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Abstract

Painis a common symptom impatients withchronic obstructive pulmonary disease
(COPD) This symptontannegatively affecphysical activity levels, quality of lifeand health
outcomes|It has been shown thaystemic inflammation, comorbidities, and symptorasg(
dyspnea or fatigue) may cause paithough previous research has determined the association
between pain and the presence of comorbidities, the specific comesbithiat cause pain and
other etiobgic factorsof pain are still unknown.Also, the interrelationship among pain,
dyspnea, and fatigue and whether the presence of one symptom accentuates another remain to be

examined.

The overall purpose of this dissdib@ was to investigate the etiology of pain by
exploring the pain experiencthe contributors to pain, the interrelationstipetween pain and
other symptoms, and the associasitietween pain and thoracic abnormalitiegatients with
COPD. Stues| and Il established the reliability and validity of the Brief Pain Inventory (BPI),
Dyspnea Inventory (DI), and Brief Fatigue Inventory (BFI) in patiemtsh COPD Study Il
determined comorbidities that caused pain as welt@aparedpain, fatigue, and dpnea
symptomology in patientaith COPD. This study utilized a crossectional survey design that
included the BPI, DI, BFI, General Sdlfficacy Scale, Clinical COPD Questionnaire, and
Comorbidities/Mediation QuestionnaireStudy IV investigated chestomputed tomography
images of patientsvith COPD and currengx-smokers to examine the associasidretween

trunk pain and thoracic vertebral deformity and arthropathy.



The findings showed that the BPI, DI, and BFI were reliable and valid questionmaires t
evaluate symptoms ii€COPD Similar to dyspnea and fatigupain was also a significant
symptom inpatientswith COPD and these three symptoms were correlated with each other.
Further the most common comorbidities that caused pain were musculoskeletal difeasles.
pain in patientsvith COPDwas associated with thoracic vertebral deformities, arthropathy of

thoracic joints, and hyperkyphosis.

In summary, pain in COPD is associateithwmusculoskeletal comorbidities and riae
are interactiors between pain and other symptoms. This dissertation provides insight into the
causes of pain ipatients withCOPD, which can facilitate the development of pasnagement

strategies in COPD



Lay Summary

Patients with chronic obstructive pudmary disease (COPD), a smokirgjated disease,
frequently complain of pairPain interferes witlbeingactive amongCOPD patientswhich can
worsen their healttand quality of life. This thesis investigatethe causes of pain in COPD
patients We demonstrated that three questionnaires can consistently and accurately measure
three common COPD symptoms: pain, tiredness, and breathlessness. Secondly, pain, tiredness,
and breathlessness were found to be equallgre and affect 75% of COPD patientsmore.
Thirdly, musculoskeletal conditions were the most common cause of pain in @atdts
Lastly, painin thetrunk appears to be due to arthritis and fractures related to brittle botfes
spine In conclusion,COPD patientexperience significant pain that can be severe and is only
slightly less common #intirednessand breathlessnedsealth care professiais need to address

this symptom to enable physical activity and to improve quality ef lif
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Chapter 1: Introduction

1.1 Chronic obstructive pulmonary diseasgCOPD)

Chronic obstructive pulmonary disease (COPD @®@mmon and debilitatingespiratory
condition that involvesprogressive and irreversiblarflow limitation. While the etiologyof
COPDis not well understood, it is generally well accepted that chronic inflammatory responses
within the lung parenchyma and airways are the primary cause of both the lung destruction and
airway remodeling present inthis diseasé The primary diagnosis of COPD isased on
spirometry, withtwo competing definitions dadirflow obstruction. The first diagnostic definition
is based ore fixed ratb of forced expiratory volume in one second (FEY forced vital
capacity(FVC) being less than 0.7In 2001, the Global Initiative fa Chronic Obstructive Lung
Disease (GOLD)criteria werepublished for classifying COPD severftyUsing the GOLD
criteria, mtients with COPD are divided into levels of sevelibsed on the extent of airflow
obstruction (FEY as a percent of predicted) as indicate@amble1.1.> The GOLD guidehesfor
COPD classificatiorwere updated in 2011 to also include symptoms and exacerbation history
(Table1.2).° The second definitionf COPDdiagnosisis the FEV; and FVC ratio beindgpelow
the lower limit of normal (LLNY While these two definitions of COPD differ in their
interpretation of spirometric results, both criteria stress the debilitating loss of lectgpfuthat

ultimately results irdecreaseduality of life and, in many cases, death.



Table 1.1 GOLD criteria based onairflow limitation

FEVi/ FVC FEV; (% predicted)
GOLD I: Mild <0.7 O 80
GOLD II: Moderate <0.7 507 79
GOLD IlI: Severe <0.7 3071 49
GOLD IV: Very severe <0.7 <30

Abbreviatiors. FEV; = forced expiratory volume in one second; F¥@rced vital capacity

GOLD = Global Initiative for Chronic Obstructivieung Disease

Table 1.2 Refined GOLD criteria that include assessmerstof symptoms and exacerbations

GOLD classification Exacerbation Symptom
GOLD grade of airflow limitation er year
pery mMMRC ~ CAT
A: Low risk, less symptoms GOLD I I 011l 011 <10
B: Low risk, more symptoms GOLD 17 Il 0i 1 o 2 O 11
C: High risk,lesssymptoms GOLD Il T IV o 2 011 <10
D: High risk, more symptom: GOLD lll i IV o 2 o 2 O 1

Abbreviatiorss. CAT = COPD Assessment TesGOLD = Global Initiative for Chronic

Obstructive Lung Disease; mMREModified British Medical Research Council questionnaire



1.1.1 Prevalence of COPD

The reportedprevalence of COPLIiffers among the current studid®cause othe
differentdiagnostic criteria and definitisrof COPD used. It has been shown titet prevalence
of COPD that islerived froma self-report is lower thamhat diagnosed by spirometRAlso, the
use of preor postbronchodilator spirometrwith different diagnostic criteria, i.e. fixed ratio or
LLN, can producevariable prevalence estatesof COPD® A systematic review conducted by
Adeloye et al. in 2010included 123 studies and reported ttia estimatednumber of COPD
cases was 384 million among individuals aged 30 years and ,olésuling in a worldwide
prevalence of 11.7%n Canada, thestimatedorevalence of COPB 16.6% among 2.6 million
Canadians aged 35 to y8ars® While the results from the COPD prevalence studies can vary,
there is no doubt that COPD is a devastating disease with rhamith and economic

consequences.

1.1.2 Causes and risk factors that can contribute tacCOPD

Cigarette smoking has beeecognized as a primary risk facfor COPD? Studies have
shown that smokingcan lead toairway inflammatioh” and parentiymal destruction othe
lungs® These inflammatory related changes are permanent and the inflammation does not stop
even after smoking cessatibnHowever,not all smokers develop abnormal lung function and/or
COPD™ This has led investigators to examine othenses of COPD sudsgenetic factors®
air pollution, occupatioal exposureso hazardous substances, infectibfisand abnormal lung
development® A well-described genetic cas o f  C @ Rmitrypsim deficiency where the
serum pr ot eg aniitrypsin, [ nod maeufaotyred W sufficient quantity to protect the

lung from the side effects of a chronic inflammatory respohsthile this is the most well



understood genetic cause of CQRDBere are numerous studies that have found other genes
associated with the development of COPIn addition, although cigatie smoking is the most
common risk factor for COPD in the developed world, exposure to airborne particles, indoor
biomass fuel smoke, and general air pollution can cause COPD, especially in developing
countries:>?° Therefore, the risk factors for COPD are numeroubich gives rise to the

developnentof the symptoms seen in COPD.

1.1.3 Symptoms of COPD

Patientswith COPD frequently experience multiple symptomsaddition to airflow
limitation including dyspneagough, sputum productiofatigue, pain andsleeplessnes<s” #In
a study that investigated multiple symptoms in 100 patieitts COPD) Bentsen et &f- found
that 88% of participants reportedaving more than oe symptom An observational study by
Miravitlles et al”® also reported that among 727 patients with stable COPD, 82.7% had more
than one symptomimportantly, the number of symptoms that a patient has can be quite
extensive For example, Edmonds et’Akeported that patients withOPD experienced 7.1 + 2.9

different symptoms in the final year of their life.

Severalstudies have investigated multiple symptoms in patiesitts COPD Table 1.3
summarizeghe prevalence of multiple symptoms in the current literature. Dysprib@ most
common symptom irpatientswith COPD, followed by fatigue. Studies have shown thae t
prevalence of dyspnea ranged from 94% to 16b8%5*° Compared to dyspnede prevalence of
fatigue in patientswith COPD is somewhat lowembut still considerablavith 55% to 96% of
patients with COPD reporing fatigue?* 2°*° It is also noteworthy thatough pain and

sleeplessnesare commonly reported ipaients with COPD with the prevalence ranginigom
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56% to 80%,32% to 77% and 28% to 77%, respectively?*?® Othe COPD symptoms are
thirst, loss ofappetite low mood,wheezing, and sputum productidf:*®> A smaller proportion

of patients withCOPDalso experiencalizziness, nasea,constipation, diarrhea, and vomitifiy.

27 29

In sumnary, patientswith COPD suffer from a variety of symptosm Among these
symptomsdyspnea, fatigue, pagicough and sleeplessneasethe most prevalent. Importantly,
patientswith COPDmay experience many of these symptaimsultaneously, whicleads to a

reduction in their quality of lifé’



Table 1.3 The prevalence of multiple symptoms in patientsvith COPD

Prevalence
Author (year) Sample : : _
Dyspnea Fatigue Pain  Cough Sleeplessnes: Thirst  Othersymptoms
_ s 63patients withend
Skilbeck (19983 95% 68%  68% - 55% 54%
stage COPD
87 dying COPD No appetite: 67%
Edmonds (200%f _ 94% - 77% 59%  65% -
patients Low mood: 71%
_ s 209 dying COPD No appetite: 81%
Elkington (2005j _ 98% 9%6%  72% 80% @ 77% -
patients Low mood: 77%
Blinderman 100 patients with sever .
; 94% 71% 37%* 56% 35% 60% Wheezing: 40%
(2009Y to very severe COPD
105 patients with sever No appetite: 35%
Janssen (2018 94% 89%  32% 58%  51% 38%
to very severe CAP Low mood: 52%
100 patients with
Bentsen (2013}  moderate to very sever 100% 72%  45% @ -- 28% --
COPD
91 patients with
Eckerblad (2014 moderate or sere 90% 55% 44%  65% 52% 65% Dizziness: 28%
COPD
*Chest pain



1.1.4 Management of COPD
At presentthere is no cure for COPBased on themost upto-date GOLD clinical

practice guidelinepublished in 2017 the management of stable COPD includes pharmacologic
and nonpharmacologic treatmentThe most common medications used in patients COPD

are bronchodilators anglucocorticoids’ Since there is no known cure for COPBe taims of
pharmacologic treatmentre to alleviate symptomslecrease the future risk ekacerbations,
and improve exercise capacity and health staSisilarly, nonpharmacologidreatmentssuch

as regular physical actlyi smoking cessation, oxygen therapy, ventilatory support, and stirgery

331 are all designed to reduce symptoms iamgrove quality of life

With respect to noipharmacologic therapies, pulmonary rehabilitatisna well-
establishedtandard of carand has been recommended for patients with symptomatic GOPD.
Pulmonary rehabilitation is a comprehensive program that inslagsessmest exercise,
education, nutrition consultation, and psychosocial suppdrthas beershown that the BODE
composite indexBody mass index (BMI), airflovDbstruction,Dyspnea, andxercise capacity)
is associated with mortality in patients with COPDmportanty, pulmonary rehabilitation can
improve the BODE indexwhich is beneficial tothe clinical and health status outcomes in

copPD3

One key fature of pulmonary rehabilitation is the maintenancetofsical activityand
exerciseengagemenin patientswith COPD The current literature has shown the benefits of
increasing physical activity levels patients withCOPD. In a systematic review thatluded
five studies, Chavannes et3alconcluded that engaging in physical activity could improve

fitness leved in patients with COPD. In addition, Gareleymerich et af® conducted a
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populationbased cohort study that included 2,3gients withCOPD and found that compared
with patientswith COPD who had very low physical activity lexglthe risk of hospital
admission and mortality &slower in those who reported low, moderate or high physical activity.
In 2014, GimeneSantos et al’ published a systematic review and also summarizat ttte
level of physical activityin COPDwas associated with mortality and COPD exacerbatidss
result, he American Thoracic Societ{ European Respiratory Sociefy,>** GOLD? and
Canadian Thoracic Sociéfyall haveadvocated the benefits oégular physical activity and
recommended it for patients with COPIDcreasing physical acity levelsandimproving long-

term adherence tphysical activityaretwo of the goals of pulmonary rehabilitation fpatients

with cCOpPD#

Although the current evidence has shown the benefitd importanceof keepinga
physicaly active lifestyle patients withCOPD have significantly lower physicabctivity leveb
andlimited adherence to physical activitpmpared with those without COPD a systematic
review publishedin 2011, Bossenbroest al*? found that the daily physical activity leesind
intensitiesof patientswith COPD weresignificantly lower than healthyndividuals Another
literaturereview conducted by Vorrink et &lin 2011 also summarizetiat patientswith COPD
had significantlyreducedphysical activity levelgshanan agematched healthy cohoffherefore,
identifying the barries to remainingphysicaly active in patientswith COPD is importantin

order to improve the engagemémphysical activity

In arecent qualitative stugyKosteli et al** recruited andnterviewed 26patieris with
COPD from a primary care settirand found thatthe barriers to physical activity participation

were healthrelated, psychological, attitudinal, and motivational factors. @fehphysical
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limitations due to symptoms of CORRerethe primaryimpedment for patientsvith COPDto
perform physical activityFor example, gspnea and fatigue, two major symptoms of COPD,
could contribute to physical inactivity and exercise intoleramG&ajisto et af° reported thathe
perceptionof dyspneawas strongly correlated with exercise activity, daily life actiyignd
mobility levels in patientsvith COPD Similarly, Woo* found that physical activity, dyspnea,
and fatigue were significantly interrelated after adjusting for age and.fHE¥slin et aft’ also
claimed that general fatigue was correlated with exercise intolerance. Dyspnea and fasgue ha
also been shown to ke major reasanthat patientswith COPD are not able to coimue
performing physical activity or exercisi a clinical study, Killian et al® performed symptom
limited incremental cycle exercise tests in Jaients withclinically stable COPD. They found
that 61%and 18%of participantsspecified ¢spneaand leg fatiguerespectivelyas the primary

reason for stoppinthe exerciseests

In addition to dyspnea and fatigue, pain appearsbdoan important obstacle to
participaton in physical activitiesn patientswith COPD* *° The International Association for
the Study of Pai n dantf sensoeysand emdtional experiefica assouiatqal | e a
with actual or potential tissudamage or described intenss o f s u c A Indhe mastg e s 0
recentqualitative studyHarrison et af? interviewed 18 health care providers andpEients
with COPD who attend pulmonary rehabilitation programs to explore pain experience and the
impact of pain orparticipaton in the programs. The authe concluded that pain could impede
patientswith COPD from fully participating in pulmonary rehabilitatioprograms. They also
found thathealth care providersarely ask about pain and patientsith COPD usually do not

report pain to health care provigemherefore, in comparison with dyspnea and fatigue, pain is



an underappreciated and undervestigated symptom in patientsth COPD Nonetheless, pain
hasrecently gained morattention fromresearchers, as its role limiting physical activityis
bemming more fully understood’he following sections discuss the research literabur@ain

in patientsvith COPD

1.2 Pain in patientswith COPD
1.2.1 Prevalence of pain

The reported prevalence of pain in patienith COPD varies greatly in the current
literature.A systematic review conducted kign Dam van Isseét al>®in 2014 reported that the
prevalence of pain ithe 11 included studies ranged from 21% to 72.1%. In another systematic
review published in2015* Lee et al. performed a mesmalysis to combine six studies and
concludedhatthe pooled prevalence of painpatiens with moderate to very seve@®PD was
66%. The variability in the reported prevalence pHin may derive from the heterogeneity of
partichb ant s6 demnmbegt aphiess Aht hough p areporepmovided de s ¢
the most reliable and accurate evidence for the presence of paénperception of pain may be

influenced by culturé®*"race® ® age® and sex’

Early studiesthat were published before 20ldredominantly investigated various
symptomsin patients withendstageCOPF*%° ®* or thosewith severe COPH ®?in order to
determine the reals of palliative carpatients Painwas merely one of the examined symptoms
in these early studies. The prevalence of pain in pateithsCOPDwho require palliative care
ranged from 32.4% to 77%7%’ ° °2 However recently clinicians and investigatorave

recognized theignificanceof painin patientswith COPDand started to focusn investigating
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pain n thosewith clinically stableCOPD or pulmonary rehabilitation program attdants with

any stage of COPDThe prevalence of paim these studiesvas reportedto range between
32.%% and 82.1%% % *° °®9 Moreover, the prevalence of pawas significantly higher in
patients with COPD than that the geneal populatiof® ® and individuals withother chronic
disease.’® These results correspond with the study publishyediajGhanbari et &f in 2012.

They found thathe number of COPD patients with pain was 2.2 and 7.5 times higher than an
age and sexmatched health cohort usiripe Brief Pain Inventory (BPl)and McGill Pain

Questionnaire (MPQ), respectively.

