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Background: Physical inactivity is strongly associated with worse prognosis in Chronic Obstructive Pulmonary Disease (COPD), and
assessment of physical function is very important. The six minute walking test (6MWT) is an established test known to predict
mortality in COPD, and 30 seconds chair stand test (30sCST) is a potential alternative test. The study aimed to investigate and
compare the associations of 6MWT and 30sCSTs with mortality.

Methods: Data on patient demographics, established mortality predictors and results from 6MWT and 30sCST were collected from 2016 to
2019 from 97 consecutively included patients with COPD. In August 2021, mortality data were retrieved from patient records. Correlation
analysis of 6MWT and 30sCST was performed. The predictive abilities of 6MWT and 30sCST, respectively, were analyzed using Kaplan
Meyer-curves and Cox regression with adjustment for sex, age, body mass index below 22 and comorbid cardiovascular disease.
Results: A positive correlation between 6MWT and 30sCST was shown (r = 0.61, p < 0.0001). Independent associations with mortality
were found for 6SMWD 250-349 (HR (95% CI) 3.19 (1.12 to 9.10), p = 0.030) and 6MWD <250 (4.27 (1.69 t010.8), p = 0.002) compared
with 6MWD >350 meters, and for 30sCST <4 (3.31 (1.03 to 10.6), p = 0.045) compared with 30sCST>11 risings. When both 6MWT and
30sCST were included in the multivariable model, 6 MWD 250-349 (3.09 (1.02 to 9.37), p = 0.046) and 6MWD <250 (3.57 (1.26 to 10.1),
p = 0.016) compared with 6MWD >350 meters predicted mortality.

Conclusion: 30sCST and 6MWT correlates moderately and are independently associated with mortality in patients with COPD.
Although 6MWT is the best predictor of mortality, 30sCST may be used as an alternative to identify patients at risk.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the third most common global cause of death.' The disease can be
caused by tobacco smoking, occupational exposure to smoke, dust and gas and exposure to biomass burning in poorly
ventilated indoor areas.” Another less common but well-studied cause is alpha-1-antitrypsin deficiency.’ Higher age,
higher burden of tobacco smoking, more frequent exacerbations, worse health status, lower lung function, lower body
mass index (BMI) and comorbid cardiovascular disecase (CVD) are all known to be associated with mortality in
COPD.>® However, physical activity has been reported to be the strongest predictor of increased mortality risk.”

Impaired physical activity in COPD can be caused by respiratory and peripheral skeletal muscle dysfunction,
including both sarcopenia and reduced function in the remaining muscles."'® Muscular dysfunction, in turn, can arise
due to deteriorated nutrition, chronic systemic inflammation, hypoxemia and comorbidity.' The Global Initiative for
Obstructive Lung Disease (GOLD) recommend that skeletal muscles and their impact on physical activity in COPD can
be improved regardless of the patient’s lung function.'

Physical function in COPD can be assessed using for example six minute walking test (6MWT) and chair stand test
(CST) (also called sit to stand test) during 30 or 60 seconds.'® The 6SMWT measures the walking distance for six minutes,
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can identify an increased risk for mortality or hospitalization''"'* and evaluate the effect of rehabilitation in COPD. "
CST measures physical function and muscle strength in the lower extremity by assessing a number of risings from sitting
on a chair, for 30 or 60 seconds.'* Both CST variants are able to identify low physical function in patients with COPD,"”
and 60sCST has been shown to predict mortality.'® 30sCST causes less hemodynamic strain than 60sCST and 6MWT and
may be an alternative test for patients with COPD and limited physical function due to dyspnoea or gait disabilities. Data
on the predictive ability of 30sCST, and comparative studies of 30sCST and 6MWT are still lacking. Thus, our study
aimed to investigate the correlation between 6MWT and 30sCST, and to explore and compare their associations with
mortality, in patients with COPD.

