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Introduction: Several differences have been reported in the clinical characteristics of chronic 

obstructive pulmonary disease (COPD) between men and women. Differences have been found 

in the association between respiratory symptoms and lung function, and in the factors associ-

ated with dyspnea. This raises the question of whether there are differences between the sexes 

in the relationship between fatigue, the second most prevalent symptom, and the variables of 

physical capacity and disease severity.

Objectives: To examine the experience of fatigue and its relationship to physical capacity and 

disease severity in men and women with COPD.

Methods: In a cross-sectional study 121 patients with COPD (54 men and 67 women), the 

experience of fatigue (frequency, duration, and severity) and physical capacity (lung function, 

6-minute walk distance [6MWD], grip strength, and timed-stand test) were assessed. Disease 

severity was graded according to the Body mass index, airway Obstruction, Dyspnoea and 

Exercise capacity (BODE) index. Two multiple logistic regression models were tested, both of 

which were performed separately in men and women, to examine the association between the 

experience of fatigue and variables of physical capacity and the BODE index.

Results: Eighty-nine (73.6%) patients experienced fatigue, with similar proportions in men and 

women. The men with fatigue had worse physical capacity and more severe disease than did the 

men without fatigue: for men with and without fatigue, respectively, the percent of predicted 

forced expiratory volume in 1 second (FEV
1
) (mean [standard deviation]) was 47 (14) vs 64 (17); 

the 6MWD (mean [standard deviation]) was 398 (138) vs 539 (105) m; and the BODE index 

(median [quartile 1−3]) was 3 (2–5) vs 1 (0–1) (P,0.01). In women, only higher leg fatigue 

post-6MWD was seen among those experiencing fatigue compared with women without fatigue: 

for women with and without fatigue, respectively, leg fatigue (median [quartile 1−3]) was 4 (3–5) 

vs 2 (0–3) (P,0.001). The regression models showed that the 6MWD and the BODE index 

were associated with fatigue in both men and women, but in women, leg fatigue remained an 

independent associate in both models.

Conclusion: Exercise capacity and disease severity were associated with fatigue in both men 

and women. In women, leg fatigue was strongly associated with fatigue, which warrants further 

investigation.

Keywords: chronic obstructive pulmonary disease, disease state, functional capacity, sex dif-

ferences, symptom experience, leg fatigue

Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) is increasing 

throughout the world, more rapidly among women than men.1 Patients with COPD 

suffer from several symptoms that have an adverse effect on general health and quality 

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COPD.S52506
mailto:kristina.todt@lio.se


International Journal of COPD 2014:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

18

Tödt et al

of life.2 Fatigue, the second most prevalent symptom experi-

enced by patients with COPD,2,3 is defined as “a subjective, 

unpleasant symptom which incorporates total body feelings 

ranging from tiredness to exhaustion, creating an unrelenting 

overall condition which interferes with individuals’ ability 

to function to their normal capacity.”4 Fatigue is associated 

with functional limitations in daily living, poor health, and 

hospitalization.5−8 One dimension of functional status is 

physical capacity, which refers to the individual’s maximum 

potential, expressed in terms of, for example, lung function, 

exercise capacity, and muscle strength.9 In patients with 

COPD, fatigue is moderately related to exercise capacity,7,10,11 

but the relationship between fatigue and lung function is 

contradictory.3,10−14 In patients with severe COPD, fatigue 

is related to muscle strength in both the upper and lower 

limbs.12 The multidimensional grading of disease severity, 

the Body mass index, airway Obstruction, Dyspnoea and 

Exercise capacity (BODE) index,15 includes not only lung 

function and exercise capacity but also, dyspnea and body 

mass index, and yet the relationship between fatigue and the 

BODE index is not clear.7,16 There are several differences 

in the clinical expression of the disease between men and 

women.17 Different studies have reported that women have 

lower exercise capacity than men18,19 and seem to be more 

prone to impaired thigh muscle function,20 suggesting a 

stronger relation between fatigue and physical capacity. The 

variables assessing and defining physical capacity are used 

as a primary outcome in pulmonary rehabilitation.21 With the 

purpose of improving rehabilitation strategies among men 

and women with COPD, we wondered whether the relation-

ship between experience of fatigue and physical capacity is 

similar in men and women.

