
© 2017 Kovarik et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of COPD 2017:12 3429–3435

International Journal of COPD Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
3429

O r I g I n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/COPD.S144566

hand grip endurance test relates to clinical state 
and prognosis in COPD patients better than 
6-minute walk test distance

Miroslav Kovarik1,2

Vera Joskova1,2

anna Patkova1,2

Vladimir Koblizek3

Zdenek Zadak2

Miloslav hronek1,2

1Department of Biological and Medical 
sciences, Faculty of Pharmacy in 
hradec Kralove, Charles University, 
hradec Kralove, Czech republic; 
2Department of research and 
Development, University hospital 
hradec Kralove, hradec Kralove, 
Czech republic; 3Department of 
Pulmonary Medicine, University 
hospital hradec Kralove, hradec 
Kralove, Czech republic

Purpose: Patients with COPD present peripheral muscle dysfunction and atrophy, expressed 

as muscle strength and endurance reduction. The goal of this study was direct dynamometric 

assessment of hand grip endurance and strength in relation to the stage of disease, multidimen-

sional predictors of mortality, and 6-minute walk test (6MWT). To the best of our knowledge, 

there has been no previous study determining these parameters.

Patients and methods: In this observational study, 58 consecutive outpatients with stable 

COPD and 25 volunteers without respiratory problems were compared. All COPD subjects 

underwent a comprehensive examination to determine COPD severity, prognostic scales, and 

6MWT. Body composition, basic spirometric parameters, and hand grip strength and endurance 

were determined in all study participants.

Results: Patients in the COPD group had a 15% decrease in maximum strength (P=0.012) 

and a 28% decrease in area under the force/time curve (AUC) of the endurance test (P,0.001) 

compared to the control group. Dynamometric parameters were significantly negatively asso-

ciated with the stage of disease and values of multivariable prediction indexes, and positively 

associated with the results of 6MWT. In most cases, closer associations were found with AUC 

than with 6MWT and in the gender-specific groups.

Conclusion: Both hand grip strength and endurance are impaired in COPD patients in 

comparison with the control group. In particular, AUC could be considered as an attractive 

option not only to assess exercise capacity but also as a predictive marker with a better prog-

nostic value than 6MWT in COPD patients. This is the first study to observe the dependence 

of hand grip endurance on combined COPD assessment.

Keywords: dynamometry, muscle strength, muscle endurance, BODE index

Introduction
Patients with COPD suffer not only from impairment of respiratory function but also 

often from peripheral muscle dysfunction and atrophy. These are expressed in COPD 

patients as fatigue and reduction of muscle strength and endurance. Many studies have 

demonstrated the association of muscle weakness and reduction of endurance with the 

grade of respiratory impairment, impaired cardiac function and health-related quality 

of life, the risk of severe COPD exacerbations, and even mortality.1–3 As the COPD 

patient population is not homogeneous, some phenotypes could suffer from loss of 

muscle more than others (predominantly pulmonary cachexia phenotype). Therefore, 

testing of muscle strength and endurance should play an important role in clinical 

practice in COPD patients.
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Muscle strength of COPD patients is most commonly 

determined in the upper limbs, especially as hand grip 

strength. On the other hand, muscle endurance is more likely 

tested on the lower limbs by means of simple functional 

tests such as the 6-minute walk test (6MWT) or sit-to-stand 

(STS) test. Commonly used in COPD patients is 6MWT. The 

6MWT is inexpensive, easy to apply, and known to predict 

patient mortality.4 Although there is a consensus of studies 

describing the deterioration in the muscular endurance of 

the lower limbs of COPD patients, the results of the studies 

are more controversial in the upper limbs. While some 

studies demonstrated deterioration of upper-limb endurance 

of COPD patients,5 others did not reveal any significant 

decline.6 In addition, some studies found discrepancy in 

muscle endurance determined on different locations. So 

in one study, attenuation of lower-limb endurance and 

preservation of upper-limb endurance could be present at 

the same time.7

The primary goal of this study was comparison of hand 

grip endurance and strength determined directly by dyna-

mometry between COPD patients and subjects without 

impairment of respiratory function, referenced to Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) 

stage, combined COPD assessment, and multidimensional 

predictors of mortality (BODE [Body mass index, airflow 

Obstruction, Dyspnea, Exercise capacity], updated BODE 

and ADO [Age, Dyspnea, airflow Obstruction] indexes). 