Methods

Data Collection
This was a cohort study of 97 patients with COPD, consecutively enrolled and examined from 2016 to 2019 at outpatient
care at the Department of Respiratory Medicine, Orebro University Hospital, Orebro, Sweden. The inclusion criterion
was a clinical COPD diagnosis confirmed by spirometry showing a ratio of forced expiratory volume in one second
(FEV,) and forced vital capacity (FVC) below 0.7. Exclusion criteria were metastasized cancer or any other severe
disease with an expected survival of fewer than 3 months, and cognitive or linguistic inability to perform function tests
and questionnaires. All patients had to be in a stable phase with no exacerbations for the previous four weeks. Data on
sex, age, BMI, smoking history, current inhaled maintenance COPD treatment, comorbid cardiovascular disease and
exacerbations previous 12 months were collected in connection to the visit by the responsible physician and senior
author. A physiotherapist performed spirometry, physical test, and health status assessment. Spirometry was performed
after bronchodilator administration of terbutaline 1 mg and health status was measured by the Swedish version of COPD
assessment test (CAT). CAT is a validated disease-specific health status instrument including 8 items on symptoms and
function. The score ranges from zero to 40, with higher scores indicating worse health status.'” A COPD exacerbation
was defined as worsening symptoms requiring an oral steroid course, with or without antibiotics.'® Information on
comorbid cardiovascular disease and the number of exacerbations (total and hospitalized) were retrieved from medical
record review. Cardiovascular disease (CVD) was defined as a recorded diagnosis of hypertension, ischemic heart
disease, heart failure or cerebrovascular disease.

Complete data on all-cause mortality was obtained from the digital record system. The record system is connected to
the compulsory update of the Swedish population registration, and subsequently automatically updated on vital status.

Physical Tests

The 6MWT was performed according to the European Respiratory Society/American Thoracic Society (ERS/ATS)
protocol, by walking back and forth between two cones at a distance of 30 meters. Patients were instructed to walk
for as long as possible, for six minutes, and walking aids such as a walker or cane were allowed if needed. The lowest
saturation during the test was noted.'® At the 30sCST, the patient was asked to rise and sit at a chair, with arms crossed
and parallel feet, as many times as possible for 30 seconds.'> The order of the physical tests varied randomly between
individuals, and the patients were given enough time to recover from dyspnoea and fatigue.

Statistics

Patient characteristics were investigated with cross-tabulations, distributed over vital status at censoring of the study on
of August 31st, 2021. Categorical variables were investigated with the chi-2 test and continuous variables with the #-test.
Age was categorized as <70, 71-80, >80 years and BMI was categorized as < or > 22 kg/m2 based on previous
knowledge of mortality risk in COPD.’ Burden of smoking was presented as current smoking status (ex, current or never
smoking) and as the number of pack years. COPD severity was presented as spirometric stage 1-4 and groups A to
D according to GOLD.? The walking distance at 6MWT (6MWD) and the number of risings at 30sCST were divided into
groups based on previous literature and normal values, >350, 250-349 and <250 meters, and <4, 4-10 and >11 risings,

. 13,19
respectively.'®
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The correlation between 6MWT och 30sCST was investigated using a scatter diagram and Pearson correlation
analysis. The degree of correlation was assessed using Cohens proposal where a correlation coefficient <0.45 denotes
low correlation, 0.45-0.70 moderate correlation, and >0.70 high correlation.”® The associations of walking distance at
6MWT and number of risings at 30sCST with mortality were analyzed in separate models using Kaplan—Meier curves
and Cox regression. In univariable Cox regression analysis, sex, age, and the previously known predictors BMI < 22,
number of pack years, present cardiovascular disease, FEV1 in percentage of predicted (FEV,%pred), exacerbation
frequency, and CAT score were also investigated.” ® The multivariable Cox regression adjusted for sex, age and factors
that were found to be statistically significant in the univariable analyses. Finally, 6 MWT and 30sCST were included in
a common multivariable Cox regression model.

Ethics

The study complies with the Declaration of Helsinki and was approved by the Regional Ethical Board in Uppsala,
Sweden (Dnr 2015-445). All patients were informed about the purpose of the study and provided written consent before
inclusion.

