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Background: New parameters in the 6-minute walk test (6MWT) are required for comprehensive 

analysis of exercise capacity in patients with chronic obstructive pulmonary disease (COPD). 

The aim of the present study was to apply a novel index, the desaturation distance ratio (DDR), 

to clinical research on COPD as an estimate of exercise capacity and to examine whether DDR 

is a potential parameter for manifold analysis of exercise capacity in patients with COPD.

Methods: A total of 41 patients with COPD (median age [interquartile range] =75 [68–79] years; 

and body mass index [BMI] =22.3 [19.4–23.8] kg/m2) participated in the study. The 6MWT 

was performed along with anthropometric measurements and a pulmonary function test. The 

“desaturation area” was measured as the total area above the curve created using peripheral 

oxygen saturation (SpO
2
) values observed at each minute during the 6MWT. Then the DDR was 

calculated as the ratio of the desaturation area to the 6-minute walk distance (6MWD).

Results: The 6MWD was 370 (328–445) m, and the decline in SpO
2
 values (∆SpO

2
) was 

-5.0% (-8.0% to -1.5%). The DDR correlated modestly with baseline pulmonary function in 

patients with COPD (forced expiratory volume in 1 second [% of predicted value]: r=-0.658, 

P,0.001; and diffusing capacity of the lung for carbon monoxide [DL
CO

]: r=-0.470, P=0.002), 

comparable with the findings of the 6MWD. The DDR correlated well with ∆SpO
2
 (r=-0.656, 

P,0.001) and with the increase in subjective sense of dyspnea during the 6MWT, as assessed 

by Borg scale scores (∆Borg) (r=0.486, P=0.001), in contrast with the 6MWD, which was not 

significantly correlated with ∆SpO
2
 and ∆Borg scale scores.

Conclusion: The DDR is more informative for manifold analysis of exercise capacity associated 

with oxygen desaturation and subsequent sense of dyspnea by exercise in patients with COPD.

Keywords: chronic obstructive pulmonary disease, DDR, six-minute walk distance, 6MWD

Introduction
Chronic obstructive pulmonary disease (COPD) is recognized as a serious global 

health burden with an increasing trend of incidence, estimated to represent the third 

most common cause of death worldwide by 2020.1 Patients with COPD experience 

chronic cough, sputum production, and dyspnea at rest and during daily activities.2,3 

As the disease progresses, dyspnea on exertion limits physical activity and is associated 

with higher mortality.4 In addition, reductions in physical activity have been observed 

even in mild cases.5 Accordingly, an assessment of the limitations of physical activity 

is important for clinical management of patients with COPD.

The 6-minute walk test (6MWT) has classically been used in clinical set-

tings to evaluate exercise capacity at submaximal exercise levels and to assess the 

effects of treatment in individuals with a variety of cardiovascular and pulmonary 
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diseases, including COPD.6–9 The test is easy to administer, 

better tolerated than some other tests, and is reflective of 

physical activities. In particular, the 6-minute walk distance 

(6MWD) has been widely applied as a representative param-

eter in the 6MWT, in patients with COPD. As described in the 

official statements of 6MWT guideline,10 the test was origi-

nally designed to assess the integrated responses of the body 

systems involved during exercise, including the pulmonary 

and cardiovascular systems, neuromuscular units, and muscle 

metabolism. However, it is unclear whether existing parame-

ters, like the 6MWD, are suitable for analysis of the functional 

contribution of individual body systems during exercise. 

Considering that COPD has recently been  characterized by 

multiple phenotypes of the respiratory,  cardiovascular, and 

muscular systems, it is likely that all these systems play roles 

in the pathogenesis of reduced exercise capacity in patients 

with COPD.11 Therefore, new parameters in the 6MWT are 

now required for manifold analysis of exercise capacity in 

patients with COPD.

A previous study proposed a novel index, referred to as 

the desaturation distance ratio (DDR), calculated by using the 

6MWD and continuous peripheral oxygen saturation (SpO
2
) 

values in the 6MWT.12 The DDR was originally designed to 

comprehensively evaluate the decline in the SpO
2
 at every 

2 seconds by tracing the curve of SpO
2
, rather than to assess the 

simple subtraction of SpO
2
 between baseline and postexercise 

values. The aim of the present study was to first apply DDR to 

clinical research on COPD as an estimate of exercise capacity 

and then, to examine whether DDR is a potential parameter for 

manifold analysis of exercise capacity in patients with COPD. 

We measured the SpO
2
, not at every 2 seconds but rather, on 

a minute-by-minute basis because the measurements at every 

minute seem to minimize fine fluctuation in the SpO
2
 values 

and measurement errors, and to smooth the curve of temporal 

changes in SpO
2
 values for the assessment of overall changes 

in SpO
2
 values. In addition, the recordings at every minute 

seem to be more easily measured in clinical settings than those 

at every 2 seconds.