The secondary goal was to compare hand grip endurance and 

strength with lower-limb endurance determined by means of 

6MWT. To our best knowledge, there has been no previous 

study determining all these relationships together.

Patients and methods
study participants and design of the study
In this observational study, we compared two study 

groups. The first study group (control group) consisted of 

25 volunteers without respiratory problems: 20 men and 

5 women. The second study group (COPD group) consisted 

of 58 consecutive outpatients with stable COPD (free of 

acute exacerbation of COPD and/or deterioration of internal 

comorbidities .8 weeks prior to study enrollment): 43 men 

and 15 women. Detailed basic anthropometric characteristics 

of both groups are presented in Table 1.

COPD patients were recruited from the Department of 

Pneumology, University Hospital Hradec Kralove, Czech 

Republic (most of them from the Czech multicentric research 

database of COPD – Registry of the Czech Pneumological 

and Phthisiological Society). The details concerning inclusion 

and exclusion criteria and records of a patient history includ-

ing comorbidities and medications used were described by 

Novotná et al.8 All COPD subjects underwent a comprehen-

sive examination to determine COPD severity and prognostic 

scales (eg, GOLD stage, combined COPD assessment, 

BODE, updated BODE and ADO indexes), and exercise 

tolerance by means of 6MWT.

In all study participants, body composition, basic spiro-

metric parameters, hand grip strength, and endurance were 

determined. All measurements were taken in the morning 

after a fast of 12 hours (in COPD patients before commence-

ment of rehabilitation).

The study was reviewed and approved by the Ethical 

Committee of University Hospital in Hradec Kralove; all 

subjects gave written informed consent.

COPD severity and prognostic scales
The BODE index was calculated according to Celli et al9 and 

the updated BODE (
U
BODE) and ADO indexes according to 

Puhan et al.10 Patients were divided into four grades in line 

with the GOLD classification according to post-bronchodilator 

airflow limitation.11 Combined COPD assessment was used 

to distinguish patients to four categories according to risk 

and level of symptoms.12

6-Minute walk test
The 6MWT was conducted in accordance with guidelines of 

Czech Pneumological and Phthisiological Society (updated 

version from 2016) based on the American Thoracic Society/

European Respiratory Society standards.13 It was performed 

indoors, along flat, straight corridor, 30–50 m long. Values of 

Table 1 Basic anthropometric characteristics and functional 
spirometry

Parameter Controltotal 
(n=25)

Controlmale 
(n=20)

COPDtotal 
(n=58)

COPDmale 
(n=43)

age (years) 65±6 66±6 67±7 67±7
height (cm) 174±7 176±7 170±8 173±7
Weight (kg) 88.0±17.7 91.3±17.5 81.1±20.3 87.5±17.9

BMI (kg⋅m−2) 29.0±5.0 29.6±5.1 27.9±6.1 29.1±5.6
FFMI (kg⋅m−2) 20.5±3.1 21.4±2.7 19.7±3.4 20.9±2.9
FeV1 (% pv) 101±14 101±13 52±20a 53±20a

