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Abstract

Background:

Patients with rheumaith arthritis (RA) often requiréong term treatment with multiple
medicatiors. Syntheticdiseasenodifying antirheumatiarugs 6EDMARDS) and newer
biologicDMARDs (bDMARDSs) are the main pharmaceutical treatments forERdly
and aggressive intervention with these medicatlmasbeen shown to improve clinical
outcomes, induce remission and prevent jemosion progressMedication adherence
is essential to encourage the best health results jm&Aever, adherendeas found to
besuboptimal With the introduction of expensive bDMARDSs, patients with RA are
likely to experienceostrelated medication meadherencéCRN). In 2014 thelran
government launchea Health Sector Evolution Plan to redinaalticare costs for
patientsand provide equal accessttealthcareThe outcome of this Plan has not been

investigated for patients with RA.
Aims:

This thesisassessd medication adherence twal RA medicationgn patients with RA
in Iranandexaming& determinant®f adherence with apecificfocus on the effect of

medicationOOPcosts.
Methods:

GuidedbyAn d e r s e n 6 sModekhHealth SEmviees Usa concurrent mixed
method study was designedhe study was conducted in Shiraz, leard had two
componentsin ComponenOne, a crossectional survepf 308 patients with RA was
conducted to assess medication adheremoeal RA medicationand its @terminants
with afocus on the effect of OOP costs on medication adherenGanponeniwo,

10 semistructurednterviews were conducted with rheumatologists to explore their
1]



insightsregarding medication adherence asdleterminants with a focus time effect

of OOP costs on medication adherencpaifents with RA.
Results

The survey found21out of 308 40.3%) participants were adherent to theial RA
medications Sixty-one out of 30%articipantgjust under 20%werebDMARDs users
andthesebDMARDs users were 0.82 times less likely to be adhereotab
medicationccompared tmonbDMARDs usergp<0.05) There was no statistically
significant association between OOP costs and adherencal RA medications
(p>0.05). However, 28.7% of paripants reported not refilling, delagirefilling,
skippeddoses otook smaller doses due to cost.thefindings of the operended
guestionof the surveymedication costs and affordability were the most commonly
reportedbarriers to medication adhenin the results of the survey, using

bDMARDSs was the only statistically significant determinant of adherence to oral RA
medicationsRheumatologists identified 16 adherence determinantsviiramapped
intotheAnder sendés Behavi oviceslUseadividedintotfireeHe al t h
related determinargroups: patient (n=9), rheumatologist (n=3) and healthcare
organisation (n=4)Rheumatologistseportedfinancial difficulties mostly affected
medication adherence to the more costly bDMARDSs ratherdbadmARDs. Although,

for patients witHow socioeconomic status, even small costs were a burden for

purchasingDMARDs
Conclusion

Medication noradherence is prevalent among Iranian patients witiméa®ssitating
the development of interventiottsatwill considerall identified determinant$atients

with RA experienceostrelated medication neadherenceas the majority othem



belong to the low socteconomic levelBesides, the identified determinants of
adherence can be used to develop interventmaprove medication adherence in

patients with RA.
Keywords:

Medication adherence, medication raatherence, rheumatoid arthritis, -@itpocket

costs, oubf-pocket payments.
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Chapter 1

Introduction



1. Chapterl

1.1. Chapteroverview

This chapter introduces the thesis, addresses the research problem and arovides
overviewof the significance of thstudy The specific airm and a summary of the
projectarealso presented-inally, an outline of the thesis is described to inform the

reader ofts overall structure

1.2. Introducing the study

The term arthritis refers to joint diseastgereare many different types of arthritis
(Shmerling, 2017)Osteoarthritis antheumatoid arthritis (RA) are the two most
common types adirthritisrespectivelMcHugh, 2018)RA is a systemic autoimmune
inflammatory condition which results in severe articular and extiaular morbidity
and increased mortality from accelerated cardiovascular di€samsden et al., 2018)
RA has a negative effect on the ability to do daily activities, including housdhtésb
such as preparing meaiscleaningand workrelatedtasks(Pincus et al., 1984RA

also impacth e a | t hqualiy bf afe (#RIQOL) (Salaffi et al., 2009and increase
mortality (Pincus et al., 1984)n a cohort studpf 1222 patients with RA during 15
years, approximately one lHgearwaslost due to RA and thiesk of mortality in

patients with RA was 54% highthan thénealthypopulation(van den Hoek et al.,
2017) Although strategiesuch as psychosocial consultation and physical activity may
support patients in coping withe symptoms oRA (Christie et al., 2007; Cramp et al.,

2013) medicationplays the main role in RA treatmegtletaha et al., 2010)



Current treatment strategies focus on early diagnosis andpbarsnaeutical
treatmentvhich aims tgorevent the progression of joint damdgelecreas disease
severityandoptimisingremission(Smolen et al., 2018pyntheticdiseasemodifying
antirheumatidrugs (sDMARDshandbiologic DMARDs(bDMARDS) arethe main

RA medicationgprescribed to patien{8enjamin et al.2018) Patients are required to

take RA nedicationdongterm andmedicationadherencés essential to prevent

structural damage in joinend to reacloptimal health outcomes in patierfBagab et

al., 2017) However, noradherence is found to be prevalent among patients with RA
(Blum et al., 2011; Fidder et al., 2013; Harrold et al., 2008any factors affect
medication adherence in chronic disedd@sRA (Jimmy et al., 2011)According to

the 2003 World Health Organisation (WHO) report, adherence determinants are
comprised of five dimensions including factors that are patient related, socioeconomic
related, therapy related, disease related healthcare system and team situation related
(Saba® 2003) Among healthcare systeralated determinantsjedication oubf-

podket (OOP) costs have been reported as one of the barriers to medication adherence
(Hennessy et al., 2018 addition, the production dfDMARDs s a complex process,

so, they are more expensive than sDMAR@kich may limitmedicationutilisation

(Hresko et al., 2018; Kalkan et al., 20b)d may contribute to medication Ron

adherencgCurkendall et al., 2008; Harrold et al., 2013)

In 2014, helran government launched a HeaBactor Evolution Plafor hospitals to
reduce healttare costs for patientsnprove the quality of healtlare services and
provide equal access to inpatient cdveradiLakeh et al., 2015)The outcomes of
this reformhavenot beenreported For the first time in Iran his studyinvestigated
medication adherencandadherence determinantsth the focus on the effect @OP

costson medicatioradheracein patients witlrRA. A mixed methodsipproactwas



employed interviews were conducted witheumatologists whprovide routine
follow-up care for patients with RAndsurveys were undertaken wiplatients with RA
visiting rheumatologistdan public andprivate centres ddhiraz University of Medical

Sciences (SUMS)

1.3. Significanceof the thesis

WHO recognises medication adherence improverissgten more important than any
improvement in specific medical treatmé¢8aba®) 2003) Adherence to RA
medicationsnduces a state of remissioand improesquality of life (QOL) in patients
with RA (Ragab et al., 2017; Salt et al., 2012; Uckun et al., 200f)the health
servicewhen patients are adherent, there is a reductingterm healthcare costs
such as hospitalisation and other healthcare services utilisatior{logstet al., 2014)
Therefore, to i mpr ove mpraddieathtdrescds,ithiseal t h o u't
importantto detect medication neadherence in order tnitiate interventiongBrown

et al., 2018) Two systematic revieswereconductedegardingstudieshatassessed
adherence tRA medications such &EMARDs and methotrexate (MTX patients
with RA. Theyreportedmoststudieswereconducted in th&nited Statesof America
(USA) or European countrig8lum et al., 2011; Cu et al., 2016andadherence to
RA medicationsvassub-optimal (Blum et al., 2011; Fidder et al., 2013; Harrold et al.,
2009) However these review findings highlight the lack of studies related to

medication dherence in developing countries

In a systematic review and medaalysis of studies investigati@OP costs in I
healthcare system, seven studies were identified. The included studies were conducted

in theyearsbetweer2002and2014 in five provinces of Iran including Tehran, Qazvin,

4



Kurdistan, Gorgan and Tabriz. Thegportedthe rate of OOP costs was 5@¥the

total healthcare cos{85% ClI: 4557%) (Mirabedini et al., 201Avhich was higher in
comparison to t he (WoddHealtldQrgamestioa,2@4)do of 24 %
combatthesecosts i n 2014, Il rands government | aunc
Plan for hospital§MoradiLakeh et al., 2015)Themain goals were to redupatient

healttcare costs, improvihie quality of healtitare services and provide equal access to
inpatient carédMoradiLakehet al., 2015)Although OOP costs decreaded

inpatients at the time of this initiativéhe outcomes of this reform are still unknosm

outpatientsand require further investigation

The use of bDMARDSs in the treatment of RA has expanded due teeffieacy.
However,the economic aspect of treatment has become one of the dominant factors in
thetreatmenplan of patients with RAdecause bDMARDs are more expensive
compared to sSDMARDé§van Vollenhoven, 2016 onsequently,@mnomic factors
becamemportant determinants of adhererto bDMARDs Thereforethere isaneed

to understand theffect of OOP costs on medication adhereSbgdies considering

OOP payments and its relationship witledicationadherence are very beneficial for
thedecisionmaking process for policy make(®e Vera et al., 2014; Erkan et al.,

2002) particularly across diffent populations due to different financial burden
implications that OOP costeayhave on access to and use of health@dechlin,

2006)

Therefore, thistudyaimedto assess medication adherence in Iranian people with RA
and explore adherence determinants with the focus on the effect of OOP costs on
medication adherenc&he findings will providevital informationregardingmedication
adherence status in Iralm addition, resultsvill provide information fohealthcare

providers angbolicymakerdo inform strategies to enhance medicatamtherence in
5



patients with RATo our knowledge, therkas beemo study investigating the effect of

OOP costs on medicationtaetence in Iran

1.4. Aims

The overarching aim of thstudywasto assesadherence toral RA medications in
patients with RAN Shiraz, Irarandto exploredetermnants ofadherence witlafocus

on the effect o©OOP cost®n medication adherence

Two research strategiegere usedOne involved a survey of patients and the other

involved indepth interviews with rheumatologists.

1.4.1. Objectivesof thesurvey

1. To exanine demographic and clinical characteristics of patients with RA in Shiraz,

Iran.
2. To assesadherenceo oral RA medications patients with RA in Shiraz, Iran.

3. To examine the relationship between medication adherence and OOP costs in

patients withRA in Shiraz, Iran.

1.4.2. Objectivesof the interviews
1. To explore how rheumatologists assesslication adherence in patients with.RA

2. To explore medication adherence determinants in patgtitfRA from the

perspective of rheumatologists.



3. To explorewhethemedicationOOP costs affect medication adherence from the

perspective of rheumatologists.