In summary the current literaturehowel that at least orthird of patients withCOPD
expeiencal pain and the prevalenad pain was significantly higher inpatiens with COPD
when compared withhe general populationTable 1.4 summarizes the results tie current

studies that investigated the prevalence of papatrentswith COPD.
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Table 1.4 Studies that investigated the prevalence of pain in patientsith COPD

Author Sample size Age COPD severity FEV1 (% Instrument Results/Prevalence of pain
(year) (M/F) (years) predicted
Palliative cargatients
Lynn 222 End-stage Postbereavement 34%
(1997%* structured interviews
Skilbe)zcsk 63 (33/30) 71 End-stage In-depth interiew 68%
(1998
Edmonds 87 (65/22) Endstage Postbereavement Pain in the final year of life:
(2001y* structured interviews 77%
Elking)ggn 209 (115/94) End-stage Postbereavement 72%
(2005 surveys
Blinderman 100 (47/53) 62.2 (10.5) Severeo very 24.4 (3.9) Memorial Symptom  Non-chestpain: 41%
(2009¥’ severe Assessment Scale Chest pain 37%
Lohne 16 (3/13) 57.8 (4.1) Severdo very 21.1(5.8) Semistructured Patientswith COPDreported
(2010¥* severe interview anaverage pain score of >6
38%
Pulmonary rehabilitation program/ outpatient participaciisically stable patients
Janss)%n 105 (65/40) 66.3 (9.2) Severdo very 34.1(13.5) Visual analogue scale Moderate to severe pain:
(2011 severe 32.4%
entsen : : oderate to -10 numeric rating e prevalence of pain was
B COPD: 100 COPD Mod 46 (15) 0-10 [ [ Th I f pai
(2011%3 (51/49) 66.1 (18.3) very severe scale significantly higher in
enera patientswit 0
(2014%* G | i ith COPD(45%)
population: than that in the general
993 population (34%).
Borge 154 (79/75) 64.6 (10.2) Mild to very BPI 72.1%
(2011%° severe
HajGhanbari COPD: 47 COPD: 70 Moderateto  44.7 (19.2) BPI, MPQ The number of COPD
(2012° (27/20) (6.7) severe patients with pain was 2.2
Healthy: 47 Healthy: and 7.5 timesigher than
(27/20) 68.2 (8.8) healthypeople evaluated by
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Author Sample size Age COPD severity FEV1 (% Instrument Results/Prevalence of pain

(year) (M/F) (years) predicted
the BPI and MPQ,
respectively.
Eckerblad 91 (43/48) 67 Moderate and Moderate: Memorial Symppm  44%
(2014¥° severe 61.6 (8.4)  Assessment Scale
Severe: 42.2
(5.8)
HajGhanbari 54 72 Moderateto  48.3 BPI, MPQ 81%
(20145° severe
Christensen 258 63 Moderateto  38.5 BPI 61%
(2016%’ (121/137) severe
Janssen 67 (40/27) 64.9 (10.2) Mild to very 50 (20.3) Multidimensional, 82.1%
(2016¥® severe structured pain
interview
Lee (2017° COFD: 64 COPD: 71 Moderateto  37.9 (14.9) BPI,EABPS S The prevalence of pain was
(30/34) (10) very severe LANSS, Pain significantly higher in
Healthy: 64 Healthy: Catastrophizing Scale patientswith COPD (41%)
(30/34) 67 (13) thanthe control group(29%).
Populationbased survey
Roberts COPD: 7952 COPD: ICD-9-CM diagnosis The prevalence of pain was
(2013Y° (3340/4612) 69.3 code, claims for pain significantly higher in
Non-COPD: Non therapy or pain patientswith COPD(59.8%)
15904 COPD: medication thannonCOPD patients
(6680/9224) 68.4 (51.7%).

*Data of FEV values only presented in COPD patietge and FEY are presented as mean (SD)
Abbreviatiors. BPI = Brief Pain InventoryEABPS= Extended Aberdeen Back Pain Sc#-9-CM = InternationalClassification
of Disease, Ninth Revision, Clinical ModificatioltPQ = McGill Pain QuestionnaireS-LANSS = Sdf-reported Leeds Assessment

of Neuropathic Symptoms and Signs pain scale
13



1.2.2 Characteristics of pain

Patientswith COPD frequently identify paiin the trunk regiori® > which includesthe
neck, shoulder, cheandbackareasA recent crossectional study conducted by Janssen &t al.
showedthat more than half of the participants (53.7%) had chest Paittsen et &F° and Lee et
al®® also reportedthat the majority ofpatients withCOPD identified pain in the chest area.
Likewise, Blindermanet al?’ andLohne et af?examined pain in patients with advanced COPD
andfound 37% and 38% of patients had chest pain, respecti@ther commoly reported pain
locations among patientgith COPD include the shoulder, neck, and low back a qualitative
study included 16 patients with severe COPDphne et af? found that half of the patients
reportedpain n the shoulder, neck, and uppEm areasBorge et af® found that 33.1% of
patients with COPDselfreportedthat the most commorpain location to be the shoulder
followed by lower back, which was reported by 29.2% of patsenith COPD In the studyby
Christensen et a1/ 47.4% ofpatientswith COPDhad low back paifiollowed by shoulder pain
(46.2%) Two studies conducted by HajGhanbari et al. in 2baad 2014° found thatthe neck
was the most common locati@f pain in patientswith COPD. Taken together, although the
most common pain location is slightly differearhong studies, it inoteworthythatthe trunk is

where patientsvith COPDcomplainthe mostabouttheir pain.

Mild to severe paimtensity and interference have bdeand inpatientswith COPDin
several studiesThe mean scoseof pain intensity and berference measured by the BPI were
reported by four studié%°*®’ rangingfrom 2.8 to 3.9 and 3.1 tel.4 out of 10, respectively,
which indicated mildo moderatepain intensity and interferené& However,Bentsen et &t **

usal 0 to 10 numeric rating scalés quantify painintensity and interference patients with
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COPDand discovered that the lesaf painintensity andnterferenceanged frommoderateo

severe They also reportethatthe worst pain intensity level in patientith COPD wassevere’?

Comparisons of pain intensignd interference levels between paenith COPDand
the general population remaimconclusive.HajGhanbari et d° comparedpain intesity and
interference measured by the BPI and MPRetweend7 patientsvith COPDand 47 ageand
sexmatched bkalthy individuals The authorgeported thathe pain intensity and interference
scores wersignificartly higher in patientsvith COPD Also, patientswith COPD reported 2.5
and 3.7 times higher pain intensity and interfeeamnith aspects of daily living thathe healthy
cohort. Similarly, Lee et af® studied pain in 64atients withCOPD and 64 ageand sex
matched healthyndividuals and foundthat patients withCOPD had greater pain intensity
measured using the BEHanthe control group(3.8 vs. 2.7ut of 10) In contrast, Bentsen et .
found that there was no significant differenicethe pain intensity and interference scores
betweenpatients withCOPD andthe general population aftemdusting for age and sex his
apparentinconsisteny may be ascribed to thdemographic characteristics phtients with
COPD andthe controls. Also, painrelatedcomorbidities were similarly distributed in patients
with COPD and the general populationthestudy by Bentsen et &° whereas HajGhanbari et
al*® found that patientsvith COPD had a higher number of comorbidities than aged sex
matched healthy individual§.herefore, the difference in the disuition of comorbidies and
participant demographicbetween these two studiesight, in part,explain the inconsistent

results.
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1.2.3 Impact of pain

The presence of pain can adsely affect the physicatatus ofpatients withCOPD.Pain
has been shown to be negatively associated with physical activity leyssantswith COPD
In a crosssectional studyhat included 2patientswith moderate to severe COPBajGhanbari
et al>® found thatthe pain intensity scores measured by the BPI and MPQ were negatively
correlated with theesults ofsix-minute walk test (6MWT)AIlso, participants with severe pain
had a lower physical activity level and worse functional exercise capacity measutbd by
6MWT than those with minimal or no paiSimilar results have been demonstrated in another
study by HajGhanbari et &f in which the authors concluded thamong patientsvith COPD
the higher pain interference scores were correlaigh greatempainrelated fear of meement or
re-injury and lower total energexpenditure measured bythe modified Tampa Scale for
Kinesiophobiaand the Community Health Activities Model Program for Sen{@BAMPS)
questionnaire, respectiveliloreover,a study by Lee et & showed that COPD patients with
pain had lower physical activity levels that were assessed usiiBigp@/atch Activity Monitor.
Comparedto COPD patients without pairnthe step count and proportion of time spen
performingmedium orhigh intensityactivity were significantly lowem those who experienced

pain.

In addition, pain can negativelynpact qudity of life in patiens with COPD.Borge et
al®® revealed thathe BPI pain intensity and interference scovesre negatively assated with
diseasespecific quality of life measured by the Respiratory Quality of Life Questionnaire in
patientswith COPD HajGhanbari et &P also concluded thahe increased pain intensity scores

were correlated with worse healtblated quality of life assessed by the Medical Outcomes
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Study Short Forr86 (SF36). Theseresultswerealsofound inthe study conducted by Bentsen
et al.** in which they repord that COPD patients with pain had worse dissaseific and

generic quality of life assessedtheSt . Geor geds Respiratory Quest
Scale, respectivelySimilarly, based on the findings of the study by Janssen &% piin in
patientswith COPDwas associated with worse diseapecific health status that was measured

by the CAT.

Pain can also impose heavy economic burden ¢ime medical system. In 2015, Roberts

et al’?

condwcted a retrospective populatimased studyhatincluded 7,952 patientsvith COPD
and reportedhatthosewith pain had a significaly higher annual direct medical cost thiose

without pain ($24,26Yersus$10,390).

In summary, pain reduces the physical actildtyels, exercise capacity, and quality of

life as well as increases medical expenditure in patigibsCOPD

1.3 Possiblefactors that can cause and/or contribute tgain
The etiology of pain in patientsith COPDremains to be determined. Tlactors that

may cause paiaredescribedn the following sections.

1.3.1 Systemic inflammation

It is well documented that COPD issgstemic disease that involves a eenflocal and
peripheralinflammatory response$ Inhala toxic chemicals or particleactivate the innate
immune systemand affect the function of immune cells, such as macrophageutrophils,

lymphocytes, andepithelial cells’* > which can lead to thereleag of proinflammatory
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cytokines’® Several preinflammatorycytokinessuch asC-reactive protein (CRP)ibrinogen,
leukocytestumor necrosis factor alpha (TNB )interleukiné (IL-6), and interleukir8 (IL-8)""
8 have been foundo be highin the sysemic circulation ofpatientswith COPD Other pro
inflammatory cytokinesincluding interleukin1 (IL-1),” "Cinterleukin1 beta (Il-16 J° °TNF-U
receptors? ®°andgranulocyte macrophagmlony-stimulating factof® " havealsobeenfoundto
be associated with systemic inflammation of CORD of these findings have led investigators
to conclude that ARnCOPD begins as a I thowhl

differentiated pathways yet to be fully clarifiedo systemi consefuenceso

Coincidentally,severalpro-inflammatory cytokineshat cause systemic inflammation are
associated with theccurrenceand persistencef pain, such as CRP, TNF, -6] ahd 11-8.22
Painis an alertingsensatiorandis one of the typical signs of inflammati&hwhen tissues are
injured or stimulated, certajro-inflammatory cytokines, such 4s-1, IL-6, IL-8, and TNFU ,
are produced by immune celiand move to the damaged sit2§* The release of these pro
inflammatory cytokinesan activateain nocteptors”i.e. Al a rfillers €hatare responsible

for transmittingpain signals to the central nervous system (CRS).

Moreover, thesepro-inflammatory cytokinescan induce hyperalgesia and reduce pain
threshola.?”®° Previousstudies have found that 4L BTNF-U, -6) and 11-8 could induce
hyperalgesia in ratS:*? In addition to animal studies, clinicaliman studies have also shown the
relationship between prinflammatory cytokines and pain thresholds. It has been reptivatd

the higher levels of CRP arid-6 arerelated to lower pain thresholds and toleraficé.

To conclude systemic inflammation can facilitate the production of certain-peated

pro-inflammatorycytokines andccould change pain threshadn patientswith COPD To date,
18
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only one studythat hada small sample size (n=19) reportédt patients with COPD had lower
pain thresholdscompared to controf§ Therefore, future research regarditie association
betweerchanges in pain threslis andthe levels opro-inflammatory cytokinesn patientswith

COPD:is required in order to determine the role of systemic inflammation in pain.

1.3.2 Comorbidities

It is well known that COPD involves botpulmonary and exa-pulmonary effectsand
therefore is associated with the presence of comorbidifi€s Patientswith COPD frequently
suffer from several comorbiditiesyhich are associated with adverse health outcomed) as
increase inmortality’’ °® exacerbatios®® and hospitalizatios,**® as well as poor quality of
life.2®* Dal Negro et at®?investigated comorbidities in 1,2p@tients withCOPD and found that
78.6% ofthemhad at least one comorbidity; 68.8% hadeaist two comorbiditiesand 47.9%
had three or more comorbidities. They also reported that the mean nundoerarbidities was
2.6 per patientSimilarly, in a longitudinal studthat included 5,924 patientgth COPD, Worth
et al'® reported that 78.3%f patientswith COPD suffered from at least one comorbidity.
Therefore, the presence of comorbiditiessésy common among patientgith COPD and the
majority of these patientsan have multiple comorbiditiegccording to the current literature,

themost common types of comorbidities COPD are cardiovascular diseases (CVDs), followed

by musculoskeletal diseas®s?? 12419

The presence of comorbidities in COPD is also associated aiith HajGhanbari et a
concluded that COPD patients with severe pain had 2 to 3 more comorbidities on average than
those with minimal or no pain. Moreover, the authors found that the number of comorbidities

was positvely correlated with pain severity and interferesoeres measured by the B a
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crosssectional studyBentsen et a reported similar results thatatiens with COPD who
reported pain had a higher number of comorbidities compared with those withoutirpain.
another study by HajGhanbari et @lamong patientsiith COPDwho had pain, 89%, 66%, and
30% of them seilfeported more than one, one to fousand five to eight comorbidities,
respectively. Although the association between paintB@gresence afomorbidities has been
determined in patient&ith COPD the specific comorbidities thatausepain in patientswith
COPD emainto be identified.The following sections discuske comorbidities that may cause

pain in COPD.

1.3.2.1 Musculoskeletal diseases

Musculoskeletal diseases aeongthe primary causes of pain. In a telephone survey
study, Blyth et at® found that the prevalence of chronic pain was 22.1% and musculoskeletal
diseases were the most common cause, which accounted for 26Btoait pain Likewise,

Toblin et al*®’

studied chronic pain inhe general ppulation and concluded th&6% of
participants reportedain andthat arthritis (31.3%) wakhe most common cause of pain. Also,
Cimmino et a® reported that approximately 30% thie gener& population had pain caused by

musculoskeletal diseases.

Similarly, musculoskeletal diseases can lead to pain in patigtit<COPD In the study
by Bentsen et al% the prevalence of musculoskeletal diseases was higher in COPD patients
with pain when compared with COPD patients without pain. Osteoptfosi¥ and
osteoarthritia” *°* are two common ageelated musculoskeletal diseases in CO& may
cause painThe following subsections describe each musculoskeldis¢aseand how they may

contribute to pain in patientgith COPD
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1.3.2.1.1 Osteoporosisand osteoporotic fracures

Approximately onethird of patientswith COPD are affected by osteoporosis. b
systematic review published in 20a8raatVerboom et at*®included 13 studies and concluded
that the mean prevalence of osteoporosis was 35.1% in patight€OPD Also, in the most
up-to-date systematireview and metanalysis (unpublished) 2017 the authorsncluded 55
studies and reported that the global pooled prevalence of osteoporosis was 36% (93%i Cl

40) in patientsvith COPD,

In spite ofthe high prevalace in COPD, the progression of osteoporosis is usually
asymptomatic? until its sequela, osteoporotic fractures, oscWertebraeare the most
common locationof osteoporais,*** which can lead to vertebral deformities.€. vertebral
compression fracturgsnd significanty increasein pain'* It has dso beenreported that the
prevalence of vertebral deformities in patiemish COPD ranged from 31% to 63.3%° 11°
which was significantly greater than contrb!3.Moreover, vertebral deformitiesan change
spinal morphology anéhcrease thoracic kyphosisingles™’*'° An increased thoracic kyphosis
angle may also alter adjacent musculoskelatgnment'® and impose excessive stresen
musculoskeletal structuré®, *?* which can induce painTaken together, osteoporosis can
progressto osteoporotic fractureand further mcrease thoracic kyphosis angleshich may

cause pain ipatients withCOPD.

1.3.2.1.2  Osteoarthritis and arthropathy
Osteoarthritisis another commie agerelated chronic condition thatffects 40% othe
elderly populatiorin Canadavho are over 70 years of alfé.Osteoarthritis frequently occurs in

the hip, knee, shoulder, hand, foot, and vertebral joints with pain and limited rangetioh
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being the common symptonmtd® The arrent literature hasrevealed that the prevalence of
osteoarthritis in patientwith COPDrangel from 12.5% to 4298° *2* *?°|t is well known that
joint misalignment, muscle weakness, and structural fragility of thesjargamongthe risk

factors for osteoarthriti&®

In patientswith COPD excessive gas trapping in the Isrggan cause a hypexpanded
chest wall, which may change the morphologythaf chest walland cause misalignment tife
rib caget?” *?® Also, lung hyperinflationeadsto decreased chest wall compliance and shortens
inspiratory muscle&?® which in turn increases the workload of breathing and demands on the
respiratory muscleS° This may contributeto a muscle imbalance, altered anatomical
configuration ofregiratory musclesand predisposé¢o chest wall muscldatigue in some
patientswith COPD**! **2As a result, lung hyperinflatioand changes in chest wall structsre
might bethe risk factos for developingarthropathy (an umbrella term for degenerative joint
diseasé)*? in the joints betweetheribs and spineThis arthropathycan bea potential cause of

pain in patientsvith COPD

1.3.2.2 Cardiovasaular diseases

The World Health Organizationlefines CVDsasa group of disordersf the heart and
blood vessel$®* Chest pain or angina & primary symptonin individuals withhypertensiort>°
coronary artery diease>® *" heart failure’®® **and myocardial infarctiaf® In a systematic
review, Solano et at*! found that41% to 77% of patients with heart diseasenplained of pain.
In addition, individualswith peripheral artery diseaseay experience calf or leg pain that is

linked to intermittent claudicatiolf?
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Angina and chest pain are also repoiitegatientswith COPD Bentsa et al*®® found
that in 45 COPD pints with pain, 20% had angina, whi¥eo et alt® reported a higher
prevalence (37%) of angina intgntswith COPD Also, chest pain is reportea several studies
with the reported prevalencangingfrom 37% to 53.7%n patientswith COPD?’ ® ®®However,
these studies did not examine the causalityhwst pain andCVD-relatedcomorbidities and

thereforejt is uncleamwhether anginahest pain ithese COPD patients waaused by CVDs.

1.3.2.3 Other comorbidities that may cause pain
Other comorbidities that may cause pain include diabetes, anxiety, depressicaneerd

The following paragraphs discuss each cdubty and its association with pain

Diabetes occurs in 10% to 21% pétients withCOPD"***® and it is associated with
neuropathit’’ and calf pain due to intermittent claudicati§f. A crosssectioral study
conductedby Davies et at*® reported that the prevalence of diabetic neuropathic pain was
26.4% in paents with diabetesAlso, it has been shown that diabetes is one of the risk factors
for peripheral artery diseased therefore, can contribute to intermittent claudicatifnin a
populationbased survey study that involved 19,712 participants, Jensett eteglorted that the
prevalence of diabetes was 2.486nong those with diabetes, 3.5% had intermittent claudication,

which is associated with pain.

Depression and anxietytwo psychological comorbiditieshave been reported in
approximately onghird of paients withCOPD. In a recent systematic revigaublished in 2016
Matte et af>?found that the pooled prevalenckdepressiofin patients withCOPD was 27.1%,
which was significantly higher than the controls (10%). Ondtier hand, Willgoss et &t

reportedin their systematic reviewhat the prevalence of anxietgmongpatients withCOPD
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ranged from 6% to 33%t has been documented that depression or anxiety dowler pain
threshold and enhance pain sensitivi}. > Although depression and anxiety do not directly
cause pain, these two psychological comorbidities caativety change pain percepti. The

results of two COPD studies confirm the statematiove Borge et af? investigated seval
symptoms inpatients withCOPD and reported that pain intensityeasured by the BRAhas
positively correlated with depression and anxiety assessed using the Hospital Anxiety and
Depression Scale. Similarly, Roberts etateported that the risk of having remic pain in
COPD patients with depression was 2.22 times higien those without depression. However,

the association between pain amkiety was not examined indin study.