FVC (% pv) 97±17 97±15 78±22a 77±21a

PeF (% pv) 88±23 90±23 55±23a 58±25a

FeV1/FVC 83±8 83±7 51±13a 52±13a

Notes: results are expressed as mean ± sD. at-Test COPD vs control group 
(P#0.05).
Abbreviations: BMI, body mass index; FFMI, fat-free mass index; FeV1/FVC, 
Tiffeneau index; FeV1, forced expiratory volume in one second; FVC, forced vital 
capacity of the lungs; PEF, peak expiratory flow; pv, predicted values.
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6MWT for the control group were calculated using reference 

equations for healthy adults.14

Body composition
Body weight was measured in underwear to the nearest 

0.1 kg (Tanita Corporation, Tokyo, Japan) and height with 

a stadio meter to the nearest 0.5 cm. Both were used to cal-

culate the body mass index (kg⋅m−2). Body composition was 

determined by means of skin-fold anthropometry, because 

this method has been proved as appropriate for COPD 

patients.15 The average of the three measurements taken 

in four standard places (triceps, biceps, subscapular, and 

suprailiac) using a caliper (Best K-501; Trystom, Olomouc, 

Czech Republic) was used for further calculations. All mea-

surements were performed by a sole trained examiner. Body 

density was estimated according to the method of Durnin 

and Womersley,16 and fat mass was calculated with the Siri 

equation.17 Fat-free mass (FFM) was calculated by subtract-

ing the amount of fat mass from body weight. Fat mass and 

FFM were corrected for height to produce fat mass and FFM 

index, expressed in kg⋅m−2.

hand grip strength and endurance
For the hand grip strength and endurance measurement, a 

Pinch/Grip Analyser (MIE Medical Research Ltd., Leeds, 

UK) with Clinical Analysis Software (CAS)18 was used. 

Patients were standing with the shoulders adducted, elbows 

flexed to 90°, and forearms in neutral position.

Maximum strength was assessed on both limbs. Patients 

were instructed to squeeze the handle as much as possible for 

3–5 seconds. The CAS allows visualization of the amplitude 

distribution during the test. Three repetitions of the test were 

performed (the break between repetitions was always at least 

1 minute). The dominant limb was determined according to 

the best performance. The results of maximum strength were 

also corrected for body weight, amount of FFM, and forced 

vital lung capacity.

The endurance test measures a patient’s ability to main-

tain a constant force within a given range for a duration of 

time. The target strength value was determined as 50%±5% 

of maximal strength for each individual patient. The patients 

were instructed to maintain the force for as long as possible, 

always keeping within the target range or as close to it as 

can be managed. The CAS allows patients easy real-time 

audio-visual control of target range. At the end of the test, 

the CAS automatically calculates the scored time (the time in 

which the load was within the target range) and the numerical 

value of the endurance as the area under the force/time curve 

(AUC). The results of AUC were also corrected for body 

weight, amount of FFM, and forced vital lung capacity.

statistical analysis
The acquired data were analyzed using programs GraphPad 

Prism6 (GraphPad Software, La Jolla, CA, USA) and Excel 

2016 (Microsoft, Redmont, WA, USA). All parameters were 

evaluated by descriptive statistics. Normality of data was 

assessed by D’Agostino and Pearson omnibus normality 

test. The unpaired t-test, Mann–Whitney U-test, or Wilcoxon 

signed rank test were used for determining differences 

between COPD and control groups. The ordinary one-way 

analysis of variance with Tukey’s multiple comparisons 

test or Kruskal–Wallis test were applied to determine dif-

ferences among the four GOLD stages or groups according 

to the combined COPD assessment in observed parameters. 

Spearman’s correlation coefficient was used for demon-

stration of relationships between parameters. Calculation 

of z-score was used for testing of the difference between 

two dependent correlations with one variable in common 

by means of online calculator.19 Significance was accepted 

at P,0.05. Results are expressed as mean ± SD or median 

(25th percentile; 75th percentile).