Other studies have reported that respiratory symptoms, 

such as wheezing, dyspnea, and coughing, are related to 

lung function in men but not in women22 and that respira-

tory factors explain most of the variation in dyspnea in 

men, but not in women, with COPD.23 Consequently, there 

seem to be differences between men and women in regard 

to the factors associated with dyspnea, and this raises the 

question of whether there are differences in the relation-

ship between fatigue and physical capacity, and fatigue 

and disease severity, in men and women with COPD. If 

such differences exist, this may have clinical implications 

for the design of rehabilitation programs. Therefore, the 

main purpose of this study was to examine the relationship 

between the experience of fatigue and factors of physical 

capacity and disease severity separately in men and women 

with COPD.

Materials and methods
Patients
This cross-sectional study included 121 patients with COPD, 

recruited from two outpatient clinics at one university hospital 

(University Hospital Linköping, Sweden) and one county 

hospital (Ryhov Hospital, Jönköping, Sweden). The inclusion 

criteria were a diagnosis of COPD and a ratio of postbroncho-

dilator forced expiratory volume in 1 second (FEV
1
) to forced 

vital capacity (FVC) of ,0.70. In addition, the patients had to 

be in a clinically stable condition with no change in medication 

in the previous 4 weeks. Patients were excluded if they had 

any other lung disease, cancer in the previous 5 years, known 

inflammatory disease (eg, rheumatoid arthritis, inflammatory 

bowel disease, etc), multiple sclerosis, stroke, severe ischemic 

heart disease, severe kidney dysfunction, insulin-dependent 

diabetes, or psychosocial or physical difficulties that might 

interfere with the assessments. In total, 198 patients who had 

visited the two outpatient clinics during the previous year were 

invited to participate by letter. Forty-six patients declined to 

participate, 22 were excluded, eight could not be reached, and 

one did not show up at the appointment. There were no differ-

ences in the age or sex distribution between the participating 

patients and nonparticipating patients.

The study was performed in accordance with the ethical 

principles for medical research involving human subjects 

outlined in the Declaration of Helsinki and was approved by 

the regional ethical review board, Linköping, Sweden. All 

patients gave informed consent prior to any study-related 

procedures.

Assessments
Fatigue
The experience of fatigue was assessed with three 

slightly revised structured questions that had previously 

been used with Swedish patients with COPD.24,25 The 

frequency of fatigue for the past month was scored as 

0= not a problem, 1=1−7 days/month, 2=8−14 days/month, 

3=15−21 days/month, or 4=22−30 days/month or every day 

of the month; the duration of fatigue as 0= no experience, 

1=  less than 6  hours/day, 2=6−12  hours/day, or 3=  more 

than 12 hours/day; and the severity of fatigue as 0= not a 

problem, 1= one of my less severe symptoms, or 2= one of 

my worst symptoms. Cronbach’s alpha for the three ques-

tions was 0.79 in the present study. The fatigue total score for 

frequency, duration, and severity (range 0−9) was calculated. 

Convergent validity was evaluated by using one item in the 

Memorial Symptom Assessment Scale26 (measuring the 

frequency, severity, and distress of lack of energy), with a 
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possible total score ranging between 2−12. The Spearman’s 

correlation coefficient between the dimensions of fatigue 

and lack of energy was 0.436 for frequency and was 0.465 

for severity, and for the total scores of items, it was 0.658 

(all P,0.001).

Physical capacity
Physical capacity included assessments of lung function, 

exercise capacity, and muscle strength in both the upper and 

lower extremities.

A postbronchodilator (0.6 mg of salbutamol metered-dose 

aerosol) dynamic lung function test (FEV
1
 and FVC) was 

performed (MasterScreen Pneumo; CareFusion, Hoechberg, 

Germany) in accordance with American Thoracic Society 

(ATS)‌/‌European Respiratory Society standards.27 The norma-

tive values from Hedenstrom et al28,29 were used to calculate 

the FEV
1
% predicted and FVC% predicted. The patients 

were classified according to the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) staging system.30

Exercise capacity was assessed with a duplicate 6-minute 

walk distance test (6MWD), in accordance with the ATS 

guidelines.31 The longest 6MWD was used in the analysis. 