Methods
study subjects
Subjects were randomly enrolled into the present study from 

a list of patients with COPD who had visited Osaka City 

University Respiratory Clinic. All subjects were .40 years 

of age. Subjects with concomitant confounding diseases, 

such as malignant disorders, cardiovascular abnormalities, 

or recent surgery, were excluded. No subjects had suffered 

from a recent respiratory tract infection or an exacerbation 

for at least 4 weeks prior to the study, or had clinical signs of 

heart failure. All subjects underwent physical examinations; 

anthropometric measurements, including body mass index 

(BMI); and assessment of lung function. BMI was calculated 

as body weight in kilograms divided by height in meters 

squared. The study was approved by the institutional review 

board of Osaka City University, and all subjects gave written 

informed consent. All procedures were done according to the 

research ethics of the Declaration of Helsinki.13

Pulmonary function and 6MWT
A spirometer (Chestac-8800; Chest Co., Tokyo, Japan) was 

used to obtain all baseline spirometric measurements (forced 

expiratory volume in 1 second [FEV
1
], forced vital capac-

ity [FVC], and FEV
1
/FVC). COPD was diagnosed as stable 

airway obstruction with FEV
1
/FVC ,70%, according to 

the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) criteria.14 Diffusing capacity of the lung for carbon 

monoxide (DL
CO

) was measured by the single-breath carbon 

monoxide method, at least twice. No subjects received any 

medication during the 12-hour period preceding the lung 

function test.

The 6MWT was performed indoors, along a flat, straight, 

25 m walking course, according to international guidelines.10 

Subjects were instructed to walk from end to end of the course 

and to cover as much distance as possible in the allotted period 

of 6 minutes. Subjective scores of dyspnea, using a modified 

version of the Borg scale,15,16 and SpO
2
 values, measured 

with pulse oximetry (PULSOX®-300; Minolta Co., Tokyo, 

Japan) were obtained at every minute during the 6MWT. The 

modified version of the Borg scale consists of a vertical scale 

labeled 0 to 10, with corresponding verbal expressions of 

the degree of breathlessness. Changes in SpO
2
 (∆SpO

2
) and 

those in Borg scale scores (∆Borg) during the 6MWT were 

calculated by subtracting the values at baseline from those 

immediately after walking for 6 minutes.

To calculate DDR, the “desaturation area” was first cal-

culated as the total area above the curve created using SpO
2
 

values observed at each minute during the 6MWT, thereby 

summing up the difference between SpO
2
 of 100% and the 

patient’s SpO
2
 at each minute (Figure 1). Next, DDR was 

obtained using the ratio of the desaturation area to 6MWD. 

Although the original version of the DDR was designed to 

record SpO
2
 values at every 2 seconds during the 6MWT,12 

the values were measured at every minute in the present 

study. Subjects who walked shorter distances with higher 

overall quantity of desaturation presented with higher DDR 

values.
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Figure 1 Desaturation distance ratio.
Notes: First, the desaturation area was calculated as the total area above the curve created using spO2 values observed at each minute during the 6MWT, thereby summing 
up the difference between spO2 of 100% and the patient’s spO2 at each minute. next, the DDr was obtained using the ratio of the desaturation area to the 6MWD.
Abbreviations: 6MWD, 6-minute walk distance; 6MWT, 6-minute walk test; Da, desaturation area; DDr, desaturation distance ratio; spO2, peripheral oxygen saturation.

statistical analysis
All statistical analyses were performed using SPSS Statistics 

for Windows, Version 22.0.0.0 (IBM Corporation, Armonk, 

NY, USA). All data were presented as the median with the 

interquartile range and were analyzed nonparametrically. Corre-

lations between study outcomes were assessed using Spearman’s 

correlation coefficient. All P-values were two-tailed, and values 

less than 0.05 were considered statistically significant.

Results
subject characteristics
A total 41 patients with COPD were enrolled into the study. 

Table 1 presents the background information of the subjects. 

All subjects were current smokers (50 [36–80] pack-years). 

Regular medication consisted of inhaled long-acting muscar-

inic antagonists (n=32) and inhaled long-acting β
2
-adrenergic 

receptor agonists (n=30). Twenty subjects had received 

inhaled corticosteroids. No subjects had a baseline SpO
2
 less 

than 90% or received domiciliary oxygen therapy.

results of the 6MWT
While 40 subjects completed 6 minutes of ambulation, one sub-

ject took a rest in the last minute without a drop in SpO
2
, mainly 

because of fatigue. The parameters obtained in the 6MWT are 

shown in Table 2. The 6MWD was 370 (328–445) m. Twenty-

five subjects (61%) had a 6MWD $350 m, while the remaining 

16 subjects (39%) had a 6MWD ,350 m. The decline in SpO
2
 

values was -5.0% (-8.0% to -1.5%).