Results
Basic anthropometric characteristics
Basic anthropometric characteristics of the study groups are 

summarized in Table 1. The mean value of body mass index 

27.9±6.1 corresponds to overweight, while the mean value 

of FFM index corresponds to normal FFM. No significant 

differences between the study groups were found in any of 

the basic anthropometric characteristics.

hand grip strength and endurance
The results of hand grip testing and 6MWT are summarized in 

Table 2. We found that patients of the COPD group had a 15% 

decrease in maximum strength (P=0.012). When the results 

were corrected for kilogram of body weight or kilogram of 

FFM, the maximum strength was comparable between the 

groups. On the other hand, when the results were corrected 

for forced vital lung capacity, the COPD group showed a 

17% higher strength than the control group (P=0.012). Cor-

relation analysis revealed that maximum strength was signifi-

cantly negatively associated with GOLD stage and values of 

multivariable prediction indexes, and positively associated 

with results of 6MWT (for details see Table 3).

The scored time of endurance test was ~20% shorter in 

the COPD group compared with the control group (P=0.001). 
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We found a significant negative association with scored time 

and combined COPD assessment and positive association 

with 6MWT. All of them were weaker than associations with 

maximum strength or AUC.

The AUC for COPD patients was about 28% lower than 

for the control group (P,0.001). When the results were 

corrected for kilogram of body weight or kilogram of FFM, 

the difference between the groups remained significant. The 

grouping to quartiles of COPD patients according to the 

AUC value revealed significant differences among subgroups 

in GOLD stage (P=0.024), combined COPD assessment 

(P=0.011), BODE (P=0.010), uBODE (P=0.014), and ADO 

(P=0.040) indexes, whereas no differences were found in 

values of 6MWT. When we compared associations of AUC 

and 6MWT with stage of disease and values of ADO index, 

we found closer associations for AUC than 6MWT. Compar-

ing male groups only, the differences between COPD and 

control groups were almost identical as in the case of groups 

not divided according to gender.

COPD severity and BODe index
Comparing COPD groups divided according to GOLD stage, 

we observed significant differences in maximum strength, 

AUC, and 6MWT, with worst results in stage 4 (for details, 

see Table 4). For comparison of values of AUC and GOLD 

stage, see Figure 1.

Comparing COPD groups according to the combined COPD 

assessment, we demonstrated significant differences only in 

AUC, with patients of group D (high risk, more symptoms) 

having the worst results. For detailed results, see Table 5.

Comparing COPD groups according to the BODE index 

score, there was a significant decrease in maximum strength 

and AUC with increasing BODE index score. For detailed 

results, see Table 6.

Discussion
The results of our study confirmed previous observations 

that both hand grip strength and endurance are diminished 

Table 2 hand grip strength, endurance, and 6MWT

Dynamometric 
parameters

Controltotal 
(n=25)

Controlmale 
(n=20)

COPDtotal 
(n=58)

COPDmale 
(n=43)

Max grip (n) 371±90 395±82 316±88a 342±80a

Max grip (n⋅kg−1) 4.0 (3.6; 4.9) 4.3 (3.6; 5.1) 3.9 (3.6; 5.1) 3.9 (3.3; 4.6)

Max grip (n⋅kg FFM−1) 6.0±1.1 6.0±1.2 5.6±1.4 5.5±1.4
Max grip (n⋅FVC−1) 96 (87; 114) 96 (87; 113) 112 (96; 131)a 112 (95; 140)a

scored time (s) 104 (88; 128) 102 (80; 117) 82 (67; 100)a 81 (68; 97)a

aUC (thousands) 18.9 (16.0; 24.2) 19.1 (16.1; 24.3) 13.6 (11.2; 16.1)a 13.7 (11.7; 16.6)a

aUC/kg 223 (198; 263) 223 (196; 256) 176 (134; 207)a 166 (126; 201)a

aUC/kg FFM 314 (276; 367) 304 (270; 363) 238 (182; 281)a 230 (180; 259)a

aUC/FVC (thousands) 4.7 (4.1; 5.6) 4.6 (4.1; 5.3) 4.9 (3.8; 6.0) 4.9 (3.8; 5.6)
6MWT (m) 537 (484; 564) 542 (487; 569) 390 (345; 420)a 420 (360; 450)a