For reference values, the equation developed by Troosters et al 

was used to calculate the 6MWD% predicted.32 In addition, 

during the test, oxygen saturation was measured with a pulse 

oximeter (Nonin PalmSat® 2500; Nonin Medical Inc, Min-

neapolis, MN, USA), and perceived dyspnea and leg fatigue 

before and immediately after the test were scored using the 

Borg Category Ratio-10  scale.33 Breathing frequency was 

registered.

The muscle strength of the upper extremities was mea-

sured in the dominant hand, using a Grippit® (AB Detektor; 

Göteborg, Sweden). Grip force was registered for 10 seconds 

and expressed in newtons (N). The peak value out of three tri-

als was used in the analysis. This method is considered to be 

reliable and valid.34 The muscle strength of the lower extremi-

ties was assessed with the timed-stand test (TST),35 which 

measures the time in seconds (to the nearest 0.1 second) for 

ten stand ups from a chair to a standardized height (45 cm). 

The test is considered to be reliable and valid.35

Disease severity
Disease severity was determined according to the criteria 

of the multidimensional grading system, the BODE index. 

The BODE index includes body mass index (BMI), airway 

obstruction as measured by FEV
1
% predicted, dyspnea 

measured by the Medical Research Council (MRC) dysp-

nea scale,36 and exercise capacity measured as 6MWD. The 

BODE index ranges between 0 and 10, with a higher score 

indicating more serious disease.15

Body mass index
Height (cm) was measured with a stadiometer to the nearest 

0.5 cm, and weight (kg) was measured to the nearest 0.1 kg, 

without shoes and with light clothing (SECA scale Class 

(lll) model 701 and 959; SECA GmbH & Co. KG, Hamburg, 

Germany). BMI was calculated = kg/m2 and categorized into 

four groups: ,21 = underweight; 21–24.9 = normal range; 

25.0–29.9 = overweight; or $30 = obesity.

Demographic data and perception of general health
Structured questionnaires covered demographic data (age, 

marital status, and employment), smoking history, and health. 

Perception of general health was assessed with two questions 

from the Brief Health Information appendix in the Interna-

tional Classification of Functioning, Disability and Health 

check list (ICF-checklist), which asked about perceived 

mental and emotional health and physical health during the 

past month, rated on a five-point scale from 1=  very bad 

health to 5= very good health.37

Procedure
Approximately 1 week after the invitation letter was sent, 

the patients were phoned to provide them with additional 

information, and their current health status was updated. 

Those who met the inclusion criteria and gave verbal 

informed consent were scheduled for an appointment at 

the outpatient clinic. The questionnaires were sent, along 

with the letter giving the time of the appointment. The 

participants were instructed to fill in the questionnaires 

the day before the appointment, and their responses were 

checked at the appointment to avoid missing answers. All 

other assessments were performed at the outpatient clin-

ics in the morning, in a standardized order and with an 

appropriate amount of time between the assessments of 

physical capacity.

The data were collected between January 2007 and 

September 2009.

Analysis
Normally distributed data were presented as mean and stan-

dard deviation, and skewed data as median and 25th−75th 

percentiles (quartiles 1−3). The differences between men and 

women and between patients with and without fatigue were 

analyzed with an independent sample t-test, a Mann−Whitney 

U test, a chi-square, or Fisher’s exact test as appropriate.
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Partial correlation analysis, adjusted for sex, was performed 

to investigate the relationship between the absence and presence 

of fatigue and the variables of physical capacity, oxygen satura-

tion, dyspnea, leg fatigue, and breathing frequency immediately 

after the 6MWD and disease severity. Finally, two models of 

backward logistic regression analysis were performed with men 

and women separately with the purpose of analyzing the associa-

tion of the variables of physical capacity (first model) and disease 

severity (second model) with the experience of fatigue. The 

dependent variable in both models was experience of fatigue, 

coded as 1= presence of fatigue or 0= absence of fatigue. The 

independent variables in the first model were the variables of 

physical capacity significantly correlated with fatigue (FEV
1
% 

predicted, 6MWD, and leg fatigue post-6MWD). TST and grip 

strength were inserted, in line with findings in the literature.10,12,20 

In the second model, the independent variables were the BODE 

index and the variables of physical capacity not included in the 

BODE index (leg fatigue post-6MWD, TST, and grip strength). 

