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Abstract
Background Fatigue is present in about half of the patients with COPD. The associated factors of fatigue
in COPD remain unclear and have not been studied in an integrated and holistic analysis. The aim of this
study is to identify associated factors of fatigue in COPD.
Methods In this cross-sectional study, clinically stable patients with COPD from primary and secondary
care were assessed for fatigue (Checklist Individual Strength Subjective Fatigue (CIS-Fatigue)), other
symptoms, medication, and personal, COPD-related, physical, psychological and systemic factors.
Multivariable stepwise regression analyses were performed for each domain, followed by a multivariable
(enter) model with all identified factors.
Results In total, 247 patients with COPD (67±8 years, 60% male, forced expiratory volume in 1 s 57±21%
predicted, 27% Global Initiative for Chronic Obstructive Lung Disease (GOLD) E) were included in the study
of which 51% reported severe fatigue (CIS-Fatigue ⩾36 points). Distinct models for each group of factors
identified the following factors associated with a higher level of fatigue: living alone, antidepressant use,
anxiolytic use, systemic antihistamines use, higher Charlson comorbidity score, lower diffusion capacity,
higher number of moderate exacerbations in the last year, higher dyspnoea, reduced sleep quality, higher pain,
lower functional exercise capacity, higher fatigue-related catastrophising, more depressive symptoms, lower
calcium and higher leukocyte count. The final model explained 46.6% of variance in fatigue with dyspnoea,
sleep quality, fatigue-catastrophising and pain as significant associated factors (F(17, 184)=11.312, p<0.001).
Conclusion Pain, sleep quality, dyspnoea and fatigue-catastrophising were identified as associated factors
of fatigue. These factors should not be overlooked when treating fatigue in patients with COPD.

Introduction
People diagnosed with COPD experience a range of pulmonary and extrapulmonary symptoms [1].
Fatigue, defined as “a subjective, unpleasant symptom which incorporates total body feelings ranging from
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tiredness to exhaustion creating an unrelenting overall condition which interferes with individuals’ ability
to function to their normal capacity” [2], affects around 30–70% of people with COPD [3]. Fatigue is, next
to dyspnoea, the most common symptom in COPD [4]. These symptoms are related [5] and have a major
impact on health status, quality of life and the ability to perform day-to-day activities [6, 7]. Despite being
highly prevalent, fatigue is often underdiagnosed and undertreated in clinical practice [8, 9]. Importantly,
treatment options for fatigue in COPD are scarce, partly because fatigue and its associated factors remain
poorly understood. It is expected that multiple factors play a role in fatigue in COPD, further complicating
its treatment [9]. Therefore, related factors of fatigue need to be identified to empower health professionals
to design and tailor the optimal treatment for fatigue to the individual patient. A recent systematic review
summarised the literature related to fatigue in COPD and found that the degree of airflow limitation is
poorly related to fatigue in COPD and, therefore, does not appear to be the primary underlying cause of
fatigue. Instead, the review identified a wide range of associated factors including dyspnoea, number of
exacerbations, exercise capacity, peripheral muscle strength, quality of life, symptoms of anxiety and
depression, and systemic factors such as the number of medications and comorbidities. However, the
associations between these factors and fatigue have mostly been studied in isolation, making it difficult to
understand the complex, multifactorial nature of fatigue in COPD [3].

A study that integrates variables from different domains that have been consistently shown to be associated
with fatigue in an integrated and holistic analysis is lacking [3]. To address this, the objective of this study
is to identify symptoms, medication, and personal, COPD-related, physical, psychological and systemic
factors that are associated with fatigue in COPD.

Methods
Study design and recruitment
The present study is a cross-sectional analysis of baseline data from the multicentre, longitudinal,
observational FAntasTIGUE study. A detailed description of the FAntasTIGUE study has been published
elsewhere [10]. Briefly, patients with clinically stable COPD were recruited from April 2018 to June 2021
at the outpatient clinics of the Department of Respiratory Medicine in Maastricht and the Department of
Pulmonary Diseases in Nijmegen, and via general practitioners (Research Network Family Medicine
Maastricht, and the General Practice Research Network of the Radboud University Medical Center
Nijmegen). Further, patients with COPD who attended a meeting for patients with chronic lung diseases
(the so-called “longpunt”) in Maastricht or Nijmegen, and patients recruited from primary and secondary
care who previously participated in the Chance Study (NTR3416), inclusion period of the Chance Study
was from 2012 to 2015, and who consented to be approached for follow-up research, were also invited to
take part in the FAntasTIGUE study between April 2018 and June 2021. Written informed consent was
obtained from all study participants.