Notes: results are expressed as mean ± sD or median (25th percentile; 75th percentile). at-Test, Mann–Whitney U-test, or Wilcoxon signed rank test COPD vs control 
group (P#0.05). Values of 6MWT for control group were calculated by using reference equations for healthy adults.14

Abbreviations: 6MWT, 6-minute walk test; aUC, area under the force/time curve; FFM, fat-free mass; FVC, forced vital capacity of lungs; Max grip, maximum hand grip 
strength of dominant arm; scored time, elapsed time of endurance test in targeted range only.

Table 3 Correlation of dynamometric parameters with stage of 
disease, values of multivariable prediction indexes, and results of 
6MWT

GOLD CCA BODE UBODE ADO 6MWT

Max grip (total)
r −0.357 −0.235 −0.435 −0.503 −0.397 0.565
P 0.006 0.075 0.001 ,0.001 0.002 ,0.001

Max grip (male)
r −0.237 −0.137 −0.361 −0.447 −0.427 0.494
P 0.126 0.381 0.017 0.003 0.004 0.001

aUC (total)
r −0.410 −0.434 −0.440 −0.440 −0.271 0.331
P 0.001 0.001 0.001 0.001 0.036 0.011

aUC (male)
r −0.464 −0.414 −0.522 −0.509 −0.458 0.382
P 0.002 0.006 ,0.001 ,0.001 0.002 0.011

6MWT (total)
r −0.398 −0.314 (−0.486) (−0.585) −0.412 –
P 0.002 0.017 (,0.001) (,0.001) 0.001 –

6MWT (male)
r −0.417 −0.293 (−0.457) (−0.547) −0.373 –
P 0.005 0.057 (0.002) (,0.001) 0.014 –

Notes: Values marked red are the highest association for each parameter (column), 
and bolded values reached statistical significance (P#0.05). Values in parentheses are 
included for illustrative purposes only (for better orientation), as 6MWT and BODe 
or UBODe are not independent variables.
Abbreviations: 6MWT, 6-minute walk test; aDO, value of aDO index; aUC, area 
under the force/time curve; BODe, value of BODe index; CCa, combined COPD 
assessment; GOLD, classification of the Global Initiative for Chronic Obstructive 
Lung Disease according to post-bronchodilator airflow limitation; Max grip, 
maximum hand grip strength of dominant arm; P, probability values of correlation 
test; r, spearman correlation coefficient; UBODe, value of updated BODe index.
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in COPD patients compared with healthy subjects.2,20–22 

Decreased endurance was possibly caused not only by 

reduced weight or amount of FFM, but also by muscle 

dysfunction. This hypothesis is evidenced by the fact that 

after correction for weight and FFM, there were significant 

differences between groups in endurance (expressed as 

AUC), while not in the case of strength, even though there 

were no significant differences between the groups in weight 

or amount of FFM. FFM is, therefore, possibly a determinant 

of maximum hand grip strength, but not endurance. Similar 

conclusions have been described by Vilaro et al.23

According to our knowledge, this is the first study to 

observe the dependence of hand grip endurance on combined 

COPD assessment (previously only an association with 

exacerbations had been determined). It is illustrated by the 

fact that the lowest strength and endurance were found in the 

category of combined COPD assessment corresponding to 

the group of patients with high risk and more symptoms (and 

highest GOLD stage). We confirmed this also with correlation 

tests. We revealed a negative association of endurance with 

category of combined COPD assessment, while an associa-

tion with strength has not been confirmed. Both strength and 

endurance were negatively correlated also with GOLD stage. 