Both models were adjusted for age and current smoking 

(1= current smoker and 0= not a current smoker). In additional 

analysis, we adjusted all models with the variable “mental and 

emotional health,” to control for its association with experience 

of fatigue. Values were presented with odds ratio (OR) and 95% 

confidence interval (CI).

The significance level was set at P#0.05. The data 

were analyzed using SPSS 19 software version (IBM Corp, 

Armonk NY, USA).

Results
Background characteristics
Of the 121 patients, 54 (45%) were men and 67 (55%) were 

women. The patients were predominantly classified as stages 

2 (36%) or 3 (46%), according to the GOLD stage system.30 

Similar proportions of men (87%) and women (77%) were 

in stages 2 or 3 (Table 1). Comparing sex, the females had 

a shorter 6MWD and lower 6MWD% predicted, needed 

more time to perform the TST, and had lower grip strength 

than the men (Table 1). No differences were found between 

the men and women in age, smoking status, lung function, 

dyspnea, BMI, mental or physical health, or disease severity 

according to the BODE index or the GOLD classification 

(Table 1).

Experience of fatigue and the association 
between fatigue and physical capacity  
and disease severity
Eighty-nine patients reported experiencing fatigue during the 

previous month, and 32 (26.4%) had no experience of fatigue. 

There were no statistically significant differences between 

men and women with regard to the prevalence or frequency, 

duration, and severity of fatigue (Table 2).

Men with fatigue had significantly worse physical capac-

ity with regard to lung function, 6MWD, and TST compared 

with men without fatigue. In contrast to the men, women with 

fatigue only had higher subjective leg fatigue post-6MWD 

compared with women without fatigue (Table 3).

The physical capacity variables FEV
1
% predicted, FVC% 

predicted, 6MWD, leg fatigue post-6MWD, and the BODE 

index correlated significantly with the experience of fatigue, 

controlled for sex r=−0.224, −0.263, −0.304, 0.289, and 0.342 

respectively, (P-values between 0.015 and ,0.001).

In the first multiple logistic regression model, the sig-

nificantly associated variables with the experience of fatigue 

were 6MWD in men, and 6MWD and leg fatigue post- 

6MWD in women (Table 4). In the second model, the BODE 

index in men and women and leg fatigue post-6MWD in 

women were significantly associated with the experience of 

fatigue (Table 5). Regression models additionally adjusted 

for mental and emotional health showed that the variables of 

physical capacity associated with experience of fatigue were 

the FEV
1
% predicted in men (OR =0.93; CI: 0.87–0.98), and 

6MWD and leg fatigue post-6MWD in women ([OR =0.99; 

CI: 0.98–1.0] and [OR =2.93; CI: 1.50–5.72], respectively). 

In the second model, the BODE index remained indepen-

dently associated with the experience of fatigue in men 

(OR =3.97; CI: 1.60–9.86), and in women, only leg fatigue 

was associated with fatigue (OR =2.37; CI: 1.38–4.09).

Discussion
The main findings of this study were that the experience of 

fatigue was common and that the experience of fatigue was 

associated with both exercise capacity and severity of the 

disease in both men and women. Furthermore, subjective 

leg fatigue after 6MWD was found to be strongly associated 

with the experience of fatigue in women.

The results showed that nearly three-quarters of the 

patients with stable COPD experienced fatigue. The lack 

of difference between men and women in the presence of 

fatigue as well as in the frequency, duration, and severity 

of fatigue is in line with previous findings.25 In this study, 

fatigue was assessed as a symptom and conceptualized as a 

multidimensional experience including timing (frequency 

and duration) and severity (or intensity).38 This assessment 

of the experience of fatigue considers the symptom itself 

rather than the impact of fatigue on different functions.38 

Furthermore, a high correlation has been found between 

symptom and impact scores.39 The three structured questions 
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Table 1 Differences between men and women with chronic obstructive pulmonary disease

