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Abstract: Although there have been many published reports on fatigue and pain in patients with
chronic obstructive pulmonary disease (COPD), it is considered that these symptoms are seldom,
if ever, asked about during consultations in Japanese clinical practice. To bridge this gap between
the literature and daily clinical experience, the authors attempted to gain a better understanding
of fatigue and pain in Japanese subjects with COPD. The Brief Fatigue Inventory (BFI) to analyse
and quantify the degree of fatigue, the revised Short–Form McGill Pain Questionnaire 2 (SF-MPQ-2)
for measuring pain and the Kihon Checklist to judge whether a participant is frail and elderly
were administered to 89 subjects with stable COPD. The median BFI and SF-MPQ-2 Total scores
were 1.00 [IQR: 0.11–2.78] and 0.00 [IQR: 0.00–0.27], respectively. They were all skewed toward the
milder end of the respective scales. A floor effect was noted in around a quarter on the BFI and
over half on the SF-MPQ-2. The BFI scores were significantly different between groups regarding
frailty determined by the Kihon Checklist but not between groups classified by the severity of
airflow limitation. Compared to the literature, neither fatigue nor pain are considered to be frequent,
important problems in a real-world Japanese clinical setting, especially among subjects with mild to
moderate COPD. In addition, our results might suggest that fatigue is more closely related to frailty
than COPD.

Keywords: chronic obstructive pulmonary disease (COPD); the Brief Fatigue Inventory (BFI); the
revised Short–Form McGill Pain Questionnaire 2 (SF-MPQ-2); the Kihon Checklist; fatigue; pain

1. Introduction

Breathlessness is undoubtedly believed to be one of the most important perceptions
experienced in subjects with chronic obstructive pulmonary disease (COPD). This is likely
followed by coughing, as well as sputum production, symptoms which are described in
most of the clinical practice guidelines [1]. Antoniu et al. has stated that the most prevalent,
clinically significant extra-respiratory symptom was fatigue, which was reported in 95.7%,
followed by pain in 74.5%, of patients hospitalized for a COPD exacerbation [2]. Upon
closer examination of the published ranking lists of symptoms in subjects with stable
COPD, Walke et al. reported that shortness of breath was followed by physical discomfort,
fatigue, problems with appetite, anxiety, and pain [3]. Blinderman et al. found that lack
of energy was in second place, while dry mouth was third, other pain (non-chest) was
eighth, and chest pain twelfth [4]. Peters et al. also found that around half of patients with
COPD had abnormal fatigue [5]. Guyatt et al. stipulated that one of the four domains
should be named as fatigue during the development of the Chronic Respiratory Disease
Questionnaire (CRQ), the first disease-specific tool for measuring quality of life globally [6].
Thus, although fatigue may be the second most frequent symptom that is reported after
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dyspnoea by subjects with COPD, it is a frequently ignored symptom in daily clinical
practice [7].

Prevalence rates for pain have also been reported to be surprisingly high in subjects
with COPD over the last decade [8–17]. In a systematic review published in 2015, Lee
et al. reported that the pooled prevalence of pain in moderate to very severe COPD was
66% (95% CI, 44–85%) [18]. Despite these findings, we were unsure of their applicability
to Japanese COPD patients as pain is seldom, if ever, asked about during consultations
in this country; neither has it been included as a primary or secondary endpoint in most
clinical trials. Notwithstanding, a recent review has stated that chronic pain warrants
consideration within clinical practice guidelines for COPD [19].

When interviewing a candidate suspected of COPD, we often ask about breathlessness,
cough, sputum and wheezing but not fatigue or pain. We are aware of only a small number
of chest physicians in Japan who are of the opinion that these symptoms should be asked
about in the consulting room. Although many published reports have studied fatigue and
pain, it is unclear whether they should be checked during every examination. The aim
of this study was to bridge the gap between the literature and daily clinical experience
by gaining a better understanding of fatigue and pain in subjects with COPD. COPD is
occasionally considered to be an accelerated aging disease since it is well known that aging
of the lungs and COPD have many similarities and are sometimes difficult to distinguish
from each other [20]. The frequency of fatigue, as well as breathlessness, is also thought to
increase progressively with advancing years [21–25]. Since the age of patients with COPD
is considered to be much older in Japan than in western countries [26], we hypothesized
that aging could play a role in the appearance of symptoms such as fatigue and pain.
Hence, the secondary purpose of the present study was to examine the prevalence of the
above symptoms and their relationship with frailty in subjects with stable COPD [27,28].

2. Materials and Methods
2.1. Participants

We recruited 89 consecutive patients with stable COPD who attended the outpatient
clinic at the Department of Respiratory Medicine of the National Center for Geriatrics
and Gerontology (NCGG) from August 2018 to August 2020. The inclusion criteria were:
(1) age more than 50 years; (2) smoking history exceeding 10 pack-years; (3) chronic fixed
airflow limitation; (4) regular clinic attendance for more than half a year to avoid any
changes induced by new medical interventions; (5) no uncontrolled co-morbidities and
(6) no variation in treatment in the preceding four weeks. Chronic fixed airflow limitation
was defined as a maximal ratio of forced expiratory volume in 1 s (FEV1) to forced vital
capacity (FVC) of under 0.7. All participants gave written informed consent.

2.2. Measurements

Baseline measurements of the participants’ pulmonary function were taken in a single
day. These comprised post-bronchodilator spirometry (CHESTAC-8800; Chest, Tokyo,
Japan), residual volume (RV) using the closed-circuit helium method, and diffusing capac-
ity for carbon monoxide (DLCO) measured by the single-breath technique as reported by
the American Thoracic Society and European Respiratory Society Task Force in 2005 [29].
Calculations of the predicted values for FEV1 and vital capacity were performed as recom-
mended by the Japan Respiratory Society [30].

2.3. Assessment of Fatigue, Pain, Breathlessness and Frailty

Validated Japanese versions of the following patient-reported outcome measurement
tools were used in the present study; the Brief Fatigue Inventory (BFI) to analyse and
quantify the degree of fatigue, the revised Short-Form McGill Pain Questionnaire (SF-MPQ-
2) for measuring pain, the Dyspnoea-12 (D-12) to assess the severity of breathlessness and
the Kihon Checklist to judge whether a participant is a frail elderly person. Participants
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were asked to complete these self-administered questionnaires under supervision in the
aforementioned order (in a booklet form).