Study participants
The eligibility criteria are published elsewhere [10]. In short, a doctor-diagnosis of COPD and stable
COPD for at least 4 weeks preceding enrolment was required (i.e., no exacerbation that required additional
treatment with oral corticosteroids and/or antibiotics or exacerbation-related hospitalisation; a moderate or
severe exacerbation, respectively). Further, participants were excluded from the current analyses if they had
a forced expiratory volume in 1 s (FEV1) to forced vital capacity (FVC) ratio ⩾0.7 at assessment [11], or
data regarding sex, age or fatigue (i.e., Checklist Individual Strength – subscale subjective fatigue
(CIS-Fatigue)) were missing.

Outcomes
Participants came to the hospital for in-person assessments and an interview. At the end of the hospital
visit a comprehensive questionnaire was distributed, which participants returned within 1 week after the
in-person assessment. The choice of factors assessed in the FAntasTIGUE study was based on existing
literature [3], expert opinion from the FAntasTIGUE partners, practical considerations and guidance from
patient representatives, ensuring a comprehensive yet feasible approach.

Primary outcome
Subjective fatigue was measured by the CIS-Fatigue, consisting of eight items scored on a seven-point
Likert scale. The total score ranges from 8 (No/normal fatigue) to 56 points (Most severe fatigue). A score
of ⩾36 points indicates severe fatigue [12]. The CIS-Fatigue is a standardised and validated questionnaire
that has been used in healthy subjects and various patient populations, including COPD [6, 13].
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Other measures
Demographical and clinical characteristics (age, sex, generic health status using the 5-level EuroQol
5-dimension and COPD-related health status using the COPD Assessment Test (CAT)) were assessed to
characterise the study population. Further, potential associated factors of fatigue are grouped per domain as
symptoms, medication, and personal, COPD-related, physical, psychological and systemic factors. Detailed
information and explanation regarding the variables, cut-off scores, references, and a detailed description
of the assessment procedures and outcome measures is reported in the online supplementary methods.

Personal factors
The personal factors assessed included living alone (yes/no), smoking status (yes/no current smoker) and
smoking history (pack-years), Charlson comorbidity index, socioeconomic status, alcohol consumer
(yes/no) and consumption, and caffeine consumer (yes/no) and consumption.

COPD-related factors
The COPD-related factors assessed included use of long-term oxygen therapy, number of moderate
exacerbations and exacerbation-related hospitalisations in the previous 12 months, and pulmonary function
testing (i.e., spirometry, body plethysmography and diffusion capacity using single breath method).

Physical factors
The physical factors assessed included body composition (body mass index), fat-free mass index (via
bioelectrical impedance analyses), functional exercise capacity (6-minute walking distance), physical
activity and sedentary behaviour (Actigraph GT9X link), muscle function (quadriceps and handgrip
strength), and physical frailty (Short Physical Performance Battery).

Psychological factors
The psychological factors assessed included symptoms of anxiety and depression (Hospital Anxiety and
Depression Scale), social support (34-item Social Support List, Interaction version), fear of disease
progression (Fear of Progression Questionnaire Short Form), and fatigue-catastrophising (i.e., having a
negative association with fatigue; Jacobsen Fatigue Catastrophising Scale).

Symptoms
Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI). The symptoms cough,
insomnia, pain and dyspnoea were assessed using a visual analogue scale (VAS). In addition, dyspnoea
during activities of daily living (ADL) was assessed using the modified Medical Research Council
Dyspnoea Scale (mMRC dyspnoea).

Medication
Medication intake was recorded via interviewing. The amount of different medications taken by a patient
was calculated. Further, medication related to COPD treatment and/or known because of fatigue as a
potential side-effect were grouped based on their mechanism of action. The latter was determined by a
health scientist (M. Van Herck) and physician (D.J.A. Janssen) involved in the study.

Systemic factors
A fasting venous blood sample was taken and analysed for inflammatory markers, haematology, clinical
blood chemistry, cardiac diagnostics, endocrinology and antinuclear antibodies. Information on the systemic
factors and the cut-off points used to define (ab)normal values can be found in supplementary table 1.

Statistical analysis
Descriptive statistics were presented for the total group. Data were reported as means and standard
deviations, medians and interquartile ranges, or frequencies and proportions, as appropriate.

Stepwise multivariable regression analyses were performed to assess associated factors of fatigue. This was
done per domain of variables (i.e., medication, symptoms, and personal, COPD-related, physical,
psychological and systemic factors) to restrict the number of variables per model [14]. Of note: the
medication model only includes medication that has fatigue as a potential side-effect. Finally, all
significant variables of the different separate models were entered in one multivariable regression model
(enter method) to identify independent associated factors of fatigue. All models were adjusted for age and
sex. Therefore, absolute values are used in the models. Variables with >40% missing were discarded. If
multicollinearity was present (variance inflation factor >5), variables were identified and one of the related
variables was removed from the model, as specified in supplementary table 2.
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The level of significance was 0.05. Statistical analyses were performed using SPSS v28.0 (IBM Corp.,
Armonk, NY, USA). Visualisations were made using Graphpad Prism 9.3.1 (GraphPad Software, La Jolla,
CA, USA).