Cancer is one ofhe comorbiditiesexperienced by people living with COPBtudies
have revealed that the prevalence of cancpatients withCOPD is between 6%nd9% %° %7 1%°
Although the prevalence of cancer is lower than other comorbiditiesechas been reported to
be the major cause of deathpatients withCOPD®® Importantly, the most significant symptom
of cancer ispain In a systematic reviewyan den Beukewan Everdingen et af° found that
over 50% of patients experienced pain in all cancer tyidese specifically, lung cancer and
COPD are interrelated anghare the same risk factdré.'*® Despite a lack of reported
prevalence of lung cancer patients withCOFD, it is expected that lung cancisra common

cancer type irthis patientspopulation™® **°In addition, t hasbeenshown that the prevalence of

pain inpatients witHung cancer is 55%°

In summary, several comorbidities may coexist with COPD apdimary symptonof
these numerous comorbidities ipain Research regarding whethgain is caused bycertain

comorbidities inpatients withCOPD is required.
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1.3.3 Associationsbetween symptoms

In 1995, Lenz et &' first proposed the theory of unpleasant symptomsugatitedt in
1997%% This theory highlights that multiple unpleasant symptoms, such as pain, dyspnea, fatigue,
and nauseacan be triggeed by similar physiological, psychologicalas well assituational
factors and occusimultaneouslyAlso, multiple symptoms can int&ct synergistically such that
a symptom can appear to be worse when it occurs in concerttiwérs@ompared to if it occurs

alone.

Among the multiple symptoms of COPIhe association between dyspnea and pain has
been determinedlhe commonalitiesof dyspnea and pain perceptibave been recognizexhd
severalsimilar physiological and psychological features can be found in &atiptoms.First,
dyspnea and pain are alerting sensatioviich arecaused by noxious stimulus or a disturbed
physiological staté®® Therefore, both symptoms are involved witte detection ofstimulants,
activation of nociceptors and afferent nerves, as wehe@gansmission of signals thhe CNS®
184 Second, numerous brain imagismdieshave shown thahe perception of dyspnea and pain
can activate similar cortical responsger example, studies usipgsitron emission tomography
(PET)*® **0r functional magnetic resonance imag(figR!) *°’ demonstrated that pain induced
cerebral activities were found in the anterior insular cortex, anterior cingulatex,camnd
amygdalaSeveral PE1°® 1*°and fMRI*° *"!studiesalsorevealed that thperception of dyspnea
could activate similar cortical regions in the braMoreover, lesions of the insular cortex can
lead to reduced perceptive sensitivity of pain and dyspfdaastly, sincethe insula, anterior
insular cortexand amygdala also process negative emotiowoth the perception oflyspnea and

pain can be affected by psychgical factorsincluding emotion and attentidf® *"*
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Recentclinical studies havalso verified thetheory of unpleasant symptortd.*®?The
presence of dyspnea can increaseliteihood of having pain. Clark et &f° found that the
prevalence of pain was 23% to 67% among parti¢gparnth dyspnea, which was significantly
higher than those without dyspne&amilar resultshave beeriound in patientsvith COPD For
example, m a crosssectional study that investigated multiple COPD symptoms, Borge?&t al.
concluded that pain intensity was positively correlated with dyspnea inteflsity.Bentsen et
al'® found that patientsiith COPDwho reported pain ftba significantly higher prevalence of

dyspnea.

Taken all together, dyspnea is the most common symptqatients withCOPD and the
presaéice of dyspnea appears to increase the oqwmeref pain or aggravate the existing pain.
Although the association between dyspnea and pain has been demonstrated, the relationship

between pain and fatigue is not known.

1.4 Pain assessment tooksnd questionnairesutilized in COPD

Pain is subjective and usuallyassessed by saleportmeasuressuch as interviewand
guestionnairesjn clinical or research setting&nfortunately, there is no standardized pain
questionnaire thathas beendeveloped specifically for patients with COPD>* To date,
investigations that evaluated pain in patientsh COPD have used sveral selfreported

assessment tools agdestionnairefor pain, which are discussed in this section.

1.4.1 Numeric rating scale and visual analogue scale
The numeric rating scale and viswalalogue scale are two pain assessment tools. The

numeric rating scalerimary assesses pain intensity in additand it has been widely uséul
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clinical settings because it can readily provide information on genll-point numeric rating
scale is frequently us&d in which O represents no pain and 10 represents maximal pain.
Participants are asked tate tle intensity of pain by choosing number between0O to 10,

inclusive.

The visual analogue scale is also used tuate pain intensity. A vertical or horizontal
10 cm lineis used’®that istypicalyanc hor ed by fno painod and the
is andoredb ymdix i ma | Parficpantsace.asked to place n & gerpendicular stroke

that indicates their pain intensigyong the length aheline.

1.4.2 Brief Pain Inventory

The BPI was initially developed for evaluating caneedated pail® and has been
translatednto several different languagdn addition,thereliability and validity of theBPI have
beenestablishedin varied medicalconditions and clinical population, such as chronic-non
malignant pairt®® painful diabetic peripheral neuropathy,osteoarthritig® low back pain;®®

andpostoperative paift*

The BPlis composed of three components: (1) a body diagranthé)ain magnitude
domain and (3)the pain interferencedomain Participants indicate pain locations on body
diagrams and answer four questiaspain intensity andseven orhow pain interferes with
aspecs of daily living using 0 tol0 numeric rating scagewith 10 indicatinghe greatest pain
severity and interfemce. Pain treatmesnd medications received as well asah@untof pain
relief arealso asked in the BPI. The BRivaluategain in the past 24 hours or the past week,

depending on the purpe ofits usage
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1.4.3 Short-Form McGill Pain Questionnaire
The MPQis a weltestablished pain questionnattet is used to evaluate chronic pain in
adults*®® The shortform MPQwas developed based on the MPQ in order to facilitatese in

clinical trials!® The reliabilty and validity of the shofform MPQ have been determined in

patients with osteoarthriti’ rheumatoid arthritis®® ***fioromyalgia’®® cancert® chronic back

pain** and musculoskeletal paif’

The shordform MPQ consists of three dimensions: (h¢ sensory dimensign(2) the
affective dimension; ad (3) the presentpain intensity.The ®nsory and affective dimensions
include 11 and four wordsespectivelythat are used to descripain Participants rate each pain
descriptor using a-point Likert scale (0= none; 1= mild; 2 = moderate; 3= sevee). The
present pain intensity is measured usagisual analogue scale ara 0 to 6 scale with
descriptors othe present pain (& no pain; 1= mild; 2 = discomforting; 3= distressing; 4=

horrible; 5= excruciating).

Among these pain assessment taisl questionnaires, the BPI is the most comnlgnon
used instudiesof COPD patient§’ >° °2°%7 % However, tle reliability and validity of these pain
guestionnaires, including the BPI, have not been establisheatients withCOPD, which is a

gap that should be addressed in the realm of investigativesfaiies in COPD.

1.5 Dissertation overview
Throughthe literature reviewof pain in COPD several research questions remamnbe
answered First, the reliability and validity othe questionnaires that ammonly used to

evaluate pain irpatients withCOPD have not been established. Second, the comorbidities that
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may cause pain and the associatiotwken pain and fatiguen COPD havenot yet been
examined Third, the etiology of pain irpatients withCOPD is unclearAs a result, he overall
purpose othis dissertation is to explore the pain experietioecontributors to pain, as well as

potentialcauss of pain inpatientswith COPD.

This thesis dissertatiaconsists of four studiess illustrated byhe conceptual framework
in Figure1.1. Studyl and Study llprovided the methodological foundation for Study IMore
specifically, Study | airad to establish the reliability and validity of the BPI in patientsh
COPD In a similar fashionStudy Il aimed to establisthe reliability and validity of the Brief
Fatigue InventoryBFI) and Dyspnea Inventory (D(Jwo questionnaires with a parallel format
to that of the BPIin patientswith COPD The similar formats of theBPI, BFI and DI can
facilitate more comparable evaluatioasong pain, dyspnea, and fatiguén Study I, the
guestionnaires validated in Study | atdudy Il were used along withthe questionnaires
guerying comorbidities that cause pain, dyalof life, and seHefficacy. Together these
guestionnaireswere used to examine the pain experienceainrelated comorbidities
contributors to painandto compare pain, dyspnea, and fatigue in patigritis COPD The
results of Study lliwere further investigated in Study [Mwvhich was designed andtonducted
based on the findings of Study Ilh Study IV, the etiology ofrunk pain in patientsvith COPD
wasinvestigatedising computed tomographic images of the thorax to examine thoracibragrte

deformity and arthropathywwo comorbidities thamaycause pain COPD
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Established reliability and validity ofymptomquestionnaire in COPD patients
Studies | and I
Brief Paininventory  Dyspnea Inventory  Brief Fatigue Inventory
Comparison ofymptoms | | Comorbidities || Demographics &|| Selfefficacy
that cause socioeconomic
BFI BPI DI pain status GSE
Study I
Quality of life
CCQ Contributors to pain in
patients with COPD
Trunk ‘z'iin Vertebral deformities ang
P ¢ arthropathy in COPD
Study IV

v

Thoracic kyphosis

Figure 1.1 Conceptual framework of the dissertationthat shows the flav of studies through

the thesis

Abbreviatiors. BFI = Brief Fatigue Inventory; BPf Brief Pain Inventory; CC@& Clinical

COPD Questionnaire; Bt Dyspnea Inventory; GSE General Selefficacy Scale
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1.6 Objectives and hypotheses

The overall hypothesis for this dissertation is that pain in patients with CQPD i
associated with musculoskeletal comorbidities and in particalatacic musculoskeletal
abnormalities.To test this overall hypothesis, this dissertation is divided into four separate
studies: to establish the reliability and validity of the paingtatj and dyspnea questionnaires
(Studies | and I1); to survey sekéported contributors to pain together with comparisons of pain,
dyspnea, and fatigue (Study Ill); and to examine if trunk pain is associated with thoracic
vertebral deformity and arthropegt in patients with COPD (Study IV).he specific objectives

and hypotheses of each study in this dissertation are stated below:

Study I: Reliability and Validity of the BPI in Patients with COPD (Chapter 2
Objectives: To determine the reliability (inteah consistency and testtestreliability) and
validity (convergent validity, divergent validity, discriminant validity, and construct validity) of

the BPI inpatientswith COPD who attend pulmonary rehabilitation programs.

Hypotheses:The BPI will demongate high internal consistency atas$tretest reliability It will
also exhibit convergent validityconstruct validity divergent validity, andliscriminant validity
that can discriminatéhe pain levels amon@COPD patientswvith different levels of physical

activity and quality of life.

Study Il Reliability and Validity of the BFI and DI in Patientswith COPD (Chapter 3
Objectives: To determinethe reliability (internal consistency and testestreliability) and
validity (concurrent validity, discriminant validity, and construct validity) of the BFI and DI in

patientswith COPD who attend pulmonary rehabilitation programs.

31



Hypotheses The BFI andDI will exhibit high internal consistency anéstretest reliability
They will demonstrate concurrent validitgpnstruct validity anddiscriminant validity that can
discriminatethe fatigue and dyspnea levels among patievite different levels of COPD

severity.

Study Ill : Pain in Patientswi t h C @ BubveyiStudy(Chapter 4 andChapters)

Objectives: (1) To determine the comorbidities that cause @eidthe potential contributors to
pain, including socioeconomic status, physical and psychological factors, and smstang ih
patientswith COPD (Chapter 4)2) to comparepain, dyspnea, and fatigue, as well as examine
the associations between pain and the other two symptoms (i.e. dyspnea and datigué)e
guestionnaires with a parallel format (Chapter &) to assesghe impact of these three

symptoms omjuality of life (Chapter 5).

Hypotheses: Musculoskeletal conditions will be the most common type of comorbidity that
contributesto pain in patientswith COPD. Also, cioeconomic statusselfefficacy, and
psychologial conditions andthe leves of fatigue and dyspnea will bine contributos to pain
(Chapter 4)The magnitude and interference scores of pain, dyspnea, and fatigue will not differ
significantly and pain will be ass@ted with dyspnea and fatiguall these symptomsvill

negatively impactuality of life (Chapter 5)

Study IV: Etiology of Trunk Pain in Patientswith COPD (Chapter 6 and Chaptej 7
Objectives: (1) To examineif patientswith COPD have more trunk pain than current ex-

smokers without COPRChapter 6); (2)d determine whetheahoracic vertebral deformity and
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arthropathyarecontributors to trunk pain in patientsth COPD (Chapter 6)(3) to comparethe
prevalence ohyperkyphosis in patientwith COPDand current pexsmokers without COPD
(Chapter 7);(4) to determinethe associatiabetweenhyperkyphosis andrunk pain,thoracic

vertebral deformityand degenerative disc diseas@atiens with COPD(Chapter 7).

Hypotheses:Compared with notf€COPD participants with a significant smoking histgestients
with COPDwill experience more trunk paiwhichwill be positively associated with vertebral
deformity and arthropathy of intervertebral, cosiigbral, and denrfacet joints (Chapter 6).
Also, comparedo those without COPDpatiens with COPDwill have greaterthoracickyphaosis
anglesand a higher prevalence of hyperkyphosis, which willalssociated withtrunk pain,

vertebral deformyt, and degenerative disc dise&€hapter 7)
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Chapter 2: Reliability and validity of the BPI in patients with COPD

2.1 Introduction

Pan is a commonly reported symptom patientswith COPD® ** with a reported
prevalence that ranges froB8% to 8294° 2° 62 03 688 70 gome ofthis variability in the
prevalence of pain may be due to the heterogeneity of participants and the different measurement
tools used among studies. More specifically, individuals with different cultural and ethnical
background¥ *® may have different perceptual experiences of pain. Moreover, different pain
instruments and definitions of painudd also contribute to a wide range of reported prevalence.
Numerous tools have been implemented to expéxyeriencs of pain, from unidimensional

tools (e.g. visual analogue scAfenumeric rating scalg '

and the Memorial Symptom
Assessment ScaféY’to multiple dimensional pain questionnaires, including the*8®F? %2 %
6769 and MPQ* ® Therefore, variabitiy i n partici pants6é6 character

used in the studies mayave contributed to thearied prevalence of pain among studigmt

investigated pain in patients with COPD

A recentsystematic review suggested that a standardized ps@ssament tool in patients
with COPDis requiredto provideanaccurate prevalencé However, to our knowledge, pain
assessment tool has not been specifically designguhf@nts withCOPD. Among thecurrently
developed pain instruments, the Biplpears to be a feasible meagorevaluatgain in patients
with COPDgiven the fact that it has been useat least eight studies to ddfe? 22 %®7 % The
BPI was initially deeloped for assessing cancetated pairt/® and it has been used to assess
pain extensively in different medical conditiofi§%* 1°However, in spite of its widespreade,

the reliability and validityof the BPIlin patientswith COPDhave not been formally established.
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Therefore, the purpose of this study was to determine the reliability and validity of the BPI
patientswith COPD These attributes are essential psychometric properties for utilization of
guestionnaires, especially in a patient population that is different from whom the questionnaire is

initially designed.

2.2 Methods
2.2.1 Study design and participants

This study consisted of two components: @ )prospective studihat recruited people
with a primary diagnosis d@OPD; and (2a secondary analysis that retriewbd data from two
previous studies that investigated pain in patievita COPD* *° (Figure 2.1). In addition to a
primary diagnosis of COPDheé nclusion criteria for both components were: 50 years or older,
no comorbidities that interfered with independent ambulation, sufficient English fluency, and no

cognitive impairment that would interfere with answering the questionnaire.

The prospective study was performed to determine thedtest reliability of the BRI
Patients with COPDwho experiencedpain were recruited from pulmonary rehabilitation
prog)ans at t hree sites (Vancouver Gener al Hospi
Pulmonary Rehab Clinic) in the greater Vancouver area, British Columbiangnsite Abilities
Centrg in Whitby, Ontario.These prticipants were asked to complete BPI twice oneveek

apart.

The secondary analysis component retrieved thielelgified datafrom two previously
published studie® *° The purposes of tise two previouslpublished studies were to compare

the prevalence and characteristics of pain between patéht€OPDand healthy individuafg
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as well as to determirte relationships betwegrainandphysical activity levels, quality of life,
comorbidities!® and exercise capacity.This currentstudy collected the followingada from
patients with COPDFEV,1% predicted, agesex andthe item scores frm four questionnaires

(BPI, shortform MPQ, SF36, and CHAMPS$.

The Clinical Research Ethics Board# the University of British Columbiand the

University of Toronto approved this studMI participants providedvritteninformed consent.

Secondary analysis én86) Prospective study
Participants were invited (@ 64)

26 excluded
No pain (n = 15)
No response (n =11

v

1 BPI returned (rF 38) R 1 excluded
No dx of COPD

5 excluded
,| Did not return the
2" BPI
o ~ 2 excluded
2" BPI returned (rF 32) s Did not complete
v BPI within 1-week
Convergent validity a .
Divergent Va"d'ty |ntema| ConS|Stency
Discriminant validity Construct validity Testretest reliability
(n=86) (n=123) (n=30)

Figure 2.1 Study protocol and process

Abbreviatiors. BPI = Brief Pain Inventorydx = diagnosis
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2.2.2 Instruments
2.2.2.1 Brief Pain Inventory

The BPI® can provide information on pain locations, pain magnitude, and how pain
interferes with aspects of daily living. Participants repaitgocatiors by shadingthe location
ofpanand placing an AX0 to i ndhiabady dagranhEepmainea t I
magnitude contains four items querying about pain magnitude in the following circumstances:
Anowo, At he wWoeasstt, dledvvedlod dit ehreage o . The items
domain use 1-point numeric rating scadeangng from 0 (no pain) to 10 (pain as bad as you can
imagine). The pain interference domain consists of seven items that ask about how pain
interfr es  with fAgener al activityo, Afmelatord avith A wal k
ot her peopl eo, Asl eepo, and fAenjoyment of [
domain, these seven items usepbint numeric rating scadgangng from 0 (o interferece to

10 (completely interferes).

2.2.2.2 Short-form McGill Pain Questionnaire

The shortform MPQ'®® evaluatespain qualityand pain magnitudeThe pain quality
domain consists of 11 sensory and four affective -pelsted descriptors thaire ratedin
intensity from 0 (none) to 3 (severe). T$teortform MPQ total scores were calculated by adding
scores fromthe sensory and affective domains. Pain magnitude is measuneg asvisual
analogue scalthat ask about pain intensity over the staweek, and the Present Pain Intensity
(PPI) that uses a Likegcale from O (no pain) to 5 (excruciating)he shortform MPQ has
shown to be an excellent tool to evaluate puaih established reliability and validitgmong

patients with chronic back patf* **3
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2.2.2.3 Medical Outcome Study Short Form:36

The SF36 is a weltestablished healttelated quality of life questionnaifé? % It
comprises 36 items that adbstributed in eight domains: (1) physical functioning; (2) role
limitations due to physical health; (3) general health perceptions; (4) vitality; (5) social
functioning; (6) role limitation due to emotional health; (7) general mental heaitt{8) bodly

pain. Two scores are derived from the-3F, i.e. the Phygal ComponenSummary (PCS)®re

andthe Mental Component @nmary(MCS) score

2.2.2.4 Community Health Activities Model Program for Seniors questionnaire

The CHAMPSquestionnairevas developed tevaluate the outcome ohe CHAMPS
program for senior§’® and has been used to assess the physical activity levels in older*#dults.
It consists of 41 items that ask about the frequency and the amount of time the participahts spen
on various activities in ongypical week during the past montBaloric energy expendituren
exerciserelated ativities and thefrequencyof engagemenin physical activities was determined

from this questionnaire.