The BFI is a questionnaire originally designed to assess fatigue in cancer patients [31],
but it has also been administered in subjects with COPD [13,32,33]. It consists of 9 numerical
scales ranging from 0 to 10. The first three items in the BFI ask patients to rate the severity
on an eleven-point rating scale with “0” being “no fatigue,” and “10” being “fatigue as bad
as you can imagine.” An additional six items assess how greatly fatigue interferes with
different aspects of daily activities. Each interference item is also scored on an eleven-point
rating scale from “0” (does not interfere) to “10” (completely interferes). A mean BFI
score is calculated as the mean of the intensity and interference items. The reliability of
the Japanese version of the BFI was assessed by Okuyama et al. in the outpatient clinics
of 6 oncology divisions and yielded a Cronbach’s alpha value of 0.96 [34]. Furthermore,
using the same tool, they reported that fatigue severity should be categorized as mild (1–3),
moderate (4–6), and severe (7–10).

Although the Short Form McGill Pain Questionnaire (SF-MPQ) has been reported
to be successfully administered in subjects with stable or exacerbated COPD to quantify
the degree of pain [15], it was revised to the SF-MPQ-2 by adding symptoms relevant to
neuropathic pain and by modifying the response format. It has thus become a tool for
measuring both neuropathic and non–neuropathic pain [35,36]. The SF-MPQ-2 comprises
22 items investigating 4 dimensions: 6 items in Continuous pain, 6 in Intermittent pain, 6 in
Neuropathic pain and 4 in Affective descriptors. Each item has an eleven-point numerical
rating scale from 0 to 10. A lower score indicates less severe pain. For each of dimensions,
scores are calculated by taking the mean of the item ratings included in the scale. The total
score is calculated to be the mean of all SF-MPQ-2 item ratings. The internal consistency, or
Cronbach’s alpha coefficient, of the Japanese version of the SF-MPQ-2 has been reported to
be 0.907 of the total score [36].

To assess the severity of dyspnoea, we used the D-12, which consists of twelve items
(seven physical and five affective), each with a four-point grading scale (0–3), producing a
Total Score (range 0–36, with higher scores representing more severe breathlessness) [37,38].

The authors also administered the Kihon Checklist to judge whether a participant is
a frail elderly person [27,28,39,40]. This is a self-administered questionnaire comprising
25 items in a yes/no question format dealing with instrumental (3 items) and social
activities of daily living (4 items), physical strength (5 items), nutritional status (2 items),
oral function (3 items), cognitive status (3 items), and depression risk (5 items) [39,40]. One
question concerns body mass index (BMI) and is usually self-scored but we calculated this
using data collected at the same time as the pulmonary function tests. The Kihon Checklist
total score, which is a sum of 25 answers, ranges from 0 (no frailty) to 25 (severe frailty)
and patients’ frailty status was classified as robust (0–3), pre-frail (4–7) and frail (8–25), as
reported in the literature [28,39,40].

2.4. Statistical Methods

Cronbach’s coefficient alpha was used to assess internal consistency. Score distribu-
tions of the tools were evaluated with the Shapiro-Wilk test and by inspection of histograms.
Spearman’s rank correlation tests were used to examine relationships between two sets of
data and differences between groups were assessed by the Steel-Dwass test. All p values
less than 0.05 were deemed to be statistically significant. The results are expressed as
mean ± standard deviation (SD) with some exceptions in the tables.

3. Results
3.1. Characteristics of the Study Subjects

A total of 89 consecutive patients (83 men) with COPD, and a wide range of FEV1
(69.8 ± 21.0%pred) were studied. Seventy-six subjects were former smokers while 13 were
current smokers. Their demographic details, as well as the results of pulmonary function
tests, are shown in Table 1. Using the classification of severity of airflow limitation of the
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Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria [1], 30 subjects
(33.7%) were in GOLD 1 (defined as FEV1 ≥ 80% predicted), 46 (51.7%) in GOLD 2 (50% ≤
FEV1 < 80% predicted), 9 (10.1%) in GOLD 3 (30% ≤ FEV1 < 50% predicted) and 4 (4.5%)
in GOLD 4 (FEV1 < 30% predicted).

Table 1. Baseline characteristics in 89 subjects with COPD and Spearman’s rank correlation coefficients with Brief Fatigue
Inventory (BFI) and Short-form McGill Pain Questionnaire (SF-MPQ)-2 Total scores.

Median IQR
Correlation Coefficients (Rs) with

BFI
Score

SF-MPQ-2
Total Score

Age years 78.0 74.0–82.0 0.165 0.162
BMI kg/m2 22.6 20.9–24.4 0.036 0.121

Cumulative Smoking pack-years 60.0 39.0–79.5 0.152 0.112
SVC Liters 3.22 2.54–3.62 −0.247 * 0.089
FEV1 Liters 1.69 1.31–2.03 −0.305 ** 0.062

FEV1/FVC % 58.9 48.6–64.2 −0.242 * 0.015
RV/TLC (1) % 42.0 35.3–50.2 0.240 * −0.039

DLco (2) mL/min/mmHg 10.86 6.83–13.55 −0.260 * 0.116
PaO2

(3) mmHg 78.1 71.9–86.6 −0.171 −0.088
Kihon Checklist Total score (0–25) 5 2–9 0.531 *** 0.293 **

BFI score (0–10) 1.00 0.11–2.78 N.A. 0.233 *
SF-MPQ-2 Total score (0–10) 0.00 0.00–0.27 0.233 * N.A.

Continuous pain (0–10) 0.00 0.00–0.00 0.226 * 0.753 ***
Intermittent pain (0–10) 0.00 0.00–0.00 0.165 0.600 ***
Neuropathic pain (0–10) 0.00 0.00–0.50 0.280 ** 0.906 ***

Affective descriptors (0–10) 0.00 0.00–0.00 0.401 *** 0.556 ***
D-12 Total score (0–36) 0 0–1 0.319 ** 0.045

D-12 Physical score (0–21) 0 0–1 0.308 ** 0.049
D-12 Affect score (0–15) 0 0–0 0.409 *** −0.005

***: p < 0.001, **: p < 0.01, *: p < 0.05, (1) n = 88, (2) n = 86, (3) two patients receiving oxygen; IQR, interquartile range; BFI, Brief Fatigue
Inventory; SF-MPQ-2, Short-form McGill Pain Questionnaire 2; D-12, Dyspnoea-12. The numbers in parentheses denote possible score
range.