1.5. Overview of the approach

Thisthesisutilised aconcurrent mixed methodgproachCreswell et al., 2018;
Creswell et al., 2003phvestigating the aims of the study from the perspective of
patients with RA and rheumatologists,gaina deepemunderstanding of the isssief
medication adherenc&he study recruitd patientsvisiting the main rheumatology
clinics of SUMS and rheumatologisthiavwork at SUMSthe main medical university
and healthcare provider in south of Iraihe overarching aim of this study was to
assess adherence to oral RA medications in patients wiih BAiraz, Irarandto
explore determinants of adherence with a focus on the eff€sDBf costs on
medication adherenc&he project outline is summarisedFigure 1.3. Aoutlined a
systematic review was conducted to provide the current evidence miatienship
betweermOOP costs and medication adherence in patients witiTRAresults of the
systematic review assisted with the desigrhettbncurrenimixed methods studylhe
study involved surveys with patients to assess medication adherenceexipibre
adherence determinants and, interviews with rheumatologists to explore their
experiences regarding medication adherence and its determDatatsvere collected
concurrently(Creswell et al., 2003Finally, thetwo sets of dataereanalysed
separatelyrad the results were aggregatédn d er send6s Behavi or al Mo
Services Us¢Andersen, 2008)as employedo guide the studgesignand data

analysis.



/
Literature review

- Systematic review: gather evidence on
the effect of OOP costs and medication
adherence in patients with RA

- literature review on studies of
medication aherence to identify the gaps
and the appropriate method

\- ’

Analysis

Analysing two sets of data separately and
intergrating results

Figurel.1l. Thethesissequential step

1.6. Outline of the thesis

Study design

Development of the appropriate method to
reach the study aims:cancurrent

multilevel mixed methodapproach

involving patients and rheumatologists

\- ]

Data collection
- Survey of patients
- Interviews with rheumatologists

This thesiswith publicationsis presenteth seven chaptemnd is organised according

to Monash

Uni v er shmisgpro Ehe pbsitiondwhdre eactiepoftheo r s

research is placed within the thesish®wnin Table 1.1 Three ofthe chapters

(Chapters 2, 4 and thcludedpeerreviewed publications/hich has been shown in

boxes A brief description of each chapterthrethesis is outlined in the following

paragraphs.

Chapter 1 provides theintroduction andaignificance of the study, explathe research

problem, aing andprovides anoverview of the study.

In Chapter 2, a review ofRA mechanisrg RA medications, detminants of

medicationradherenceand different methods of adherence measuremgnmesented
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Tablel.1. Thesis structure



Chapters | Content

x Chapterl | Introduction and aims

Background and litature review
x Chapter2

Publicationl

x Chapter3 | Research methodology

Results of the survey
x Chapter4

Publication2

Results of the interviews
x Chapters

Publication3

x Chapter6 | Integration of results and discussiol

Conclusion, recommendatigns
x Chapter7
limitationsandstrength

Chapter 2alsoincludes ananuscripe nt i t | eda-podké ocoste afféct medication

adherence in adults with r heThim@anuscrigt ar t hr i
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waspublishedin Seminars in Arthritis and Rheumatiswith the impact factor of 4.356
and explored the relationship between OOP costs and medication adherence in patients

with RA.

Chapter 3 outlinesthe research methodology with particular reference togkeof a
mixed methods desigand the conceptual mddéatwas employedo guide the study

and the integration of the results.

Chapter 4 presents the manuscript that includes the results of the survey that is
published in the International Journal of Rheumatic Diseases with the impact factor of
2.423.1ts e n tMiedicatiendadhérenand costrelated medication neadherence

in patients with rheumatoid arthritia crosss e ¢ t i o n &hk publitatiod gxplores

the demographic and clinical characteristics of patients with RA as well as medication
adheence status. It also explores medication adherence determinants with the focus on

the effect of OOP costs on medication adherence.

Chapter 5 presents the manuscript that includes the results of the interviews. The
manuscript explores medication adheretegrminants from the perspective of
rheumatologists. This chapter also presents the findings on how rheumatologists assess
medication adherence in patients with RA. This manusisriptceptedn the

International Journal of Rheumatic Diseases with thgairhfactor of 2.423.

In Chapter 6 the results of both interviews and survey are integratsdiliscussed in

detail.

Chapter 7 includes the conclusion of the findings, recommendations for healthcare
providers, insurers amablicymakers recommendation®f future studies, strengths

and, limitations of the study.
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AccordingtoMonash Universityés guidelines for
all included papers are presented in the original publication format. Furthermore,
additional framing texts, wbh are provided as explanations, link the publications with

other sections of the thesis.

This thesis has been structured to allow the reader to follow the vatepsnvolved
in conducting this studyAs a result of the requirements for publicatidnsi
acknowledged that thereay besome repetition in the journal articles and the thesis,

especially the definition of terms and the methods.
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2. Chapter2

This chapter provides the background to teeaopmentaetiologyand the current
treatment strategider RA. TheliteratureregardingRA medications, medication
adherence and determinants of adheranealsooutlined in this chapteilo explore
the effect of OOP costs on medication adherengatients with RAasystematic
reviewwasconducted ta@onsolidate the literatur&inally, areview of adherence

measuement methods is also presented

2.1. Rheumatoid arthritis (RAJevelopment

RA is asystemicautoimmune inflammatorgliseaseavhich resultsn severe articular
and extraarticular morbidity(Choy, 2012)Articular morbidityoccursin joints in the
fingers, thumbs, wrists, elbows, shoulders, knees, feet, and §r&le2016)
Generally RA is charactesedby joint swelling, joint tenderness, and destruction of
synovialjoints, leading to severe disability and premature mortéitgtaha et al.,
2010; Mitchell et al., 1986; Scott dt,a1987) RA develops in several phasé&sgure
2.1). RA begins with genetic risk factors (60% of risk) andgemetic risk factors (40%
of risk) (Deane, 2012; Smolen et al., 201Bjseaseanitiation involvesthe spreading of
autoimmunity against modified sgifoteins(Smolen et al., 2018Yheabnormalities
of RA-related autoantibodies and biarkers of inflammatioran continue for years
withoutinflammatory arthritis signs and symptori$is phaseas known aspreclinical

RA (Deane, 2012)

The next phase isnown asearly RA in which the inflammatorgrocess occurg.he
synovium(synovialmembranejs a central playeandthe primary site of the

inflammatory procesthatis characterisdby an increase in lining layer thickness and
14



infiltration of inflammatory cells into theubklining area(Cooles et al., 2011; Guo et al.,
2018) In the last phasknown asestablished RA, thenflammatory cells of the

immune system in the lining of theint, form a fibrous layer of tissue, tipannus. The
pannus releases stiéasces that erodeone,destruct cartilage and damage the
surrounding ligaments resulting in deformit{@ann, 2015)RA develops

progressivly in which the disease begins with minimal joint involvemantoverthe

yearsit progresses slowly to multiple joinf§&uo et al., 2018)
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Susceptibility to RA Preclinical RA Early RA Established RA

No detectable
Initiation of autoimmunity Propagation of autoimmunity

autoimmunity

Asymptomatic

autoimmunity

N Joint capsule

a Cartilage

Synovium

Bone O SO e o SO
Healthy Possible immune cell Immune cell Immune cell infiltration, hyperplasia
joint infiltration, but often normal infiltration of the lining layer and pannus formation

Figure2.1. Development and progression of RA. This photo is extracted from Smolen, (281&opyright (2018) by Springédature-

Macmillan Publishers Limited
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2.2. Aetiologyand risk factors

Rheumatoid arthritisRA) is most likelyto develop in people who have a genetic
predisposition to th disorder antiave beemxposedo certain environmental factors
although the underlying cause of RA remains unknax, 2016) Thegenes
responsibldor RA developmenéare the geas essentidbr producing theroteins for
immune responseAmong the environmental factors that can lead to the development
of RA, smoking is the only wekstablished risk factor for R@Aletaha, 2015; Fox,
2016) Besides smokinghere ae otherenvironmental factorthatare notwell-
establisheds RA risk factorgTable 21). Dustexposurds one of theerisk factors
(Aletaha, 2015)A study was conductedn fire fightersand other emergency service
workers exposed to dust at theesaf the 2001 World Trade Ceatollapse in New
York. It reportedprolonged work at a dusty site is a risk factor of autoimmune diseases
including RA(Webber et al., 2015Another study of Malaysian women whad
exposure to textile dust workreportedan increased risk of developing Kfoo et al.,
2016) Bacterial and virainfectiors areother unestablishedA risk factors although
direct infection of joints has nbeen demonstrad (Fox, 2016) In addition
epidemiologicand clinicalstudies haveuggestedhere is arassociation betwedRA
and periodontal diseasghe presence of circulating antibodies again
periodontopathic bacteria and associated inflammatory responbedrasportedn
bothpatients withRA and individuals atisk for disease developmeidingham et al.,
2013; Fox, 2016)n addition, Emalegenderis also known aa RA risk factor(Smolen
et al., 2018)Regarding unestablished RA risk fact@@ne studiefavereported a
reducel risk of RAin women who hadbreastfeed for a long tim{@ikwer et al., 2009)
or usal the contraceptive pil[Doran et al., 2004)Table2.1 shows the environmental

risk factors for RA.
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Table2.1. Environmental risk factors of RA that are not well establisf@lgtaha,

2015; Smolen et al., 2018)

Dust exposure Positive

Infections Positive

Coffee Positive and negative
Alcohol Negative

Parous Negative
Breastfeeding Negative

Hormone replacement therapy/ Oral contraceptive Negative
Obesity Positive

Vitamin D deficiency Positive

2.3. RA diagnosis

Although the prevalence of RA increases in older, &) can occur at any age, and
often develops gradually with increasing signs and symp(@oemaere et al., 1990;
Villa-Blanco et al., 2009Early diagnosis is important to prevent joint destruchign
using DMARDsatthe early onset ofthediseasdEspinoza et al., 2016)here have
been somedvancesn earlyRA diagnosigncluding theRA classification criteria and
new biomarkers that assisith the identification of RAAletaha et al., 2010; Nakken
et al., 2017; Zhao et al., 2014he 1987 American College of Rheutmlagy (ACR)
classification criteridArnett et al., 1988had been widely used for RA diagnosis for
many years. However, lacked the sensitivity tmlentify early RA(van Der Linden et

al., 2011) To improve the sensitivityACR and European League Against Rheumatism
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(EULAR) introduced aotherRA classification criterian 2010(Aletaha et al., 2010)
which istodaythe mostwidely testedguidelineto aidrheumatologist$o diagnoseRA
(Radner et al., 2013n this classification,ndividuals are scored acrdssir areas
includingjoint involvementserology,acutephase reactanend duratiorof symptoms
(Table2.2). A score of 6 or above wadiindicate a diagnosis of RfAletaha et al.,

2010) People usually refer to a doctor with symptoms of joint stiffness and
inflammation.Rapid referral to a rheumatologistrecommended any of the

following symptomsare presenthree or more swollen joints, metatarsophalangeal or
metacarpophalangeal inlvement, and morning stiffness of more than 30 minutes
(Emery et al., 2002A rheumatologst will confirm the final diagnosisvith aphysical

examination and blood tessiccording to the .0 ACR/EULAR guidelins (Table 22).
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Table2.2. The 2010 American College of Rheumatology/European Leagam#tg
Rheumatism classification criteria for rheumatoid arth(Aietaha et al., 2010, p.