2.2.3 Statistical analysis
The internal consistenayasa s s essed by (b aefficientACrso nabl apchhad s(
| value of> 0.70 indicates a good coladon among the iten?S® TheC r o n b |a apéffidisnts

were also calculatedfteran individual item in the BRasomitted.

The testretest reliability was determined loglculatingintraclass correlation coefficients
(ICC9 using a tweway mixed model An ICC of > 0.75 indicates excellent testetest

reliability.*® We performed aa priori sample size calculation to define the number participants
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required forexamining theestretestreliability of the BPI Since no study haseenperformed to
validatethe BPI inpatientswith COPD we used the IC@om the previous stuigs®” **°that
determined the tesetest reliability of the BPI in patients withsteoarthritisand inflammatory
bowel diseaseAn ICC of 0.9 was assumed angample size of> 25 could provide a power of

0.9, anda n < 0.05with anacceptable IC®f at least 0.7%°

Convergentand divergentvalidity were determined by examininghe correlatons
between the BPI and the $FPQ scores as well as the BPI scores and éachainof the SF-36
scores, respectivelyusing Speaman rank correlatiorcoefficients A correlation coefficient >
0.75 representsa high correlation™®® Construct validity was assessed through factor analysis
usinga principal axis factor analysigith direct Oblimin rotatiort®® Lastly, discriminant validity
was examined bgetermining the associations betwebka SF36 and the BPI scores as well as
the CHAMPS scoresand the BPI scores, respectively, using linear regression anakaBis.

statistical analyss were performed using the BSS software package (Version.@2Armonk,

NY: IBM Corp). A p-value < 0.05 was set to indicate significant differences.

2.3 Results
2.3.1 Participants

For the prospective component of this stuéy, participants were invited ané3
returred the questionnaires (response ra8%). Of the respondents, 15 reported no pain and
one participant did not meet the inclusion criteria,ahdrefore were excluded fromthe data
analyss (Figure2.1). In total, 2 of 37 participants returndabththe questionnairesTwo of the

participants completed the BPI beyomth acceptable tegetest interval (17 and 56 days,
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respectively) Thus, éta of 30 participant&ere included in the analigsof testretest reliability.
In addition, data was retrieved from 86 subjects for the secondary analpsssographic

characteristics ahe participantsarepresented ifable2.1.

Table 2.1 Demographic characteristics of the participants

Secondary Prospective  Testretest

; o Total
analysis component  reliability (n=123)
(n=86) (n=37) (n=30) B
Sex; n (%)
Male 43 (50%) 25 (68%) 19 (63%) 68 (55%)
Female 43 (50%) 12 (32%) 11 (37%) 55 (45%)
Age 71.4 (8.6) 68.7 (7.8) 68.3 (7.6) 70.6 (8.5)
FEV, 46.8 (16.9) 48.9 (16.5) 46.3 (16.3) 47.5 (16.7)

Dataarepresented as mean (Sy)less specified.

Abbreviation:FEV; = forced expiratory volume in one second

2.3.2 Internal consistency

Cr o n b|aadffidiens for the four BPI magnitude items and seven BPI interference
items were 0.91 and 0.94, respectivebhowing an excellent internal consistency in the
magnitude and interference domains of the.BRble 2.2 presents the values &r o nbjac hé s

coefficientswhentheitem was deleted.
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Table 2.2 Internal consistency of the BPI

Cr o n blaitithnd deleted

BPI magnitude domd®dli)n

Worst pain 0.89
Least pain 0.90
Average pain 0.86
Present pain 0.89
BPI interference =0.9na
General activity 0.92
Mood 0.93
Walking ability 0.93
Normal work 0.93
Relations 0.93
Sleep 0.93
Enjoyment of life 0.92

Abbreviation: BPI= Brief Pain Inventory

2.3.3 Testretest reliability

Table 2.3 presents théCCs for each item in the BPIThe mean testetest interval was
6.9 + 18 daysin 30 patientswith COPD Overall, the BPltotal scoreddemonstrated excellent
testretest relialdity (ICC = 0.93,95% Cl= 0.8 1 0.97). The ICCs of the BPI magnitude and

interference domains were 6.795% Cl= 0.4 1 0.83) and 0.2 (95% Cl= 0.8 1 0.%),
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respectively, which indicated excellent testest reliability forthesetwo domairs of the BPI.
Among the eleven items of the BPI, all the items demonstrated good to excellemtdsist

reliability?®* with the ICCs ranipg from 067 to 085.

Table 2.3 Test-retest reliability of the BPI (n = 30)

First test Second Test ICC (3,1)

Mean (SD) Mean (SD) (95% ClI)
Worst pain 59 (1.9 6.3(1.7) 0.72(0.48, 0.8)
Least pain 23 (1.9 2.7(1.9) 0.81 (0.63 090
Average pain 41 (1.6) 4.3(1.6) 0.75(0.54, 0.8
Present pain 3.3(2.3 4.1(2.3) 0.67(0.39, 0.83)
General activity 40(2.5 4.6 (2.3) 0.74(0.51, 087)
Mood 3.7 (2.9) 34(2.7) 0.85(0.71. 092
Walking ability 4.7(2.8) 4.7 (2.9 0.73(0.49, 0.86)
Normal work 4.6 (2.9 4.9 (2.6) 0.83(0.68, 0.2)
Relations 28 (3.0 2.8(2.5) 0.82(0.65, 0.9}
Sleep 46 (3.2 4.1 (2.9 0.82 (0.64091)
Enjoyment of life 5.2(3.0) 49 (2.4) 0.83(0.65, 092
Magnitude score 3.9(1.4) 4.3(1.6) 0.76 (0.54, 089
Interference score 4.2 (2.3) 4.1(2.2) 0.92 (0.85, 0.%)
Total score 4.1 (1.9 4.2 (1.9 0.93 (0.86, 0.97)

2.3.4 Construct validity

The factor analysis yielded a tviactor solution in the BPIThe eigenvalue of the first
factor was7.34, which explained66.7% of the variancein the BPI The eigenvalue for the
second factor wa.15 that explainedan additionall0.4% of thevariance in the BRIOverall

thesetwo factors explained 7% of thetotal variance.Four itemsof the BPIwereloaded onto
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the first factor whichwasrelated to pain intensityseven itemsf the BPlwereloaded ontdhe

second factor related to pain interferentale2.4).

Table 2.4 Factor loadings for items of the BPI (n= 123

Factor
Magnitude Interference
Worst pain 0.58 0.34
Leastpain 0.9 -0.10
Average pain 0.90 0.03
Present pain 0.72 0.16
General Activity 0.07 0.85
Mood -0.003 0.81
Walk -0.07 092
Work 0.03 0.83
Relations -0.05 0.82
Sleep 0.24 0.59
Enjoyment 0.03 0.89

* The old font indicategshe itemswere loaded ontahe factor. The rormal font indicate that

the items were not highlgorrelated with the factor.

2.3.5 Convergent validity

Table25 presentsth Spear mandés correlation shootef fi ci
form MPQ. The convergent validity betweéhe BPI total score arghortform MPQ total score
was high with the correlation coefficier$ being0.79 p < .001). The correlation between the

BPI magnitudescore andthe SMP Q s ensor y s ¢c0.72¢ ThevBP$demonstrated ( |
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high concurrent validity with theshortform MPQ visual analogue scaleAlso, the items

gueryingpresent pain intensity in the BPI waglilly correlated with thehortform MPQ PPI.

Table 2.5 Convergent validity of the BPI andshort-form MPQ (Spearman correlation

coefficient)

Shortform MPQ

Sensory  Total score VAS PPI

Magnitudescore 0.72** 0.86**
Interference score 0.82**
BPI
Total score 0.79** 0.88**
BPI present pain score 0.78**

** p-value< 0.001
Abbreviatiors. BPI = Brief Pain Inventory; MPQ= McGill Pain Questionnaire; PR Present

Pain Intensity; VAS= visual analogue scale

2.3.6 Discriminant validity

The discriminant validity of the BPI was examined in COPD patients with different
levels of quality of life and physical activitf.he BPI total scores wemegatively associated
with the SF36 PCS scores (Fss = 19.3,p < 0.001). Similarly, the BPI total scores were
negatively associated withe caloric energy expenditure in physical acti\ify, s4= 4, p < 0.05)

andthe frequency of agagementin physical activity (I s4= 4.3,p < 0.05) (Table2.6).
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Table 2.6 The associations of the SB6 and BPI scores as well as the CHAMPS and BPI

scores

Variable Regresion coefficient(95% CI) Standarderror
PCS scoref the SF36 -0.12 (-0.17,-0.06) 0.03

MCS scoreof the SF36 -0.03(-0.06, 0.@5) 0.02

Energy expenditure

(1003anV5veek) -0.3(-0.6,-0.004)* 0.2
Frequency of physical activit 0.05(-0.09,-0.003)* 0.02

(scordéweek)

* p-value < 0.05

Abbreviatiors. PCS= Physical Component Summary; ME3Viental Component Summary

2.3.7 Divergent validity

The divergent validity was examined by calculating the cofoglabetweerthe BPI and
each domairof the SF36 using Spearman correlatiofihe correlatios between theBPI total
score andll the SF36 domainsvere low(} = -0.22to -0.31), except for bodily painjE -0.54)

(Table2.7).
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Table 2.7 Divergent validity of the BPI and SF36

BPI

Magnitude Interference Total score

Physical functioning -0.14 -0.34** -0.29**
Role- physical -0.09 -0.26* -0.22*
General health perceptions -0.24* -0.32* -0.31**
© Vitality -0.15 -0.26* -0.23*
‘L’% Social functioning -0.13 -0.24* -0.22*
Role- emotional -0.11 -0.26* -0.22*
General mental health -0.09 -0.28* -0.22*
Bodily pain -0.42** -0.53** -0.54**

*p-value< 0.05; ** p-value< 0.01

Abbreviatiors. BPI = Brief Pain Inventory; Si36 = Medical Outcome Study Short Ford6

2.4 Discussion

This study established the reliability and validity of the BPI in patiesitts COPD The
major findings were that the BPI demonstrated high internal consistency anetésstreliability
in patients living with COPDConstruct validity was determined and showed that the items in
the BPI magnitude and interference domains measure the inteodsttucs. The BPI had good
convergent validity with another wedistablished pain questionnaire, the-NMFQ. Divergent
validity analysis revealed that the BPI and the38Flomains, except for the bodily paiomain

of the SF36, assess different constts. Lastly, the BPI possesses the discriminant validity that
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can distinguish pain levels among COPD patients with different quality of life and physical

activity levels.

The high internal consistency of the magnitude and interference domains of the BPI
reflects that the items in each domaireasure th@ame respective concept, itke amount of
pain and how pain interferes with aspects of daily lividgoreover, this study examined if
deleting any of the individual items in the two domains could chamgenternal consistency
The results showethat deleting any individual item could produedlowerCr o n bjavalbed s
t han t he | Coebinehtaof thed BPI magnitude and interference domaimstheir
entirety (Table 2.2). Thus, these data indicatlkat all the itemsn the two domainshould be

retained in the BPlvhen evaluating pain in patients with COPD

The oneweek testretest reliability of the BPI in patientgith COPDwas high. Previous
studies have examined the testest reliability of the BPI with an interval between 1 to 10
days’®? 292204 |t is expected that shorter tastest intervals may increaseliagility due to
memory effectavhereas longer tesetest intervals may lead to lower values of ICCs because of
potentialchanges in symptom&? ***There is no rule of thumb regarding the tetest intervals
Therefore, an interval of one week was chosen todaearryover memory effects and to
minimize potentialramatic changes in the underlying causes that might influencelipairder
to control for the effects of medications or treatments on pain, we asked participants to list the
pain treatments and medimms received as well as the amount of pain relief. The ICC of the
amount of pain relief (ICG 0.87, 95% CE 0.73 1 0.94) indicated that the pain treatments or
medicatiors that participants have received during the study did not affect the test stores.

addition we found that the value of ICCor t he fpresent pabD&)) item
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which is consistent witthe previous studie&’® ?>>The present pain intensity has been shown to
change when testing at two or more intervals and as expemppears to greatly depend on
participant sod per c ewpwhencanpletiogfthe BRilm gpite afta lowehlEC, mo me n
the value of 0.8 is deemed as good reliabilit)* Therefore, the overall tesetest reliability of

the BPI in patientsvith COPDcan be consideregbod to excellent.

The results of this studyuggested that the eleven items in the BPI can be grouped into
two factorsthat ae consistent with their domaimpain magnitudeand pain interferencerhis
finding is similar to the data fronthe previous BPI validation studies in different patient
populations e.g. cancer pain, low back pain, and chronic'{f&itt 2% 2°®The factor ladngs of
all the 11 items Table 2.4) showed that the four items in the magnitude domain were related to
each other and represedtthe construct of pain intensity. Similarly, all seven itemshe
interference domain reflected the saocmmstruct, i.ehow pain interfered with aspects of daily

living. Therefore, the items in the BPIM@the ability to measure the intended constructs.

The convergent validity of the BPI was determinedtbyomparison with the SMPQ.
The correlation between the BPI magnitsdereandthe SFMPQ sensorgcorewasconsidered
t o be g0o/p).dThe(sljghtydower rho valuesnay be due to the different pain properties
that the two questionnaires aim toamare. Although the BPI magnitude domain also measures
the sensory aspects of pain, the four BPI magnitude items focus more on the severity of pain. In
contrast, the SIMPQ sensory domain contains pain characteristics as defined by descriptors and
the sevety of each pain descriptas rated*®® It is possible that a person who reports a higher
pain severity score on the BPI may not fiheé descriptors that can adequately describe pain on

the SFMPQ and thus, results in a lower sensory domasore. Despite the somewhat different
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traits of pain that are derived from these two questionnaires, the underlying construct of the BPI
and SFMPQ is similar. The high correlations between the BPI present painssotwdethe SF
MPQ PPI as well as the BPdtal scors and the SAMPQ total scoes indicated that the two

guestionnaires reflect the same primary constrpeiin.

This study found that the BPI can discriminate the levels of pain among COPD patients
with different levels of quality of life and phigal activity. This is clinically important as
increased pain has been reported to be associated with physical ifdciivitypoor quality of
life®® in patientswith COPD We did not group participants based on their quality of life or
physical activity because there are established thresholds to categotimescores othe SF36
and CHAMPS asgood and poor qualityf life or high and low physical activity levels,
respectively.Moreover, we only found that the BPI has the abilitydistinguish pain levels
among COPD patients with varied-86 PCS scores but not MCS scoiieeasonsvhy the BPI
lacks the discriminant validity in COPD patients with different3®FMCS scoresre unclear
However, previous studies have found that the &mipof pain on the physical component of
quality of life is greater than that on the mental compofféAt? Pain nay have a more
immediate, direct effect on physieadlated quality of life whereas it might have a more gradual

and/or complex impact on ment&llated aspects that affect quality of fifé.

This study has couple ofimitations. First, we recruited participants with COPD from
pulmonary rehabilitation programs. However, data retrieved from two previous &tifies
our secondary analysis included patiewith COPD from pulmonary rehabilitation programs
and r espi r 8 Thogthesgensralizabilltyioithe cesults of this study to other groups of

patientswith COPDmight belimited. A second limitation is thatis study did not examine the
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responsiveness of the BPI in patiemtsh COPD Therefore, the ability of the BPI to detect

changes after a particular intervention in patievite COPDremains to be determined.

2.5 Conclusions

The BPI is nobnly the most commonly used pain questionnaire in COPD studies, it also
provides information o painlocations, painmagnitude and how pain interferes with various
aspects oflaily life activities. This study formally established the religpiand validity of the
BPI in patientsnvith COPD which can provide strong evidence that the assessmeiisrigem
this pain questionnaire are reliabdnd valid. Lastly, it is worthwhileto investigate the
responsieress of the BPI in pantswith COPDin the future in order to broaden evidence for

its psychometric properties.
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Chapter 3: Reliability and validity of th e BFI and DI in patients with COPD

3.1 Introduction

COPDis projected to become the third leading cause of death by"2G8@limposes a
substantial economic burden on medical systems and indiviitfalPatientswith COPD are
most often limited bydyspnea and fatigifewhich are considered to k@imary limitatiors to
exercisé'? and physical activity® as well as predictors of higher mortalfty.>*>More recently,
pain has been shown to affect the majority of patiaritis COPDand is a contributoto poor

physical performanc¥’

Because of the high prevalence of these three symptoms in COPD, their assessment is
essential in the management of COPBowever, to date, there are no studies that compare the
relative severity of pain, dyspnea and fatigue in COPD. The only shad attempts to quantify
these symptoms is a Japanese stwdyich usedthe BPI, the BFI, and theDI in lung cancer

patients*'®

The BPI, BFI, and D) which useparallel descriptors and numeric scalesuld provide
more readily comparablscores of symptom severity and interfeze. The BPI appears to be a
feasible pain measurement tool because studies have shown good réfiabifity*? *°>and
validity in people with pain due to cancgf,?’® normalignant cause¥’ °? and COPD?°
Although the BFI has not been tested in patientsth COPD good testretest reliability,
construct validity and concurrent validithave been showim cancer patiets®*’ Although he
Dl is only reported in pe study?*®its similar format will allow comparisons to the severity and

interference soresof the BPI and BFI.
51



One of themost well validated andommonly usedjuestionnairefo evaluate fatigue and
dyspnea inCOPD is the CRQ?#?%° However, h spite of the strengths of the CRQ, no single
item asks about pain. Furthehe phrasingand Likert scoringof its items severely limit any
relative comparisons to the BPI or other established pain questionfoesover, using the
lengthy CRQ plus another questionnaiteat evaluats pain in COPDcould cause substantial
Aguest i on n dlus, dr dinical argl wesearch purpossisort questionnaires with a
similar format would have great advantages ovenge questionnairesuch as the CRQ, plus a
pain questionnaireTherefore, thepurpose of this study was to determine the reliability and

validity of the BFI and DI in gtientswith COPD.

3.2 Methods
3.2.1 Study design and patrticipants

This studycollectad bothretrospective and prospectivatd (Figure 3.1). The inclusion
criteria werepatiens with COPD (confirmed with spirometry) aged 45 years and older with
English fluemy and no cognitive impairment that impeded the ability provide informed

consent.