Men  (n=54) Women (n=67) P-value

Background characteristics
  Mean age (SD), years 67.6 (6.8) 66.5 (7.5) 0.425
Smoking status, n (%)
  Current 13 (24) 21 (31) 0.600
  Former 40 (74) 44 (66)
 N ever 1 (2) 2 (3)
Smoking history
  Pack-yr, mean (SD) 36.7 (19.5) 30.5 (18) 0.076
Dyspnea MRC-scale, median (Q1-3) 2 (1–3) 2 (1–3) 0.126
BMI, kg/m2, mean (SD) 26.2 (5.3) 27.4 (6.8) 0.263
  Underweight, BMI ,21.0, n (%) 8 (15) 12 (18) 0.042

 N ormal weight, BMI =21.0–24.9, n (%) 16 (30) 20 (30)

  Overweight BMI =25.0–29.9, n (%) 19 (35) 10 (15)

  Obesity, BMI $30.0, n (%) 11 (20) 25 (37)
Physical capacity
Lung function, mean (SD)
  FEV1% predicted 50.8 (16.8) 48.6 (15.7) 0.451
  FVC% predicted 86.6 (16.8) 85 (17.9) 0.615
  FEV1/FVC 0.43 (0.12) 0.44 (0.1) 0.652
Exercise capacity
  6MWD (meter), mean (SD) 432 (144) 380 (128) 0.038
  6MWD% predicted, mean (SD) 76.9 (23.9) 67 (20.8) 0.017
 S aO2 post-6MWD, mean (SD) 88.9 (5.8) 88.8 (5.6) 0.884
  Dyspnea post-6MWD, median (Q1-3) 4 (3–5) 4 (3–5) 0.459

 L eg fatigue post-6MWD, median (Q1-3) 3 (1–4.12) 3 (2–5) 0.285
  BF post-6MWD, mean (SD) 27.7 (6.0) 29.6 (5.9) 0.087
Muscle strength, median (Q1-3)
  TST (seconds) 22.4 (18.2–33.7) 27.5 (22.7–34.3) 0.022
 G rip strength (N) 368 (292–442) 190 (159–245) ,0.001
Health
  Mental and emotional health, median (Q1–3) 4 (3–4) 3 (3–4) 0.345
  Physical health, median (Q1–3) 3 (2–4) 3 (2–3) 0.994
Disease severity, n (%)
 G OLD stage 1 1 (2) 5 (8) 0.148
 G OLD stage 2 25 (46) 19 (28)
 G OLD stage 3 22 (41) 33 (49)
 G OLD stage 4 6 (11) 10 (15)
  BODE index, median (Q1–3) 3 (1–4.25) 3 (2–5) 0.153

Notes: P-values were tested by independent sample t-test where the variable is stated as a mean (SD); by χ2 test where the variable is given as number (%); and by the 
Mann-Whitney U test where the variable is given as median (Q1-3).
Abbreviations: 6MWD, 6-minute walk distance; BF, breathing frequency per minute; BMI, body mass index; BODE index, multidimensional index (B, body mass index; 
O, airway Obstruction; D, dyspnoea; E, exercise capacity); FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, the Global Initiative for Chronic 
Obstructive Lung Disease; MRC-dyspnea, Medical Research Council dyspnea scale; Pack-yr, number of years smoking times average number of cigarettes smoked per day 
divided by 20; Q, quartile; SaO2, oxygen saturation; SD, standard deviation; TST, timed-stands test.

for fatigue in this study showed acceptable convergent valid-

ity with the item “lack of energy” included in the Memorial 

Symptom Assessment Scale.