2574)

‘ Score
Target population (Who shouldbe testec®): Patients who
1) have at leastl joint with definite clinical synovitis (swelling)*

2) with the synovitis not better explainedoy anot her di

Classification criteria for RA (score-based algorithm: addscoreof
categoriesAD; a score of O6/10 is ne
patient as having definite RA)Y

A. Joint involvement§
1 large joint]
2-10 large joints
1-3 small joints (with or without involvement of large joints)#

4-10 small joints (with or without involvement of large joints)

g w N P+ O

>10 joints (at leastl small joint)**

B. Serology (at least 1 testresuls needed or c| assi fi
Negative RF and negative ACPA 0
Low-positive RF or low-positive ACPA 2
High-positive RF or high-positive ACPA 3

C. Acute-phase reactantqat least 1 test resulisneeded or c | as s i
Normal CRP and normal ESR 0
Abnormal CRP or abnormal ESR 1

D. Duration of symptoms§§
<6 weeks 0

&6 weeks 1

* The criteria are aimed at classification of newly presenting patientdn addition,
patients with erosive disease typical of rheumatoid arthritis (RA) with a history
compatible with prior fulfilment of the 2010 criteria shouldbe classifiedas having
RA. Patients with longstanding disease, including those whose disease is inactive
(with or without treatment) who, based on retrospectively available data, have

20



previously fulfilled the 2010 criteria shouldbe classifiedas having RA.

A Differential di ag n dhdifesentvaseytatiensbotimgy |
include conditions such as systemic lupus erythematosus, psoriatic arthritis, and
gout. If it is unclear about the relevant differential diagnoses to consider, an expert
rheumatologist shouldbe consulted

y Al t h teatgwith gpsaore of <6/10 are not classifiable as having RA, their
status canbe reassessednd the criteria might be fulfilled cumulatively over time.

§ Joint involvement refers to any swollen or tender joint on examination, which
may be confirmed by maging evidence of synovitis. Distal interphalangeal joints,
first carpometacarpal joints, and first metatarsophalangeal jointsare excluded
from assessmentCategories of joint distribution are classified according to the
location and number of involved pints, with placement into the highest category
possible based on the pattern of joint involvement.

£ ALarge jointso refers to shoul ders

# ASmall jointso refers to the metac:
interphalangeal joints, second through fifth metatarsophalangeal joints, thumb
interphalangeal joints, and wrists.

** |n this category, at least 1 of the involved joints must be a small joint; the other
joints can include any combination of large and additional small joirg, as well as
other joints not specifically listed elsewhere (e.g., temporomandibular,
acromioclavicular, sternoclavicular, etc.).

AA Negative refers to | U values that
normal (ULN) for the laboratory and assay;low-positive refers to 1U values that
are higher than the ULN but O3 ti mes
positive refers to IU values that are >3 times the ULN for the laboratory and assay
Where rheumatoid factor (RF) information is only avaiable as positive or negative,
a positive result shouldbe scoredas lowpositive for RF. ACPA= anti-citrullinated
protein antibody.

yy Normal / abnor mal i's det er miCRe=Creactve |
protein; ESR= erythrocyte sedimentation rate

88 Duration of symptoms refers to patient selfeport of the duration of signs or
symptoms of synovitis (e.g., pain, swelling, tenderness) of joints that are clinically
involved at the time of assessment, regardless of treatment status.

2.4. Burdenof RA

A systematic review was conducted to find populabased studies that reported the

prevalence of RA in low and middlacome countries according tilee WHOregions
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(Rudan et al., 2015 he reviewreportedRA prevalence was 0.40% for Southeast

Asian, 0.37% for Eastern Mediterranean, 0.62% for European, 1.25% for American and
0.42% for Western Pacific regiofRudan et al., 2015Ppue to a growth in population

and increase in aging, disabiliagjusted life years (DALYS) of RA increastdm 3.3

million years(95% CI 2.6 to 4.1) in 1990 to 4.8 milligrears(95% CI 3.7 to 6.1) in

2010. DALYs is the sum of years of life lived with disability (YLDs) and the years of

life lost due to premature mortality (YLLS). Of the 291 diseases studikdyas the

42nd highestontributorto global disability(Cross et al., 2014Although the activity

and damaging effects of RA have decreased over time due to the impgrigen

medication and improvement in patient diagnosis, tivasno decrease in the

frequencyor mortality of RA (Minichiello et al., 2016)

RA carries ssubstantial burden forath the individual and sociefZross et al., 2014)
The individual burdeincludes physical and psychological challen(®sh et al., 2015)
All aspects of everyday life are affected by RA including activities engaging with self
care, domestic lifstyle, interpersonal interactions and community (erker et al.,
2015) Seltcareand domestiactivities include bathing, toileting, dressing, eating,
drinking anda variety ofhousehold activities such as gardening, sewing, cleaai,
shopping invhich RA sufferershaveto walk, carry or lift objects andse their hands
and armgRkain et al., 2006; Sverker et al., 2015mited physical ability in activities
of selfcare and domestic life, affects patiéntgeractionsandrelationshipwith their
family members including children amplandchildrer{Sverker et al., 2015RA also
affects the intimate relationships includiplgysicalrelationshp like huggingand

sexual relationshipgue to pain, fatigue and feeling unsé€Byrd et al., 2003; Rkain et
al., 2006; Sverker et al., 2015) anEgyptan studyof patients with RA46% of
females and 54% of nedreportedsexual dysfunctiofEl Miedany et al., 2012)Vith
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regardtoc ommuni ty and social activities,
activities such asports like fishing, gymnasscdancing skiing or riding a horse
mostly due to the pain and fatigue they caarsa their need for a high level of physical
activity (Sverker et al., 2015)n addition,a systematic review and medaalysis
reportedl6% of patients with RA have depress{dfatcham et al., 2013and these
patients exhibit leve of anxiety that arbigher than a normative group of @ge

equivalentadults(VanDyke et al., 2004)

Regardingsocioeconomic burden, wodisability is the major consequence of RA
resulting in lost ilome for the patient and less productivity for soc{ftyolakka et al.,
2005) Patients withRA havealower employment rate due to their reduced work
capacitydue to pain, fatigue arqborphysicalfunction(Kwon et al., 2012)Initially,

RA affects the quality gb a t | presenaabwork(low work productivity) later it
increases work absenteeism aihdpt treated, it may eventually result in permanent
work disability(Martikainen et al., 2016A study in England on 353 patients with RA
reported29% of patientsstoppedheir work due to RAluring the period of five years
and the work disability wsmorelikely in patients working in physicigi demanding
jobs(Young et al., 2002)A Swedish studyeportedthe costs related to hospital care,
medications and work loss patients withRA were two to three times higher than the
costs inthegeneral populatio(Eriksson et al., 2015)n addition medical costs for
patientswith RA is substantial. A metanalysis on medical costs of RA in the USA
reported that total direct medicalstewere estimatedt US$12,509 for all patients
with RA using any medication regimen ad&%$36,053 fobDMARDs userg(Hresko et
al., 2018) Moreover,societal participatiom people with RA is laver compared with

people without RAdue to pain and fatigu&chneider et al., 2008)
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High prevalence rates of cardiovascular risk factoesreportedh patients with RA
includinghypertensior{18.6%), diabetes mellitug6.0%) hyperlipidaemig9.9%) and
obesity(4.4% (Radner et al., 20177 casecontrolstudy reportedpatients with RA
hada higher risk of cardiovascular diseases, particularly in patients who sareke,
obese, have high triglgcides and have exteaticular disease severi(@liem et al.,
2010) Also, due to the inflammation in joints and decreased physical exercise in
patients with RAtheyhave a higher risk afsteoporosi$RangelBotello et al., 2017,
Shibuya et al., 2002AlthoughRA mortality ratedecreased due to the improvement
and availability olRA medications, ardiovascular diseasetise most common cause
of premature death ipatientswith RA (Radner et al., 2017yWomen with RAhavea
higherrisk of total mortalitycomparedvith those without RAIn particular,

cardiovascular disease mortality aredpiratory diseasmortality (Sparks et al., 2016)

2.4.1. Burden of RA In Iran

In Iran,in 2016,a study by WHQhat includedhreeurban areas arsherural area
reportedthe prevalence dRA was0.37%in the 1,786 population studie@Davatchi et
al., 2016) RA prevalence was six times more likely in Iranian women than ameh,

the mean age (+ SD) phtients with RA was 52.3 (£ 17.6) years. Approximately 46%
of Iranian patients with RA had difficulty performing daily activities including stair
climbing (43%), lifting (40%), walking (37%), squatting (37%), carryitegns(31%),
dressing (17%), showegn9%) and hair combing (9%J)amshidi et al., 2014A

survey in Iran (n=197) using thiediatric Quality of Life Inventor{PedsQL)eported
lower QOLIin patients with RA (64%) compad to healthy participants (76%)

(Pakpour et al., 2013Karimi et al.(2013)conducted a systematic review of studies on
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Iranian people with RA to exanmertheQOL in this groupof patiets. They identified
11 studies; five studies us#teshort form 36 iten{SF36) questionnair@and two
studies usethe Medical Outcome Survey Short Form @0OS-SF20). The data were
combined into eight dimensions of Q@icluding physical functioning, roi@hysical,
bodily pain, general health, vitality, social functioning, f@otionalandmental
health Among theeightcomponents of QOLthe highesscorewas social functioning
with ameanscore of 63.4 and the lowesasphysical functioningwith a mearscore of
43.The overall score afight dimensions was2.47out of 100 (higher score indicates
higherQOL), and theyreportedthe QOL determinantsvere depression, income,
educdion, employment status, maristhtus fatigue, anxiety, disease severity and pain.
Theyreportedempowering patients in sethire by educating them arehcouraging
participation indecision making may improv@OL (Karimi et al., 2013)The findings
from this study in Iran and other studies that examined QOL in patients with RA
(Matcham, 2014)indicate that RAhas a substantial influence on QOL necessidhe

appropriate treatment.