3.2. Internal Consistency and Distribution of Scores

The internal consistency of the BFI, SF-MPQ-2 Total, and D-12 Total scores as assessed
by Cronbach’s coefficient alpha was excellent (alpha over 0.9) except for three subscales of
the SF-MPQ-2, which ranged from 0.773 (both Continuous and Neuropathic pain) to 0.877
(Affective descriptors) (Table 2). Frequency distribution histograms of the scores obtained
from the BFI, SF-MPQ-2 Total, and D-12 Total scores are shown in Figure 1 (Shapiro-Wilk
test; p < 0.001, all). They were all skewed toward the milder end of the respective scales.
A floor effect was noted in 22 subjects (24.7%) on the BFI, in 45 subjects (50.6%) on the
SF-MPQ-2 and in 46 subjects (51.7%) on the D-12 Total (Table 2). According to Okayama’s
proposal, the BFI score was 1.00 or more, that is more than mild fatigue, in 47 (52.8%) out
of the 89 subjects.
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Table 2. The internal consistency and the score distribution in the questionnaires.

Patient-Reported
Outcomes

Possible
Score Range

Items Cronbach’s Score Distribution

(n) α Coefficient Mean SD Median Max Min IQR Floor
Effect

Ceiling
Effect

BFI score 0–10 9 0.975 1.70 1.92 1.00 6.78 0.00 0.11–2.78 24.7% 0.0%
SF-MPQ-2 Total score 0–10 22 0.934 0.34 0.77 0.00 4.41 0.00 0.00–0.27 50.6% 0.0%

Continuous pain 0–10 6 0.733 0.35 0.81 0.00 3.50 0.00 0.00–0.00 76.4% 0.0%
Intermittent pain 0–10 6 0.906 0.23 0.75 0.00 5.00 0.00 0.00–0.00 83.1% 0.0%
Neuropathic pain 0–10 6 0.733 0.49 0.91 0.00 4.33 0.00 0.00–0.50 56.2% 0.0%

Affective descriptors 0–10 4 0.877 0.26 0.97 0.00 6.00 0.00 0.00–0.00 85.4% 0.0%
D-12 Total score 0–36 12 0.960 2.2 4.8 0 25 0 0–1 51.7% 0.0%
D-12 Physical score 0–21 7 0.925 1.6 3.0 0 15 0 0–1 51.7% 0.0%

D-12 Affect score 0–15 5 0.964 0.6 1.9 0 10 0 0–0 86.5% 0.0%

IQR, interquartile range; BFI, Brief Fatigue Inventory; SF-MPQ-2, Short-form McGill Pain Questionnaire 2; D-12, Dyspnoea-12.
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Figure 1. Frequency distribution histograms of the Dyspnoea-12 (D-12) Total Score (A), the Brief Fatigue Inventory (BFI)
Score (B) and revised Short–Form McGill Pain Questionnaire 2 (SF-MPQ-2) Total Score (C) in 89 subjects with COPD. The
D-12 is designed for measuring dyspnoea, BFI for fatigue and SF-MPQ-2 for pain. Higher scores in all the tools included
herein indicate more severe impairment. The scores were all skewed toward the milder end of the respective scales.

3.3. Relationship between Fatigue and Physiological or Clinical Factors

Spearman’s rank correlation coefficients (Rs) between the BFI score and physiological
or clinical factors are shown in Table 1. The BFI score may be marginally characterized by
negative correlations with airflow limitation as well as diffusion capacity and by a positive
association with hyperinflation (absolute value of Rs = 0.240 to 0.305). The Kihon Checklist
Total score correlated most strongly with the BFI score (Rs = 0.531). In a comparison
between groups stratified by airflow limitation severity, the BFI score was significantly
different between GOLD1 and GOLD 3+4 (p < 0.05, Steel-Dwass test) but not between
GOLD 1 and 2 nor between GOLD 2 and 3+4 (Table 3). As categorized by the Kihon
Checklist total score, there were significant differences in the BFI scores between groups
with and without frailty (Table 4).

3.4. Relationship between Pain and Physiological or Clinical Factors

There were no statistically significant correlations between the SF-MPQ-2 Total scores
and clinical and physiological factors (Table 1). However, there was a significant correlation
between the SF-MPQ-2 Total scores and both the Kihon Checklist Total and BFI scores
(Rs = 0.293 and 0.233, respectively). There were no significant differences between the
scores obtained for the SF-MPQ-2 Total and its four subscales and the GOLD criteria
(Table 3). In addition, the SF-MPQ-2 Total, Neuropathic pain and Affective descriptors’
scores were significantly different between the robust and frail groups (Table 4).

3.5. Relationship between Dyspnoea and Physiological or Clinical Factors

The D-12 Total, Physical and Affect scores were significantly different between GOLD1
and GOLD3+4 and between GOLD2 and GOLD3+4 (Table 3), but there were no significant
differences among the robust, pre-frail and frail groups (Table 4).
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Table 3. Comparison of clinical indices and scores obtained from fatigue, pain and dyspnoea.

GOLD 1 (n = 30) GOLD 2 (n = 46) GOLD 3+4 (n = 13)

Median IQR Median IQR Median IQR

Age years 77.0 71.0 — 82.0 78.0 74.0 — 84.0 77.0 73.0 — 80.0
BMI kg/m2 22.9 21.1 — 24.2 22.9 21.0 — 25.1 21.8 18.3 — 23.4

Cumulative Smoking pack-years 46.5 ** 30.0 — 61.0 66.5 50.0 — 86.0 50.0 40.0 — 75.0
SVC Liters 3.50 ** 3.22 — 4.05 3.08 § 2.44 — 3.57 2.39 ¶¶¶ 2.14 — 2.61
FEV1 Liters 2.18 *** 1.98 — 2.45 1.59 §§§ 1.39 — 1.83 0.85 ¶¶¶ 0.68 — 1.03

FEV1/FVC % 64.3 *** 59.8 — 66.5 56.8 §§§ 48.8 — 62.5 35.2 ¶¶¶ 33.1 — 40.8
RV/TLC (1) % 35.4 ** 32.4 — 43.5 43.4 § 37.6 — 49.3 52.4 ¶¶¶ 50.2 — 55.9

DLco (2) mL/min/mmHg 12.34 9.52 — 14.51 10.25 6.72 — 13.54 8.38 ¶ 5.94 — 10.59
PaO2

(3) mmHg 79.0 76.0 — 87.8 80.4 §§ 72.4 — 87.7 70.9 ¶¶¶ 64.8 — 72.3
Kihon Checklist Total score (0–25) 3 1 — 6 6 2 — 10 6 3 — 15

BFI score (0–10) 0.44 0.00 — 1.89 1.00 0.00 — 2.78 2.89 ¶ 1.00 — 5.67
SF-MPQ-2 Total score (0–10) 0.02 0.00 — 0.45 0.05 0.00 — 0.27 0.00 0.00 — 0.23