Results
Initially, 557 persons showed interest in the FAntasTIGUE study. Main reasons for non-participation were lost
interest (n=61) and finding the entire longitudinal study, including follow-up and assessments, too burdensome
(n=132). In total, 260 doctor-diagnosed patients with COPD participated in the study. Patients were
excluded from the current analysis as they had a FEV1/FVC ⩾0.7 at assessment (n=3) or incomplete data
regarding fatigue (n=10). Overall, 247 patients with COPD were included in the current analyses (figure 1).

Patients had a mean±SD age of 67±8 years and 40% (n=100) were women. The median (IQR) Charlson
comorbidity score was 2 (1–3) points, and the median mMRC dyspnoea grade was 1 (0–2) with 41%
(n=98) being highly dyspnoeic during ADL (mMRC dyspnoea grade ⩾2). The majority (n=184, 74%) had
a moderate-to-severe airflow limitation, 9% (n=23) received long-term oxygen therapy and 27% (n=66)
were classified as Global Initiative for Chronic Obstructive Lung Disease (GOLD) E. More specifically,
11% (n=27) of patients had ⩾1 exacerbation-related hospitalisation and 41% (n=100) ⩾1 moderate
exacerbation within the past 12 months. Median patients’ current perceived health (i.e., EQVAS) was 70
(50–83) points, and they had an average CAT score of 17±8 points. A detailed description of all variables
that were assessed can be found in table 1.

People with COPD attending the

outpatient clinic of the Department

of Pulmonary Diseases in Nijmegen

(Radboudumc) from April 2019 to

June 2021

People with COPD attending the

outpatient clinic of the Department

of Pulmonary Diseases in Nijmegen

(Radboudumc) from April 2019 to

June 2021

People with COPD recruited from

the General Practice Research

Network of Radboudumc Nijmegen

via their general practitioner or via

a longpunt meeting in Nijmegen

People with COPD recruited from

the General Practice Research

Network of Radboudumc Nijmegen

via their general practitioner or via

a longpunt meeting in Nijmegen

226 patients with COPD226 patients with COPD

101 patients with COPD

 • Radboudumc: 49

 • Others: 52 

101 patients with COPD

 • Radboudumc: 49

 • Others: 52 

93 patients with COPD

 • Radboudumc: 46

 • Others: 47 

93 patients with COPD

 • Radboudumc: 46

 • Others: 47 

8 patients excluded:

 •  2 FEV1/FVC ≥0.70

 •  6 incomplete fatigue

  questionnaire 

8 patients excluded:

 •  2 FEV1/FVC ≥0.70

 •  6 incomplete fatigue

  questionnaire 

People with COPD attending the

outpatient clinic of the Department

of Respiratory Medicine in

Maastricht (MUMC+) from April

2018 to June 2021

People with COPD attending the

outpatient clinic of the Department

of Respiratory Medicine in

Maastricht (MUMC+) from April

2018 to June 2021

People with COPD recruited from

the registration Network of Family

Practices of Maastricht University

via their general practitioner or via

a longpunt meeting in Maastricht or

via participation in the CHANCE

study

People with COPD recruited from

the registration Network of Family

Practices of Maastricht University

via their general practitioner or via

a longpunt meeting in Maastricht or

via participation in the CHANCE

study

331 patients with COPD331 patients with COPD

Eligible Eligible 

Included Included 

159 patients with COPD

 • MUMC+: 94

 • Others: 65 

159 patients with COPD

 • MUMC+: 94

 • Others: 65 

AnalysedAnalysed

154 patients with COPD

 • MUMC+: 90

 • Others: 64 

154 patients with COPD

 • MUMC+: 90

 • Others: 64 

5 patients excluded:

 •  1 FEV1/FVC ≥0.70

 •  4 incomplete fatigue

  questionnaire 

5 patients excluded:

 •  1 FEV1/FVC ≥0.70

 •  4 incomplete fatigue

  questionnaire 

247 patients with COPD247 patients with COPD

Reasons for nonparticipation

(n=172):

 •  74 too burdensome

 •  49 no interest anymore

 •  3 distance to hospital

 •  8 not meeting inclusion criteria

 •  7 meeting exclusion criteria

 •  5 no response

 •  26 others

Reasons for nonparticipation

(n=172):

 •  74 too burdensome

 •  49 no interest anymore

 •  3 distance to hospital

 •  8 not meeting inclusion criteria

 •  7 meeting exclusion criteria

 •  5 no response

 •  26 others

Reasons for nonparticipation

(n=125):

 •  58 too burdensome

 •  12 no interest anymore

 •  5 distance to hospital

 •  5 not meeting inclusion criteria

 •  9 meeting exclusion criteria

 •  9 no response

 •  27 others

Reasons for nonparticipation

(n=125):

 •  58 too burdensome

 •  12 no interest anymore

 •  5 distance to hospital

 •  5 not meeting inclusion criteria

 •  9 meeting exclusion criteria

 •  9 no response

 •  27 others

FIGURE 1 Flowchart of study population. FEV1/FVC: forced expiratory volume in 1 s to forced vital capacity ratio.
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Prevalence of severe fatigue
Patients with COPD had a mean CIS-Fatigue score of 36±13 points, and 51% (n=126) of patients were
classified as having severe fatigue.