Correlations of 6MWD and DDr with 
baseline pulmonary function parameters
Significant correlations were observed between forced expira-

tory volume in 1 second (FEV
1
) (% predicted) and two 6MWT 

parameters, that is, the 6MWD (r=0.410, P=0.008) and DDR 

(r=-0.658, P,0.001). Similarly, there were significant correla-

tions of FEV
1
/FVC with the 6MWD (r=0.370, P=0.017) and 

with the DDR (r=-0.714, P,0.001). DL
CO

 was significantly 

correlated with the 6MWD (r=0.479, P=0.002) and DDR 

(r=-0.470, P=0.002) (Table 3).

Table 1 Characteristics of subjects (n=41)

age (years) 75 (68–79)
sex, male 36 (87.8%)
BMI (kg/m2) 22.3 (19.4–23.8)
Pack-years 50 (36–80)
Medications
 laBa 30 (73.2%)
 laMa 32 (78.0%)
 ICs 20 (48.8%)
FVC (% predicted) 101.6 (88.5–120.4)
FeV1 (% predicted) 54.8 (39.8–77.6)
FeV1/FVC (%) 48.1 (34.0–58.2)
DlCO (% predicted) 78.6 (58.7–108.5)
spO2 at rest (%) 96.0 (95.0–97.0)

Note: Data are presented as the median with the interquartile range, or number (%).
Abbreviations: BMI, body mass index; DlCO, diffusing capacity of the lung for 
carbon monoxide; FeV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; ICs, inhaled corticosteroid; laBa, long-acting β2 agonist; laMa, long-acting 
muscarinic antagonist; spO2, peripheral oxygen saturation.
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Correlations of 6MWD and DDr with 
changes in peripheral oxygenation and 
subjective sense of dyspnea
During the 6MWT, neither the ∆Borg nor ∆SpO

2
 was signifi-

cantly correlated with the 6MWD. In contrast, a significant cor-

relation was observed between the DDR and ∆SpO
2
 (r=-0.656, 

P,0.001) (Figure 2). Of particular note is that the DDR cor-

related well with ∆Borg (r=0.486, P=0.001) (Figure 3).

Discussion
It has been previously demonstrated that the 6MWD is associ-

ated with the following lung functions in COPD: the degree of 

airflow limitation as indicated by FEV
1
; the diffusing capacity 

of lung as indicated by DL
CO

; and dynamic hyperinflation as 

assessed by inspiratory capacity during exercise.17–20 Thus, the 

6MWD is considerably impacted by impaired lung function in 

patients with COPD. In the present study, we also found that 

the 6MWD was significantly correlated with the degree of 

airflow limitation and diffusing capacity of the lung in general 

in patients with COPD. In addition, for the first time, we dem-

onstrated that DDR was also closely associated with impaired 

lung functions in patients with COPD, comparable to the close 

association of the 6MWD with impaired lung function.
The novel finding of this study is that the DDR was 

significantly correlated with the reduction in SpO
2
 during 

the 6MWT. In contrast, we also found that the reduction 

in SpO
2
 was not significantly correlated with the 6MWD, 

which is consistent with the findings of a previous study.21 

The 6MWT includes two objective parameters: walk distance 

(6MWD) and oxygen saturation (SpO
2
). It is important to 

examine the deterioration of exercise capacity due to the 

functional abnormalities of extrapulmonary systems, since 

COPD is characterized by various comorbidities, including 

cardiovascular and metabolic abnormalities, affecting oxygen 

delivery and consumption in peripheral muscles. Therefore, 

reductions in SpO
2
 during the 6MWT also indicate the 

impact of these comorbidities in COPD. Accordingly, it is 

likely that the 6MWD does not provide specific information 

on multiple comorbidities in COPD. In other words, the 

Table 2 6MWT parameters of subjects (n=41)

6MWD (m) 370 (328 to 445)
Minimum spO2 (%) 90.0 (87.0 to 93.0)
∆spO2 (%) -5.0 (-8.0 to -1.5)
∆Borg 3.0 (1.0 to 4.8)

Notes: Data are presented as the median with the interquartile range. ∆spO2 and 
∆Borg during the 6MWT were calculated by subtracting the values at baseline from 
those immediately after walking for 6 minutes. Borg refers to the modified Borg 
scale scores of subjective sense of dyspnea.
Abbreviations: ∆Borg, change in modified Borg scale scores; ∆spO2, change in 
spO2 values; 6MWD, 6-minute walk distance; 6MWT, 6-minute walk test; spO2, 
peripheral oxygen saturation.