Retrospective data averetrieved from the charts of patiemdsth COPD who attended
the pulmonary rehabilitation program at Vancouver General Hospital in Vancouver,aCanad
Data retrieved included FRYage, sex, and scores fitve questionnaires (CRQ, BFI, and DI).
The pulmonary rehabilitationprogram at \Ancouver General Hospitalused the self

administrated CRQ with an individualized dyspnea domain (GAQ.
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For the prepective component participants were recruited from theulmonary
rehabilitationprograms at four sites: ancouverGeneralHospita] Richmond Hospital, Langley
Memorial Hospital, and Jim Pattiso@utpatient Care and Surgei@enter, in the greater
Vancouve area Canada. Participanteceiveda survey package containing: consent form,
CRQ, BFI, and DIThe CRQwith a standardized dyspnea domé&@RQ SAS) was used in this
group of participantarticipants were asked to complete these three questionmaites same
day. The estimated completion time wast@30 minutesOneweek laterthey were providea
second package that contained the BPI, DI, and a screening question that asked!zuye a
their COPD statuslhe estimated completion time was 10 to 15 minukls.study protocol was
approved by the Clinical Research Ethics Board of the University of British Columbia. All

participantgprovided written informed consent.

Validity of the BFI andDI was examined combining retrospective and prospective data
from the CRQ, BFI and D(Figure3.1). Concurrent validity was determined separately using the
retrospective angbrospectivedatg respectively, because different versions of the CRQ were
used in the two settings as descrilprdviously Testretest reliability of the BFI an®I was

examined from the first and second packages of the BFI and DI in the prospective component.
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= Retrospective Data Prospective Survey 1*' Package Handout
[} CRQ, BFl and DI administered CRQ, BFI and DHistributed at Pulmonary Rehab Program wi
§, as part of clinical assessment instruction sheet.
= n=48 n =107 (JPC= 34; LMH = 22; RH= 33; VGH= 18)
(&)
()
@
1% Package Responses
n=91 (85%)
JPC= 31 (91%); LMH= 21 (95%);
0 | VGH=12 (67%); RH= 27 (82%)
o
= Excluded
el | n= 16 (85%)
= 2" Package Handout 1 Withdrew (n=9)
a BDI, BFI and screening question 1 Nonresponses (r 7)
=] (about COPD Status) distributed at
c
@ Rehab Program
c
S |
c
Q 2" package Returned ) Excluded n= 28
S:J n=76 (83.3%) A Did not state change in status<(id)
JPC= 26 (84%); LMH= 19 (90%) A COPD status improved (120)
VGH = 9 (75%); RH= 22 (81%) A COPD status worsened $13)
N | |
g InternalConsistency
< Concurrent Validity Construct Validity Concurrent Validity Testretest Reliability
c n=48 Discriminant Validity n=90? n=48
< n=139

Figure 3.1 The summary of the study process

Abbreviatiors: CRQ= Chronic RespiratorQuestionnaire; D Dyspnea Inventory; BFt Brief
Fatigue Inventory; JPG Jim Pattison Outpatier@are and Surgery Centre; LMH Langley
Memorial Hospital; RH= Richmond Hospital; VGH= Vancouver General Hospital; CORD
chronic obstructive pulmonary diase

@0One participant was excluded due to not able to complete all questionnaires on the same day

P Discriminant validity was assessed in 137 participants
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3.2.2 Instruments
3.2.2.1 Chronic Respiratory Questionnaire

Concurrent validity of the BFI anBl was determined bysingthe CRQas acriterion
measureThe CRQcontainsfour domains dyspneaf{ve items), fatigue four items), emotional
function evenitems), and masteryfqur items). A sevenrpoint Likert scale is used for each
guestion, with a higher score indicating a better outcome.-SRIQequires participants telicit
activities that make them most short of breath; CB&$ asksaboutthe degree of dyspnea when

performinga standardizetist of activities.

3.2.2.2 Brief Fatigue Inventory

The BFI consists of0items. The first item asks if participants have experienced fatigue
in the | ast week (yes or no) . Three 1items
A wo r s t, redpectivelyl idnumeric rating scales that are anchored by 0 (no fatigue) to 10 (as
bad as you can imagine). Fatigue interfereiscevaluated by six items with numeric rating

scales anchored by 0 (does not interfere) to 10 (completely interferes).

3.2.2.3 Dyspnea Inventory

The DI consists ofll items with a parallel format to the BFThe first item asks if
participants have experienced dyspnea in the last week (yes folloa)ed bythree itemghat
guery dyspnea magnitudesing similar descriptors to the Bk 10-point numeric rating scales
Dyspnea interferences evaluated by seven items via numeric ratsogles. The interference
domainof the DI has one additional item thasks abousleep which is not contained in the

interferencadomainof the BFI.
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3.2.3 Statistical analysis

The internal consiency was assessed by Cronbatgha ( ) coefficient. A Cronbach
greater tha.70 indicates a good correlatibfi.The testretest reliability was examined by IGC
using a tweway mixed modelAn ICC greaterthan0.70 represents high testest reliability**®
To eliminate bias due to fluctuation in disease severity, prospective data to examnetestst
reliability of the BFI and DI wreused only if the participants reportdtht theirCOFD status

did not changdetween completion of the first and second survey packages.

Concurrent validity was determined by examining the correlation between the CRQ and
thetarget questionnaires using Spearman rank correlation. A correlation coefficissgnesdter
than0.75 represents high concurrent validityConstruct validity was assessed through factor
analysis with a principal axis factor analy#ist is a common method of determining construct
validity.'*® Factoranalysis examines correlations among factors and each item of questionnaires.
Discriminant validity was determined by comparing BFI and DI scores among participants with
different disease severity using eway ANOVA. Disease severity was defined usi@@LD
criteria® All statistical analges were performed using SPS&&rsion 22.0 Armonk, NY: IBM

Corp). A p-value < 0.05 was set to indicate significant differences.

3.3 Results
3.3.1 Participants

In the prospective component, 91 of 107 recruits returned thediestionnairgpackages;
of those responders, 76 returned the second paclkagard 3.1). The retrepective data

consisted of 48 eligible patients with complete set of questionnaireBhe demographic
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characteristics of the retrospective and prospective components showed similar=a@81),

and disease severitg € 0.33) (Table3.1).

Table 3.1 Demographic characteristics of participants

Prospective; Retrospective; Total;
Mean (SD) Mean (SD) Mean (SD)
Age (years) 71.4(8.3 69.5(10.7) 70.7(9.2
FEV; (% predicted) 51.7(18.0 54.7(18.0 52.7(8.0)
n % n % n %
Sex
Male 48 52.7 28 58.3 76 54.7
Female 43 47.3 20 41.7 63 45.3
COPD severity
Mild 5 5.5 4 8.3 9 6.5
Moderate 44 48.3 25 52.1 69 49.6
Severe 29 31.9 13 27.1 42 30.2
Very severe 11 12.1 6 12.5 17 12.2

Abbreviatiors. COPD= chronic obstructive pulmonary disease; FEMforced expiratory

volume in one second
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3.3.2 Internal consistency
Cronbach coefficients for the nine BFI items arkdD DI items were 0.96 and 0.96,
respectively, which indicated excellent internal consistency for both questionnairateintp

with COPD(n = 139)

3.3.3 Testretest reliability
Of the 76 participants who returnéte second package, 28 were excluded because of a
change INnCOPD statusor for not completingthe screening questio(Figure 3.1), which

provided complete data fdi8 partcipants.

The BFI and DI total scores showed high 4esest reliability (ICG;= 0.86 and 0.91,
respectively; Table 3.2). The magnitude and interference domains of the BFI Rhdalso
demonstrated high testtest reliability (ICG;= 0.87 and 0.82 for magnitude and interference
domains of the BFI; IC&,= 0.87 and 0.90 for magnitude and interference domains of the DI,
respectivelyTable3.2). The ICCs reflective of tesetest reliability of each item of the BFI and

DI are presented ihable3.2 and ranged from 0.74 to 0.95.
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Table 3.2 Test-retest reliability (n = 48)

ltem First test Second test ICC (3,1)
Mean (SD) Mean (SD) (95% CI)
BFI
Fatigue now 3.46 (2.59) 3.33(2.60) 0.89(0.81,0.94)
Fatigue usual 3.71 (2.40) 3.65(2.43) 0.83(0.72,0.90)
Fatigue worst 4.75 (2.75) 4.83 (2.73) 0.74 (0.58,0.85)
General activity 4.02 (2.84) 3.85(2.76) 0.79 (0.65,0.88)
Mood 3.02 (2.44) 2.90 (2.43) 0.74 (0.58,0.85)
Walking ability 4.21 (3.08) 3.96 (3.01) 0.80 (0.67,0.88)
Normal work 4.94 (3.27) 4.46(3.02) 0.79 (0.65,0.88)
Relations 3.23(3.02) 2.69 (2.55) 0.75 (0.59,0.85)
Enjoyment of life ~ 3.90 (2.96) 3.31(2.74) 0.77 (0.62,0.87)
BFI Magnitude 3.97 (2.46) 3.94 (2.44) 0.87(0.77,0.92)
BFI Interference 3.89 (2.66) 3.53(2.53) 0.82(0.70,0.89)
BFI Total 3.92 (2.51) 3.66(2.43) 0.86 (0.77,0.92)
Dl
Dyspnea now 2.29 (2.40) 2.38(2.38) 0.76 (0.61,0.86)
Dyspnea usual 3.40 (2.43) 3.29 (2.32) 0.77 (0.63,0.87)
Dyspnea worst 5.19 (2.76) 5.13(2.71) 0.83(0.71,0.90)
General activity 3.83(2.72) 4.00 (3.04) 0.80(0.67,0.88)
Mood 2.56 (2.56) 2.50(2.47) 0.86 (0.77,0.92)
Walking ability 4.23 (2.94) 4.19 (2.91) 0.81 (0.69,0.89)
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ltem First test Second test ICC (3,1)
Mean (SD) Mean (SD) (95% CI)
Normal work 4.72 (2.99) 4.36 (2.96) 0.82 (0.70,0.90)
Relations 2.56 (2.80) 2.58 (2.70) 0.87 (0.77,0.92)
Sleep 2.19 (2.86) 2.13(2.81) 0.95 (0.91,0.97)
Enjoyment of life  3.52 (2.98) 3.31(2.77) 0.80 (0.67,0.88)
DI Magnitude 3.63(2.28) 3.60(2.22) 0.87 (0.78,0.93)
DI Interference 3.37 (2.52) 3.30(2.52) 0.90(0.83,0.94)
DI Total 3.44 (2.39) 3.39(2.41) 0.91 (0.85,0.95)

Abbreviatiors. BFI = Brief Fatigue Inventory; C¥ confidence interval; D¥ Dyspnea Inventory;

ICC = intraclass coefficient correlation

3.3.4 Concurrent validity

The concurrent validity of the BFI and Rlashigh whencomparing tahe CRQ-SAS
= -0.83, -0.78, respectivelyp < 0.01). The retrospective datapmpared tothe CRQ-SAI,
demonstrated

hi gh ¢ onc=088p+«h0l)aramoderate cpncdrrent t h e

val i dity =e0f57,4<90.681).DI (|

3.3.5 Construct validity

The KaiserMeyerOlkin measure of sampling adequacy revealed values of 0.93 and 0.94
for the BFI and DI, respectively, which suggested that the items of the two questionnaires were
factorable.The factor analyses yieldeslonefactor solutionin both questionnairesThe first

factor explained 78.3%nd 75%o0f the variancein the BFI and DI, respectivelyThe factor
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loadings in the BFI andl were high, which indicated the items of each questionnaire

represented the same constr{icble3.3).

Table 3.3 Factor loadings for items of the BFI and DI (n=139)

Factor loading

ltem
BFI Dl

Symptom now 0.79 0.76
Symptomusual 0.86 0.84
Symptom worst 0.82 0.83
General activity 0.93 0.92
Mood 0.88 0.87
Walking ability 0.86 0.87
Normal work 0.91 0.89
Relations 0.86 0.86
Sleep N/A 0.77
Enjoyment of life 0.90 0.88
Eigenvalues 7.05 7.50
Total variance (%) 78.3% 75%

Abbreviatiors. BFI = Brief Fatigue Inventory; D¥ Dyspnea Inventory

3.3.6 Discriminant validity
There was a significant difference of the DI score among peoiptediferent COPD

severity (k3 133= 2.89,p = 0.04). Post hoc tests using Tukey HSD showed that the mean DI score
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in people with moderate COPD was significantly lower than that in people with very severe
COPD (Table 3.4). However, the BFI score did not show any significant difference among

people with different COPD severity.

Table 3.4 BFI and DI among participants with COPD

Mild Moderate Severe Very severe
Questionnaire (n=9) (n=69) (n=42) (n=17) p-value
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
BFI 3.53(2.51) 3.84(2.31) 3.83(2.86) 5.14 (2.37) 0.24
DI 2.94 (2.25) 3.37 (2.22)* 3.69 (2.54) 5.16(2.63)* <0.05

*Significant difference existed between groups

Abbreviatiors. BFI = Brief Fatigue Inventory; D& Dyspnea Inventory

3.4 Discussion

This study demonstrategbod reliability of the BFI and DI inpatiens with COPDas
reflected byexcellent internal consistency as well as high-testst reliability.In addition the
BFI andDI had moderate to high concurrent validity with different versions of the CRQ. The
examination of construct validitgrovides evidencé¢hat items of the BFand DI measure the

intendedsymptomsthat is,fatigue and dyspnea, respectively.

Both the BFI andDIl presented excellent internal consistency in magnitude and
interference domainsyhich indicatesthat the items in the same domain measure the same
concep. Also, the testretest reliability was high for the BFI and .Olhe interval between tests
can influence reliably becauseshort interval mayverestimatezalues due to recalvhereas a

longer interval may underestimate this property due to fluctuadtiodisease statug® In
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previous studies that examinesktretest reliabilityof questionnaires in CORDesearchers used
different time intervals, ranging from one day to four wegké?*?2% Therefore, his study used a
oneweek interval taninimize carryover effects and potential COPD status changes. Bias due to
fluctuations in disease status was further controlled for by asking partictpgmtsvide a sef

report of whether their condition changed.

This study used the CRQ as the criterion meadweauseit is a widely used
guestionnairewith well-established psychometric properties thah assessoth dyspnea and
fatigue in COPD® #* Unlike the BFI, the concurrent validity of the DI rangedtween
moderate to goodlhe discrepancy between the validigyels ofthe DI is likely related to the
difficulty and potential similarities of dyspnea items identified in the €. The CRQSAI
requires participants to identify five activities thatielthe most dyspnea from a fiét whereas
the CRQSAS providesparticipants withfive predetemined activities torate dyspne&2® The
CRQSAI requires more time to complete and many rfi@pants cannot identify five
activities??® Indeed, our retrospective data showed that 21% of participants (0) did not
select five activities. ThERQ-SAI also provides the opportunity to select items that are similar
while such activities might fit within one term on the predeterminecfishe CRQSAS. For
example, having a bath or shower, eating, and dressing (from theSBR@an be groupeadhio
Ataking care of y 0 u 1SASbCGusretrospentigeeddta demangirated that CR Q
75% of participants (& 36) identified more than two walking activiti@s its dyspneadomain
The similarity of activities in the CRQSAI and fewer itemsidentified likely provide an

explanatiorfor the lower correlations and concurrent validity of the DI with this measure.
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Neither the DI nor BFI discriminated the dyspnea and fatigue levels among people with
different COPD severities. The primary explanatis that this study use@OLD criteria® to
classify COPD severity, which mainly relies on the level of airflow limitation (BEY has
been previously reported that FE poorly related to COPD symptoms, including dyspnea and
fatigue® ?*” and that people with severe COPD may have mild symptoms and vice Versa.

addition the primary focus of both questionnaires is not to discriminate the disease severity of

patientswith COPDbut rather to evaluate symptom severity and interference.

Pain, dyspea, and fatigue are multidimensional and subjective sens&tfgfsBoth
painand dyspneare alertingsensatiorfs - andthe perceptions of pain and dyspnea can stimulate
similar cortical regions of brains, suak the anterior insular cortex, anterior cingulate cortex and
amygdala.’* *"? Furthermore becausepain and dyspnea share a similar emetielated brain
networkthat presens analogous negative affect states, they can be influenced by psychological
factors, for example, emotion and attention>*> Compared to pain and dyspnetactors
contributing to fatigue are relatively unclear. However, it has been suggested that fatigue is
associated with dyspnea, anxiety, depression, and sleeping disSfdeéfsConsidering the
complexity of the interaction among these three symptoms, paiadlelquesticnaires for their
investigationcould facilitate the future research to clarify and explore the relatiomshang

pain, dyspnea, and fatigue.

Questionnaires with similar formats may better inform the relative severity and
interference of these three sympts in a particular patienPain has been widely investigated
and several instruments have been developed to address its multidimensidhaliagdition

instruments that consistf multiple domains have been e to assess fatigue, such as
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Multidimensional Fatigue Inventofy* the Manchester CORRtigue scalé?® and Fatigue

Impact Scalé®® In contrast, the evaluation of dyspnea appears to lack a constamdardized
instrument that encompasses several dimensions. Therefore, to date, available questionnaires do
not allow comparable monitoring of pain, dyspnea, and fatigeeausethe nature and
perspective of the questionnaire itewasy markedly. As well, many of the questionnaires that
evaluate one or two of these symptoms, such as the CRQ, are lengthy and require considerable
time for scoring Thus, using parallel questionnaires thi a similar desigrcould provide more

practical and comparative assessmerthe$esymptons.

This study hasomelimitations. First, the participants of this study were recruited from
the pulmonary rehabilitatiorprograms, which may limit the generalizlity of the results to
patientswith COPD outside of this sample. COPD patients with more complex comorbidities,
frequent exacerbations and limited resources to attend rehabilitation may not be represented by
this study group. Second, this study did ne¢ pulmonary function measures to confirm COPD
status between two administrations of tipgestionnairesHowever, we issued a followp
screening question to monitor changes in COPD status and all participants were well enough to
attend rehabilitation ssions on both days of questionnaire completiénally, this study only
used disease severity to determine the discriminant validity of the BFI and DI. Other indicators

including physical performance and quality of life could be used in the futuresstudie

3.5 Conclusiors
In conclusion, this study demonstratgabd reliability and strong validitgf the BFI and

DI in patientswith COPD. The BFI and DI are straightforward questionnaires for patiatits
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COPD to selfadminister and require little time fothe evaluator to score. sihg these
guestionnairgsin conjunction with the BPI, may allow for efficient and concurrent assessment
of common symptoms of COPD, providing comparative analyses to better inform clinical

management and research investigations.
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Chapter 4: Comorbidities that cause pain and the contributors to pain in

patients with COPD

4.1 Introduction

COPD is a debilitating respiratory disease that is characterized by chronic airflow
limitation.”® However, COPD also has widespread systemic effearsd commonly coexists
with more than one comorbidity, includir@vD,® diabetes**® arthritis, *** and osteoporosf&
It has been reported that 51%paftiens with COGPD have at least one comorbigfty which is
associated with increased mortality, hospitalizatiSrand poor quality of lif¢®* Importantly,
the presence of comorbidities ipatiens with COPD may contribute to pdih an

underppreciated feature of COPD.