Continuous pain (0–10) 0.00 0.00 — 0.50 0.00 0.00 — 0.00 0.00 0.00 — 0.00
Intermittent pain (0–10) 0.00 0.00 — 0.00 0.00 0.00 — 0.00 0.00 0.00 — 0.00
Neuropathic pain (0–10) 0.00 0.00 — 0.50 0.00 0.00 — 0.67 0.00 0.00 — 0.33

Affective descriptors (0–10) 0.00 0.00 — 0.00 0.00 0.00 — 0.00 0.00 0.00 — 0.00
D-12 Total score (0–36) 0 0 — 1 1 §§ 0 — 1 8 ¶¶ 1 — 12

D-12 Physical score (0–21) 0 0 — 1 1 §§ 0 — 1 7 ¶¶ 1 — 8
D-12 Affect score (0–15) 0 0 — 0 0 §§ 0 — 0 0 ¶¶ 0 — 5

In comparison between GOLD1 and GOLD2 (Steel-Dwass test), ***: p < 0.001, **: p < 0.01. In comparison between GOLD2 and GOLD3+4 (Steel-Dwass test), §§§: p < 0.001, §§: p < 0.01, §: p < 0.05. In comparison
between GOLD1 and GOLD3+4 (Steel-Dwass test), ¶¶¶: p < 0.001, ¶¶: p < 0.01, ¶: p < 0.05, (1) n = 88, (2) n = 86, (3) two patients receiving oxygen. IQR, interquartile range; BFI, Brief Fatigue Inventory; SF-MPQ-2,
Short-form McGill Pain Questionnaire 2; D-12, Dyspnoea-12. The numbers in parentheses denote possible score range.
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Table 4. Comparison of clinical indices and scores obtained from fatigue, pain and dyspnoea measurement tools between robust, pre-frail and frail groups classified by the Kihon Checklist
in 89 subjects with COPD.

Robust (n = 37) Pre-Frail (n = 23) Frail (n = 29)

Median IQR Median IQR Median IQR

Age years 75.0 69.0 — 80.0 77.0 75.0 — 82.0 79.0 ¶ 76.0 — 85.0
BMI kg/m2 22.7 21.1 — 24.2 21.7 19.6 — 24.2 23.0 21.1 — 24.8

Cumulative Smoking pack-years 50.0 37.0 — 61.0 56.0 38.0 — 80.0 71.8 ¶ 50.0 — 80.0
SVC Liters 3.39 3.00 — 3.75 3.03 2.47 — 3.33 2.77 ¶ 2.32 — 3.57
FEV1 Liters 2.01 1.51 — 2.30 1.67 1.39 — 1.99 1.49 ¶¶ 1.03 — 1.87

FEV1/FVC % 63.0 53.8 — 65.0 58.5 46.7 — 64.6 57.5 42.5 — 62.5
RV/TLC (1) % 38.9 * 33.1 — 45.0 45.2 37.0 — 51.0 47.0 ¶ 36.5 — 52.4

DLco (2) mL/min/mmHg 12.92 ** 10.93 — 15.01 8.85 6.34 — 11.97 9.52 ¶¶ 5.04 — 12.55
PaO2

(3) mmHg 79.0 75.2 — 88.0 81.3 § 72.8 — 92.8 73.5 ¶ 69.4 — 79.5
Kihon Checklist Total score (0–25) 2 *** 1 — 2 5 §§§ 5 — 6 11 ¶¶¶ 9 — 15

BFI score (0–10) 0.22 * 0.00 — 1.00 1.89 § 0.11 — 2.78 2.89 ¶¶¶ 1.11 — 5.44
SF-MPQ-2 Total score (0–10) 0.00 0.00 — 0.14 0.05 0.00 — 0.23 0.23 ¶ 0.00 — 0.59

Continuous pain (0–10) 0.00 0.00 — 0.00 0.00 0.00 — 0.00 0.00 0.00 — 0.83
Intermittent pain (0–10) 0.00 0.00 — 0.00 0.00 0.00 — 0.17 0.00 0.00 — 0.00
Neuropathic pain (0–10) 0.00 0.00 — 0.17 0.00 0.00 — 0.83 0.33 ¶ 0.00 — 1.33

Affective descriptors (0–10) 0.00 0.00 — 0.00 0.00 0.00 — 0.00 0.00 ¶¶ 0.00 — 0.75
D-12 Total score (0–36) 0 0 — 1 1 0 — 1 1 0 — 5

D-12 Physical score (0–21) 0 0 — 1 1 0 — 1 1 0 — 5
D-12 Affect score (0–15) 0 0 — 0 0 0 — 0 0 0 — 0

In comparison between robust and pre-frail (Steel-Dwass test), ***: p < 0.001, **: p < 0.01, *: p < 0.05. In comparison between pre-frail and frail (Steel-Dwass test), §§§: p < 0.001, §: p < 0.05. In comparison between
robust and frail (Steel-Dwass test), ¶¶¶: p < 0.001, ¶¶: p < 0.01, ¶: p < 0.05. (1) n = 88, (2) n = 86, (3) two patients receiving oxygen. IQR, interquartile range; BFI, Brief Fatigue Inventory; SF-MPQ-2, Short-form McGill
Pain Questionnaire 2; D-12, Dyspnoea-12. The numbers in parentheses denote possible score range.
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4. Discussion

Despite many published reports that fatigue and pain are frequently observed, im-
portant symptoms in subjects with stable COPD, our findings could provide little support
for these assertions. Since the BFI and SF-MPQ-2 Total scores were remarkably skewed
toward the milder end of the scales and high floor effects were observed, we could not
clearly establish whether fatigue and pain were common problems in the participants.
However, the findings deserve careful and thoughtful consideration since the D-12 scores
were also skewed toward the milder end despite dyspnoea being considered one of the
COPD-specific symptoms. Although the authors carefully selected validated Japanese
versions of PRO measurement tools with a history of use in COPD [10,15,33,34,36], there is
the possibility that neither the BFI nor the SF-MPQ-2 performed adequately in the present
study. Another possible reason for the differences with previously reported findings may be
the fact that there were considerable numbers of subjects with relatively mild to moderate
COPD as mean FEV1 was 69.8 (21.0) %predicted. If more patients with severe COPD were
enrolled, it is possible that the scores might have been more normally distributed.

The BFI scores were significantly different between groups as determined by frailty
but not between groups classified by the severity of airflow limitation. This might suggest
that fatigue is more closely related to frailty than COPD. Since it has been reported that
fatigue is more frequently complained of in elderly people, frailty may lead to frequent
development of fatigue in subjects with COPD as previously reported [21,22,24]. On the
other hand, since dyspnoea was different between airflow limitation-based groups but not
between frail and robust subjects, dyspnoea appears to be closely associated with COPD
but only distantly with frailty.