Table 3 Correlations of 6MWD and DDr with baseline 
pulmonary function parameters (n=41)

r P

6MWD
 FeV1 (% predicted) 0.410 0.008
 FeV1/FVC 0.370 0.017
 DlCO (% predicted) 0.479 0.002
DDr
 FeV1 (% predicted) -0.658 ,0.001
 FeV1/FVC -0.714 ,0.001
 DlCO (% predicted) -0.470 0.002

Note: spearman’s correlation analyses were used to evaluate the association of 
6MWD and DDr with baseline pulmonary function parameters.
Abbreviations: 6MWD, 6-minute walk distance; DDr, desaturation distance ratio; 
DlCO, diffusing capacity of the lung for carbon monoxide; FeV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity.
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Figure 2 Correlation of ∆spO2 with 6MWD and DDr.
Notes: ∆spO2 was calculated by subtracting the values at baseline from those 
immediately after walking for 6 minutes. Spearman’s correlation coefficients and 
P-values are shown.
Abbreviations: ∆spO2, change in spO2 values; 6MWD, 6-minute walk distance; 
DDr, desaturation distance ratio; spO2, peripheral oxygen saturation.
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6MWD is affected to some degree by mechanical defects 

of the pulmonary system in patients with COPD. Given that 

systemic oxygen deficits play a major role in exercise limita-

tions, some novel parameters incorporating exercise-induced 

oxygen desaturation with walk distance are desirable. The 

DDR appears to satisfy this requirement.

Another subjective parameter in the 6WMT is the dys-

pnea index of the perceived exertion scale (Borg scale). 

Intriguingly, the DDR was also correlated with the subjective 

dyspnea index during the 6MWT, as assessed by changes 

in the Borg scale. In general, it is known that self-reported 

dyspnea, as measured by the Borg scale, during exercise 

is often poorly-reproducible.22 In addition, because of the 

complexity of the disturbances in systemic mechanisms 

during exercise in COPD, it is difficult to identify which 

primary factors contribute to the sensation of dyspnea.23,24 

In this sense, the present finding raises the possibility that 

the DDR might reflect the subjective dyspnea index due to 

multifactorial systemic mechanisms and that DDR might 

have an advantage in the assessment of daily activities, not 

only through physiological mechanics but also through the 

subjective sense of dyspnea on exertion. It is reported that 

exercise capacity assessed by submaximal exercise tests like 

the 6MWT is a strong determinant of daily physical activity.25 

Decreases in exercise capacity and those in physical activity 

are associated with higher mortality.4,26 A previous study dem-

onstrated that the desaturation area represented by total area 

above the curve created using SpO
2
 values observed at each 

minute during the 6MWT was associated with mortality in 

patients with idiopathic pulmonary fibrosis.27 The association 

of DDR with the amount of physical activity in daily life and 

mortality in patients with COPD should also be examined. 

Moreover, considering both energy expenditure and oxygen 

desaturation, it is noteworthy to examine aerobic metabolism 

during the 6MWT. A decline in oxygen saturation partly 

reflects an increase in oxygen consumption accompanied by 

aerobic metabolism, as well as a decrease in oxygen intake 

through the lung during exercise. Energy expenditure dur-

ing exercise might originate, not only from aerobic but also, 

from anaerobic metabolism. Based on the DDR, some new 

parameters should be developed to investigate the degree of 

aerobic and anaerobic metabolism during exercise.

Our study has some limitations. First, a small number of 

subjects were recruited, possibly resulting in a lack of suf-

ficient statistical power. A large population study including 

ex-smokers will be necessary to confirm the present results. 

Second, most of the study subjects were males (87.8%). 

Females have lower exercise capacity than males28 and 

seem to be more prone to impaired muscle function,29 thus 

the subject sex bias might have affected the present find-

ings regarding the DDR. Lastly, it is necessary to perform 

the present testing in patients with COPD who need oxygen 

supplementation and to examine whether the trajectory of 

SpO
2
 values during the 6MWT with oxygen supplementation 

in these patients is similar to that in patients who do not need 

oxygen supplementation. Furthermore, it seems worthwhile 

to examine whether oxygen supplementation simply raises 

the overall level of SpO
2
 or modifies the shape of the trajec-

tory of SpO
2
 values in these patients.

In conclusion, the DDR as well as the 6MWD during 

the 6MWT correlated well with baseline FEV
1
 and DL

CO
 in 

patients with COPD. In addition, the DDR is more informa-

tive to evaluate the exercise capacity associated with oxygen 

desaturation and the subsequent sense of dyspnea with exer-

cise in patients with COPD. The impact of the parameter on 

physical activity and mortality can and should be investigated 
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walk distance; 6MWT, 6-minute walk test; DDr, desaturation distance ratio.
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in patients with COPD. Furthermore, it would be helpful to 

suggest further practical implications of these findings for 

practitioners in pulmonary rehabilitation.
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