The prevalence ofgin in COPD is highwith reports ranging between 45% and 7295
Of concern, pain ipatiens with COPD was shown teetassociated with poquality of life *°*°
% and a lower physical activity levé&] *° Moreover, patients witlCOPD withthe most severe
pain hada lower 6minute walk distanceand lower physical activity time (measuredth
accelerometry), compared withose with minimal or ngain®® Although studies to date have

shown a high prevalence of pain associated witlelghysical function and poauality of life,

its underlying contributors remain unclear.

Recently, investigators have described the association between comorbidities and pain in
COPD> % 1%The number of comorbidities was correlated to pain severity scores, measured by
the BPI and MPQ,*® ®® and was also described as a risk factor for pain in this condffion

Compared with COPD patients without pain, those who experienced pain reported a higher
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number of comorbidities® Moreover, 73% of patientwith COPDwho experienced pain had

more than two comorbidities; 46% of those who had pain reported more than three
comorbidities®® Taken together, these data support the postulate that the presence of some
comorbidities may be onefdhe contributors to pain ipatiens with COPD. Although a
relationship between pain and comorbidities has been described, the most caonmoolidity

that causes pain in patisnivith COPD has not been identified. Also, no study has inquired about

comomidities that cause pain in COPD to date.

Clinically, pain can be a primary symptom of many disorders and the most common
referral reason for seeking medical attention from a family physffam addition to the
primary pathology, the perceptiar pain is complex and can be influenced by cultses’’ and
psychological factor$® Therefore, the purpose of this study was fafdl: (1) to determine
comorbidities that cause pain; af®) to determine the potential comtwiors to pain, including
socioeconomic status, physical and psychological factors, and smoking history in COPD.
Understanding comorbidities that cause pain and the related contributors to pain in COPD may

provide clinicians insight into its causative fat and potential interventions.

4.2 Methods
4.2.1 Study protocol and participants

This was a crossectional survey study. It was approved by the Clinical Research Ethics
Board of the University of British Columbia. All participants of this study provided written

informed consent.
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A convenience sample opatiens with COPD vas recruited from pulmonary
rehabilitation programs at six sites in Metro Vancouver and Okanagan regions of British
Columbia, Canada from January 2014 to May 2015. All eligible participants who attended
pulmonary rehabilitation programs at tparticipatingcenterswere invited to participate in this
study. Inclusion criteria werdg1) being aged 0 yearsand (2) havinga diagnosis of COPD
confirmed by spirmetry. Exclusion criteria werg1) lacking English fluencyor (2) having

cognitive impairment thahterfered with written consent and completion of questionnaires.

Participants were given a survey package that contdamedollowing (1) participant
information form;(2) BPI’®: (3) list of health conditions in lay terms that might contribute to
pain; (4) medication record(s) DI;?*° (6) BFI;**® (7) Clinical COPD Questionnair€CCQ);**

and(8) the General Seléfficacy Scale (GSE}®

4.2.2 Outcome measures
4.2.2.1 Participant information form

This form asked for information on demographic charasties, such as age, sex, height
and weight. Socioeconomic status questions including education level, living status with family,

employment status, work type, and housing situation were adapted from a previouf&’study.

4.2.2.2 Brief Pain Inventory

The BPlis a weltestablished pain questionrfditthat consists of three componer(tk} a
body diagram to indicate pain locatiorf®) a pain magnitude $fscale, which consists ddur
items that ask about pain magnitude fAnowbo,
respectively, via a numeric rating scale anchored by 0 (no pain) and 10 (pain as bad as you can

imagine);and @) a pain interferencsubscale, whicltontains seven items that evaluate how
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pain interferes with seven daily life activitibg using numeric rating scales anchored by 0 (does

not interfere) and 10 (completely interferes).

4.2.2.3 List of health conditions that might contribute to pain and medication record

This form asks about comorbidities tl@use pain stated in lay terms; for exampl& o
you have pain and stiffness in your joints that hurt more when you walk or when you use the
pai nf ul Two additiona Questions askelbet presence of psychological comorbidities,
depression and anxietithis list was adapted from the Charlson comorbidity irfdé&xur
previous survey of pain in COPB,and a recent survey about chronic pafnCurrent
medications were listed as well as the name, dose, frequency, and start date of medications. If
affirmative responses were sedported regarding comorbigis that cause pain, health
professionals from the respective pulmonary rehabilitation program confirmed their presence by

medical chart review or telephone call to the participant.

4.2.2.4 Dyspnealnventory and Brief Fatigue Inventory

The DI and BFI*® are questionnaires with a parallel format to the BPI that can evaluate
dyspnea and fatigue, respectively. The magnitude and interference items are similarly devised
compared to the BPI. The reliability and validity of the DI and B&le been determined in

patieris with COPD?**

4.2.2.5 Clinical COPD Questionnaire

The CCQ is a validated diseaspecific healthrelated quality of life questionnaire”®
that is used to evaluate health statugpatientswith COPD. It consists of 10 items in three
domains gymptoms, functional state, and mental state).-point Likert scale from O to 6 is

used for each item, with a lower score indicating a better outcome.
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4.2.2.6 General selfefficacy scale

The GSE aims to assess the perceivedesttfacy, which is the extentafn e 6 s bel i e f

his or her own ability to complete novel tasks and reach §&alfie GSE includes 10 items that
ask how participants cope with different situations. Seffcacy is assessed using gpdint

Likert sale from 1 to 4, with a higher score indicating higher-séitacy.

4.2.3 Statistical analysis
A sample size of> 74 was calculated to provide an effect sfZpdf 0.35, a power of 0.9

anda n, <0.05 for multiple linear regression analy$és.

Demographic data, the magnitude and interference scores of pain, dyapoheatigue
as well as theCCQ and GSE scoresvere summarized using descriptive statistics. Mean and
standard deviations are reported. Frequencies were calculated for the prevalence of pain, and the

number of comorbidities that cause pain.

Logistic regession models were built to determine factors associated with the presence of
pain (binary outcome). The following potential independent variables were individually included
in the models: agesex COPD severity REV;), BMI, CCQ GSE, socioeconomic stafus
smoking history, anxiety, and depression. A multiple logistical regressiodel was then

performed to adjust potential confounders.

Linear regression models were used to determine the contributors of pain magnitude and
interference scores by includinge following potential independent variables: aggx COPD

severity (FEV), BMI, CCQ, GSE, DI, BFI, socioeconomic status, smoking history, anxiety, and
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depression. All statistical analyses were performed using SPSS (VersignAR2adnk, NY:

IBM Corp) with a level of significance set pt< 0.05.

4.3 Results

In total, 100 of 137 (73%) participants returned the survey packages. Of those responders,
four participants were excluded (three chose to withdraw from the study; one was a duplicate
participant). As aesult, 96 (70%) participants were included in this studgmographics of

participants are presentedTiable4.1.

Table 4.1 Demographic characteristics and outcome measures of participants

Characteristic Male (n=57) Female (n=39) Total (n =96)
Age (years) 71.9(9.9 70.1(9.2 71.2(9.6)
FEV. (% predicted) 46.5(19.0* 58.3(21.5* 51.3(20.9
BMI (kg/m?) 26.0(0.1) 26.1(6.9) 26.0(6.4)
Smoking history (packear) 41.4(28.) 38.8(22.7) 40.3(25.8

Current smoker; n (%)

Yes 1(1.7%) 3 (7.7%) 4 (4.2%)
No 51 (89.5%) 36 (92.3%) 87 (90.6%)
Unknown 5 (8.8%) 0 (0%) 5 (5.2%)

Highest completed education; n (%)
High school 27 (47.3%) 21 (53.8%) 48 (50%)

College 13 (22.8%) 12 (30.8%) 25 (26%)
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Characteristic Male (n=57) Female (n=39) Total (n =96)

Bachelor 8 (14%) 2 (5.1%) 10 (10.4%)
Master or doctorate 3 (5.3%) 1 (2.6%) 4 (4.2%)
Professional degree 3 (5.3%) 2 (5.1%) 5 (5.2%)
Unknown 3 (5.3%) 1 (2.6%) 4 (4.2%)

Living status at home; n (%)

Live with family members 12 (21.1%) 1 (2.6%) 13 (13.5%)
that need support
Live with family members 21 (36.8%) 9 (23.1%) 30 (31.3%)

that can provide support

Live alone 7 (12.3%) 20 (51.2%) 27 (28.1%)
Other 4 (7%) 0 (0%) 4 (4.2%)
Unknown 13 (22.8%) 9 (23.1%) 22 (22.9%)

Work status; n (%)

Paid work 3 (5.3%) 5 (12.8%) 8 (8.3%)
Unpaid work 2 (3.5%) 0 (0%) 2 (2.1%)
Unable to work 13 (22.8%) 5 (12.8%) 18 (18.8%)
Retired 39 (68.4%) 28 (71.8%) 67 (69.8%)
Unknown 0 (0%) 1 (2.6%) 1 (1%)

Type of work; n (%)
Sitting most of the day 2 (3.5%) 2 (5.1%) 4 (4.2%)
Light activity 0 (0%) 3 (7.7%) 3 (3.1%)

Moderate labor 2 (3.5%) 1 (2.6%) 3 (3.1%)




Characteristic Male (n=57) Female (n=39) Total (n =96)
Heavy labor 1(1.7%) 0 (0%) 1 (1%)
Unable to work 10 (17.6%) 5 (12.8%) 15 (15.6%)
Retired 36 (63.2%) 25 (64.1%) 61 (63.6%)
Unknown 6 (10.5%) 3 (7.7%) 9 (9.4%)

Housingsituation; n (%)

Rent 22 (38.6%) 15 (38.5%)

own 34 (59.7%) 22 (56.4%)

Unknown 1 (1.7%) 2 (5.1%)
Pairf

Pain magnitude score 4.1(1.9 3.9(1.5

Pain interference score 3.9(2.2 3.4(2.7)
Dyspneé

Dyspnea magnitude score 4.8(1.9 4.6(2.0

Dyspnea interference scor 4.4(2.0 3.6(2.2
Fatigué\

Fatigue magnitude score 5.1(1.7) 4.9(1.9

Fatigue interference score 4.2(2.3 3.8(2.7)
CCQ score 3.0(1.0* 2.5(1.0*
GSE score 3.1(0.9 3.1(0.5

37 (38.6%)
56 (58.3%)

3 (3.1%)

4.0(1.7)

3.7(2.)

4.7(1.9

4.1(2.)

5.0(1.9
4.0(2.2)
2.8(1.0

3.1(0.5)

Data are presented as mean (8D (%9
" p-value< 0.05

ACalculated in people who reported symptoms

74



4.3.1 The prevalence and characteristics of pain

Sixty-eight of 96 (71%) participants with COPD reported pain on the BPI. A total of 156
pain locations were identifie(Figure4.1) with low back being the most commg@ain location
(41.2%), followed by the knee (25%) and shoulder (23.5%). Of five body regions (head and face,
neck, trunk, upper extremity, and lower extremiyain was most often reported in the trunk
(57%) followed by the lower extremity (38%). Theeaage pain magnitude and interference
scores were 4.8 1.7 and 3.A 2.1 out of 10, respectively. Of the 68 participants who reported
chronic or recurrent pain that lasted3 months, 51 participants (75%) had been seeking
treatments for pain during thast week, including prescribed or oitbe-counter medications (n
= 46; 90.2%), physical therapy (a 6; 11.8%), comlementary therapy (= 1, 1.9%),

psychological therapy (n 1; 1.9%), and other types of therapy{2; 3.9%).
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Figure 4.1 Pain location reported by 68 participants with COPD

Modified with permission from Motifolio Inc.
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4.3.2 Comorbidities that caused pain

In the 68 participants who had pain, 293 comorbidities that caused pairrepented
(Table4.2). On averageeach participant experienced 4:3.6 comorbidities that caused pain.
Most (59 of the 68 participants) reported more than one comorbidity that causedFigane
4.2). The most common comorbidities that caused pain were arthritis (75%), followed by back
problems (47.1%) and muscle cramps (45.6%). Moreover, depression and anxiety were self

reported in 44.1% and 11.8% of participants, respectively.
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Table 4.2 Prevalence of comorbidities that cause pain and psychological comorbidify =

68)

Comorbidity type Prevalence

Comorbidities that cause pain n (%)
Pain and stiffness in joints due to arthritis 51 (75%)

Back problem that causes pain

Muscle cramp

Neck problem that causes pain

Hearburn/ acid reflux

Fracturesjoint replacement

Nerves problem that causes pain
Compression fractures due to osteoporosis
Chest pain due to heart condition

Calf pain due to blood vessel disease

Chronic fatigue syndromdibromyalgia

32 (47.1%)
31 (45.6%)
23 (33.8%)
23 (33.8%)
22 (32.4%)
18 (26.5%)
15 (22.1%)
10 (14.7%)
10 (14.7%)
10 (14.7%)

Headaches/ migraines 9 (13.2%)
Cancer 8 (11.8%)
Neuropathy due to diabetes 6 (8.8%)
Pain in head or face 5 (7.4%)
Other health problems that cause pain 20 (29.4%)
Psychological comorbidity n (%)
Depression 30 (44.1%)
Anxiety 8 (11.8%)

78



14 19.1%

The number of participants

0 1 2 3 4 5 6 7 8 9 10 11
Number of comorbidities that caused pain

Figure 4.2 Distribution of the number of comorbidities that caused pain in individuals with

COPD who reported pain (n=68)
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4.3.3 Factor associated with pain inpeople with COPD

Table4.3 presents the relationship between pain and each potential independent variable.
A lower selfefficacy (GSE) score (OR 0.19, 95% CI= 0.067 0.64), and renting rather than
owning home (OR= 0.24, 95% CI=0 . 0 8®.71) were individually associated with pain in
individuals with COPD. The final model adjusted by multiple covariates is shovialite 4.4
(.2=10.42,p = 0.005). A higher GSE score was associated with decreased likelihood of pain
(OR = 0.25, 95% CI= 0.061 0.94), while adjusting for the housinguation. Home owners
compare with renters were less likely to have pain (GR).28, 95% CI= 0.081 0.96), while

controlling for GSE scores.
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Table 4.3 Unadjusted OR of potential independent variables associated with the presence

of pain (n=96)

Variable

Unadjusted OR (95% CI

Age
Sex
Female
Male
BMI (kg/nf)
CCQ scores
GSE scores
FEV1 (% predicted)
Smoking history (paclyear)
Education
High school
College
Bachelor
Master or doctorate
Professional degree
Housing situation
Rent
Own
Anxiety
No
Yes
Depression
No

Yes

0.98 (0.93, 1.03)

1.00
0.75 (0.30, 1.86)
1.00 (0.93, 1.07)
1.26 (0.792.0))

0.19(0.06, 0.64)
1.01 (0.99, 1.03)
1.00 (0.98, 1.03)

1.00
1.82 (0.57, 5.77)
1.82 (0.34, 9.61)
1.36 (0.13, 14.21)
0.68 (0.10, 4.52)

1.00
0.24(0.08, 0.71)

1.00
1.40 (0.28, 7.13)

1.00
2.84 (0.95, 8.54)

"p-value <0.05

Abbreviatiors. BMI = body mass index; G} confidence intervalFEV; = forced expiratory

volume inonesecond; OR= odds ratio



Table 4.4 Factors associated with the presence of pain adjusting by the multiple covariates

Variable Adjusted OR (95% CI)

GSE scores 0.25(0.06, 0.94)
Housing situation
Rent 1.00

own 0.28(0.08, 0.96)

"p-value <0.05

Abbreviatiors; Cl = confidence intervalOR = odds ratio

4.3.4 Contributors to pain magnitude and pain interference scorg

The BFI total score was the only significant contributorthe BPI magnitude score.
There was a significant association between the BPI magnitude score and the BFI total score
(F1e= 13.9,p < 0.001), with an Rof 0.18. It was found that the BPI magnitude score increases
by 0.35 on average in participants when their total BFI score increases one point (regression

coefficient =0.35, standard error &:09).

The BPI magnitude score and the BFI total score wergfisigntly associated with the
BPI interference score {gs= 41.5,p < 0.00J), with an R of 0.57. The adjusted regression
coefficients of the contributors are presentedable4.5. Both the BPI magnitude score and the

BFI total score were significant contributdosthe BPI interference score.
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Table 4.5 Adjusted regression coefficients of the contributorgo the BPI interference score

Variable Adjusted regression coefficie(®5% CI)  Standard error
BPI magnitude scor« 0.53(0.30, 0.76) 0.11
BFI total score 0.48(0.29, 0.67 0.09

"p-value< 0.05

Abbreviatiors. BPI = Brief Pain Inventory; BFE Brief Fatigue Inventory

4.4 Discussion

This study is the first to describe the urigieag contributors to pain in patientwith
COPD who attend pulmonary rehabilitation programs. In this study, 71% of pamtgipdth
COPD experienced significant pain and the most common comorbidities that causespin
arthritis, followed by back problems, and muscle crarRagiens with COPD who had a lower
seltefficacy, and who rented rather than owned their home were likely to have pain. Lastly,
both pain severity and total BFI scores were contributors to pain interference with daily aspects

of living.

The prevalence of pain in participants with any stage of COPD in this current study (71%)
comparedfavorablyto that in one repoff® (72%), a hospital outpatient cohobut was higher
thanthe prevalence found ia stug® that recruited participants from a pulmonary rehabilitation
progam (45%) Although all three studies utilized se#ported questionnaires to determine the
presence of pain, different instruments and definitions of pain prevalence may have contributed,
at least in part, to the variability in these data. Both thisectrstudy and a previous stddishat

used the BPI showealsimilar pain prevalence. In contrast, the stddlyat $rowed a lower pain
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prevalence used O ttO numeric rating scales and defined the presef pain as a score larger

than 0. Also, the two previous studies were conducted in Notw&ywhereas this study
recruited participants in Canada. Perceptual experience of pain can be affected by cultural
factors®’ However, to date, no single study has investigated the prevalence ofigiadina
uniform methodology amongpatiens with COPD across mulip countries. Thus, the
prevalence of pain ipatiens with COPD may vary across studies that were conducted in

different countries using different methodologies.