Associated factors of fatigue per domain
Distinct models for each domain of associated factors (supplementary table S2A–G) identified the
following factors associated with a higher level of fatigue, 1) Personal factors: living alone and a higher
Charlson comorbidity score (adjusted R2 4.6%); 2) COPD related-factors: lower diffusion capacity and
higher number of moderate exacerbations in the last year (adjusted R2 14.7%); 3) Symptoms: higher
dyspnoea, reduced sleep quality and higher pain (adjusted R2 38.2%); 4) Physical factors: lower functional
exercise capacity (i.e., 6-min walking distance; adjusted R2 20.0%); 5) Psychological factors: higher
fatigue-related catastrophising and more depressive symptoms (adjusted R2 37.1%); 6) Systemic factors:
lower calcium and higher leukocyte count (adjusted R2 4.8%); and 7) Medication: antidepressant use,
anxiolytic use and systemic antihistamines use (adjusted R2 6.3%).

Associated factors of fatigue in one integrated model
The overall model with statistically significant variables of the separate models had an adjusted R2 of 46.6%
(F(17, 184)=11.312, p<0.001; table 2). From all variables included in the model, higher dyspnoea, reduced
sleep quality, higher pain and higher fatigue-related catastrophising were significantly associated with higher
fatigue in COPD. Dyspnoea and fatigue-related catastrophising were responsible for the largest unique
contribution with a standardised beta of 0.20 and 0.18, respectively. A visual presentation of identified
associated factors of fatigue in COPD per domain and in the integrated model are shown in figure 2.

Discussion
The present study is the first integrative analysis that includes an array of potentially associated factors of
fatigue in patients with COPD in a large Dutch multicentre sample. Our findings demonstrate that fatigue
is present in about half of patients with COPD recruited from primary and secondary care. Several
variables were identified as associated factors of fatigue in distinct models per domain of factors, of which
higher dyspnoea, reduced sleep quality, higher fatigue-catastrophising and higher pain were significantly
associated with higher fatigue in the final model.

The prevalence of fatigue in our sample (51%) is similar to that reported in the literature [3, 6]. The
current study also confirms that airflow limitation is poorly related with fatigue in COPD [3], and
highlights the importance of looking beyond lung function measurements when searching for associated
factors of fatigue in COPD.

About half of the variance of fatigue in our COPD sample is explained by our final model. Other studies
that are powered to perform this analysis reported explained variances in fatigue ranging from 30% to 42%
[5–7]. Dyspnoea is often identified in these studies as a related factor of fatigue [6, 7, 15], while some
studies also identified variables like depressive mood [7, 15], physical symptoms [16], exercise capacity
[17], muscle strength [18], end-exercise oxygen saturation [18], physical activity [15] and number of
exacerbations in the last year [6, 15]. Most of these studies only included a certain set of factors. Our study
is the first integrative analysis that includes a wide range of factors potentially related to fatigue in COPD.
Nevertheless, about half of the variance in fatigue remains unexplained. That said, it should be mentioned
that fatigue is subjective by nature and involves personal opinions, perceptions and feelings. By that
fatigue may inherently have a level of variability from person to person as it is a complex interaction
between biological, psychological and social factors. Thereby it is impossible to explain 100% of the
variance. Furthermore, our sample size is limited considering the amount of potential variables, which has
implications in terms of the power to detect significant findings [19]. Indeed, it is possible that the current
model lacks certain factors, like personality traits such as neuroticism and low extraversion, or the
influence of specific comorbidities (e.g., heart failure, rheumatoid arthritis) on fatigue in COPD [20, 21].