Our study showed that the women had lower exercise 

capacity and muscle strength than men. These differences 

are probably partly related to constitutional differences, but 

the lower exercise capacity in women was seen both in abso-

lute values and in 6MWD% predicted, adjusted for height, 

age, weight, and sex. Several other studies have also shown 

that women with COPD have lower exercise capacity and 

more respiratory symptoms, even though they have better 

preserved lung function than men.18,19,40 The reasons for these 

differences are not clear.17

The men who experienced fatigue had worse physical 

capacity in all the areas covered and worse disease severity, 

according to the BODE index, than did the men who did 

not experience fatigue. The findings for the men are in line 

with previous studies using mixed samples.7,10,11 In contrast 

with this, the women in the present study with experience of 

fatigue had impairment in lung function, exercise capacity, 

and muscle strength comparable to that in women without 

fatigue. Moreover, there was no significant difference in 
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Table 2 The experience of fatigue in men and women with COPD

Men 
(n=54)

Women 
(n=67)

P-value

Prevalence, n (%) 41 (76) 48 (72) 0.680
Fatigue frequency, n (%) 0.265
 N ot a problem 13 (24) 19 (28)
  1-7 days/month 13 (24) 11 (16)
  8–14 days/month 5 (9) 2 (3)
  15–21 days/month 5 (9) 4 (6)
  $22 days/month 18 (33) 31 (46)
Fatigue duration, n (%) 0.593
 N o experience 13 (24) 19 (28)
  ,6 h/day 24 (44) 22 (33)
  6–12 h‌/‌day 10 (19) 17 (25)
  12–24 h/day 7 (13) 9 (13)
Fatigue severity, n (%) 0.433
 N ot a problem 19 (35) 21 (31)
  One of my less severe symptoms 20 (37) 20 (30)
  One of my worst symptoms 15 (28) 26 (39)
Fatigue total score, median (Q1-3) 4 (1.5–7) 6 (0–8) 0.428

Notes: P-values were tested by χ2 test for variables presented in numbers and with 
a Mann-Whitney U test for variables presented as median (Q1-3).
Abbreviations: COPD, chronic obstructive pulmonary disease; Q, quartile.

disease severity between the women with and without fatigue. 

Except for a significantly higher subjective leg fatigue in 

women with fatigue, these findings suggest that the expe-

rience of fatigue among women may be related to factors 

other than physical capacity or disease severity. However, 

the result of the first regression analysis showed that exercise 

capacity was independently associated with fatigue in both 

men and women. This indicates that there is a link between 

the experience of fatigue and exercise capacity in women as 

well. Neither lung function nor muscle strength remained as 

independent associates. The latter could be explained by the 

fact that the 6MWD as a measure of exercise capacity is an 

outcome of the global and integrated responses of all the sys-

tems involved during exercise, including the cardiopulmonary 

system, peripheral circulation, and muscle metabolism.31

Our finding of higher leg fatigue among the women with 

fatigue even though they had similar 6MWD and dyspnea 

scores to women without experience of fatigue suggests 

that limitations within the working muscle, ie, muscle 

Table 3 Comparison between patients with and without fatigue in men and women with chronic obstructive pulmonary disease

Men P-value Women P-value

No fatigue 
(n=13)

Fatigue 
(n=41)

No fatigue 
(n=19)

Fatigue 
(n=48)

Age, years, mean (SD) 67.8 (6.3) 67.5 (7.0) 0.87 68.9 (6.1) 65.6 (7.8) 0.103
Physical capacity
  FEV1% predicted, mean (SD) 64.2 (17.2) 46.6 (14.5) 0.001 49.5 (12.8) 48.3 (16.8) 0.779
  FVC% predicted, mean (SD) 96 (19.1) 82.8 (15.1) 0.002 89.1 (13.3) 83.4 (19.3) 0.241
  FEV1/FVC, mean (SD) 0.48 (0.11) 0.42 (0.12) 0.08 0.43 (0.09) 0.45 (0.11) 0.541
  6MWD (meter), mean (SD) 539 (105) 398 (138) 0.001 416 (104) 365 (134) 0.148
  6MWD% predicted, mean (SD) 96.9 (14) 70.6 (23.1) ,0.001 74.6 (17.5) 64 (21.5) 0.059