Results
In total, 97 patients were included, with 53% women and a mean age of 72 years. The mean FEV pred was 50%, the
mean 6MWD was 287 meters and the mean 30sCST was 6.8 repetitions. Walking aids during the 6MWT were used by 15
patients (walker, n = 13 or cane, n = 2). After a mean follow-up time of 34 months, 39 (40%) of the patients were
deceased (Table 1).
The results from 6MWT and 30sCST showed a statistically significant correlation (r = 0.61, p = 0.0001, Figure 1).
The Kaplan-Meyer-curve showed a survival-rate of 83% for 6MWD > 350, 52% for 6MWD 250-349, and 44% for
6MWD <250 meters (Figure 2). The Kaplan-Meyer-curve for 30sCST showed a survival rate of 80% for >11 repetitions,
63% for 4—11 repetitions, and 30% for <4 repetitions (Figure 3).

Table | Patient Characteristics at Baseline

Alive n = 58
N (%) or Mean SD

Deceased n = 39 P
N (%) or Mean * SD

Sex 0.586
Male 25 (43) 19 (49)
Female 33 (57) 20 (51)
Age groups 0.011

<70 29 (50) 10 (26)

71-80 24 (41) 18 (46)

>80 5(9) 11 (28)
Current smoking 7 (13) 11 (28) 0.055
Pack years 288 187 324 128 0.268
BMI <22 11 (19) 14 (36) 0.060
CvVD 35 (60) 34 (87) 0.004
FEV,ypred 53 +21 47 £21 0.239
Number of exacerbations 1.98 +2.69 2.28 +2.34 0.573
Number of hospitalized exacerbations 1.09 +2.04 0.87 £1.11 0.550
CAT 19.3 £7.8 19.4 £7.3 0.947

(Continued)
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In univariable analyses, statistically significant associations with mortality were found for 6MWD 250-349, and
<250 compared with > 350 meters (Table 2, Figure 2). Significant associations with mortality were also found for
30sCST <4 repetitions compared with >11 repetitions (Table 3, Figure 3). Associations with mortality for age >80
compared with < 70 years and comorbid CVD were also found to be significant (Tables 2 and 3). Multivariable
analysis including 6MWD, age and CVD showed independent associations with mortality for 6MWD 250-349 and
<250 compared with >350 meters (Table 2). Multivariable analysis including 30sCST, age, and CVD showed
independent associations with mortality for <4 repetitions compared with >11 repetitions (Table 3). When 6MWD
and 30sCST were included in the same multivariable model, the association between 6MWD 250-349 meters and
<250 meters and mortality remained statistically significant (HR (95% CI) 3.09 (1.02 to 9.37), p = 0.046 and 3.57

Table | (Continued).

Alive n =58 Deceased n = 39 p
N (%) or Mean tSD N (%) or Mean * SD
GOLD stage 0.635
1 9 (16) 4 (10)
2 18 (31) 9 (23)
3 24 (41) 20 (51)
4 7 (12) 6 (16)
GOLD group 0.421
A 4 (7) I 3)
B 23 (40) 12 (31)
C 3(5) 1 (2)
D 28 (48) 25 (64)
Maintenance treatment 0.031
No 3(5 0 (0)
LAMA or LABA 7 (12) 2 (5)
LAMA/LABA 12 21) 18 (46)
LAMA/LABA/ICS or LABA/ICS 36 (62) 19 (49)
6MWT 0.002
2350 m 29 (50) 6 (16)
250-349 m 12 (21) 11 (28)
<249 m 17 (29) 22 (56)
6MWT 327 133 227 +118 <0.0001
Lowest oxygen saturation at 6MWT 877 836 0.013
30sCST 0.004
>11 16 (28) 4 (10)
4-10 36 (62) 21 (54)
<4 6 (10) 14 (36)
30sCST 7.8 £3.6 5.4 +42 0.005

Notes: Patient’s characteristics distributed over vital status at censoring of the study. FEVI%pred are post bronchodilation values after
administration of terbutaline | mg. Exacerbation frequency refers to the previous 12 months before inclusion.
Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CVD, cardiovascular disease; FEVopred, Forced Expiratory Volume in
one second in percentage of predicted value; GOLD, Global initiative of chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA,
long-acting beta-2-agonist; LAMA, long-acting muscarinic antagonists; SD, Standard Deviations; 6MWT, Six minute walking test; 30sCST, 30

seconds chair stand test.