This study identified a number of potential treatable factors to be related to fatigue, including dyspnoea,
sleep quality, pain and fatigue-related catastrophising. The link between fatigue and dyspnoea has been
studied extensively, and both symptoms are highly interrelated [3]. Similarly, other multivariable analyses
have identified dyspnoea as an associated factor of fatigue [6, 16, 17]. Dyspnoea, together with
fatigue-related catastrophising, had the strongest association with fatigue in the final model. The
association between fatigue-related catastrophising and fatigue is a novel finding which has never been
researched before in COPD, but has been established in patients with interstitial lung diseases and other
populations [22, 23]. A possible explanation for this relationship is that catastrophising can worsen the
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TABLE 1 Characteristics of total group for all measured variables per domain (n=247)

n Reported data

Male, n (%) 247 147 (59.5)
Age years 247 67.3±8.1
Subjective fatigue
Subjective fatigue (CIS-Fatigue) points 247 36±13
Severe fatigue (CIS-Fatigue ⩾36), n (%) 126 (51.0)

Quality of life
Perceived health (EQ5D5L – health VAS) points 244 70 (50–83)
Health status (EQ5Dindex) points 243 0.810 (0.660–0.896)
COPD-related health (CAT) points 242 17±8
Impaired COPD-related health (CAT ⩾18), n (%) 111 (45.9)

Personal factors
Current smoker, n (%) 247 53 (21.5)
Smoking history pack-years 245 31 (15–51)
Charlson Comorbidity Index score (incl. COPD) 247 2 (1–3)
Living alone, n (%) 247 78 (31.6)
Socioeconomic status points 243 −0.12 (−0.77–0.68)
Current alcohol consumer, n (%) 247 160 (64.8)
Alcohol consumption units·week−1 2 (0–10)

Current caffeine consumer, n (%) 247 225 (91.1)
Caffeine consumption units·week−1 21 (14–42)

COPD-related factors
Forced expiratory volume in 1 s % pred 247 57.2±20.7

GOLD 1, n (%) 42 (17.0)
GOLD 2, n (%) 110 (44.5)
GOLD 3, n (%) 74 (30.0)
GOLD 4, n (%) 21 (8.5)

Total lung capacity % pred 243 116.3±16.3
RV % pred 243 153.4±44.6
Static hyperinflation (RV >140% pred), n (%) 137 (56.4)

Diffusion capacity (DLCOcSB) % pred 245 59.8±22.8
Abnormal diffusion capacity (DLCOcSB ⩽50% pred), n (%) 96 (39.2)

Oxygen therapy, n (%) 247 23 (9.3)
⩾1 moderate exacerbation (prior 12 months), n (%) 100 (40.5)
⩾1 AECOPD hospitalisation (prior 12 months), n (%) 27 (10.9)
GOLD E, n (%) 242 66 (27.3)

Symptoms
mMRC dyspnoea grade 242 1 (0–2)
Severe dyspnoea (mMRC grade ⩾2), n (%) 98 (40.5)

Dyspnoea VAS points 243 32 (12–64)
Moderate-to-severe dyspnoea (dyspnoea VAS >30), n (%) 127 (52.3)

Sleep quality (PSQI) points 226 7 (4–11)
Poor sleep quality (PSQI ⩾6), n (%) 129 (57.1)

Cough VAS points 243 16 (4–46)
Moderate-to-severe cough (cough VAS >30), n (%) 83 (34.2)

Insomnia VAS points 242 13 (1–47)
Moderate-to-severe insomnia (insomnia VAS >30), n (%) 82 (33.9)

Pain VAS points 243 6 (1–27)
Moderate-to-severe pain (pain VAS >30), n (%) 59 (24.3)

Physical factors
BMI kg·m−2 247 26.8±5.1
Underweight (BMI <21), n (%) 28 (11.3)
Obese (BMI >30), n (%) 52 (21.1)

FFMI kg·m−2 226 17.6±2.2
Low FFMI (FFMI <PC10), n (%) 83 (36.7)

Lower extremity functioning (SPPB) points 238 10 (9–11)
Impaired SPPB (SPPB ⩽9), n (%) 83 (34.9)
5-repetition sit-to-stand test s 14.5±4.6

Functional exercise capacity (6MWD) m 240 449.1±114.3
6MWD % pred 71.8±16.6
Impaired 6MWD (6MWD <70% pred), n (%) 98 (40.8)

Continued
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TABLE 1 Continued

n Reported data

HGS kg 236 36.2±10.9
HGS % pred 115.9±23.7
Impaired HGS (HGS <PC10), n (%) 19 (8.1)

Quadriceps strength % pred 161 95.4±27.5
Impaired quadriceps strength (<70% pred), n (%) 28 (17.4)

Physical activity steps·day−1 196 3776 (2423–5990)
Physically inactive (<5000 steps·day−1), n (%) 131 (66.8)

Moderate-to-vigorous physical activity min·day−1 16.1 (6.6–32.2)
Sedentary time min·day−1 753 (696–817)

Psychological factors
Depressive symptoms (HADS-D) points 244 4 (2–7)
Clinical symptoms of depression (HADS-D ⩾8), n (%) 57 (23.4)

Symptoms of anxiety (HADS-A) points 244 4 (2–8)
Clinical symptoms of anxiety (HADS-A ⩾8), n (%) 62 (25.4)