 S pO2 post-6MWD, mean (SD) 91.4 (4.3) 88.1 (6.1) 0.081 87.3 (5.3) 89.4 (5.7) 0.184
  Dyspnea post-6MWD, median (Q1–3) 3 (3–4.5) 4 (3.5–5.5) 0.068 4 (3–5) 4 (3–5) 0.386
 L eg fatigue post-6MWD, median (Q1–3) 3 (1.5-4) 3 (1–5) 0.565 2 (0–3) 4 (3–5) ,0.001
  BF post-6MWD, mean (SD) 25.2 (6.3) 28.6 (5.8) 0.083 29.6 (5.7) 29.7 (6.1) 0.950
  TST (seconds), median (Q1–3) 20.1 (14.7–23.6) 23.7 (18.7–35.5) 0.017 27.5 (22.7–34.3) 32.1 (22.2–35.1) 0.988
 G rip strength (N), median (Q1–3) 422 (365–476) 336 (276–420) 0.052 190 (159–245) 188 (144–248) 0.640
BMI kg/m², mean (SD) 27.1 (4.6) 25.9 (5.5) 0.477 25.7 (4.6) 28.1 (7.4) 0.122

  Underweight, BMI ,21.0, n (%) 0 8 (20) 0.064 3 (16) 9 (19) 0.262

 N ormal weight, BMI =21.0–24.9, n (%) 4 (31) 12 (29) 9 (47) 11 (23)

  Overweight, BMI $25.0–29.0, n (%) 8 (62) 11 (27) 2 (10) 8 (17)

  Obesity, BMI $30.0, n (%) 1 (8) 10 (24) 5 (26) 20 (42)

Dyspnea MRC-scale, median (Q1–3) 1 (0–1) 2 (1–3) ,0.001 2 (1–2) 2 (1–3) 0.130

BODE index, median (Q1–3) 1 (0–1) 3 (2–5) ,0.001 3 (2–4) 3.5 (2–5) 0.213

Mental and emotional health, median (Q1–3) 4 (4–5) 3 (3–4) 0.001 4 (4–5) 3 (3–4) ,0.001
Physical health, median (Q1–3) 4 (3–4) 3 (2–3) ,0.001 4 (3–4) 3 (2–3) ,0.001

Notes: P-values were tested by independent sample t-test where a mean (SD) is given; by Mann-Whitney U test where the variable is given as a median (Q1-3); and by χ2 
test where the variable is presented in numbers.
Abbreviations: 6MWD, 6-minute walk distance; BF, breathing frequency/minute; BMI, body mass index; BODE index, multidimensional index (B, body mass index; O, airway 
Obstruction; D, dyspnoea; E, exercise capacity); FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; MRC, Medical Research Council; Q, quartile; SD, 
standard deviation; SpO2, percentage of oxygen saturation; TST, timed-stand test.
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Table 4 The physical capacity variables associated with the experience of fatigue, by sex, from multiple logistic regressions, adjusted 
for age and current smoking

Independent  
variables retained  
in last step

Experience of fatigue (men, n=53) Independent  
variables retained  
in last step

Experience of fatigue (women, n=64)

B Wald P-value OR (95% CI ) B Wald P-value OR (95% CI )

6MWD -0.017 8.89 0.003 0.98 (0.97–0.99) 6MWD -0.01 8.49 0.004 0.99 (0.98–1.0)
Leg fatigue post-6MWD 0.85 10.83 0.001 2.33 (1.40–3.87)

Constant 21.2 Constant 9.97

Note: The dependent variable in this analysis was the experience of fatigue, coded so that 0= absence of fatigue and 1= presence of fatigue. B is the regression coefficient 
and Wald is the Wald statistic.
Abbreviations: 6MWD, 6-minute walk distance; CI, confidence interval; OR, odds ratio.