2.5. Comorbiditiesin adults with RA

Comorbidities can either exist prior to RA dretchronic autoimmunity that occurs in
RA may lead to comorbidity and prature ageingvan Onna et al., 2016RA
medcations targeting fltammatory conditiosincludingsDMARDs, bDMARDs and
glucocorticoidanay also increase or decredse probability of comorbidities
(Roubille et al., 2015)Several diseases occur more frequently in RA patehen
compared to the general populat{@an Onna et al., 2016\n international cross

sectional studyincluding 3920 patients with RA from 17 participating countries
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reported the mogirevalent comorbiditiesere depressiofl5%), asthmg6.6%9,
cardiovascular disease (CV[H%), solid malignancie@.5%) andchronic obstructive
pulmonary diseasgCOPD)(3.5%) (Dougados et al., 2014n asystematiaeview of
17 studies repartg cardiovascular mortality risk, RA was associated with a 60%
increase in risk of cardiovascular death compared télyeneral populatioMeune
et al., 2009andCVD is increased in patients wilRA (Jagpal et al., 2018LVD risk
factors such as hypertensioyperlipidaemia andiabetesnellitusare also highly
prevalent amog patients with RAand contribute to the CVD rigddagpal et al., 2018)
Systematic reviewand netaanalysisreported that patients with RA had a higher risk
of COPD(Ungprasert et al., 201@nd fracturegJin et al., 2018yompared to the
generabopulation Comorbidities and the complexity they addRA treatment
influence theraputic decisionsHigh-risk comorbidities like malignancg VD, and
infection limit the treatmeraptionsavailableto people withRA andconsequentlynay
adversely affectlisease outcomd&opalarathinam et al., 201Qn the other hand,
comorbiditiessuch aosteoporosisequirethe additionof new therapieto prevent

fractures such asalcium supplementation and bisphosphong@tess et al.2015)

2.6. RA treatment

There is no ultimate cure for RAletaha, 2015)However, a state of remission is
achievablewith early interventiorbefore structural impairment occy@letaha, 2015)
Non-pharmaceuticahterventionamaysupport patientaicopingwith the disease
consequencg&hristie et al., 2007)or exampleinterventiors such as psychosocial
consultation and physical activity may reduce fatifCieamp et al., 2013However,

pharmaceuticakreatment plays the main role in RAanagemen(Aletaha et al., 2010)
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RA managemerttassignificantly improvedverthe last two decadgSmolen et al.,
2018) Until the 1990s patients with RA would usually have to live with progressive
joint deformity and onsiderable disabilitySokka et b, 2009)andthe pharmaceutical
treatmentvasnot generallyadministeredn theinitial stages of the diseageries,

2000)

In the past, dipyramid approachencouragedhe administration of nen
pharmaceuticahterventions such as physiotherapy, occupatitreiapy, rest and
rehabilitation andpharmaceuticareatments such aalgesicand ron-steroidal anti
inflammatory drugs (NSAIDsINSAIDswerethe first-line treatment and DMARDs
wereprescribedelatively late in the diseagEries, 2000)The only DMARDs athat
time weregold saltsand Dpenicillamine(Lipsky, 2008) This approach was not
optimal as it was not able to prevent severe dig@siand morbidity due to
cardiovascular diseas€Sokka et al., 1999)-urther research revealed tiratreased
consequences of R&eredue to misdirected and inadequatelytcolted inflammation

that causegbint destruction and loss of functigiMoreland et al., 2001)

RA management evolvatlie to several reasons. Firdtie to the improvement in RA
diagnosiqasexplained in section 2)3Secondthe need for early treatment was well
establ i shed apodr & uasintragutcedwhich fecommended

initiating DMARDSs as soon as possible after diagn@Bigure 2.2Emery, 2002)

The development dRA will often damage bone and cartilagarichresults in erosion

and joint space narrowir(@an der Linden et al., 2010n mostcases this damage is
irreversible(van der Linden et al., 201®igure 2.3shows the significance of early
treatmentThirdly,t he concept ®@fwdd riemtihioth dbu d ead giet

pharmaceuticabdjustmentsnustbe based on disease activity that is measured by a
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validated too(Smolen et al., 20)0Treatto-target is defined as a treatment strategy in
which the clinician begins the treatment aggressively to reach and maintain specified
goals, such as remission or low disease act{@bfomon et al., 2014)n the last 20

years, several measures have been developed stiwasease Activity Score 28
(DAS-28) (Prevoo et al., 1995)he Simplified Disease Activity Indgf&molen et al.,
2003)andtheClinical Disease Activity Index (CDAIjAletaha et al., 2003 classify

the disease activity status into remission, low, moderate and high categories. These
categories are used to adjust medicationsticege a tight RA control anattain the

target which isremission or at leasdw disease divity (Felson et al., 2011Finally,

the substantial increase in the number of SDMARDs and the introduction of bDMARDs
wasable to modify the natural evolution of RRautrel et al., 2018; Takeuchi, 2011)
The ntroduction of DMARDSs in the1990s(Benjamin et al., 2018yasregardedasa
major advanament in RA tretment as they are faster in action and work in patients
who had an inadequate response to treatment with sDMARDxpel, 2000)

However, they are more expensive than sDMARBsichmay limit their utilisation

(Kalkan et al., 2014)

RA treatment has twtarges. first, relieve the pain and secotaprevent the
destruction of jointdstructure. Raching these two goatequirestwo types of
pharmaceuticahterventiors (van Vollenhoven, 2016)/NVhile analgesics and NSAIDs
may provideadegree osymptomatic religfantrinflammatory medications are used to
prevent structural damagean Vollenhoven, 2016Yhe ACRand EULAR Guidelines
thatarethe treatment guidelines thateusedfor RA (Singh et al., 2016ecommend
theuse ofsDMARDs, ilDMARDSs, tofacitinib, and glucocorticoid®r patients with

earlydiagnosisand established RESingh et al., 2016; Smolenat, 2017) These
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ACR and EULAR guidelinesare the most widely used resources for RA treatment;

both emphasisinthetreatto-target approactSingh et al., 2016; Smolen et al., 2017)

Further details oeach meitationis presented in the following section (section 2.6)
Early and aggressive intervention wWHDMARDs and bDMARDshas been shown to
improve clinical outcomes, induce remission and prevent joint erosion prélyeess

2016) Therefore, it improves patients' functional statdR-QOL, and reduces fatigue

(Breedveld, 2011)

Tight control

(Treat to target)

Figure2.2. Standards of RA treatment. Extracted fr(fautrel et al., 2018, p. 213)

Copyright (2018) by the BMJ.
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Figure2.3. Significance of early treatmenaif patientsvith rheumatoid arthritis.
Extracted from (Aletaha, 2015) from the results of (Nell et al., 2@Ddpyright (2015)

by Springer Healthcare.

2.7. RA medications

Currentlyrecommendedhedicationsncludeglucocorticoids and DMARDs (biological

or synhetic) (Burmester et al., 201,Avhich arepresentedn Figure 2.4

30



RA medications

Glucocorticoid: DMARDs

I
I ]

SDMARDs bDMARDs

(2]

tsSDMARDs——{csDMARDs |bsDMARDs | boDMARDs

Figure2.4. Categorie®f RA medications.

RA: rheumatoid arthritisDMARDSs: diseasemodifying antirheumatic drugs, SDMARDSs: synthetic disease
modifying antirheumatic drugs, bDMARDSs: biologic diseasedifying antirheumatic drugs, tsDMARDSs:
targeted diseasmodifying antirheumatic drugs, csDMARDSs: conventiosghtheticdiseasemodifying
antirheumatic drug$)oDMARDSs biological originaldiseasenodifying antirheumatic drug®sDMARDs:

biosimilardiseasenodifying antirheumatic drugs

The pathwayeveloped bYeULAR is the most widely used guideé for RA treatment
(Figure 2.9. In thisguideline treatment starts witmethotrexateNITX) as the first and
main treatment strategy combined with glucocorticoids. In the case of intolerance with
MTX, leflunomide or sulfasalazéis substitutedandthe glucocorticoids dosage

should be tapered when clinically feasible. If progres®ot observedvithin three to

six months, other €&MMARDs shouldbe addedin thecase ohigh disease activity,
tsDMARDs and DMARDs are addedo the cOMARD therapy(Burmester et al.,

2017) Glucocorticoidsare not recommendddr long-termuse dueo their side effects

(Burmester et al., 2017)
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et al., 2017, p. 968Copyright (201) by the BMJ.

[ Phase T

No contraindicationformethotrexate | Clinical diagnosis

Figure2.5. Algorithm basedon the 2016 European League Against Rheumatism

EULAR) recommendations on RA managemé@iis figureis extractedrom (Smole
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it ACR-EULAR classification critda can support early
diagnosis? The treatment targés clinical remissioraccordingo
ACR-EULAR definition or, if remission is unlikely to be
achievable, at least low disease activity; the target shozuld
reachedhfter 6 months, but therapy shoulddmapted or change
in no sufficient improvement is seen after 3 montlisM T X
should be part of the first
therapy of csDMARDs is not preferred by the Task Force,
starting with MTX does not exclude its use in comborawith
other csDMARDs# TNF-inhibitors (adalimumab, certolizumab
etanercept, golimumab, infliximab, including EMA/FDA
approved bsDMARDS), abatacept;@tinhibitors, or rituximab;
in patients who cannot use csDMARDs as comedication, I1L6
inhibitors andsDMARDS have some advantage€urrent
practice would be to start with a bDMARDS (in combination v
MTX or othercsDMARDS9 because of the loAgrm experience
compared wittsDMARDs (Jakinhibitors).® The most
frequently used combination comprises X]Bulfasalazine and
hydroxychloroquine? Dose reduction or interval increase ¢an
safely donewith all b DMARDSs with little risk of flares; stopping
is associatewvith flare rates; most but not all patients can
recapture their good state upormstitution of the same
bDMARD. & Efficacy and safety of bDMARDSs after Jakhibitor
failure is unknown; also, efficacy and safety of arblpathway
inhibitor after another one has failed is currently unkndwn.
Efficacy and safety of a Jakhibitor after insuficient response
toapreviousJdJak nhi bi t or (Smelenetak, B0A7Ry n

ACPA, anticitrullinatedprotein antibody; bDMARD, biological DMARD; bsDMARD, biosimilar DMARDs;

csDMARDSs, conventional synthetic DMABS; EMA, European Medicines Agency; FDA, Food and Drug
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Administration; IL, interleukin; MTX, methotrexate; RF, rheumatoid factor; TNF, tumour necrosis factor;

tsDMARDSs targeted synthetic DMARDs.
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2.7.1. Diseasemodifying antirheumatic drugs (DMARDS)

DMARDs ak the mainstay of RA treatmeiihese medications are
immunosuppressive that act by slowing structural damage in the joints, they can induce
or maintain remission and reduce the frequency of-fips{Benjamin et al., 2018)

DMARDs are dividednto two categories: synthetandbiologic.