A closer association was found with endurance. Puhan et al 

studied the association of endurance (determined with STS 

test) and exacerbations, but they found no significant asso-

ciation.3 On the other hand, Vilaró et al found a correlation 

of global muscle dysfunction with exacerbations.1

There have been other studies investigating the correla-

tion of strength and endurance with the BODE index,24,25 

but very little is known about associations with uBODE and 

ADO indexes. Puhan et al found that endurance (determined 

with STS test) predicted 2-year mortality almost as well as 

the ADO index.3 It was also demonstrated that STS is also 

associated with 5-year mortality.26 Analogous to clinical 

stage, we proved the dependence of BODE index on both 

hand grip strength and endurance. The lowest strength and 

endurance were found in the subgroup of patients with the 

highest BODE score. Correlation test revealed a significant 

association of strength and endurance not only with BODE, 

but also with the uBODE and ADO indexes. The association 

with the ADO index is especially remarkable, because unlike 

the BODE index, the ADO index does not contain a measure 

of muscle mass or function.

The closest correlations of all the dynamometric para-

meters were found in the case of AUC, especially in the 

male-only population. The advantage of this endurance 

parameter over the others could be that besides endurance, it 

also includes a strength component. Moreover, we have 

found that AUC is more closely associated with the most 

tested parameters than 6MWT, which is very often used in 

clinical practice. However, testing the differences between 

correlation coefficients did not achieve any statistical 

Table 4 Dynamometric parameters and 6MWT in COPD groups divided according to gOlD stage

Dynamometric 
parameters

Control 
(n=25)

GOLD 1 
(n=7)

GOLD 2 
(n=24)

GOLD 3  
(n=20)

GOLD 4  
(n=7)

A/K-W

Max grip (n) 371±90 375±96 330±79 300±87 255±82a 0.046
scored time (s) 104 (88; 128) 104 (94; 123) 82 (68; 99)a 78 (66; 90)a 84 (59; 122) 0.277
aUC (thousands) 18.9 (16.0; 4.2) 18.5 (15.5; 1.8) 14.0 (11.8; 16.2)a 12.1 (11.1; 13.8)a,b 11.7 (9.7; 14.0)a,b 0.013
aUC/kg 223 (198; 263) 190 (179; 260) 162 (128; 224)a 170 (122; 191)a 180 (120; 197) 0.283
aUC/kg FFM 314 (276; 367) 280 (225; 408) 237 (185; 290)a 232 (176; 275)a 215 (158; 259) 0.270
6MWT (m) 537 (484; 564) 390 (360; 450)a 420 (368; 450)a 375 (320; 450)a 300 (240; 360)a 0.007

Notes: a/K-W, P-value of one-way analysis of variance or Kruskal–Wallis test, bolded values reached statistical significance (P#0.05). results are expressed as mean ± sD 
or median (25th percentile; 75th percentile). at-Test, Mann–Whitney U-test, or Wilcoxon signed rank test vs control group (P#0.05); bt-test or Mann–Whitney U-test vs 
gOlD 1 (P#0.05). Values of 6MWT for the control group were calculated using reference equations for healthy adults.14

Abbreviations: 6MWT, 6-minute walk test; aUC, area under the force/time curve; FFM, fat-free mass; gOlDx, grade of COPD according to gOlD stage; Max grip, 
maximum hand grip strength of dominant arm; scored time, elapsed time of endurance test in targeted range only.

Figure 1 Comparison of area under the force/time curve with gOlD stage.
Abbreviations: AUC, area under the force/time curve; GOLD, classification 
of the global Initiative for Chronic Obstructive lung Disease according to post-
bronchodilator airflow limitation.
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significance, probably due to limited sample size. In addition, 

AUC was the only dynamometric parameter with significant 

differences among groups of patients divided according to 

combined COPD assessment, whereas we found no differ-

ences among these groups in the results of 6MWT. Also, the 

fact that grouping to quartiles of COPD patients according to 

AUC value revealed no significant differences in values of 

6MWT confirms that AUC and 6MWT are not interchange-

able parameters. A similar conclusion has been published 

regarding cycle endurance test and 6MWT.27 On the other 

hand, special equipment (a dynamometer) is needed for 

determination of AUC. Although its use is very simple and 

examination alone is very quick and does not cost anything, 

nevertheless, acquisition of this device requires a one-time 

investment (about 3,000 US dollars). AUC could thus be 

considered as an attractive option to assess exercise capacity 

in COPD patients.