fatigue, may influence the general experience of fatigue in 

women. Pathophysiological changes within the muscle is 

one of several proposed reasons for experience of fatigue in 

chronic illness,41 but why this would be more pronounced 

in women alone is hard to explain. Skeletal muscle dys-

function (reduced muscle strength and endurance and 

increased muscle fatigability) is a central contributor to 

the limitations in exercise capacity seen in patients with 

COPD,42 but there have been few comparisons of skeletal 

muscle dysfunction in men and women. Higher muscle 

fatigue in COPD patients may be due to lower levels of 

high-energy phosphates, lower mitochondrial density, early 

lactacidemia, or reduced muscle perfusion.43 However, in 

men and women with COPD with similar exercise capac-

ity, no differences have been found in fiber type composi-

tion, mitochondrial density, and muscle enzyme activities 

in the quadriceps femoris muscle.44 On the other hand, 

Janaudis-Ferreira et  al20 found more pronounced thigh 

muscle dysfunction, including muscle fatigue, among 

women than among men with COPD. This suggests that 

there are sex-related differences in the peripheral muscle 

dysfunction, which may influence the experience of fatigue 

in women. Inactivity is an important cause of the skeletal 

muscle dysfunction seen in patients with COPD.42 As far 

as we are aware, it is not known whether there are differ-

ences in the level of physical activity between men and 

women with COPD that could, in turn, explain differences 

in skeletal dysfunction. However, women seem to change 

their activity and particularly, to reduce their involvement 

in heavier tasks, such as vacuuming and making beds, to 

a greater extent than men.45

Endurance exercise training is related to the reduced 

experience of fatigue.46 The results of our research on 

the association between exercise capacity and the experience 

of fatigue in both men and women suggest that endurance 

exercise training might influence the experience of fatigue in 

both men and women. Additionally in women, specific 

muscle endurance training with many repetitions and low 

loads to improve leg fatigue might have an impact on the 

general experience of fatigue. However, our findings war-

rant further investigation using more sophisticated methods 

to assess muscle strength and muscle fatigue to confirm the 

association between leg fatigue and the experience of fatigue 

in women.

The result of the second regression model showed that the 

BODE index was independently associated with fatigue in 

both men and women, but in women, leg fatigue again was 

strongly associated with fatigue. Watson et  al, found that 

respiratory symptoms (wheeze, dyspnea, cough, and phlegm) 

were good predictors of the disease state in men only.22 Our 

finding that the BODE index alone was independently asso-

ciated with fatigue in the men suggests that the experience 

Table 5 The BODE index and physical variables not included in the BODE index associated with the experience of fatigue, by sex, 
from multiple logistic regressions, adjusted for age and current smoking

Independent  
variables retained  
in last step

Experience of fatigue (men, n=53) Independent  
variables retained  
in last step

Experience of fatigue (women, n=64)

B Wald P-value OR (95% CI ) B Wald P-value OR (95% CI )

BODE index 1.31 8.22 0.004 3.71 (1.51–9.10) BODE index 0.437 5.38 0.020 1.56 (1.07–2.24)
TST 0.13 2.39 0.122 1.14 (0.97–1.35) Leg fatigue post-6MWD 0.783 10.54 0.001 2.19 (1.36–3.51)
Constant 2.84 Constant 0.696

Notes: The dependent variable in this analysis was the experience of fatigue, coded so that 0= absence of fatigue and 1= presence of fatigue. B is the regression coefficient 
and Wald is the Wald statistic.
Abbreviations: 6MWD, six minute walk distance; BODE index, multidimensional index (B, body mass index; O, airway Obstruction; D, dyspnoea; E, exercise capacity); CI, 
confidence interval; OR, odds ratio; TST, timed-stand test.
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of fatigue might mirror the disease state more fully in men 

than in women.

In our study, mental and emotional health was reported to 

be worse among the men and women with fatigue compared 

with those without fatigue. Fatigue is known to be related 

to mood and mental state as well as to other symptoms.3,5,47 

However, even when we adjusted the regression models 

for mental and emotional health, the main results did not 

change.

Limitations of the study
Besides the cross-sectional study design, another limita-

tion of this study is the sample selection, which excluded 

patients with pronounced comorbidity. However, this made 

our sample more homogenous. The included patients were 

predominantly in stages 2 and 3 (82%) of disease, and 

the result should be cautiously interpreted for patients in 

stages 1 and 4. Another reason for caution is that nearly 

one-quarter of the invited patients refused to participate. 

Those patients were not assessed for any other variables 

except for age and gender. Although no significant dif-

ferences were found between the participants and non-

participants with regard to age and sex, other differences 

that might be important for data interpretation could not 

be evaluated. Finally, other reasons for the sensation of 

leg fatigue in women (eg, venous or arterial deficiencies) 

were not assessed.

In conclusion, exercise capacity and disease severity were 

associated with fatigue in both men and women. In women, 

leg fatigue was strongly associated with the experience of 

fatigue, and this warrants further investigation.
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