2.7.1.1. Synthetic DMARDs

This group of medications inclug@nventional synthetic DMARDs (csDMARDSs) and
targeted synthetic DMARD43SDMARDS). While csDMARDswere usedor many
years for RA treatmentsDMARDswere introducedh the market in 201%an
Vollenhoven, 2016)TsDMARDsaresmallmolecule agents th#rget the Janus
kinases (JKs). Whilstnot biologic agentssimilar to biologic agents they have a

target,andtheir efficacy is comparable to biologic agefwan Vollenhoven, 2016)

Tofacitinib wasthe first introduced JAK inhibitor for RA treaent(Felice et al.,
2018) It receivedhefirst marketng authorisation in the USia NovembeR012
(Cohen et al.2018) The usual oral dose Emg twice dailyTofacitinib monotherapy
or in combination with a csDMARD is effective in reducing RA symptoms and
improvinghealthrelated quality of lifgfHR-QOL) (Dhillon, 2017) Other JAK
inhibitorssuch as Baricitinibwererecently introducedHowever, thesafety datdor
Baricitinib is still limited, andfurther researcis needed to evaluate their useelice et

al., 2018)
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ThecsDMARDshave two functions in RA treatment; symptomegtand joint
protection. Their onset of action is slosix weeks tafour months and there is a high
risk of toxicity thatrequires monitoring throughegular blood testd he most important
csDMARDs include MTX, leflunomide, hydroxychloroquinelCQ), and sulfasalazine

(Benjamin et al., 2018)

Methotrexate (MTX) is the most effective and commonly used medication forlRA.
is effective in long ternreatmentjts mechanism of action is slightly faster than other
csDMARDs andt has lower toxicity The onseof action is about four to eight weeks
and usually the clinical efficacy is obtained during the first six motitiean be
administeredraly, subcutaneoly, and intramusculér (Kremer, 2018)The
bioavailability of the subcutaneouand intramusculaadministrations are higher than
the oral administratio(Schiff et al., 2014)However, the oral form is more common
and patients hava positive perceptioaf it (Nash et al., 2013 he usual dose 5

mg once weeklySnolen et al., 2016and it is prescribed as a monotherapy or in
combination with other medicationdauseadiarrhoealiver toxicity, lymphoma
infections and pneumonitis are the potential side ef{&ahklenberg et al., 2011)
Monitoring of liver function tests (LFTs), creatinine (@Gndcomplete blood count

(CBC) is essential everfour to eight week¢Kahlenberg et al., 2011)

Sulfasalazineis generally considered a less potent DMARI combination with
othersDMARDshasbeen showio improve RA treatmet with relatively low toxicity
(Kahlenberg et al., 2011y is generally welitolerated. However, 20% to 25% of
patients are imtierantto side effects includingauseadiarrhoeaand headachdllergic
reactions, rashes and leukopenia are rare side effadttenberg et al., 2011)

Sulfasalazine isneof the few DMARDSs that are relatively safe in pregnaitrause
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et al., 2016)CBC monitoring is essential every four to eigieeks duringhefirst year
of treatmen{Kahlenberg et al., 2011) he usual dose &3 gdaily takenorally in two
divided dosesgtwice a dayjnd it is recommended that it starts with lihe dose and
gradually increasdsy the maximum dose &00 mg a week to minimidee potential

toxicity (Smolen et al., 2016)

Leflunomide is observed as efficacious as MT&ohen et al., 2001t is used
alongside sulfasalazine paients where MTX is contraindicated or limited by side
effects.The route of administration is oral arefllnomideis available in tablets of 10,
20 and 100 mg. The initial administration dosel mg daily fothreedaysfollowed
by amaintenanceloseof 10 to20 ng daily (Mehta et al., 2009)'he main side effects
of leflunomide are gastrointestirahd liver problemsminor allegic reactions such as
rash and itch, alopecia, infections and hyperten@urphy et al., 2018)Similar to
MT X, monitoring ofLFTs, CrandCBC is essential everfour to eight weeks
(Kahlenberg et al., 2011%imilar to other csDMARDSs, inay take several weeks to
begin takingeffect, andcomplete benefits may nbe experiencedntil 6 to 12 weeks

after medication initiatioffPaz, 2018)

Hydroxychloroquine (HCQ) is a mild DMARDthatits monotherapy did not
demonstrate significant efficacy in joint damage prever(tan Der Heijde et al.,

1990) Therefore, iis recommended ioombinatiorwith other DMARDSsin particular
with MTX (Kahlenberg et al., 2011))ike other DMARDSs, the onset of effectiveness is
slow (two to four monthsHCQ usersmaybe protectedrom the subsequent
development otardiovascular diseasanddiabetegHage ¢ al., 2014) Retinal

toxicity and rauseaare common side effects and@hthalmologicexam(eye

examination)s essential every yeéikahlenberg et al., 2011)he administration mode
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is oral andhe usual dose is 400 mg daitytwo divided dose@wice daily)(Smolen et

al., 2016)

2.7.1.2. Biologic diseasamodifying antirheumatic drugsBDMARDSs)

BDMARDs are dividednto two categoriesbiological originaDMARDs
(boDMARDS) and biosimilar DMARDs (bsDMARDs)'hese bDMARD4garget
specffic cells in the bodyThe most commonly used bDMARDS, the route of
administration, their usual dose and the frequency of administration are outlined in
Table 2.3.BoDMARDs were introducedo themarketin the early 19906Benjamin et
al., 2018) Theywereregardedas a major advance in RA treatm@lippel, 2000)as
theyare efficacious in the treatment of patients withremlequate response to
sDMARDSs (Agarwal, 2011) In addition b DMARDs canpostponegadiogragic
progressionshowingthe potential benefits ipreventing longerm disability from joint
destructionn additionto the shorterm disability from symptoms of inflammatory
arthritis (Agarwal, 201). Themanufacturingof bDMARDSs is a complex process that
usesrecombinanDNA technology(Conner et al., 2014BsDMARDs are a copy of
boDMARDsand highly similar in all essential aspectdt®MARDsincluding

efficacy and safet{Dorner et al.2013)

38



Table2.3. CommonbDMARDSs for RA treatment.

Usual starting

Generic Route of
Target cell - ) Usual dose frequency of
name administration . _
administration
TNF Etanercept  Subcutaneous 50 mg Once aveek
agents Infliximab Intravenous 3 mg/kg Every 8 weeks
Adalimumab Subcutaneous 40 mg Every other week
Certolizumab Subcutaneous 200 mg Every other week
Golimumab  Subcutaneous 50 mg Once a month
IL1 Anakinra Subcutaneous 100 mg Daily
B-cell Rituximab Intravenous 500 1000 mg  Two infusions everyg
months
T-cell Abatacept Intravenous 500 1000 mg  Every4 weeks
Subcutaneous 125 mg Once a week
IL6 Tocilizumab Intravenous 41 8 mg/kg Every 4 weeks
Subcutaneous 162 mg Once a week

BDMARDSs: biologic DMARDs, TNF:anti-tumornecrosis factor, ILinterleukin

Tumor necrosis factor (TNFY

antagoni st s,

such

as i

adalimumab, goinumab and certolizumab are the mogtely usedoDMARDSs for the

treatment of RAInfliximab is used in patiets with high disease activity that has not

responded adequately to at least two DMARDSs including MiCTen et al., 2006 he

efficacy ofinfliximab in combination with MTXwas higher than MTX monotherapy or

combined DMARDSs. Te usual dose of infliximab is 3 mg/kg every eight veeek

following an induction period of six weeks. An increase of up to 10 mg/kg in dosage or
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a decrease of the dosing intervals to 4 weeks is recommended in case of insufficient
respons€Eng et al., 2013)Dose increase more than the recommended dosage are
related to an increased incidence of infecti@@asta et al., 2015)nfliximab represents
approximaely 40% of bDMARDSs prescribeosta et al., 2015Etanerceptis
anothemwidely used bDMARDSs that has been shown to be aadleeffective in rapid
reduction of disease activity in patients with RA and in sustaining that improvement
(Bathon et al., 2000; Moreland et al., 2001)s used as monotherapyiar

combination therapy with MX. A clinical trial comparing etanercept monotherapy
with MTX monotherapy reported that etanercepa agnotherapy was superior to

MTX monotherapy in reducing disease activity and disability and, having less side
effects(Genovese et al., 200Adalimumab, certolizumab andgolimumab are other
TNF-U a nt atlpbareiused fer RA treatment. Systematic reviews of clinical trials
reported that these medicationsaasonotherapy or in combination with MTX had

high efficacy and decreased radiographic progres@erivila Machado et al., 2013;
Ruiz Garcia V et al., 2017; Singh et al., 20H)wever, patients treated wiliNF-U
antagonistsvere athigher risk of serious infectiorfBongartz et al., 2006; Curtis et al.,
2007) Therefore monitoring patients for signs of infectiom particularin the first six

monthsthe medication is prescribgd recommendetb rheumatologist$Curtis et al.,

2007)

Anakinra is the first bDMARDs designed to modify the immune response of
interleukin 1 (IL-:1) (Mertens et al., 2009}t is used in patients with RA who failed at
least one DMARDg$Mertens et al., 2009).ike other bDMARDSs, anakirna has shown
a high efficacywith several side &#cts such as injection site reaction and infections

(Nikfar et al., 2018)Rituximab is a monoclonal antibody that depletes B cells from
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the circulation(Randall, 2016)Findings of a systematic review and matelysis of
clinical trials onrituximab efficacy reported that rituximab is an effective choice for
patients with RA, particularly for patients who failedt- TNF treatmen{Lemos et al.,
2014) Abataceptis a protein thatargets Fcells(Moreland et al., 2006} ike
rituximab, it is recommendeo patients withRA who have hadninadequate or
unsustained responsednt- TNF treatmen{Genovese et al., 20Q5)ocilizumab is
designed to modify thenmune response of IL@Idfield et al., 2009)It is used for
patients with RA who have hadadequate response ta,who wereintolerant of, prior
DMARDs or anti- TNF treatmentOldfield et al., 2009)Results of a clinical trial also
reported that tocilizumab initiatigmvith or withoutMTX, in patients whanewly

diagnosed witlRA showed a high efficaciBijlsma et al., 2016)

2.7.2. Glucocorticoids

Also referred to asorticosteroids, glucocorticoidse steroidal medications that reduce
inflammation andhave beemised for RA treatment for ové€5 yeargBijlsma et al.,

2014) Prednisone is the most commonly used glucocorticoid in RA treatment. It is
recommended to be used at t)andforlthesghertedt pos s i
dur at i o ns)duéts sidmeffacttSingh ¢ al., 2016) Glucocorticoidsanbe

administeredn different formats including origl (usually taken once a dayhtra

articular (into the joint)intravenous anchiramusculatFreeman, 2018 hese

medications arbeneficial for RA treatment due to their joint protection function

(Freeman, 2018nd lower risk of toxicity in comparison MSAIDs (Chatzidionysiou

et al., 2017)The addition ofglucocorticoids to SDMARDsanbenefit patients

(Chatzidionysiou et al., 201,4p particular,during peiods of flareups where
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severesymptomsare experience(Freeman, 2018)'he common side effects that make
this medication unfavourable for lostgrm use are weight gain, skin thinning, sleep

disturbance and neuropsychiatric disordéfsDonough et al., 2008)