A limitation of this study is the low number of participants 

in some studied subgroups, and also we have not examined 

associations directly with mortality. Another limitation is 

that for the control group, we calculated 6MWT by refer-

ence to equations.

In conclusion, we have confirmed that both hand grip 

strength and endurance are impaired in COPD patients. 

AUC in particular could be considered as an attractive option 

not only to assess exercise capacity but also as a predictive 

marker with a better prognostic value than 6MWT in COPD 

patients in both clinical practice and research. Further studies 

with larger sample size will be required to evaluate the predic-

tive and prognostic value of AUC. This is the first study to 

observe the dependence of hand grip endurance on combined 

COPD assessment.
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Table 5 Dynamometric parameters and 6MWT in COPD groups divided according to combined COPD assessment

Dynamometric 
parameters

Control 
(n=25)

Group A 
(n=3)

Group B 
(n=24)

Group D 
(n=31)

A/K-W

Max grip (n) 371±90 369±124 332±82 298±88a 0.210
scored time (s) 104 (88; 128) 123 (83; 147) 91 (69; 108) 77 (62; 89)a 0.075
aUC (thousands) 18.9 (16.0; 24.2) 18.4 (14.2; 30.6) 15.4 (11.8; 7.1)a,b 11.9 (10.9; 13.8)a,b 0.004
aUC/kg 223 (198; 263) 185 (136; 311) 176 (137; 236) 170 (121; 191)a 0.454
aUC/kg FFM 314 (276; 367) 280 (229; 450) 245 (190; 330) 228 (175; 264)a 0.172
6MWT (m) 537 (484; 564) 420 (390; 420) 410 (360; 450)a 360 (300; 420)a 0.057

Notes: a/K-W, P-value of one-way analysis of variance or Kruskal–Wallis test, bolded values reached statistical significance (P#0.05). results are expressed as mean ± sD or 
median (25th percentile; 75th percentile). at-Test, Mann–Whitney U-test, or Wilcoxon signed rank test vs control group (P#0.05); bt-test or Mann–Whitney U-test vs group 
a (P#0.05). Values of 6MWT for the control group were calculated using reference equations for healthy adults.14

Abbreviations: 6MWT, 6-minute walk test; aUC, area under the force/time curve; FFM, fat-free mass; Max grip, maximum hand grip strength of dominant arm; scored 
time, elapsed time of endurance test in targeted range only.

Table 6 Dynamometric parameters and 6MWT in COPD groups divided according to BODe index score

Dynamometric 
parameters

Control 
(n=25)

BODE 0–2 
(n=29)

BODE 3–4 
(n=20)

BODE 5–10 
(n=9)

A/K-W

Max grip (n) 371±90 342±82 313±83 240±80a,b 0.007
aUC (thousands) 18.9 (16.0; 24.2) 15.5 (11.8; 17.6)a 12.1 (11.1; 13.8)a,b 11.2 (8.5; 14.3)a 0.012
6MWT (m) 537 (484; 564) 420 (360; 450)a 395 (353; 420)a 270 (210; 300)a,b ,0.001

Notes: a/K-W, P-value of one-way analysis of variance or Kruskal–Wallis test, bolded values reached statistical significance (P#0.05). results are expressed as mean ± sD 
or median (25th percentile; 75th percentile). at-Test, Mann–Whitney U-test, or Wilcoxon signed rank test vs control group (P#0.05); bt-test or Mann–Whitney U-test vs 
BODe 0–2 (P#0.05). Values of 6MWT for the control group were calculated using reference equations for healthy adults.14

Abbreviations: aUC, area under the force/time curve; Max grip, maximum hand grip strength of dominant arm.
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