To discuss the prevalence of fatigue as well as pain, standardized tools which have
been psychometrically validated and reproducible should be used. Single, closed questions
with a yes or no answer format are not recommended since they may lead to measurement
errors such as overestimation of the specific symptoms. In addition to standardized
instruments, reference scores for the general population or healthy non-smoking subjects
are necessary to compare the prevalence between different groups. Although the authors
performed a search for BFI reference scores, the knowledge and information obtained by
preceding studies have been limited. Chen et al. first reported the reliability and validity of
the BFI in subjects with COPD in 2016 [33]. They noted that the BFI score was 3.92 (2.51)
at first administration and 3.66 (2.43) at the second in all COPD subjects. Furthermore,
it was 3.53 (2.51) in 6 patients with mild COPD and there was no significant difference
between groups classified by COPD severity. Chen et al. subsequently reported in 2018 that
the BFI score was 4.3 (2.0) in subjects with COPD and that the prevalence of fatigue was
77% [13], but information on cut-off scores was not provided [41]. We found the prevalence
of more than mild fatigue to be 52.8% but since this threshold of the BFI was originally
developed by Okuyama et al. with results from cancer patients, our finding should be
treated with caution [34]. The BFI score was 1.70 (1.92) across all subjects with COPD in
the present study and we are unable to explain the wide variation in published findings.
There is a wide range of reported prevalence of pain in the published literature. Maignan
et al. reported that, in 50 subjects, the median SF-MPQ score (not SF-MPQ-2) was 29.7
[IQR: 13.6–38.2] at the AECOPD phase and 1.4 [0.0–11.2] at the stable phase, and 46 (92%)
patients reported pain during AECOPD compared to 29 (58%) in the stable phase [15]. As
in other reports, information on cut-off scores was not provided [15]. In the present study,
the SF-MPQ-2 Total and subscale scores were likely to be very low in almost all subjects
with COPD and the skewed distribution was quite pronounced. Although there have
been some reports of concurrent pain and dyspnoea in subjects with COPD [13,42], the
SF-MPQ-2 Total score was not significantly correlated with D-12 scores nor COPD severity
in the present study. Therefore, we have formed the impression that chronic pain might be
sporadically reported in some patients. We also note the possible role of coexisting illness
although major comorbidity was excluded from the study.
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Why do subjects with COPD experience fatigue or pain? Although an association
between fatigue or pain and COPD has been frequently reported in the literature, only a
few studies have explored the underlying mechanism of this association. It is considered
that COPD is associated with systemic manifestations and comorbidities. One of the most
important possible mechanisms is mediated by elevated levels of nonspecific inflammatory
cytokines, which can derive from the lung and enter systemic circulation [43,44]. This ‘over-
spill’ hypothesis may include not only comorbidities such as skeletal muscle dysfunction,
cardiovascular disease, osteoporosis, and diabetes but also fatigue and pain. The relation-
ship with inflammatory markers requires further study. In addition, from the point of view
of the ‘overspill’ hypothesis, comorbidities may have been one of the important outcomes.
Since “no uncontrolled co-morbidities” was one of the inclusion criteria, most subjects with
comorbidities were excluded from the present study. Data on comorbidities should have
been collected in a quantitative way using the Charlson comorbidity index and this was
a particular limitation of our study. Although it is reported that fibromyalgia should be
distinguished from similar symptoms in subjects with severe asthma complaining of pain
as well as extra-pulmonary asthma symptoms [45,46], it is believed that such patients were
not included.

Some other limitations of the present study should be mentioned. First, frailty is
considered to be one of the defining characteristics of aging and the developments of
several concise measurement tools have consequently been reported in the literature. The
Cardiovascular Health Study Index developed by Fried et al. has been the most widely
used to assess this biological syndrome [27]. Other tools have also been validated, such as
the Frailty Index and Clinical Frailty Scale using the cumulative deficit approach [47–49].
Although we used the Kihon Checklist to assess frailty status, variations in the classification
of frailty between these screening tools might exist [50]. Second, there is the possibility
of selection bias and care should be taken with any generalization of our results. Only
patients who could regularly attend our outpatient clinic were recruited. Patients without
any subjective symptoms and thus unaware of having COPD were not represented. Others
who were unable to regularly attend our clinic due to the great physical effort involved
would also have been excluded. This single-center study was also limited by its small
sample size and the fact that most of the subjects were male, even though it includes most
of the stable COPD patients who attended our hospital during the study period. The
participants were overwhelmingly male because there were relatively few female COPD
patients in Japan at the time. The study sample therefore reflects the reality of clinical
COPD in our population.

5. Conclusions

In conclusion, the median BFI and SF-MPQ-2 Total scores were 1.00 [IQR: 0.11–2.78]
and 0.00 [IQR: 0.00–0.27], respectively. They were all skewed toward the milder end of the
respective scales. A floor effect was noted in around a quarter on the BFI and over half on
the SF-MPQ-2. The BFI scores were significantly different between groups regarding frailty
determined by the Kihon Checklist, but not between groups classified by the severity of
airflow limitation. Compared to the literature, neither fatigue nor pain are considered to be
frequent important problems in a real-world Japanese clinical setting, especially among
subjects with mild to moderate COPD. In addition, our results might suggest that fatigue
is more closely related to frailty than COPD.

Author Contributions: K.N. (Koichi Nishimura) contributed, as the principal investigator, to the
study concept and design, analysis of the results, and writing of the manuscript. K.N. (Kazuhito
Nakayasu) contributed to statistical analysis. M.M., R.S., A.S. and M.K. contributed to acquisition of
data. All authors have read and agreed to the published version of the manuscript.

Funding: This study was partly supported by the Research Funding for Longevity Sciences (21-29)
from the National Center for Geriatrics and Gerontology (NCGG), Japan.



Diagnostics 2021, 11, 2029 10 of 12

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of the National Center
for Geriatrics and Gerontology (protocol code 1138-3 and 7 December 2020).