2.8. Medication adherence

Adherencas definedas ft he ext ent lowtbeinsttugtianbithegrat i ent s
givenf or prescribed treatments. The term, ad
a statement of fact rather than (@dynebl|l ame ¢
et al., 2008) The termsadherence, compliance and persistence areinsetherence

related studies. Although they are differentthe literature they may be used
interchangeablyAhmed et al., 2014)rhe term persistence defind duration of time

from initiation to discontinuation of treatmef@ramer et al., 2008 Compliance refers

to the extent to which theatientfollows the prescribed regimen the physician decides

for the patient. This concept reflects a degree of paternalistic approaetptiigmt
physicianrelationship(Marengo et al., 2015 Currently, adherence is the most recent

word that is used to descritiee extent to which patients follotlhie prescriber
recommendatioabout medicine takingehaviourfHorne et al., 2005nderstanding

medication adherence acrabferentdiseasess essential due tihe negative

consequences associated with medicatimmadherenceMedication noradherence

resultsin poor clinical outcomedncreasedlisease severity, lowglity of health,
increasednorbidity and mortality rates, andgh economic costs on the heaklhe
system(Osterberg et al., 2005; Sokol et al., 2008)hough adherence to medications

is necessaryWVHO reported medicatioadherencén patientswith chronic diseases
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wasfound to be50% in developed countries and less than 50éeuelopingcountries

(Saba® 2003)

In the past, the common belief was that the patient was responsible fadiherence
(Brown et al., 2011)A 2003WHO reportdefinedadherencas a multidimensional
phenomenorcomprising of fivedimensions in which thpatientis just one dimension
(Saba® 2003) The other dimensions includctorsthatrelate to socioeconomic,

therapy, disease and healthcare system and teaaticit(Saba® 2003.

2.9. Medication adherence in patients with RA

To achieve a target clinical outcome, a certain amount of medidatake or

adherence is required. wskdodndto lesuificemtinadher e n«
Haynes's early empirical study of patients with hyperten@taynes et al., 19807 his

cutoff wasalso found as a reasonable-offtpoint in schizophrenia, diabetes,

hypertension, congestive heart failure, or hyperlipidaetiarve et al., 209). In RA

related studies, 80%hedication adherenaeas used as a coff to divide patients as

adherent or ncaadherentind adherence less than 8@#sconsidered suoptimal

(Arshad et al., 2016; Blum et al., 20, Borah et al., 2009; Cannon et al., 2011; Harley

et al., 2003; Rauscher et al., 2015; Richards et al., 2012; van den Hoogen et al., 2009;

Xia et al., 2016)

In this section, we report the findings of several systematic reviews that investigated
medicdion adherence among patients with BBlJum et al., 2011; Fidder et al., 2013;

Harrold et al., 2009)
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In the systematic review of Harrold and Andrg@@09) investigathg medication
adherence to NSAIDs and DMARDSs in rheumatic conditions, 11 of 20 identified
articles were on RA. While adherence in patients with RA varied from 30% to 93%, 10
of 11 studieseportedthe adherence rate was less than 70% in patients witf IRsy.
also reported thatdherence has not been widely examined for most chronic
inflammatory rheumatic diseases and the few studies that exist used different
definitionslimiting the conclusionQuality of the included studidgas not been
assessed and dteethe variety of rheumatic diseases and adherence measurement
methods drawing a definite conclusion is impossiBlghors of this systematic review
have not reported the country in which the included studies were conducted. By
investigating each individal included study, we found that all stusieere conducted

in eitherEngland, USAor European countries.

Blum et al.(2011)assessed persistence with and adherence to bDMARDSs in patients
with RA. Of the52 studies identified}9 4% studieswvere conducted in Europe and

the USA. Fiftyone studies reported measures of persistence and four studies reported
on adherence, all of which were conducted in the USA and used administrative claims
data for the caldation of medication possession ratio (MPR)nly two of thestudies
reported mean adherence rates and two reported the proportion of adherent patients
(adherence more than 80%). Threportedthe range of medication continuation in one
year was 32% to®%, and continuation rates were higher with the addition of MTX or

other DMARDSs to the treatment plan.

Fidder et al(2013)systematicallyeviewed studies that assessed adherence to
bDMARDsincluding adalimumab, infixiimb and et anercept in pat

disease and RA. They identified three studies ind@Aducted in the USfBorah et al.,
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2009; Harley et al., 2003; Li et al., 201The sample sizeveighted mean adhereanc
was 59% in these studies. Adherence was 67%, 59% and 48% for adalimumab,
etanercept and infliximab respectively. Theportedfemale gender as a negative

determinant of adheren¢Borah et al., 2009; Harley elt,a2003; Li et al., 2010)

ScheimarElazary et al(2016)conducted a systematic reviewstudies reporting
medication adherence to DMARDSs, steroids, BISAIDs in patients with RAThirty-
onestudieswere identified; 14f these studiesereconducted in the USA, six in the
UK, seven in European countries)d one each in Australia, New Zealahdrkey and
Mexico.The mean adherence rate was 66% (95% CIi0.38). Adherence in the

Turkish studywas 52%(Tuncay et al., 2007)

According to thesabovementionedsystematic reviews, medication adherence is sub
optimal in patients with RA, and the majority afidies in this area were conducted in

developed countries.

A few single studies were fowl in Middle Eastern countriéscluding Saudi Arabia,
Turkey, Egypt and IrafAlmazrou et al., 2016; Gadallah et al., 2019e8get al., 2017;
Uckun et al., 2017)A study in Saudi Arabia surveyed 126 patients r@padrtedd7.7%
were adherern(Almazrou et al., 2016 AnotherTurkish study surveyed 82 patients and
found 50% of participants were highly adher@htkun et al., 2017and the study in

Egypt that surveyed 140 patients found 9.4% were classified as moderately adherent
and none classified as highly adher@adallah et al., 2015The Iranian study in

Tehran on 252 patientsported65% were adhereriSalehi et al., 2017 his low

guality study hadsome limitationsincludingmisconduct in adherence measurement
The researcherssedthe Compliance Questionnaire Rheumatolo@Q@R)

guestionnair¢o assesadherencehoweverthey did notreport adherence according to
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the guidelhesthat the CQRlevelopers providk This erroneouseportingmay have
resulted in an inaccuratelherenceneasurementinally, among developing countries,
astudy in India on 7patients with RA found thadherence rateas36%
(Doddapaneni et al., 2014hesestudieshighlight the lack of studie®cusing on

medication adherence developirg countriesand inthe Middle East region.

2.10. Significance of redication adherence in patients with RA

Adherence to RA medications is essential in patients withidR#event structural
damage in joints and to reach optimal health outcomes in patients AvifR&ab et al.,
2017) A systematic review and megaalysishatwasconducted to explore the
impact of medication adherence on disease activity in patients witlepohtedthat

RA patients with higher mecition adherence tendemlhave lower disease activitlyi

et al., 2017)A total of 1,963 adults with RAvere includedn the metaanalysis vith
DAS-28 used as the tool to assess disease activity-Z8AS a validated tool that
measures disease severity in patients with R# resultof this systematic review
reporteddiseasectivity was significantly lower in adherent patients than in-non
adherent patienfdMean difference1 0. 42, 95% CI1 [ 1(det8l.0,
2017) Another cohort study df03patients with RAn the Netherlandexplored the
impact of medication adherence on disease activitingthe first year after diagnosis.
Medication adherence was assessed imgdcation event monitoring syste(MEMS)
device TheEULAR/ACR2010 criteriavas usedor RA diagnasis and DAS28 for
disease activity assessmentey reported that neadherent patients have a higher
disease activityd= 0. 0 1) , threemqntascafteadiagnpsmompared with

adherent patienf$asma et gl2015) Also, theyreportednonadherence is an
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importantdeterminanbf higherdisease activityn the first six months of treatment and
it needsextra attentionn the early stages of disease. As explained in sectioit &5,
important tobegin treatment ithe early stages of the diseasedach a state of

remission as soon as possitmeavoidstructuraldamageo joints.

The negative impactofnemd her ence i s not | imiteld to th
acohort studyof 194 patients with rheumatic disea4e4.2% had RA) the association
betweeradherencevasassesseldy MEMS and healtbare costs were examineder a

one year follow up periad hey collected informationn hospital costs including

consultations, emergendgpartment visits, hospitaéison, medical procedures,

imagingfacilities, medication costs, and laboratory teBig.using amultivariate

regression analysetheyreportednonadherence resulted imgher totahealtrcare

costs, higher hospital admissions costs and higher costs made at the rheumatology

outpatient clinic§Pasma et al., 2017)

2.11. Medication adherence determinants

As stated in section 2.7, agllence is defined as a multidimensional phenomenon
comprising of five dimensionSaba® 2003) These dimensionselate tothe person
socioeconomicactors the diseasehetherapythehealthcare system and team

situation(Saba® 2003)

2.11.1.Persorrelated factors

Persoar el ated factors represent the patients:¢

beliefs. Some of these factors are forgetfulness; fear cktidets; low motivation;
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poor knowledge of disease; lack of saéfrceived need for treatment; uncertainty about
the efficacy of the treatment; denial in the diagnosis; irregular attendance atdipow
hopelessness; frustration with healthcare providers and treatment and fear of
medication dependen¢8aba® 2003). In RA, lack of knowledge about the disease
and its treatment and, perception of lack of treatment effectiveness can resutt in non
adherence to prescribed medicati@idsutsogianni, 2017; Neame &t, 2005; Pasma et
al., 2015; Uckun et al., 2017)he uncertainty about the efficacy of medications,
negative beliefs about medication and the refusal to accept the chatuieof RA
thatrequiredong-term treatmentsareall barriers to adherend¢elope et al., 2017;

Koutsogianni, 2017; Wohlfahrt et al., 2018)

Thesenegativebeliefs influence selfnanagement and sadfficacy skills, consequently
affecingpat i ent sé abil ity t o @&tions(Maremgotettale pr escr
2015) In addition,peoplemayforgetto take theimedicationgBarbosa et al., 2015;

Uckun et al., 2017)Beside the actual side effects of the medications, fear of side

effects isalsoareportedbarrier to medication adherence in patienith \RA (Barbosa

et al., 2015; Garcia Pogasseanu et al., 2005; Koutsogianni, 2017; Wohlfahrt et al.,

2018)