The prevalence of pain in the general population rarige® 24.4% to 50.4% in
populationbased studie® '°’ ***The direct comparison of the pain prevalence and severity
amory this current study and previous studies was not meanibgfause othe variance of the
participants enrolled and the instruments used to measure pain. However, a few studies have
confirmed that the pattern of pain differs betwamatiens with and wihout COPD after
controlling for confounders. Compared with the -aged sexmatched general population, the
prevalence of pain was significantly higherpatiens with COPD?*° ®® Similarly, patientswith
COPDhad a higher pain prevalence than those who live with other chronic condffioxiso,
patiens with COPD reported significantly higher pain magnitude and interference scores
measured by the BPI than those without COPD, after controlling for ageeaffiThe different
pain patterns between individuals with and without COPD may be caused by the presence of

comorbiditie$® and alteations of pan thresholds in COPEf 24’

Arthritis and back problems were the most frequent comorbidities that cpased
which is consistent withihe trunk region(shoulder, chestabdomen, back, hip, and buttgck

being the most commonly reported location of pain in this stuéiylowed by the lower
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extremity. These data are consistent with the regions wperewas most often reported in
COPD>* % %8 %8\ysculoskeletal disease is a common comorbidity of C®®PBand accounts

for 26% of chronic pain in the general populati8hPrevious research'® ***has confirmed

that two common ageelated musculoskeletal diseases, osteoporosis and osteoarthritis, are
highly prevalent comorbidities in COPD. Studies have shown that the risk of osteoporosis in
patientswith COPDis higher tharthat in healthy, agematched individualé*® Factors that may
contribute to a high prevalence of osteoporosis anatigns with COPD include smoking*®

limited physical activity”*° the use of corticosteroids' and hypercapnia or hypoxi@sulting

from airflow obstructiorf®® The primary cause of pain in osteoporosis is due to fracture,
especially vertebral fracturé®’ On the other hand, osteoarthritis, the most common type of
arthritis, is a prevalent degenerative joint condition among older agaltsculary in the knee

and hip joints>* BecauseCOPD is more common with increasing &Qé, might be expected

that osteoarthritis frequently coexists with COPD. Since the hallmark symptom of osteoporosis
and osteoarthritis ipain it is not surprising that the results demonstrated tbst frequently

reported pain locations were the low back and knees.

Even though CVOs one of the most common comorbidities of COBE, ***this study
found that the prevalens®f chest paircaused bya heart condition and calf pagaused by
blood vessel diseaseere much lower than other causes. Increasing age and more severe COPD
are assciated with a higher risk of CVE“ and the presence of CVD frequently contributes to
hospitdization amongpatiens with COPD® who may not be able to participate in a pulmonary
rehabilitation programAlso, pulmonary rehabilitation programs improve cardiovascular risk

factors and functio®® The moderate COPD severitfFEV: = 51.3% predicted) ofthe
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participantsin this studyandtheir participation in a pulmonary rehabilitation program may be
two factors that explain why CVD was not a frequent cause of pain. In addition, 30% to 60% of
patients with CVD do not experience pafh Taken together, although CVD is common in

COPD, it likely is not a primary cause of pain in this chronic lung disease.

When considered independently, sefiicacy and housing situation were two factors that
increased the risk of pain patiens with COFD. Seltefficacy, defined as a personal belief that
one haghe ability to perform certaimehaviorssuccessfully?** has been shown to be associated
with pain toleranc®® and pain perceptioft’ People with higher selfficacy may show better
pain control ad perform better on physical challeng&sOn the other hand, the prevalence of
pain is associated with lower socioeconomic st&tU€onsidering that sekfficacy is related to
socioeconomic statifs’ socioeconomic status ia potential confounder of the relationship
between the presence of pain and-séfitacy, and vice versa. Therefore, to adjust for potential
confounders, multiple logistic regression models were usedeBieficy and housing situation
were not signiitant contributors to pain interference with daily aspects of living. Instead, the
contributors to pain interference included pain magnitude and total fatigue scores. An
explanation of the discrepancy between analyses might be due to the fact that asipyaptst
who reported pain provided their pain magnitude and interference scores. For those who did not
experience pain, their sedffficacy scores were significantly highgo € 0.01) but were not
captured in the regression analysis. Also, the-effifacy questionnaireisesa 4point Likert
scale from 1 to 4, which might limit the discrimination of different levels ofesfitacy.**° The
contribution of pain magnitude and total fatigue scores contributing to pain reteée in

patiens with COPD is similar to findings in other chronic conditions. Previous studies have
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found that pain is associated with fatigue in cafft@nd rheumatoid arthritf? Also, pain can
interfere with sleep and contribute to poor sleep quality that could aggravate the level of

fatigue®®*

This study is limited to some extent by the survey methodology ofregadirting by
participants. Howeverbecausepain, fatigue, dyspned@OL, and seHefficacy are subjective,
seltreport questionneés can be the most accurate measures. Second, the questionnaire that
gueried comorbidities that causedmpsometimes listed symptomsgemuscle cramp, hedotirn)
rather than the disease. T o v-repoit Wag coifrned bye r e s p
health professionals from the participantds p
on-one interviews and physical exarmay provide more idepth and varied causes of pain in
patientswith COPD comparedwith the survey methodology uséu this study. Third, multiple
choice options about socioeconomic indicators may not provide important contextual issues.
Also, Metro Vancouver is one of the most expensive cities in Canada. Housing situation may not
present the socioeconomic status ey, although housing situation can be considered as one
of the indices of socioeconomic stafdSFuture studies that ask more specific questitsut
socioeconomic status are required. Lastly, the participants of this study were recruited from
pulmonary rehabilitation programs in the meststern province of Canada, which might limit
the generalizability ofthe findings to other regions ao patients withCOPD who have not

participated in pulmonary rehabilitation programs.
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4.5 Conclusiors

In conclusion, pain is very common in COPD and is primarily associated with
musculoskeletal conditiorsnd muscle cramps. The severit@spain and fatigue are primary
contributors to how pain interferes with daily aspects of living. Many of the items gfaihe
interference scale are descriptors fundamental to health such as sleep and physical activity. Pain,
together with more commonly reported symptoms of dyspnea and fatigue, might severely limit
exerci® and physical activity ipatiens with COPD and catribute to poor QQ. Given that
physical activy is the best predictor of atiause mortality in COP13® and is widely promoted
in several clinical guideline® 2°* mitigating barriers is of utmost importance. Pain assessment
and management should be essential components of managemedtefois with COPD to

improve QDL and physical activity.

88



Chapter 5: A comparison of pain, fatigue, dyspnea and their impact on

quality of life in pulmonary rehabilitation participants with COPD

5.1 Introduction

Dyspnea and fatige are pmary symptoms o€OPDwith the reported prevalence values
ranging from 60% to 9398°2°” and 50% to 95%°° ***respectively. These symptoms not only
limit exercise capacify and physical activity®® ?°° but also impact quality of lifé *? and
contribute to higher hospitalization rates and mortalitgatiens with COPD3® Recently,it has
been demonstrated that pain is vergyadent in patientsvith COPDand they experienced more
pain compared to agend sexmatched general coho$®® The reported prevalence ranges
between 45%and 72%>* % % Similar to dyspnea and fatigue, pain in COPD is associated with
impaired quality of life and physical activity levéfs® % Considering the high prevalence of

these three symptoms, determining their relative contributions to limiting aspects of daily living

and quality of life may facilitate improved management of COPD.

The etiology of pm in COPD is likely multifactorial and has been postulated to arise
from pulmonary and extrapulmonary pathophysiology, some of which might be shared with
dyspnea and fatigueR?atiens with COPD have reported pain to be most commonly due to

&6 1052703d it has been associated with vertebral defornfitfeln

musculoskeletatondition
contrast, dyspnea and fatigue have been primarily attributed to pathologic chanlesung
associated with COPD?"?that can resulin secondary manifestations with the primary one
being a lack of cardiovascular fitnésdThe interrelationships among dyspnea, fatigue, and pain

may be due to activation of similar networks in areas of the Bt&ifi’ The repetitive experience
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of these symptoms can cause permanent changes that influence perception and alter tle ability t
differentiate between noxious stiméff. Association between fatigue and dyspnea has been
reported inpatientswith COPD?*° 2”® More linkages between pain and dyspghéar fatigué’®

are describedni healthy individuals and persons with lung cancer, respecti@len their
common processing brain locales and evidence of associations between different pairs of these
three symptoms, it is possible that pain may be associated with dyspnea andgumr ifati

patiens with COPD.

Due to the perceptual nature of dyspnea, fatigue, and pain, they are frequently quantified
by selfreported questionnaires. To date, no study has used parallel formats to evaluate the
magnitude and respective interference of éhgsee symptoms with one exception. A Japanese
study utilized theBPI, BFI, and Df'® to quantify symptom severity and how each symptom
interferes with aspects of daily living in lung cancer patiéfit&ecausehe BPI, BFI, andDI
utilize similar items that are quantified with identical numeric scales, the magnitude and how

each symptom limits aspects of daily ligican be readily compared.

To our knowledge, there is no study has concurrently examined dyspnea, fatigue, and
pain in patiens with COPD using similarly formatted questionnaires. Although the impact of

dyspnea, fatigue, and pain on quality of life hashbexamined ipatiens with COPD?” 8212

no
investigation has concurréptreported their impact in the same group of patients. Furthermore,
none of these studies has considered the interactions of these symptoms. Therefore, the purpose
of this study was to(1) compare the prevalence and magnitude of dyspnea, fatigue, and pai

COPD patients and how each symptom limits aspects of daily lif})gletermine association

between pain and the other two sympto®; assess the impact of these three symptoms on
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quality of life in patiens with COPD. We hypothesized th4f:) themagnitude and interference
scores of the three symptoms would not differ significar{@y;pain would be associated with
dyspnea and fatigu€3) all three symptoms would negatively impact on quality of life after

controlling for confounders.

5.2 Methods
5.2.1 Designs and participants

This was a crossectional study that utilized a survey method. This study was approved
by the Clinical Research Ethics Board of the University of British Columbia. All participants of

this study provided written informed consent.

Paticipants were recruited from pulmonary rehabilitation programs at six sites in the
large (2.4 million) and small cities (40,000) of British Columbia, Canada, from January 2014 to
May 2015. Patiens with COPD are referred to a pulmonary rehabilitation goam by
respirologists if they haveil) COPD diagnosed by spirometr§2) persistent symptoms and
limited in daily life activities despite optimal pharmacotheraf®); no medical condition that

precludes them from participating in an exercise program;f@nchost programg¢4) have quit

smoking or are in the process of quitting

The inclusion criteria were people who were over 40 years of age with a respirelogists
diagnosed C@D based on spirometryPeople were excluded if they lacked English written
fluency or had cognitive impairment that interfered with informed consent or the ability to

complete questionnaires provided in English.
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Participants were asked to complete the following questionngiteBPI; (2) DI; (3)
BFI; and (4) CCQ Demographic characteristics including pbedtnchodilator FEY, age, and
sex were collected by the rehabilitation practitioners working in the respective rehabilitation

programs. All data were provided to the invgstors in a dadentified manner.

5.2.2 Outcome measures
5.2.2.1 Brief Pain Inventory

The BPI is a commonly used pain questionnaire with good reliability and vafidity.
has three componentd) a body diagram that is used to indicate pain locations. Participants are
asked to shade the areas whtheraeathahlmrysthemo&) pai n
a magnitude domain consisting of fouritem$iat ask about pain magnitu
Al east |l evel o0, and Aon averageo respectively.
anchored by 0 (no pain) to 10 (pain as bad as you can imag@he interference domain that
contains seveitemsqueryinghow pain interferes with seven aspects of daily living. Each item
is rated using a numeric rating scale anchored by 0 (does not interfere) to 10 (completely

interferes).

5.2.2.2 Dyspnea Inventory and Brief Fatigue Inventory

The DI and BFi'® are questionnaires with parallel formats to the BPI that evaluate
dyspnea and fatigue, respectively. The first three items of both questionnaires query about
symptom magnitude fAnowo, i us u a lating sealeg dnchoredn d i w
by 0 (no dyspnea/fatigue) to 10 (as bad as you can imagine). Symptom interference with daily

life activity is evaluated by seven (the DI) and six (the BFI) items with numeric rating scales
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anchored by 0 (does tetly interfaresp MThe ©Fr and BFL lave bden ( ¢ o n

validated in individuals with COPEf?

5.2.2.3 Clinical COPD Questionnaire

The CCQ is a validatechealthrelatedquality of life questionnaire for individuals with
COPD?* |t consists of 10 items in three domains (symptomnsctional state, and mental state).
A 7-point Likert scale from 0 to 6 is used for each item with lower scores indicating better

outcomes.

5.2.3 Statistical analysis

Demographic data, theCQ scores, and the magnitude and interference scores of pain,
dyspnea, ah fatigue were analyzed using descriptive statistics. Means and standard deviations
were reported for these outcomes and frequencies were calculated for the prevalence of each
symptom. One way withi#subjects ANOVA tests were performed to compare paiigugtand
dyspnea. The correlations among dyspnea, fatigue, and pain were examined using Spearman
rank correlations. Simple linear regression analyses were first performed to determine the
association between each symptom and quality of life. Hierarciiatiple linear regression
analyses were then used to determine the impact of the symptoms on quality of life. In stage 1,
the following potential confounders were entered in the regression model: age, sex, and disease
severity based oREV; % predicted vlues. All three symptom variables (dyspnea, fatigue, and
pain) were then entered in stageSeatistical analyses were performed using SPSS (Version 22.0,

Armonk, NY:IBM Corp). A p-value <0.05 was set to indicate significant differences.
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5.3 Results
5.3.1 Flow of participants through the study

A sample size of 74 was calculated to provide an effect sfZpdf 0.35, a power of 0.9,
anda n, <W.05 for multiple linear regression analyé&dn total, 91 participants returned the
completedquestionnaires. The demographic characteristics of participants aretpdeisdrable

5.1
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Table 5.1 Demographic characteristics and outcome measures of participants n91)

Mean (SD) Range

Age (years) 70.7(9.5) 4971 88
Sex n (%)

Male 52 (57%)

Female 39 (43%)
BMI (kg/m?) 25.9(6.1) 16.21 48.7
FEV1 (% predicted) 51.1(21.2) 1471 119
COPD severit§7

Mild 10 (11%)

Moderate 32 (35%)

Severe 34 (37%)

Very severe 13(14%)
Smoking history (packear) 41.5 (25.9) 3.617 104
CCQscore

Symptom domain 2.8(1.1) 0.31 5.5

Functional state domain 2.9(1.1) 01 6.0

Mental state domain 2.6(1.6 01 6.0

Total score 2.8(1.0 0.41 5.0

ACOPD severity btwo participantaveremissing
Disease severity was classified usB@LD criteria-
Abbreviations: BMI= body mass indexZCQ= Clinical COPDQuestionnaire; FEY= forced

expiratory volume in one second=rsample size
95



5.3.2 A comparison of dyspnea, fatigue, and pain

Prevalence of the three symptomasmore than 70%, with dyspnea having the highest
prevalence followed by fatigue ammhin (prevalence of 93%, 77%, and 74%, respectively).
There wasno statistically significant difference alemographic characteristics among those who
reported dyspneén = 85), fatigue(n = 70), and pain(n = 67) (p > 0.05). Worthy of note, all
three sympoms demonstrated a magnitude domain score betweeand.5.0 on a 1€point

numeric scaleTable5.2).
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Table 5.2 The demographics and prevalence and mean scores of dyspnea, fatigue, and pain

(n=91)
Dyspnea Fatigue Pain
Prevalence; n(%) 85 (93%) 70 (77%) 67 (74%)
Demographic characteristics
Age (years) 70.4 (9.7) 70.7 (9.5) 70.4 (9.7)
FEV1 (% predicted) 50.7 (21.7) 52.3 (21.9) 52.5 (22.7)
Smoking history (paclyear) 42.1 (26.4) 44.6 (26.6) 42.2 (25.2)
BMI (kg/m?) 25.9 (6.3) 25.9 (6.1) 26.0 (6.14)
Magnitude domain
Worst level 6.8(2.3 6.6(2.1 5.9(1.7)
Average/ Usual level 4.1(2.2 4.4(1.9 4.0(2.0
Right now 3.3(2.5 4.0(2.3 3.5(2.3
Magnitude domain score 4.7(1.9 5.0(1.9 4.5(1.7)
Interference domain
Interfered with general activity 4.9(2.9 4.4(2.5 4.0(2.5
Interfered with mood 3.0(2.6 2.7(2.5 3.3(2.7)
Interfered with walking ability 5.4(2.9 4.9(2.9 4.2(3.0
Interfered with normal work 5.3(2.7) 5.0(2.6 4.5(2.6)
Interfered with relations with other 2.8 (2.6) 2.8(2.6 2.2(2.5
Interfered with sleep 2.6(2.69 - 3.7(2.7)
Interfered with enjoyment of life  4.6(2.9) 4.4(2.9 4.1 (2.6
Interference domain score 4.1(2.1) 4.0(2.2 3.7(2.7)
Total score 4.3(2.0 4.3(2.0 3.9(1.9

*Dataarepresented asean(SD)andcalculated in people who reported symptoms

Abbreviatiors: BMI = body mass index; FEM forced expiratory volume in one second
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A further analysis of dyspnea, fatigue, and pain within subjects was examined in
participants who reported the presence ofrait¢ symptoms. Aa priori sample size calculation
was performed and a sample size of > 35 was calculated to provide a medium effdytodize (
0.25, a power of 0.9, and n , <U0.05 for withirsubjects ANOVA testé?® There were 48
participants who reported the presence of all three symptoms being included in the analyses. The
magnitude worst level and magnitude subtotal scores differed significantly among three
symptoms (k2= 6.8,p < 0.01 and kq2= 3.3, p < 0.05 respectively). Dyspnea and fatigue were
significantly higher t han p d&igune 5.1an fatigue evasi wo r s t
significantly higher than pain ithe magnitude domain scordsgure5.1d). The item scores of
general activity and mood were significantly different among the three symptoms in the
interference domai (F.7790= 3.1,p < 0.05 and ks s2.7= 3.6,p < 0.05, respectively). Dyspnea
score was significantly higher than pain in general activiiigure 5.1€) whereaspain and
dyspnea scores were significantly higher than fatigueand (Figure5.1f). Pain score was also
significantly higher than dyspnea in sleep & 7.4,p < 0.01) Figure 5.1j). There was no

significant difference reported among the three symptoms for total s€ogese’.1m).
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(a) Worst level (b) Average/ Usual level (¢) Right now (d) Magnitude score
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Figure 5.1 Bar plots showing the mean scores of the dyspnea, fatigue, and pain in the
magnitude and interference domain within subjects who reported all the three symptoms
(n=48)

* p-value< 0.05 when compared with painp#value< 0.05 whercompared with fatigue

Error bars represent one standard error
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5.3.3 Relationships among dyspnea, fatigue, and pain

The three symptoms were moderatiyhighly correlated with each other. The total DI
scores were positively correlated with the total BFI scares & < 0708) and the total BPI
scor es p<g0.0%), ald the otal BPI scores were positively correlated with the total BFI
scor es (<0.0%). MbdeSt 8egative correlations were shown between dyspnea and age,
as well as fatigue andya. Painwas the only symptom that was not associated with age and/or

FEV; (Table5.3).

Table 5.3 The relationshipsamong symptoms, age, and disease severity

Dyspnea Fatigue Pain
Dyspneé --
Fatigué 0.78 (0.57, 0.99)**  --
Pairf 0.49 (0.25, 0.74)*  0.58 (0.33, 0.82)** --
Age -0.27 ¢0.48,-0.06)* -0.23 (0.44,-0.01)* -0.07 ¢0.32, 0.17)
FEV, -0.21 ¢€0.43,0.01)  -0.19¢0.4,0.03)  0.07 (0.18, 0.32)

Dataarepresentedapse ar men corr el atigm=9%oefficient J} (9
AThe total scores from the DI, BFI, and BPI were used
*p-value< 0.05; **p-value< 0.01.