(1.26 to 10.1) p = 0.016, respectively).
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Figure | Scatterplot of the correlation between 6MWT and 30sCST (r = 0.61, p <0.0001).
Abbreviations: 6MWT, 6 minute walking test; 30sCST, 30 seconds chair stand test.
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Figure 2 6MWT and mortality. Kaplan—-Meier curves showing survival distributed over 6MWT groups.
Abbreviation: 6MWT, 6 minute walking test.

Discussion

The primary findings of this study are that both 6MWT and 30CST predict mortality in patients with COPD. Secondary
findings are that the tests correlate moderately, and that 6MWT seems to be the better predictor of the two tests. The
association of 30sCST and mortality, and the comparison of 6MWT and 30sCST are novel findings.

As a low physical activity level is known to be associated with higher mortality risk in COPD, it is of utmost
importance to have appropriate tests for identifying patients at risk and in need of individually adapted rehabilitation, to
increase their physical function and thereby decrease the risk for rehospitalization and death.” 6MWT and 30sCST are
both examples of such tests. We report a moderate correlation of 6MWT and 30sCST with r = 0.61, which is consistent
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Figure 3 30sCST and mortality. Kaplan—-Meier curves showing survival distributed over 30sCST groups.

Abbreviation: 30sCST, 30 seconds chair stand test.

with previous studies reporting correlations of r = 0.53 between 6MWT and 30sCST'® and r = 0.75 between 6MWT and

60sCST.** These results indicate that the 30sCST may be used as a replacement for SMWT if needed.

Our finding that 6MWD below 350 meters is associated with mortality confirms the reports from several previous
studies.'** As for 30sCST, our result is consistent with a study showing that 60sCST predicts mortality,'® and with
a study assessing the association between mortality and the time used to perform 5 risings at CST.** However, to our best

Table 2 Cox Regression Analysis of 6MWT, n = 97

Cox Regression Unadjusted p-value Cox Regression Adjusted p-value
HR (95% CI) HR (95% CI)

Sex

Male 1.20 (0.64 to 2.26) 0.562 1.37 (0.71 to 2.63) 0.344

Female Ref Ref
Age groups

<70 Ref Ref

71-80 1.95 (0.64 to 5.44) 0.091 1.45 (0.65 to 3.24) 0.367

>80 4.27 (1.55 to14.4) 0.005 2.21 (0.89 to 5.49) 0.086
BMI <22 1.96 (1.01 to 3.78) 0.046 1.49 (0.75 to 2.93) 0.253
CvD 3.48 (1.36 to 8.93) 0.010 3.45 (1.32 to 9.05) 0.012
6MWT

2350 m Ref Ref

250-349 m 3.42 (1.26 to 9.23) 0.016 3.19 (1.12 to 9.10) 0.030

<249 m 4.69 (1.89 to 11.6) 0.001 4.27 (1.69 to 10.8) 0.002

Notes: Univariable and multivariable Cox regression analysis using SMWT in categories as independent variable with adjustment for sex,
age, and confounders with statistically significant associations in univariable analysis.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HR, Hazard Ratio, 6(MWT, Six minute walking test.
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Table 3 Cox Regression Analysis of 30sCST, n = 97

Cox Regression Unadjusted p-value Cox Regression Adjusted p-value
HR (95% CI) HR (95% CI)

Sex

Male 1.20 (0.64 to 2.26) 0.562 1.09 (0.55 to 2.15) 0.806

Female Ref Ref
Age groups

<70 Ref Ref

71-80 1.95 (0.64 to 5.44) 0.091 1.39 (0.61 to 3.19) 0.367

>80 4.27 (1.55 to 14.4) 0.005 2.30 (0.89 to 5.91) 0.084
BMI <22 1.96 (1.01 to 3.78) 0.046 1.61 (0.8 to 3.17) 0.172
CvVD 3.48 (1.36 to 8.93) 0.010 3.26 (1.25 to 8.49) 0.016
30sCST