Fatigue-related catastrophising ( J-FCS) points 244 18±7
Fear of disease progression (FoP-Q-SF) points 244 24±8
Abnormal fear of disease progression (FoP-Q-SF ⩾34), n (%) 32 (13.1)

Social support (SSLI-34) points 73±14
Systemic factors#

HsCRP mg·L−1 241 2.2 (1.1–5.0)
High HsCRP, n (%) 95 (39.4)

Fibrinogen g·L−1 142 3.3 (2.7–3.9)
High fibrinogen, n (%) 20 (14.1)

Leukocyte count per nL 238 6.8 (5.6–8.0)
High leukocytes, n (%) 23 (9.7)

Cortisol nmol·L−1 241 345.0 (262.0–441.6)
High cortisol, n (%) 19 (7.9)

Hb mmol·L−1 238 9.1 (8.5–9.7)
Low Hb, n (%) 4 (1.7)
High Hb, n (%) 48 (20.2)

Glucose mmol·L−1 241 5.2 (4.8–5.8)
Elevated, n (%) 48 (19.9)
Abnormally high, n (%) 26 (10.8)

TSH mU·L−1 241 2.3 (1.6–3.1)
High TSH, n (%) 24 (10.0)

Creatinine µmol·L−1 242 83.0 (73.0–96.3)
High creatinine, n (%) 18 (7.4)

Sodium mmol·L−1 240 142.0 (140.0–143.0)
Low sodium, n (%) 6 (2.5)
High sodium, n (%) 20 (8.3)

Potassium mmol·L−1 192 4.8 (4.5–5.1)
Low potassium, n (%) 1 (0.5)
High potassium, n (%) 3 (1.6)

Calcium mmol·L−1 240 2.4 (2.3–2.5)
Low calcium, n (%) 4 (1.7)
High calcium, n (%) 18 (7.5)

Magnesium mmol·L−1 239 0.90 (0.86–0.94)
High magnesium, n (%) 11 (4.6)

Vitamin B12 pmol·L−1 242 292.5 (220.8–387.3)
Low vitamin B12, n (%) 11 (4.5)
High vitamin B12, n (%) 19 (7.9)

Vitamin 25(OH)D3 nmol·L−1 242 60.3 (42.2–75.3)
Deficiency vitamin 25(OH)D3, n (%) 8 (3.3)
Low vitamin 25(OH)D3, n (%) 173 (71.5)

ASAT U·L−1 242 24.0 (20.8–28.0)
High ASAT, n (%) 7 (2.9)

ALAT U·L−1 242 21.0 (17.0–27.0)
High ALAT, n (%) 9 (3.7)

NT-proBNP ng·L−1 243 98.0 (51.4–209.0)
High NT-proBNP, n (%) 34 (14.0)

Continued
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TABLE 1 Continued

n Reported data

ESR mm·h−1 236 7.0 (5.0–12.8)
High ESR, n (%) 29 (12.3)

Antinuclear antibodies titre positive, n (%) 240 68 (28.3)
Medication
Number of medications 247 6 (3–9)
Short-acting β-agonists, n (%) 100 (40.5)
Short-acting muscarinic antagonist, n (%) 33 (13.4)
Long-acting β-agonists, n (%) 158 (64.0)
Long-acting muscarinic antagonist, n (%) 165 (66.8)
Inhaled corticosteroids, n (%) 101 (40.9)
Systemic corticosteroids, n (%) 23 (9.3)
Systemic antihistamines, n (%) 11 (4.5)
Anxiolytics, n (%) 29 (11.7)
Antidepressants, n (%) 34 (13.8)
Opioids, n (%) 17 (6.9)
β-blockers, n (%) 64 (25.9)

Data are presented as mean±SD and median (IQR) unless indicated otherwise. CIS-Fatigue: Checklist Individuals
Strength – subscale fatigue; EQ5D5L: 5-level EuroQol 5 dimensions; CAT: COPD Assessment Test; GOLD: Global
Initiative for Chronic Obstructive Lung Disease; RV: residual volume; DLCOcSB: single breath diffusing capacity of
lung for carbon monoxide corrected for haemoglobin; AECOPD: acute exacerbation of COPD; mMRC: modified
Medical Research Council; VAS: Visual Analogue Scale; PSQI: Pittsburgh Sleep Quality Index; BMI: body mass
index; FFMI: fat-free mass index; SPPB: Short Physical Performance Battery; 6MWD: 6-minute walking distance;
HGS: handgrip strength; HADS-D: Hospital Anxiety and Depression Scale – subscale depression; HADS-A:
Hospital Anxiety and Depression Scale – subscale anxiety; J-FCS: Jacobsen Fatigue Catastrophising Scale;
FoP-Q-SF: Fear of Progression Questionnaire – Short Form; SSLI-34: 34-item Social Support List, Interaction
Version; HsCRP: high sensitivity C-reactive protein; Hb: haemoglobin; TSH: thyroid-stimulating hormone; vitamin
25(OH)D3: vitamin 25-hydroxyvitamin D3; ASAT: aspartate amino transferase; ALAT: alanine amino transferase;
NT-proBNP: N-terminal pro-brain natriuretic peptide; ERS: erythrocyte sedimentation rate. #: the cut-off values
used to define abnormal high/low value for systemic factor are described in supplementary table 1.

