chronic obstructive pulmonary disease.
*Plus-minus values are means±SD. 
†Respiratory causes include COPD exacerbation, pneumonia, pneumothorax, lung cancer, non-tuberculous mycobacterial disease, angina, and tachyar-
rhythmia.
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revealed statistically significant differences between the de-
saturator and non-desaturator groups in terms of change in 
FEV1 over three years. However, the authors pointed out the 
definition of exertional desaturation as a limitation, because 
the availability of nadir SpO2 may have led to the identifica-
tion of more patients with exertional desaturation. There-
fore, the present study has an advantage over the KOLD co-
hort study in the aspect of using nadir SpO2 of <90% during 
the 6MWT rather than post-exercise SpO2 in defining exer-
tional desaturation. Perhaps, nadir SpO2 may be a more 
precise measure of identifying patients with exertional de-
saturation, as it is allowed to set the pace of ambulation 
with rest stops as needed during 6MWT. Actually, in our 
data, eight patients with a nadir SpO2 of <90% showed a 
post-exercise SpO2 of  ≥90%, but all patients with a post-ex-
ercise SpO2 of <90% demonstrated a nadir SpO2 of <90%. 
Mean post-exercise SpO2 was also numerically greater than 
nadir SpO2. Consequently, the present study reconfirmed 
one of the KOLD study results with a more exact definition 
using a different statistical method. Exertional desaturation 
can be easily assessed using the relatively simple 6MWT, 
and the 6MWT is a valuable test for identifying rapid de-
cliners among patients with COPD.

As previously stated, smoking status is closely related to 
the rate of lung function decline.11 Exacerbations of COPD 
are also well known to accelerate the rate of decline in lung 
function.22,23 Therefore, we included current cigarette smok-
ing and severe COPD exacerbation requiring emergency 
department visits or hospitalization in the present logistic re-
gression analysis. The number of current smokers was too 
small to evaluate a difference between the rapid decliners 
and the non-rapid decliners, and the cumulative cigarette 
smoking exposure expressed as pack-years did not differ 
significantly between the rapid decliners and the non-rapid 
decliners. However, the number of patients with a severe ex-
acerbation and the mean number of severe exacerbations per 

ygen therapy within 2 years, versus none of the non-desat-
urators.

DISCUSSION

The primary aim of this study was to explore whether exer-
tional desaturation, assessed using nadir SpO2, can be a pre-
dictor of rapid lung function decline in patients with COPD. 
We found that exertional desaturation was strongly associat-
ed with an increased rate of decline in lung function. 

Although many clinical trials of pharmacotherapy for 
COPD have been conducted, there is no medication for 
COPD that has been proven to modify long-term decline in 
lung function. Moreover, patients with COPD exhibit con-
siderable heterogeneity in terms of clinical presentation and 
disease progression. Therefore, identification of clinical 
factors related to rapid lung function decline is critical for 
assessing and treating patients with COPD. So far, smoking 
status and severity of emphysema assessed by CT scan are 
the only clinical parameters validated as predictors of rapid 
lung function decline in large COPD cohorts.12-14 In a recent 
report, the KOLD study group suggested exertional desatu-
ration as a potential clinical parameter associated with rapid 
lung function decline. However, the study was limited in 
terms of its defining of exertional desaturation.7

In the present study, the mortality rate was significantly 
higher in the desaturator group. Research has already sug-
gested that COPD patients with exertional desaturation are 
more likely to have a poor prognosis in terms of mortali-
ty.8-10 However, no previous studies have estimated the val-
ue of exertional desaturation as a predictor of rapid lung 
function decline in patients with COPD, except the report 
of the KOLD study group.7 In the KOLD cohort study, ex-
ertional desaturation was defined as a post-exercise SpO2 of 
<90% or a ≥4% decrease compared to baseline. That study 

Table 3. Factors Associated with Rapid Lung Function Decline
Relative risk 95% CI p value

Exertional desaturation 6.8   1.8-25.4 0.004
Severe exacerbation* 2.1 0.7-5.8 0.164
Current smoking 7.4   0.9-58.4 0.056
Age 1.0 0.9-1.1 0.532
BODE index 0.9 0.5-1.5 0.646
Charlson index 0.8 0.4-1.4 0.441
FEV1 (% of predicted value) 0.7   0.0-15.0 0.839

FEV1, forced expiratory volume in 1 second.
*Severe exacerbation means exacerbations of COPD requiring emergency department visits or hospitalization.
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