2.11.2.Socioeconomic status

Socioeconomic status significantly influeneeedicationadherence in people liwg in
developing countries due to limited resour(®aba® 2003) In particular, patients
with chronic diseasamayskip medication treatment to megherneeds of their family
members. Socioeconomielated factors include poverty, low level of education,

unemployment, living in rural areas, high rmeadion cost, lack of effective community
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support networks, culture and lay beliefs about disease and tre§8abag) 2003)

Prevous studies reported socioeconomic factors associated with adherence in patients
with RA thesewere; level of education, inconiXia et al., 2016)employment t®tus

(Ghosh et al., 2015)iving alone(De Cuyper et al., 2016putof-pocket costs

(Curkendall et al., 2008; Heidari et al., 20880 challengewith access to medications
(Wohlfahrt et al., 2018)However, the findings have been inconsistathe

association between these factors enadlicationadherence were not significant in all
studies on medication adherence determinants iarmatwith RA(Marengo et al.,

2015; Uckun et al., 2017)

2.11.3.Diseaserelatedfactors

Diseaserelatedfactors represent diseassated demands faced by the patients. Disease
severity and the level of discomfort, paind disability arisen from the disease are
among these facto(Saba® 2003) In RA, previous studies report factors associated
with adherence were; RA sever{tghosh et al., 2015; Uckun et al., 201d@pression

(Xia et al., 2016)mental healthtatus(De Cuyper et al., 2016presence of other
diseases and the number of other dise@3alp et al., 2017; De Cuyper et al., 2016)
Patients who had shorter disease duration, better mental health and lower disease
activity were more likely to adherto medicationthan patients with opposite traits

(Waimann et al., 2013)

2.11.4.Therapyrelatedfactors

Therapyrelated factors that affect adherence mostly reflecetiperiences that

patientshavehad with medication and treatment. These factors include a complex
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medical regimen, medication sigéfects, treatment duration and frequent treatment
changegSaba® 2003) Previous studies reported several thenagdgted factors
associated with adherence in patients with RA. Miiaé found as the RA medication
that patients are more likely ttemonstrag noradherencelue to the side effects such
as nausea and hair ldgarbosa et al., 201%8nd the administration frequen@iten et
al., 2016) The usual administration of NX is every week or every two weekdich
makes this medication unfavourable &ministration(Alten et al., 2016)The

patiend experience of medicaticsoaffects adherence; experiencing positive or
negative effects improger detes adherence, respectivelgrandstetter et al., 2016;

Koutsogianni, 2017; Pasma et al., 2013)

Regarding adherence to bDMARDSs, perceived effectivenebe afedication,
injection experiences, injections frequeriBplge et al., 2015hospitalisation and
emergency department visits affect adherd@aip et al., 2017)Being hospitalisedr
attending aremergency departmewas reportedo beassociated with lower

medicationadherencgCalip et al., 2017)

2.11.5. Healthcare system and teanotfars

Healthcare system and team factors that influence adherence include factatsaelate
insurancethehealthcare system atige healthcare professionals. A good patient
provider relationship and patient education improve adherence. However, inadequat
reimbursement by health insurance programs, poor medication availability in the
market, low skiledhealthcare providers on managing chronic diseases and medication
adherence, time limitation and poor patient folop/are barriers to adheren&aba®

2003) In RA, a relationship regarding trust building and treatment plan explanation
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between the rheumatologist and the patient imgg@dherenc@randstetter et al.,
2016; Koutsogianni, 2017; Pasma et al., 20A%yustful physiciarpatient relationship
was highly appreciated by patien®ther adherence determinants in this category
included access to and availability of rheumatologist and meaisatand insurancén
a qualitative study, Voshaar et @016)identified barriers and facilitators of
adherence to DMARD®Regardinghe environmental context, access to health
professimalsandavailability of medications in the pharmacy were significant
adherence determinani&hey also reported thatedicationOOP costgontribute to

nonradherence in patients with RA

2.12. Out-of-pocket (OOP) costsndmedication adherence

Since 2000, these of expensive new medications with chraanditions has
increased healtare cost§Health Care in America 2006 Survey, 2086&) therefore,
individual OOPcostshavealso increase(Paez et al., 2009DOP cost is defined as the
portionof total healthcare expenditutfeat is paid by the patient excluditige

payments made for health insurance premi(vechlin, 2006) A study of 7,527
patientswith RA in the USA reportedthe introduction of bDMARD$adincreased the
total annual cost oféatment threéold (Michaud et al., 2003)These high prices may
limit the utilisationof thesemedicatios (Desai et al., 2014)n anotherstudyof 8,545
patients with RAN the U\, 43.6% of paentsreporteddifficulty payingOOP costs
andof these patients, 9.0% reported they were unable to purchase all mediaatons
pay forthe carethey neededlhey reported that 2.4% to 19.2% of household income
was consumed by OOP cosarsdhousehold inamewasthe main determinant of OOP

burden, followed by diseasetivity, and coverage of health insurantaey reported
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patients younger than 65 years of age, encounter substantial OOP @ adienet al.,
2009) A cohort study of 8patientswith RA in Australiareported that OOP burden

was higher in younger patients and patients with private health insurance than their
older counterpastwhowerecovered by pensior&apsley et al., 2002A study in

Mexico investigated catastrophic expenses of 262matwith RA. Catastrophic
expenses referred to health expenses more than 30% of the total household income.
They reported that RA caused catastrophic expenses in 47% of households, which were
significantly associated with the type of health insurancerame and disease duration.
They also investigatednpoverishmentdefinedasthose households that could not
afford theMexican basic food baskeéthey reported thatmpoverishment occurred in
67% of households and was associated with catastroppenes and low

socioeconomicdvel (AlvarezHernandez et al., 2012)

Review sudies have shown thatcreasing patient OOP cestecreasemedication
adherencén a variety ofdiseased~or example, Eaddy et §2012)identified 66

studiesin asystematic reviewhat evaluated the relationship between changes in OOP
costs and medication adherence in chronic diseases, 85% of those identified studies
reportedncreasing the OOP costs was significantly associatddanitecrease in
medication adherencPatientswith RA are more vulnerable to caslated non
adherence because of high prices of the bDMARR2sVera et al., 2014 ostrelated
medication noradherence (CRN3 related to theatient delayng or, not refiling
prescriptions, skiping doses or takg smaller doses of their medication due to cost
(Harrold et al., 2013; Soumerai et al., 2Q06)erefore, as part of this thesis, we
conducted a systematic review to determine whether OOP costs affect medication

adherence in adults with RAhis workis presented in sgon 2.13.
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2.13. A systematic review of medicati@uherence and OOP costgatients

with RA

Before designing the study, a systematic review was condurtedestigatehe
literature regarding the relationsliptweermedication adherence af@DP costs in
patients with RA. It was important to identify the existing research that had been
conducted, tassist withthe designof the PhDstudy effectively. ihdingsof the

systematic reviewave beempublishedn Seminars in Arthritis and Rheumati¢2018)

Only six studies were identified through a broad search of 12 databésdsch five

out of six were conducted in the USA. The population and the methods of the included
studies varied widely. However, an inverse relationship between OOP costs and
medicationradherence wasentified Findings suggest that healthcare providers and
health policy makers should be aware that OOP costs can contributeddhmenence

to RA medications. Therefore, health policy makers glolsiityuldidentify the

appropriate OOP aount so patients do not experience CRN.
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Introduction: For individuals with a chronic condition, long-term management of their medication can
be dilficult and as a result non-adherence is common among Lhis cohort. [n patients with rheumatoid
arthritis (RA), the introduction of biologic agents was a revolutionary treatment but the high costs of this
medication might limit their utilisation.

Objective: This systematic review aimed to determine whether out-of-pocket (OOP) costs affect
adherence to RA medications in adults with a diagnosis of RA.

Methods: Twelve databases were searched to identify primary peer-reviewed articles, written in English
from inception to April 2016 that referred to the relationship between adherence to RA medication and
OOP costs. The CASP check list was used to assess the quality rating of the included studies.

Results: Six articles were identified in the review and all were considered as high quality studies. Among
them, three directly considered the association between OOP costs and medication adherence as their
main objective. Although the population and the methods of the studies varied widely, there was an
inverse relationship between OOP costs and medication adherence in patients with RA.

Conclusion: The findings of this review suggest that OOP costs can contribute to non-adherence to RA
medication in patients with RA. Therefore, health policy makers globally should identify the appropriate
OOP amount so these costs do not affect adherence whilst simultaneously ensuring that costs are not an
intolerable burden for governments, providers and insurers.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
that often requires long-term treatment with multiple medications
[1]. Most common pharmaceutical treatments of RA includes
symptom relief drugs, disease-modifying antirheumatic drugs
(DMARDs) and newer biologic agents [2]. Early and aggressive
intervention with DMARDs and biologic agents has been shown to
improve clinical outcomes, induce remission and prevent progres-
sion of joint erosion [3]. As a consequence, it improves patients'
functional status, health-related quality of life, and reduces fatigue
|4]. Patient adherence to their treatment protocols is essential to
encourage the best health results in RA [5]. Medication adherence
refers to “the degree or extent of conformity to the recommenda-
tions about day-to-day treatment by the provider with respect to
the timing, dosage, and frequency” [6]. There are several different
adherence-related terms in the literature [7]| and there is no gold

" Correspondence to: Room 320, Level 3, Building 13D, 35 Rainforest Walk,
Clayton Campus, Monash University, Wellington Rd, Melbourne, VIC 3800.
E-mail address: Parvaneh.heidari@monash.edu (P. Heidari).

https://doi.org/10.1016/j.semarthrit.2017.12.010
0049-0172j@ 2018 Elsevier Inc. All rights reserved.
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standard for measuring medication adherence [8]|. A systematic
review conducted by Scheiman-Elazary et al. [9]| investigated
adherence to anti-arthritis medications including DMARDs, ste-
roids, and nonsteroidal anti-inflammatory drugs among patients
with RA. The results of the review showed no differences in
adherence among the different measurement methods such as
questionnaires, pill count, claims databases or interviews.

In most studies investigating medication adherence in different
chronic diseases [10], including RA [11-13]| 80% was the cut-off
used to identify patients as adherent or non-adherent; adherence
more than 80% is considered optimal. In a number of systematic
review articles assessing medication adherence among RA
patients, the majority of studies showed that adherence was
suboptimal and non-adherence is a major problem [14-16]. Non-
adherence results in negative disease outcomes including higher
disease activity, lower physical ability and lower quality of life
[17-20] and increased hospital costs [21].

In chronic diseases, many factors affect medication adherence.
Determinants of non-adherence include patient, provider and
health system factors, with interactions among them [22].
Some barriers of adherence also include fear of side effects, poor
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doctor-patient relationship, poor knowledge about the effective-
ness of the medication, multiple prescribed medications with
different dosing schedules, access to the medication and cost [22].