TABLE 2 Final multivariable regression model for fatigue (CIS-Fatigue) with significant variables from separate models as independent variables
(enter method)

Variables Unstandardised coefficient β (95% CI) Standardised β p-value

(Constant) 55.21 (17.84–92.58) NA 0.004
Age years −0.13 (−0.32–0.05) −0.08 0.162
Sex, female −3.53 (−7.14–0.09) −0.13 0.056
Living alone (yes) 1.46 (−1.57–4.49) 0.05 0.342
Charlson comorbidity score points 0.65 (−0.32–1.63) 0.08 0.187
DLCO corrected for haemoglobin mL·min−1·mmHg−1 −0.18 (−1.04–0.68) −0.03 0.675
Exacerbations in the last 12 months, n 0.25 (−0.83–1.34) 0.03 0.643
Dyspnoea VAS points 0.09 (0.03–0.15) 0.20 0.005
Sleep quality (PSQI) points 0.47 (0.08–0.85) 0.16 0.017
Pain VAS points 0.07 (0.01–0.13) 0.14 0.024
Functional exercise capacity (6MWD) m −0.01 (−0.03–0.01) −0.10 0.202
Fatigue-related catastrophising (J-FCS) points 0.33 (0.07–0.59) 0.18 0.012
Depressive symptoms (HADS-D) points 0.45 (−0.05–0.94) 0.13 0.075
Calcium mmol·L−1 −10.94 (−25.25–3.39) −0.08 0.134
Leukocyte count per nL 0.53 (−0.25–1.30) 0.08 0.183
Systemic antihistamines (yes) 4.28 (−2.84–11.41) 0.07 0.237
Antidepressants (yes) 3.13 (−1.28–7.53) 0.08 0.163
Anxiolytics (yes) 0.63 (−4.19–5.45) 0.02 0.797

F(17, 184)=11.312, p<0.001; R2=0.511, adjusted R2=0.466. Bold type for p-values denotes statistical significance. CIS-Fatigue: Checklist Individuals
Strength – subscale fatigue; DLCO: diffusing capacity of the lungs for carbon monoxide; VAS: Visual Analogue Scale; PSQI: Pittsburgh Sleep Quality
Index; 6MWD: 6-minute walking distance; J-FCS: Jacobsen Fatigue Catastrophising Scale; HADS-D: Hospital Anxiety and Depression Scale – subscale
depression.
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perception of fatigue, potentially leading to avoidance of, for example, physical activity, which in turn
worsens fatigue [23].

Further, sleep quality was identified as a related factor of fatigue. Sleep disturbances and disorders are
common in COPD [24]. Also, night-time symptoms like dyspnoea and cough may contribute to poor
sleep quality in patients with COPD, which subsequently can contribute to fatigue in COPD [25]. One
other study identified poor sleep quality as a predictor of fatigue in COPD [5]. The reasons for this poor
sleep quality were not explored in the current study but require a detailed assessment including a
nocturnal polysomnography.

Lastly, pain was associated with fatigue. In previous studies, moderately strong bivariate positive relations
between fatigue and pain were observed in COPD (i.e., r=0.48 and 0.58) [26, 27]. COPD is often
associated with chronic pain [28]. Several (non-)pharmacological and noninvasive interventions for pain
exist [29]. Understanding the physiology of pain will help healthcare professionals to select the most
effective intervention(s).

A number of variables did not reach the threshold for statistical significance in the final integrated model
but should not be disregarded when considering their role in fatigue of patients with COPD. These
variables (and similar directions) are found to be related with fatigue in COPD and other populations [3, 15,
18, 30–32]. A higher number of severe exacerbations was not identified in the current study, although there
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FIGURE 2 Visual presentation of all potential factors of fatigue considered per domain and identified
associated factors of fatigue in COPD per model (in pale blue circle). Pain, dyspnoea, sleep quality and
fatigue-related catastrophising (in red) were found to be significant associated factors of fatigue in COPD in the
final model that included all identified factors per domain. BMI: body mass index; HsCRP: high sensitivity
C-reactive protein; TSH: thyroid-stimulating hormone; ANA: antinuclear antibody test; NT-proBNP: N-terminal
pro-brain natriuretic peptide; ASAT: aspartate amino transferase; ALAT: alanine amino transferase; Hb:
haemoglobin; vit. D3: vitamin 25-hydroxyvitamin D3; vit. B12: vitamin B12.
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is evidence suggesting that an exacerbation-related hospitalisation is related to an increase in fatigue severity
and prevalence [15]. Only 10% of the individuals in our sample experienced an exacerbation-related
hospitalisation in the past 12 months, this could have contributed to this finding. In addition, comparing the
associated factors identified in the current study with those highlighted in the systematic review by EBADI