Informed Consent Statement: Committee of the National Center for Geriatrics and Gerontology
(No. 1138-2). Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Singh, D.; Agusti, A.; Anzueto, A.; Barnes, P.J.; Bourbeau, J.; Celli, B.R.; Criner, G.J.; Frith, P.; Halpin, D.M.G.; Han, M.; et al. Global

Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease: The GOLD science committee
report 2019. Eur. Respir. J. 2019, 53, 1900164. [CrossRef] [PubMed]

2. Antoniu, S.A.; Apostol, A.; Boiculese, L.V. Extra-respiratory symptoms in patients hospitalized for a COPD exacerbation:
Prevalence, clinical burden and their impact on functional status. Clin. Respir. J. 2019, 13, 735–740. [CrossRef]

3. Walke, L.M.; Byers, A.L.; Tinetti, M.E.; Dubin, J.A.; McCorkle, R.; Fried, T.R. Range and severity of symptoms over time among
older adults with chronic obstructive pulmonary disease and heart failure. Arch. Intern. Med. 2007, 167, 2503–2508. [CrossRef]
[PubMed]

4. Blinderman, C.D.; Homel, P.; Billings, J.A.; Tennstedt, S.; Portenoy, R.K. Symptom distress and quality of life in patients with
advanced chronic obstructive pulmonary disease. J. Pain Symptom. Manag. 2009, 38, 115–123. [CrossRef]

5. Peters, J.B.; Heijdra, Y.F.; Daudey, L.; Boer, L.M.; Molema, J.; Dekhuijzen, P.N.; Schermer, T.R.; Vercoulen, J.H. Course of normal
and abnormal fatigue in patients with chronic obstructive pulmonary disease, and its relationship with domains of health status.
Patient Educ. Couns. 2011, 85, 281–285. [CrossRef]

6. Guyatt, G.H.; Berman, L.B.; Townsend, M.; Pugsley, S.O.; Chambers, L.W. A measure of quality of life for clinical trials in chronic
lung disease. Thorax 1987, 42, 773–778. [CrossRef]

7. Spruit, M.A.; Vercoulen, J.H.; Sprangers, M.A.G.; Wouters, E.F.M.; Consortium, F.A. Fatigue in COPD: An important yet ignored
symptom. Lancet Respir. Med. 2017, 5, 542–544. [CrossRef]

8. Roberts, M.H.; Mapel, D.W.; Hartry, A.; Von Worley, A.; Thomson, H. Chronic pain and pain medication use in chronic obstructive
pulmonary disease. A cross-sectional study. Ann. Am. Thorac. Soc. 2013, 10, 290–298. [CrossRef] [PubMed]

9. Janssen, D.J.; Wouters, E.F.; Parra, Y.L.; Stakenborg, K.; Franssen, F.M. Prevalence of thoracic pain in patients with chronic
obstructive pulmonary disease and relationship with patient characteristics: A cross-sectional observational study. BMC Pulm.
Med. 2016, 16, 47. [CrossRef] [PubMed]

10. Chen, Y.W.; Camp, P.G.; Coxson, H.O.; Road, J.D.; Guenette, J.A.; Hunt, M.A.; Reid, W.D. Comorbidities That Cause Pain and the
Contributors to Pain in Individuals With Chronic Obstructive Pulmonary Disease. Arch. Phys. Med. Rehabil. 2017, 98, 1535–1543.
[CrossRef] [PubMed]

11. Andenaes, R.; Momyr, A.; Brekke, I. Reporting of pain by people with chronic obstructive pulmonary disease (COPD): Compara-
tive results from the HUNT3 population-based survey. BMC Public Health 2018, 18, 181. [CrossRef] [PubMed]

12. Bentsen, S.B.; Miaskowski, C.; Cooper, B.A.; Christensen, V.L.; Henriksen, A.H.; Holm, A.M.; Rustoen, T. Distinct pain profiles in
patients with chronic obstructive pulmonary disease. Int. J. Chron. Obstruct. Pulmon. Dis. 2018, 13, 801–811. [CrossRef] [PubMed]

13. Chen, Y.W.; Camp, P.G.; Coxson, H.O.; Road, J.D.; Guenette, J.A.; Hunt, M.A.; Reid, W.D. A Comparison of Pain, Fatigue, Dyspnea
and their Impact on Quality of Life in Pulmonary Rehabilitation Participants with Chronic Obstructive Pulmonary Disease.
COPD 2018, 15, 65–72. [CrossRef] [PubMed]

14. De Miguel-Diez, J.; Lopez-de-Andres, A.; Hernandez-Barrera, V.; Jimenez-Trujillo, I.; Del Barrio, J.L.; Puente-Maestu, L.; Martinez-
Huedo, M.A.; Jimenez-Garcia, R. Prevalence of Pain in COPD Patients and Associated Factors: Report From a Population-based
Study. Clin. J. Pain 2018, 34, 787–794. [CrossRef]

15. Maignan, M.; Chauny, J.M.; Daoust, R.; Duc, L.; Mabiala-Makele, P.; Collomb-Muret, R.; Roustit, M.; Maindet, C.; Pepin, J.L.;
Viglino, D. Pain during exacerbation of chronic obstructive pulmonary disease: A prospective cohort study. PLoS ONE 2019, 14,
e0217370. [CrossRef]

16. Hansen, J.; Molsted, S.; Ekholm, O.; Hansen, H. Pain Prevalence, Localization, and Intensity in Adults with and without COPD:
Results from the Danish Health and Morbidity Survey (a Self-reported Survey). Int. J. Chron. Obstruct. Pulmon. Dis. 2020, 15,
3303–3311. [CrossRef]

17. Raphaely, R.A.; Mongiardo, M.A.; Goldstein, R.L.; Robinson, S.A.; Wan, E.S.; Moy, M.L. Pain in Veterans with COPD: Relationship
with physical activity and exercise capacity. BMC Pulm. Med. 2021, 21, 238. [CrossRef] [PubMed]

18. Lee, A.L.; Harrison, S.L.; Goldstein, R.S.; Brooks, D. Pain and its clinical associations in individuals with COPD: A systematic
review. Chest 2015, 147, 1246–1258. [CrossRef]

19. Lewthwaite, H.; Williams, G.; Baldock, K.L.; Williams, M.T. Systematic Review of Pain in Clinical Practice Guidelines for
Management of COPD: A Case for Including Chronic Pain? Healthcare 2019, 7, 15. [CrossRef] [PubMed]