>11 Ref Ref

4-10 1.87 (0.64 to 5.44) 0.252 1.71 (0.58 to 5.06) 0.334

<4 4.27 (1.55 to 14.4) 0.006 3.31 (1.03 to 10.6) 0.045

Notes: Univariable and multivariable Cox regression analysis using 6MWT in categories as independent variable with adjustment for sex, age,
and confounders with statistically significant associations in univariable analysis.
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HR, Hazard Ratio 30sCST, 30 seconds chair stand test.

knowledge, no previous study has reported an association between mortality and the 30sCST. We find it clinically
important that this very short, feasible, and easy-to-use version of CST could still identify patients with a higher
mortality risk. 30sCST may be a more suitable physical test for patients with severe COPD with limitations due to
dyspnoea already at a low level of activity, since 30sCST causes less hemodynamic strain than 6MWT in COPD.*
30sCST could also be considered as a replacement for 6MWT in patients with COPD and gait disabilities such as
impaired balance or pain. 30sCST measures leg muscle strength and can identify patients in need of exercise training to
improve activities of daily living.'” Finally, 30sCST may be more feasible and easy to use in a stressed clinical situation
than 6MWT.

There are shorter versions of the CST, such as the 5-repetition CST mentioned above. The advantage of 30sCST
versus S-repetition CST is that even though the patient cannot perform a single rising from the chair, you will get a result
when testing with 30sCST. When using the 5-repetition CST you have to perform 5 risings to get a result, making that
version of the CST less appropriate in the population with COPD, that often suffers from skeletal muscle dysfunction.

In our study, 14 patients were not able to perform a single rising when tested with 30sCST but managed to perform at
6MWT. It is known that patients with COPD change their gait biomechanics due to the effect of skeletal muscle

2526 which could explain why the patients managed to walk but not rise from a sitting

dysfunction on the thigh muscle,
position. At the 6BMWT, patients were allowed to use a walking aid which might add to the explanation of why they could
perform at the 6MWT but not rise from a sitting position. It is possible that 6MWT is more appropriate for patients with
severe skeletal muscle dysfunction and weak thigh muscles.

Our simultaneous Cox regression analysis of 6MWT and 30sCST showed that 6MWT is the best predictor, which
confirms previous comparisons.*'*> 6MWT is likely more sensible since it explores several aspects of physical function, both
muscular endurance and cardiovascular strain, and therefore is more sensitive for finding patients at high risk of mortality.

In summary, both 6MWT and 30sCST measure physical function in patients with COPD but they measure different
aspects of physical function. Ideally, they should be used together to complement each other, but as they correlate
moderately and 30sCST also predicts mortality, the tests can be used separately.

Our analyses also confirmed the previously well-known predictive ability of high age, BMI below 22 kg/m2, and
CVD in COPD.**” Our study also showed that the patients deceased at the end of the study had a significantly lower
oxygen saturation level at 6MWT, which is consistent with previous studies.'' In previous studies, a lower level of
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physical activity has been shown in patients with COPD and comorbid CVD compared with only COPD,?’” which makes
the performance of physical tests even more important in patients with both COPD and CVD. The fact that FEV%pred,
CAT score and the number of exacerbations did not differ between patients deceased and alive at censoring of the study is
most likely due to the fact that the sample mainly includes patients with severe COPD, with generally poor outcomes in
all patients.

Strengths of our study are the generous inclusion criteria and that we collected complete data on several mortality
predictors constituting potential confounders. One limitation is that as the patients were recruited in secondary care, the
majority of the sample had severe COPD. However, even though the generalizability of the results to patients with mild
COPD in primary care may be restricted, all stages of COPD were represented in our study.

The clinical implication of this study is that both 6MWT and 30sCST can be used to identify patients with low
physical function and increased mortality risk, with high needs for physical training to improve muscular function and
decrease symptoms.'® Future research should focus on identifying the patients with COPD who are most appropriate to
test with 30sCST and confirm the optimal cut-off point for mortality prediction in larger populations.

Conclusion

We conclude that 30sCST and 6MWT correlates moderately and are both independently associated with mortality in
patients with COPD. Although 6MWT is the best predictor of mortality, 30sCST can be used as a complement or an
alternative to identify at-risk patients.
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