and colleagues [3], both similarities and differences can be found. EBADI and colleagues reviewed a broad
range of factors and found multiple associations with fatigue in COPD. However, factors such as age, sex,
socioeconomic status, degree of airflow limitation, exercise capacity and body composition showed
inconclusive and sometimes contradictory results. Only dyspnoea, depression, anxiety, quality of life and
peripheral muscle strength were found to be conclusive and have moderate-to-strong associations with
fatigue. Interestingly, symptoms of depression and anxiety, and peripheral muscle strength were not
identified as significant factors in the current integrated model, whereas the key factors sleep quality, pain
and fatigue-related catastrophising were not identified in the systematic review. These differences may be
due to sample characteristics and assessment methods for fatigue.

Clinical implications
The current findings can help shape fatigue-specific screening for associated factors of fatigue in patients
with COPD and subsequently link this to management strategies that target these specific factors. Up to
now, a holistic approach, such as a comprehensive pulmonary rehabilitation (PR) programme, may be the
most appropriate choice to reduce fatigue in a patient with COPD [33], although not all patients with COPD
report a clinical improvement of fatigue following a PR programme despite room for improvement [34].
Further, referral to PR is poor and access is limited [35]. Other accessible treatment strategies such as
exercise training or self-management programmes have been shown to reduce fatigue in people with COPD
on a group level [36, 37]. However, on their own, these strategies may benefit a limited number of fatigued
patients. This is probably due to the multifactorial nature of fatigue, because these treatment strategies tend
to target a specific underlying factor of fatigue.

A more personalised approach when treating fatigue is needed, based on a comprehensive assessment of
possible contributing factors of fatigue. Patients with COPD and fatigue should be screened for associated
factors of fatigue like dyspnoea, sleep quality, pain and fatigue-catastrophising. Subsequently, personalised
and tailored treatment strategies should be initiated for these identified factors instead of providing a
one-size-fits-all treatment. Hence, patients with COPD with fatigue and dyspnoea, for example, could
benefit from an inhaler drug education programme to reduce dyspnoea, and thereby also fatigue [38]. Also,
other treatment strategies proven to be effective in the management of dyspnoea, such as exercise training,
inspiratory muscle training and others, can be proposed to treat dyspnoea and consequently fatigue [36].
Another example is the screening, identification and management of sleep-related problems in patients with
COPD with fatigue. By minimising sleep disturbances, sleep quality can be improved [39]. Further,
psychological interventions could be effective in addressing fatigue-related catastrophising [40]. Therefore,
it is crucial we start screening our patients with COPD and fatigue for all possible associated factors of
fatigue, and subsequently treating these factors when present in an integrated way with tailored and
evidence-based treatment strategies.

Strengths and limitations
To date, only few studies have investigated associated factors that contribute to increased fatigue in patients
with COPD in a multivariable model [5–7, 15, 16, 18]. This study is the first in its kind that integrates an
extensive list of factors from different domains that have been consistently shown to be associated with
fatigue in one multivariable analysis and evaluates the unique contribution of each factor in explaining
fatigue. Furthermore, patients were involved in setting the agenda and prioritising this fatigue research in
COPD. The current study has some limitations. Firstly, the data are cross-sectional, therefore we are unable
to assess causality. Secondly, a large share of interested individuals declined participation as they found
the study too burdensome. This can imply a potential selection bias in our study. Thirdly, a large number
of participants were recruited for this study, but a higher sample size would have created greater power to
detect associated factors of fatigue in the regression model. Fourthly, although we have data on an
extensive range of factors, there may be factors associated with fatigue we did not assess. Fifth, a
limitation of questionnaires, including the CIS-Fatigue scale to measure subjective fatigue, is recall bias, as
participants may have difficulty to accurately report their fatigue levels over the last 2 weeks. The use of
Ecological Momentary Assessment (EMA) could be considered for future studies, as it evaluates
day-to-day variability and diurnal changes of fatigue.

Conclusion
Severe fatigue occurs in half of patients with COPD. Key factors associated with fatigue include dyspnoea,
sleep quality, fatigue-related catastrophising and pain. These findings provide a rationale for the screening
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for and tailored treatment of associated factors present in a patient with COPD and fatigue. Further,
longitudinal assessment of fatigue is needed in future studies to establish causal relationships.
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