http://doi.org/10.1183/13993003.00164-2019
http://www.ncbi.nlm.nih.gov/pubmed/30846476
http://doi.org/10.1111/crj.13083
http://doi.org/10.1001/archinte.167.22.2503
http://www.ncbi.nlm.nih.gov/pubmed/18071174
http://doi.org/10.1016/j.jpainsymman.2008.07.006
http://doi.org/10.1016/j.pec.2010.08.021
http://doi.org/10.1136/thx.42.10.773
http://doi.org/10.1016/S2213-2600(17)30158-3
http://doi.org/10.1513/AnnalsATS.201303-040OC
http://www.ncbi.nlm.nih.gov/pubmed/23952846
http://doi.org/10.1186/s12890-016-0210-8
http://www.ncbi.nlm.nih.gov/pubmed/27052199
http://doi.org/10.1016/j.apmr.2016.10.016
http://www.ncbi.nlm.nih.gov/pubmed/27866992
http://doi.org/10.1186/s12889-018-5094-5
http://www.ncbi.nlm.nih.gov/pubmed/29370850
http://doi.org/10.2147/COPD.S150114
http://www.ncbi.nlm.nih.gov/pubmed/29563780
http://doi.org/10.1080/15412555.2017.1401990
http://www.ncbi.nlm.nih.gov/pubmed/29227712
http://doi.org/10.1097/AJP.0000000000000598
http://doi.org/10.1371/journal.pone.0217370
http://doi.org/10.2147/COPD.S275234
http://doi.org/10.1186/s12890-021-01601-8
http://www.ncbi.nlm.nih.gov/pubmed/34266401
http://doi.org/10.1378/chest.14-2690
http://doi.org/10.3390/healthcare7010015
http://www.ncbi.nlm.nih.gov/pubmed/30678205


Diagnostics 2021, 11, 2029 11 of 12

20. MacNee, W. Is Chronic Obstructive Pulmonary Disease an Accelerated Aging Disease? Ann. Am. Thorac. Soc. 2016, 13, S429–S437.
[CrossRef]

21. Liao, S.; Ferrell, B.A. Fatigue in an older population. J. Am. Geriatr. Soc. 2000, 48, 426–430. [CrossRef]
22. Toye, C.; White, K.; Rooksby, K. Fatigue in frail elderly people. Int. J. Palliat. Nurs. 2006, 12, 202–208. [CrossRef]
23. Bowden, J.A.; To, T.H.; Abernethy, A.P.; Currow, D.C. Predictors of chronic breathlessness: A large population study. BMC Public

Health 2011, 11, 33. [CrossRef]
24. Zengarini, E.; Ruggiero, C.; Perez-Zepeda, M.U.; Hoogendijk, E.O.; Vellas, B.; Mecocci, P.; Cesari, M. Fatigue: Relevance and

implications in the aging population. Exp. Gerontol. 2015, 70, 78–83. [CrossRef] [PubMed]
25. Smith, A.K.; Currow, D.C.; Abernethy, A.P.; Johnson, M.J.; Miao, Y.; Boscardin, W.J.; Ritchie, C.S. Prevalence and Outcomes of

Breathlessness in Older Adults: A National Population Study. J. Am. Geriatr. Soc. 2016, 64, 2035–2041. [CrossRef]
26. Fukuchi, Y.; Nishimura, M.; Ichinose, M.; Adachi, M.; Nagai, A.; Kuriyama, T.; Takahashi, K.; Nishimura, K.; Ishioka, S.; Aizawa,

H.; et al. COPD in Japan: The Nippon COPD Epidemiology study. Respirology 2004, 9, 458–465. [CrossRef]
27. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.

Frailty in older adults: Evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]
28. Kusunose, M.; Oga, T.; Nakamura, S.; Hasegawa, Y.; Nishimura, K. Frailty and patient-reported outcomes in subjects with chronic

obstructive pulmonary disease: Are they independent entities? BMJ Open Respir. Res. 2017, 4, e000196. [CrossRef] [PubMed]
29. Miller, M.R.; Hankinson, J.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.; Crapo, R.; Enright, P.; van der Grinten, C.P.;

Gustafsson, P.; et al. Standardisation of spirometry. Eur. Respir. J. 2005, 26, 319–338. [CrossRef] [PubMed]
30. Sasaki, H.; Nakamura, M.; Kida, K.; Kambe, M.; Takahashi, K.; Fujimura, M. Reference values for spirogram and blood gas

analysis in Japanese adults. J. Jpn. Respir. Soc. 2001, 39, S1–S17.
31. Mendoza, T.R.; Wang, X.S.; Cleeland, C.S.; Morrissey, M.; Johnson, B.A.; Wendt, J.K.; Huber, S.L. The rapid assessment of fatigue

severity in cancer patients: Use of the Brief Fatigue Inventory. Cancer 1999, 85, 1186–1196. [CrossRef]
32. Doyle, T.; Palmer, S.; Johnson, J.; Babyak, M.A.; Smith, P.; Mabe, S.; Welty-Wolf, K.; Martinu, T.; Blumenthal, J.A. Association of

anxiety and depression with pulmonary-specific symptoms in chronic obstructive pulmonary disease. Int. J. Psychiatry Med. 2013,
45, 189–202. [CrossRef]

33. Chen, Y.W.; Coxson, H.O.; Reid, W.D. Reliability and Validity of the Brief Fatigue Inventory and Dyspnea Inventory in People
With Chronic Obstructive Pulmonary Disease. J. Pain Symptom. Manag. 2016, 52, 298–304. [CrossRef] [PubMed]

34. Okuyama, T.; Wang, X.S.; Akechi, T.; Mendoza, T.R.; Hosaka, T.; Cleeland, C.S.; Uchitomi, Y. Validation study of the Japanese
version of the brief fatigue inventory. J. Pain Symptom Manag. 2003, 25, 106–117. [CrossRef]

35. Dworkin, R.H.; Turk, D.C.; Revicki, D.A.; Harding, G.; Coyne, K.S.; Peirce-Sandner, S.; Bhagwat, D.; Everton, D.; Burke,
L.B.; Cowan, P.; et al. Development and initial validation of an expanded and revised version of the Short-form McGill Pain
Questionnaire (SF-MPQ-2). Pain 2009, 144, 35–42. [CrossRef] [PubMed]

36. Maruo, T.; Nakae, A.; Maeda, L.; Kenrin, S.; Takahashi, K.; Morris, S.; Hosomi, K.; Kanatani, H.; Matsuzaki, T.; Saitoh, Y. Validity,
reliability, and assessment sensitivity of the Japanese version of the short-form McGill pain questionnaire 2 in Japanese patients
with neuropathic and non-neuropathic pain. Pain Med. 2014, 15, 1930–1937. [CrossRef] [PubMed]

37. Yorke, J.; Moosavi, S.H.; Shuldham, C.; Jones, P.W. Quantification of dyspnoea using descriptors: Development and initial testing
of the Dyspnoea-12. Thorax 2010, 65, 21–26. [CrossRef]

38. Nishimura, K.; Oga, T.; Nakayasu, K.; Taniguchi, H.; Ogawa, T.; Watanabe, F.; Arizono, S.; Kusunose, M.; Sanda, R.; Shibayama,
A.; et al. Comparison between tools for measuring breathlessness: Cross-sectional validation of the Japanese version of the
Dyspnoea-12. Clin. Respir. J. 2021, 65, 21–26. [CrossRef]