Abbreviation FEV; = forced expiratory volume in one second
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5.3.4 Impacts of symptoms on quality of life

The total DI, BFI, and BPI scores were individually associated with the symptom domain,
functional state domain, mental state domain, and total scores©@CQ€Table5.4). In order to
better understand the effect size of the symptoms on quality of ig&g2 hierarchical multiple
regression analyses were performed. Denpycavariables were entered in the first stage and
age was associated with tB€Q total scores (ks1= 3.98,p < 0.05). Age accounted for 12% of
the variance in th€CQtotal scores. When entering the total scores of three symptoms in stage 2,
the resuls showed that dyspnea and fatigue were significant contribtattine CCQtotal scores
(Fess= 27.24,p < 0.001) Dyspnea and fatigue explained 71% of the variance IrCtb@ total
scores. Also, dyspnea was the only symptom associated with every dombenQCQ after
controlling for the confounderdlable 5.5 presents the adjusted regression coefficients of the

variables in the models.
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Table 5.4 Unadjusted regression coefficient of potential independent variables associated with quality of Iie = 91)

Dependent variableCCQ
Symptom domain Functional state domain Mental state domain Total score
B(95%Cl) SE b B@5%Cl) SE b B(@5%Cl) SE b B(@5%Cl) SE b
Dyspned ?6?223, 04z 005 058 ((36?3(;91, oam 004 072 ?di?s, o7 008 074 ?(54304, oam 003 08I
Fatigué ?6?1939’ 03y 005 055 ((36_3380, oam 004 072 ?6?318, 06y 006 0.66° ?6.3370, 04y 003 077
Pairf ?6.2150, oaq 007 038 ?6.2173, oay 007 042 ?64201, o6y 010 045 ?6_21‘9& 04y 006 049"
Age (0o6001y OO 027 (G0n oo0a 001 018 (Gh oo 002 018 (Gl oo 001 -026°
Sex male ?(')‘%)2, 0o 024 022 ?5‘32, oom 024 022 ?_'03'%9’ Loy 035 009 ?dégs, 0sy 022 022
FEV, &9827, 0.004) 0006 -0.13 fd(.)gs,-o.oon* 0.005 -0.34* fd?()l& 0.005) 0-008 0.5 &9012’_0_002) 0.005 -0.25%

*p-value< 0.05

AThe total scores from the DI, BFI, and BPI were used

Abbreviatiors: CCQ = Clinical COPD Questionnair€;l = confidence intervalFEV; = forced expiratory volume in one secoid=

unstandardizedegression coefficient (unadjus)e®E = standard errgib = standardizedegression coefficient (unadjusjed
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Table 5.5 Two-stage hierarchical multiple regression analysis results ahe CCQ scores by the symptomsn(= 91)

Dependent variableCCQ
Symptom domain Functional state domain Mental State domain Total score
b b b b

Stage 1

Age -0.30* -0.15 -0.13 -0.24*

Sex male 0.27* 0.14 0.12 0.22

FEV, -0.07 -0.36* -0.07 -0.21
R%*Adjusted R? 0.17/0.13 0.20/ 0.16 0.04/0 0.16/ 0.12
Stage 2

Age -0.19 -0.01 0.02 -0.08

Sex male 0.16 -0.01 -0.04 0.06

FEV1 -0.01 -0.29* 0.03 -0.12

Dyspne& 0.42* 0.44* 0.68* 0.58*

Fatigué' 0.17 0.36* 0.10 0.25*

Pairt* 0.01 -0.02 0.02 -0.001
R%Adjusted R 0.45/ 0.39 0.71/0.68 0.57/0.53 0.74/0.71
R® change 0.28 0.51 0.53 0.57
F change 9.91* 33.12* 24.21* 42.40*

*p-value< 0.05%
The total scores frorie DI, BFI, and BPI were used
Abbreviatiors: CCQ = Clinical COPD Questionnaird:EV; = forced expiratory volume in one secolfid: standardizedegression

coefficient
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5.4 Discussion

This study, using parallel formatted questionnaires, foundotitagns with COPD have a
high prevalence (greater than 70%) of dyspnea, fatigue, and pain. The magnitude and
interference scores of the three symptoms were similar, with some exceptiorexagple,
dyspnea interfered with general activity more than pain, whilst pain interfered with mood and
sleep more than dyspnea and fatigue. These three symptoms did not show any significant
differenceon their interference scores in other aspects of daiyg. The results also revealed
that these three symptoms were moderételyighly correlated with each other. Although the
relationship between dyspnea and fatigue patiens with COPD had been previously

determined>° 276

a novel findings of this study was that pain was positively correlated with
fatigue. Moreover, we found that pain was also positively correlated with dyspnea whgn usin
the parallel formatted questionnaires (the BPI and DI), which was consistent with the previous
studies’? 1% Lastly, dyspnea, fatigue, and pain were individually associated with a lower quality

of life (Table 5.4). However, after controlling for confounders, only dyspraea fatigue

contributed to poor quality of life as measured by@&Q.

Patiens with COPD reported high magnitudes of the thrgmmoms (average scores
bet ween 4.5 and 5 out of ten) with only a co
|l evel 0 of dyspnea and f at i-sampe thatexperienged elldhtee r t h
symptoms (= 48) and a similar pattenwas shown for the entire sample£r96). The higher
prevalence and intensities of dyspnea and fatigue may be due to their inherent relationship to the
underlying pathophysiology of COPD. patiens with COPD, airflow limitation that worsens

during expiation leads to lung hyperinflation, which is associated with dysfielaung
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hyperinflation together with poor gas exchange increases the work and metabolic cost of
breathing, which contribute to fatigue in COPDn the contrary, the relationship between pain

and COPD is indirect and appears to be due more so to the presence of com8tbidititker

than the underlying pathophysiology of COPD. The presence of comorbidities has also been
identified as a risk factor for paffi Therefore, evidence to date appearsrdicate that the
presence of pain ipatiens with COPD is primarily caused by the extrapulmonary efféCts.

Pain is a significant symptom in patismtith COPD, given the facthat the prevalence of pain in
COPD is significantly higher than an agend sexmatched general cohort (45% vs. 34%).

Also, compared to an agand sexmatched general cohort, patiemtgh COPD report higher

pain sevety scores and pain interference scdfeAlthough pain may not arise directly from
COPD, its importance cannot be refuted as demonstrated by a high prevalence, and similar
ARaverage/ usual l evel o, and fAright noandl magni

fatigue.

Dyspnea, fatigue, and pain interfered similarly among mogtexdispectf daily living
but there were some differences. Participants reported higher dyspnea interference scores than
pain in a physical activityelated item general actity. Conversely, the higher pain interference
scores were reported in mood and sleep compared to dyspnea and fatigue. This pattern is similar
to a previous study that examined dyspnea, fatigue, and pain using the DI, BFI, and BPI in lung
cancer patientS° Dyspnea limiting exercise tolerance and physical activityatiens with
COPD®® %%° can be attributed to the progressive dynamic hyperinflation that occurs when
ventilation levels increase andspiration begins before full expiration has been compl@&ted.

Decreased fithess and increased reliance on anaerobic metabolism can further increase
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ventilaton and exacerbate dyspnea during exercise and physical activity. In addition to high
ventilatory demands, insidious exercise intolerance compounded by poor arterial blood gases can
contribute to fatigue ipatiens with COPD?’ The immediate consequences of physical activity
inducing dyspnea and fatigue may explain ratings of higher dyspnea and fatigue scores on

physicalactivity relatedinterference items.

Higher pain interference for mood and sleep compared to dyspnea and fatigue might be
related to the neurological processing of pain. Chronic pain, depression, and insomnia share
similar mechanisms of brain and neurobioladjipatterns, which involve atrophy of the medial
pre-frontal cortex, the hippocampus, atite anteriorcingulatedcortex?® It is well established
that pain is a major cause of sleep disturbance in many conditions although the cause and effect
of these two factors complex®®® Through sleep electroencephalograativities, pain has been
shown as an important factor of sleep disturb&fitReciprocally, sleep deprivation and sleep
interruption decreased pain threshdifsConsequently, depressed mood and sleep disorders are
common in individuals with chronic paff* Future studies are required to determine the role of

pain and specifically its contributidn depression and sleep disorders in patietitts COPD,

Dyspnea, fatigue, and pain are three interrelated symptoms in COPD, which may in part
be attributed their neural processing. Dyspnea, fatigue, and pain are alerting sensations that can
be detectedypperipheral sensory receptors and transmitted t€M®by afferent nerve&* The
central neural procesginmechanism of dyspnea and pain involves a series of protective
responses that aims to maintain homeostasis of the BbByrther, the perception of dyspnea
and pain can activate similar brainrtcal regions including the anterior insular cortex, anterior

cingulate cortex and amygdd&4. Comparatively speaking, the neurobiologigabchanism
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regarding the similarity of pain and fatigue have not been clarified to the same extent as dyspnea
and pain. However, the theory of unpleasant symptoms claims that unpleasant symptoms, such as
pain, dyspnea, and fatigue, can occur simultaneaarslyaggravate each otH&f which might

provide further explanation of our stutBsults.

Dyspnea, fatigue, and pain were all individually associated with quality of life. However,
the results of hierarchical regression analyses revealed that dyspnea together with fatigue
explained the large majority of the variance in @@Q scores. This result could be due to the
lack of painrelateditems in theCCQ. For example, the symptom domain of (BEQ includes
four questions about shortness of breath, cough, and sputum. Two other commonly used disease
specific healtkrelated qualityof life questionnaires used in COPD that are longer in leingjble
CRF®and t he Stespiratory Quesiiedas® did not include pain related items as
well. Nonetheless, pain measured by the BPI was associated with poty qtidife evaluated
by the CCQ in our study and previous studi&s®® Hence, considering that pain has been
identified as an important symptom in COPD by several stddigs’* °® ®and pain impacts
quality of life in COPD, questions querying pain should be included in COPD disease specific

healthrelated quality of life questionnaires.

This study has some limitations. First, the use ofreglbrted questionnaires to evaluate
symptans and quality of life provides subjective data. However, given that dyspnea, fatigue,
pain and quality of life are all subjective perceptions the use of validated questionnaires is
appropriate. A second limitation is that participants with mild to vemerse COPD were
recruited from pulmonary rehabilitation programs in a large metropolitan centre and small

communities in British Columbia, Canadsdlthough the prevalence of symptoms in this study is
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within the range reported by other reports that did restruit pulmonary rehabilitation

participants’’ 2> ©° 266

it is possible that symptoms may have been more prevalent due to the
nature of patients who are referred to pulmonary rehabilitafibus,the generalizability ofour
results to patientwith COPDshould be furtherxplored in a more extensive sampling strategy

of those who do not participate in pulmonary rehabilitation programs.

5.5 Conclusions

In summary, pain is a very prevalent symptom in patievitt COPD who attend
pulmonary rehabilitation prograsrand is only slightly less common thdgspnea and fatigue.
Further, patiersg with COPD reported similar magnitude scores on dyspnea, fatigue, and pain.
These three symptoms affect different dimensions of COPD. Dyspnea interfered with the
physical activitymost whereas pain interfered with attributes of mood and sleep. The three
symptoms were interrelated with each other and all individually caused an impaegibim
relatedquality of life, which highlights the fact that management of COPD should emphasiz
pain as well and include assessment of multiple symptoms rather than focusing on dyspnea

and/or fatigue alone.
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Chapter 6: The contribution of thoracic vertebral deformity and arthropathy

to trunk pain in patients with COPD

6.1 Introduction

Pain isvery common in patientsith COPD* 2 In fact, it is reported at a higher
prevalence ant more severe than agand sexmatched cohorts without COPB®* Moreover,
this symptom is recounted almost as caonly as dyspnea and fatiddé&® with COPD patients
most often localizing their pain to the trunk regf8fi® °®> #’°This high prevalence of trunk pain
should be a consideration for clinicians because it can deter engagement in exercise and physical
activity,>® which in turn can worsen quality of 1€ and increase morbidity and mortafit$in

patientswith COPD,

A potential etiology of trunk pain in patienégth COPD could be related to excessive
gas trapping that causes chesill hyperexpansion, which alters the alignment of costovertebral
and demifacet joints, thus leading to symptomatic arthropathy®’ It is known that abnormal
joint positioningand limited range of motion can cause arthropathy and pain in thé*Rraee]
similar mechanisms may contribute to arthropathy of thoracic joints and pain in patignts
COPD. A second major cause of trunk pain could be osteopdfdsiih a reported prevalence
of 50% to 76% in COPD, which is significantly higher than the general popufatioh.
common clinical sequela of osteoporosis is veetktieformity (compression fracturéjthat can

result in severe back pain

Chest computed tomography (CT) is used extensively in patients with a history of

cigarette smoking for multiple investigations, such as early screening for lung &&ncer,
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evalugion of emphysem&® as well as detection of osteopordSiSyertebral deformity, and
arthritis ' ?2The current studynvestigated thoracic vertebrae and thoracic vertebral joints of
participants who were undergoing CT to screen for suspicious lung nodules and lung cancer. The
purpose of this study was to determine if thoracic vertebral deformity and arthropathy were
indegpendent contributors to trunk pain in patientsh COPD compared to individuals with a
significant smoking history in the absence of COPD. We hypothesized that paiign@OPD

would experience more trunk pain compared with-@@PD participants with aignificant
smoking history. Secondly, we postulated that trunk pain in patigitks COPD would be
positively associated with vertebral deformity and arthropathy of intervertebral, costovertebral,

and demifacet joints.

6.2 Methods
6.2.1 Study protocol and participants

This was a crossectional study that primarily recruited participants from the British
ColumbiaLung Health Cohort (B.HC) at the BC Cancer Agenagnd Vancouver General
Hospital in Vancouver, Canada. The BGC?** is a longitudinal study that uses CT and
spirometry to screen for suspicious lung nodules and lung cancer in current-ambleexs.
Another group of participants was recrditeom patients receiving chest CT scans to investigate
asuspiciouslum nodul e at SinVancéusey Canada. Hilussstody tvas lapproved
by the Clinical Research Ethics Board of the University of British Columbia. All participants

providedwritteninformed consent.
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The inclusion criteria for this study were individuals wifh) English fluency and over
45 years of age(2) no cognitive or mental impairments that limited the ability to provide
consent, complete the questionnaires, and perform spiron{@ryno COPD exacerbations
within the preceding two month$4) no history of treatment for osteoporogs) no thoracic

spinal surgery or significant trauma that contributed to trunk pain{@mnub scoliosis.

Immediately following the CT scans, participants completed thé’Bfbkt queried pain
location, intensity, and interference usind @ numeric rating scales. They were also asked about
smoking history,BMI, and alcohol consumption. Spirometry was performed according to

American Thoracic Society standards.

6.2.2 Outcome measures
6.2.2.1 Brief Pain Inventory

Pain locations, pain severity and how paireiféres with daily aspects of living were
selfreported by participants using the BPl.Participants reported pain location by shading
symptomaticregions on a body diagram. Trunk pain was defined as pain that was identified in

the shoulders, chest, ribs, back, and péeRfis.

6.2.2.2 Chest CTscanacquisition

Chest CT scans were obtained using a mnalti deector CT scanner (at ancouver
GeneralHospitat Siemens Sensation 64, Siemens Healthcare, Erlangen, GermahyPatuSI 6 s
Hospitat GE Discovery CT750 HD CT scanner, GE Healthcare, Wauwatosa WI) while the
participant was positioned supine and held i ifdpiration. Images were acquired from the
lung apex to base using the following technical parameters: 120 kVp, 40 mAs, and 1 mm slice

thickness with reconstructiofsemenspr-f@®dandan
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and a high spatial frequenc ( i bHi Oef nbe n s ; GEj MBamnsteuction algorithm and the

smallest field of view that contains both lungs.

6.2.2.3 Spirometry

Pre-bronchodilator lung function was measured using a portable spirometer (E&8yOne
ndd Medical Technologies, Inc., Andover MA) to determine the severity of airflow obstruction.
The values of FEY and FVC were collected and used to classify the severity of airflow
obstruction using thé5OLD diagnostic criteria of COPB.As per the diagnostic criteria,

participants with airflow limitation (FEVFVC < 0.7) were assigned tbe COPD group.

6.2.2.4 Vertebral deformity and spinal deformity index

Vertebral deformitywas assessed from T1 to T12 at the -sadittal slice of each
vertebra using the methodology introduced by Genant &P @riefly, CT images were
reformatted into the lateral plane usiBD Slicer software packaggww.slicer.org). Next, five
heights wee determined using the ruler function in 3D Slicer to measure the distance of the
anterior (a), mid (m), and posterior (p) heights of the vertebra being assessed as well as the
posterior heights of vertebrae immediately superiag) (rnd inferior (pw) to this vertebra
(Figure 6.1). Four height ratios were calculated to determine vertebral deformities: a/p, m/p,

p/pup, P/Row and vertebral deformities were defined as any ratio less th&r0.8.

The spinhdeformity index (SDI) was determined by summating the grade of vertebral
deformity of each vertebra from T1 to T12 according to the height ratio as follows: grade 0
nor mal ( O HmidP.751 .79 grazle 2 moderate (0.6 0.74); grade 3 severe

(<0.6)**
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Figure 6.1 Measurements of vertebral deformity
Six points were placed on each vertebral badg vertebral heights were determined: anterior
(a), mid (m), and posterior (p)sgand mw are the posterior heights of the vertebrae that are

above and below the assessedebra, respectively

6.2.2.5 Arthropathy of thoracicjoints

Arthropathy of costotransverse and defacet jointswere examined by a radiologist
using a semguantitative methodology/? Transverse and sagittal planes of the CT images were
used to assess the arthropathy of costotransverse joints and the transverse plane was used to
assess deniacet arthropathy. Each joint was assigned a grade of 0 te igdmal, 1= mild, 2
= moderate, 3 severe) by considering joint space narrowing, osteophytes, hypertrophy of the

articular process, subarticular bone erosion, and vacuum phendiffefftigure 6.2). These
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grades were dichotomized to absence (grade 0 or 1) or presence of arthropathy (grade 2 or 3) for

the statistical analysis.

Arthropathy of intervertebral joints was assessed usinghdasigrading system used to
evaluate arthropathy of costotransverse and -daceit joints>° except intervertebral disc spaces
were not includedKigure6.3). Intervertebral disc spaces were evaluated separately using a four
grade scale: & normal, disc height greater than the upper diss;slight, disc as high as the
upper disc, if the upper disc height was nakn2 = moderate, disc height narrower than the

upper disc, if it is normal; 8 severe, endplates almost in confdCt.
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Figure 6.2 Images of arthropathy of costotransverse joints
(a) Normal, grade 0; (b) Mild, grade 1; (c) Moderate, grade 2;3dyere, grade 3. The black

arrows showed the joint space narrowing.
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