39. Arai, H.; Satake, S. English translation of the Kihon Checklist. Geriatr. Gerontol. Int. 2015, 15, 518–519. [CrossRef] [PubMed]
40. Satake, S.; Senda, K.; Hong, Y.J.; Miura, H.; Endo, H.; Sakurai, T.; Kondo, I.; Toba, K. Validity of the Kihon Checklist for assessing

frailty status. Geriatr. Gerontol. Int. 2016, 16, 709–715. [CrossRef]
41. Ebadi, Z.; Goertz, Y.M.J.; Van Herck, M.; Janssen, D.J.A.; Spruit, M.A.; Burtin, C.; Thong, M.S.Y.; Muris, J.; Otker, J.; Looijmans, M.;

et al. The prevalence and related factors of fatigue in patients with COPD: A systematic review. Eur. Respir. Rev. 2021, 30, 200298.
[CrossRef] [PubMed]

42. Moy, M.L.; Daniel, R.A.; Cruz Rivera, P.N.; Mongiardo, M.A.; Goldstein, R.L.; Higgins, D.M.; Salat, D.H. Co-occurrence of pain
and dyspnea in Veterans with COPD: Relationship to functional status and a pilot study of neural correlates using structural and
functional magnetic resonance imaging. PLoS ONE 2021, 16, e0254653. [CrossRef]

43. Barnes, P.J. Chronic obstructive pulmonary disease: Effects beyond the lungs. PLoS Med. 2010, 7, e1000220. [CrossRef] [PubMed]
44. Sinden, N.J.; Stockley, R.A. Systemic inflammation and comorbidity in COPD: A result of ‘overspill’ of inflammatory mediators

from the lungs? Review of the evidence. Thorax 2010, 65, 930–936. [CrossRef]
45. Martinez-Moragon, E.; Plaza, V.; Torres, I.; Rosado, A.; Urrutia, I.; Casas, X.; Hinojosa, B.; Blanco-Aparicio, M.; Delgado, J.; Quirce,

S. Fibromyalgia as a cause of uncontrolled asthma: A case–control multicenter study. Curr. Med. Res. Opin. 2017, 33, 2181–2186.
[CrossRef]

46. Hyland, M.E.; Lanario, J.W.; Wei, Y.; Jones, R.C.; Masoli, M. Evidence for similarity in symptoms and mechanism: The extra-
pulmonary symptoms of severe asthma and the polysymptomatic presentation of fibromyalgia. Immun. Inflamm. Dis. 2019, 7,
239–249. [CrossRef] [PubMed]

http://doi.org/10.1513/AnnalsATS.201602-124AW
http://doi.org/10.1111/j.1532-5415.2000.tb04702.x
http://doi.org/10.12968/ijpn.2006.12.5.21172
http://doi.org/10.1186/1471-2458-11-33
http://doi.org/10.1016/j.exger.2015.07.011
http://www.ncbi.nlm.nih.gov/pubmed/26190478
http://doi.org/10.1111/jgs.14313
http://doi.org/10.1111/j.1440-1843.2004.00637.x
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1136/bmjresp-2017-000196
http://www.ncbi.nlm.nih.gov/pubmed/28883929
http://doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
http://doi.org/10.1002/(SICI)1097-0142(19990301)85:5&lt;1186::AID-CNCR24&gt;3.0.CO;2-N
http://doi.org/10.2190/PM.45.2.g
http://doi.org/10.1016/j.jpainsymman.2016.02.018
http://www.ncbi.nlm.nih.gov/pubmed/27233134
http://doi.org/10.1016/S0885-3924(02)00596-1
http://doi.org/10.1016/j.pain.2009.02.007
http://www.ncbi.nlm.nih.gov/pubmed/19356853
http://doi.org/10.1111/pme.12468
http://www.ncbi.nlm.nih.gov/pubmed/24930826
http://doi.org/10.1136/thx.2009.118521
http://doi.org/10.1111/crj.13427
http://doi.org/10.1111/ggi.12397
http://www.ncbi.nlm.nih.gov/pubmed/25828791
http://doi.org/10.1111/ggi.12543
http://doi.org/10.1183/16000617.0298-2020
http://www.ncbi.nlm.nih.gov/pubmed/33853886
http://doi.org/10.1371/journal.pone.0254653
http://doi.org/10.1371/journal.pmed.1000220
http://www.ncbi.nlm.nih.gov/pubmed/20305715
http://doi.org/10.1136/thx.2009.130260
http://doi.org/10.1080/03007995.2017.1354828
http://doi.org/10.1002/iid3.263
http://www.ncbi.nlm.nih.gov/pubmed/31441602


Diagnostics 2021, 11, 2029 12 of 12

47. Mitnitski, A.B.; Mogilner, A.J.; Rockwood, K. Accumulation of deficits as a proxy measure of aging. Sci. World J. 2001, 1, 323–336.
[CrossRef]

48. Rockwood, K.; Song, X.; MacKnight, C.; Bergman, H.; Hogan, D.B.; McDowell, I.; Mitnitski, A. A global clinical measure of fitness
and frailty in elderly people. CMAJ 2005, 173, 489–495. [CrossRef]

49. Brummel, N.E.; Bell, S.P.; Girard, T.D.; Pandharipande, P.P.; Jackson, J.C.; Morandi, A.; Thompson, J.L.; Chandrasekhar, R.;
Bernard, G.R.; Dittus, R.S.; et al. Frailty and Subsequent Disability and Mortality Among Patients With Critical Illness. Am. J.
Respir. Crit. Care Med. 2016, 196, 64–72. [CrossRef]

50. Singer, J.P.; Lederer, D.J.; Baldwin, M.R. Frailty in Pulmonary and Critical Care Medicine. Ann. Am. Thorac. Soc. 2016, 13,
1394–1404. [CrossRef]

http://doi.org/10.1100/tsw.2001.58
http://doi.org/10.1503/cmaj.050051
http://doi.org/10.1164/rccm.201605-0939OC
http://doi.org/10.1513/AnnalsATS.201512-833FR

	Introduction 
	Materials and Methods 
	Participants 
	Measurements 
	Assessment of Fatigue, Pain, Breathlessness and Frailty 
	Statistical Methods 

	Results 
	Characteristics of the Study Subjects 
	Internal Consistency and Distribution of Scores 
	Relationship between Fatigue and Physiological or Clinical Factors 
	Relationship between Pain and Physiological or Clinical Factors 
	Relationship between Dyspnoea and Physiological or Clinical Factors 

	Discussion 
	Conclusions 
	References