Biologic DMARDs were a revolution in RA treatment, decreas-
ing joint erosions and improving patient quality of life [5].
However, high prices may limit their utilisation [23]. A study in
2011 showed that 10 out of 46 European countries had no
reimbursement for biologic DMARDs and patients with RA living
in lower income European countries had difficulty affording bio-
logics [24]. Using biologic treatments is also challenging in devel-
oping countries because of financial constraints. The gross national
product (GNP) and average expenditure on health care system is
lower in developing countries, which makes it difficult for RA
patients to afford biologic medications [25].

A study of patients with RA in the United states of America
(USA} noted that the introduction of new biologic medications
have increased the total annual cost of treatment three-fold [26]
therefore, out-of-pocket (OOP) costs have also increased [27]. OOP
costs are defined as the portion of total healthcare expenditure
that is paid by the patient, excluding payments made for health
insurance premiums [28]. Studies have shown that increasing
patient OOP costs decrease medication adherence [19,29,30]. For
example, a systematic review conducted by Eaddy et al. [19]
identified 66 studies that evaluated the association between
changes in OOP costs and adherence in chronic diseases, 85% of
those identified studies showed that increasing the patient’s share
of medication OOP costs was significantly associated with a
decrease in adherence. Individuals with RA are more vulnerable
to cost-related non-adherence because of high prices of the bio-
logics [31].

In every country, national policies in pharmaceutical financing
determine OOP payments. So, policy makers should be aware of
the degree of the relationship between medication non-adherence
and the costs of medications [32]. Studies considering OOP costs
and its relationship with treatment adherence are beneficial for
the decision-making process for policy makers [31,33]. This issue
specifically has significance in RA management because biologics
are a mainstay treatment for RA patients who may not have
responded to traditional DMARDs. However, the high prices of
the biologics may result in non-adherence, which causes an
increase to health care costs including outpatient, inpatient and
laboratory services [31,34].

From our knowledge, there is no systematic review of the
literature in which the relationship between OOP costs and
medication adherence has been assessed in patients with RA.
The aim of this review is to consolidate information from a range
of studies which have investigated the relationship between
medication OOP costs and RA medication adherence in patients
with RA.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA statement} was used as a guide to ensure
accuracy of the systematic review [35].

Literature search

Twelve databases including PubMed, PsycINFO, ABI/ inform,
Business Source, CINAHL, EMBASE, MEDLINE, Ovid MEDLINE,
ProQuest, ScienceDirect, Scopus, Web of Science were systemati-
cally searched from their inception to April 2016 to identify studies
that investigated the relationship between medication OOP costs
and medication adherence in patients with RA. In undertaking the
broad search the following keywords from MeSH (Medical Subject
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Heading) [36] were used to retrieve the relevant articles: ‘Medi-
cation adherence’, ‘compliance’, ‘persistence’, ‘Disease-modifying
antirheumatic drugs’, ‘biologic agents’, ‘out-of-pocket costs’, ‘theu-
matoid arthritis’. The PICO (Population or Patient, Intervention or
Indicator, Comparator or Control, Outcome ) strategy was applied
for identifying the key terms [37]. The full list of the search terms
is provided in Appendix A. In the World Health Organization
(WHO) report the terms ‘adherence’ and ‘compliance’ do not have
the same meaning in the present era of patient-oriented care. This
has resulted in the use of words such as persistence to refer to the
extent to which the patient follows the treatment regimen [38].
Persistence, adherence and compliance were all used in this
search. The search strategy pattern was used across all 12 data-
bases searched. Reference lists of eligible articles and review
articles were examined to identify additional sources not identi-
fied in the database searches.

Selection criteria

Studies were included if they referred to the relationship of
adherence to RA medication and medication OOP costs in patients
who were over 18 years of age with RA. Patients had to have a
diagnosis of RA assessed through a validated guideline such as
ICD-9 disease codes, the revisions of diagnostic criteria for RA
(ARA criteria) or the American College of Rheumatology (ACR). All
studies had to be written in English and primary research studies
that were published in peer reviewed journals. No restrictions
were imposed on study design or study duration. With regard to
medication adherence, studies that measured medication adher-
ence or mentioned different definitions of adherence were
included in the review such as initiation and continuation of
medication. Therefore, all definitions of adherence, compliance,
persistence and continuation were accepted for review.

Articles were excluded if they discussed total costs without
separating OOP costs; did not mention clearly which type of costs
they investigated; if they considered juvenile arthritis or other
kinds of arthritis; and were non-primary research articles (news-
paper articles, editorials, book chapters, conference abstracts and
reviews). Titles and abstracts were reviewed by PH, articles that
did not meet the inclusion criteria were excluded. Full-text reading
was conducted by two reviewers (PH. and K.C.} who independ-
ently assessed the articles for possible inclusion in the review.
Differences in assessment were discussed until both reviewers
came to a consensus. Information about combining the results,
removing duplicates, reading titles, abstracts and full-text were
undertaken according to PRISMA [39].

Data extraction

To ensure that all data relevant to the focused question of
the review were collected, data were entered into tables that
were designed to provide information on each study. Character-
istics of the included studies included author, year of the study,
country where study was conducted, study design, medication
assessed, follow-up times for adherence, data source and subjects’
characteristics.

Data synthesis

Due to the small number of studies and different methods and
their heterogeneous findings, a meta-analysis was not possible. A
qualitative synthesis focussed upon the relationship between
medication adherence and OOP costs.
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Quality ratings

The quality of all retrieved articles was critically appraised
using the Critical Appraisal Skills Programme (CASP) ‘Cohort Study’
tool. [40]. This appraisal tool has been used previously as an
appraisal tool in other published systematic reviews [41-43]. This
appraisal tool assesses each study based on the validity of results,
study results and helpfulness of the results. The checklist contains
twelve questions including nine questions with yes, no, ‘cannot
tell' responses and three open-ended questions (Q 7, 8 and 12}.
Each of those nine close-ended questions with a ‘yes’ response
received one point and for those three open-ended questions, if
the quality asked in the checklist was found, one point was given.
Studies were determined high quality if they gained 9 to 12 points,
6 to 8 points was considered moderate quality and below 6 is
judged low quality [42]. Two reviewers (K.C. and P.H.} assessed the
quality of the studies independently. Any disagreements were
discussed and resolved through a third reviewer (W.C.}.

Results
Search results

A total of 1074 articles were retrieved from the initial search.
After removing duplicates, 754 articles remained. Following the

exclusion of articles based on the title or abstract, 19 were included
for full-text reading. After applying the inclusion and exclusion
criteria, 6 articles were included in the final review. The PRISMA
process of selecting articles is presented in Figure 1. No additional
articles were identified through searching the reference lists of
included studies or review articles.

Study characteristics

The characteristics of the 6 included articles are presented in
Table 1. All included studies were quantitative studies published
between 2005 and 2016, 5 of the 6 studies were conducted in the
United States of America (USA) [44-48] and 1 in Morocco [49].
Among the included studies, the patient’s selection criteria for RA
varied. Four studies employed the ICD-9 disease codes for RA
[44,46-48], 1 study used the 1987 revision of ARA criteria [45] and
1 utilised the ACR guideline for RA eligibility [49]. Two studies
reported the disease duration of RA, which varied from 8.5 years to
12.8 years [45,49]. The majority of participants in the studies were
female (on average, 72.7% of the population studied were female},
11.5% of sample populations were living in rural areas and the
mean age across all studies was 61.3, ranging from 43.5 to 63.5
years of age. Sample size varied between 100 [49] and 14,804 [46];
the four studies utilising claims databases in the USA [44,45,47,48]
that were obtained from employers [44,48], health plans [47,48]

ABV inform=7 | Business Source=4 | CINAHL =15 | MEDLINE=210 | Embase=55 | Ovid MEDLINE =18
(G ProQuest=59 | PsycINFO =2 PubMed =7 ScienceDirect= | Scopus=435 | Web of Science =96
166

o
§ |
= Records identified through database

searching

(n=1074) Records excluded by screening the title

and/or abstract
(n="735)
o Reasons:
g - Roferred to methods of RA? treatment =220
: - Total treatment costs and economic
§ Records after duplicates removed Rethy
(n="754) Sraluationi
- Other diseases =73

- Cost-cffectivencss studics = 77
- Confierence abstracts = 70

- Review articles = 47
- Editorials = 21

- Paediatri
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@=19)
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3 Out-of-pocket
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Table 1
Characteristics of included studies

Demographics of patients

Gender Mean Mean Mean  Rural Prescribed
(female age  ageat RA residency non-
Author Follow-up RA %) (years) RA dura- (%) biologic
(year), Medication  time for diagno- onset  tion DMARDs
country Study design  assessed® adherence  Data source sis Population Sample size %)
Curkendall Ihmsp«live Emmmu. lm MEDSTAT MarketScan ~ ICD-9-  RA patients who had newly initiated 2285 newly initiated 7 54 - - 25 48
etal database that includes  CM etanercept and adalimumab and had  patients
(2008), wudy approximately 45 large made a claim for these bi
USA [44] employers during 2002 to 2004
Rkain et al  Cross- Symptomatic  _ Survey ACR RA patients 100 88 43 3 128 75 9
(2005), sectional medications,
Morocco DMARD
149]
Gibofsky Pmm Etanercept, 5 years RADIUS 2 database 1987 RA adults listed in RADIUS 2 with 3484 77 - 43 85 - 72
etal methotrex- between October 2002 ARA moderate to severe RA who had
(2015), smay ate, other and June 2003 initiated etanercept
USA [45] DMARDs
Retrospective  Biologic July 1, Medicare Advantage ICD-9-  Members of MAPD plan with a claim 864 77 &3 - - <50 78
etal cohort DMARDs 2007 o members in Humanas (M for RA medication
(2016), study Decem- database
USA [47] ber 31,
2012
Harrold Cross- RA 1 year; Survey (MCBS) D9 Older adults with RA 14,498 in 2004, 14699 in 76 - - - 26 -
etal sectional medications 5 times 2005, 14,731 in 2006,
(2013), from 14,804 in 2007 and
USA [46] 2004 to 13651 in 2008
2008
Karaca- Retrospective  Etanercept, 5years;  Databases of 35 large D9 RA patients Newly diagnosed - 70 62 - - 1 35 (70 for
ic adalimu 2000 to te emplayers and 8557, existing biologic biologic
etal mab, 2005 176 health plans from users = 2066. users)
(2010), infliximab 2000 to 2005.
USA [48]
RA: rheumatoid arthritis, DMARD: disease-modifying antirheumatic drug, ACR: American College of ARA: American RADIUS 2: the id arthritis di

drug intervention and utilization study 2, Humana is a large national health insurance provider, MAPD: Medicare Advantage and Prescription Drug, MCBS: The Medicare Current Beneficiary Survey. For missing data or not reported

data "~ was used. *Medication assessed: list of medications were provided otherwise it was not reported in the study
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Table 2
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Quality rating using Critical Appraisal Skills Programme (CASP) cohort study checklist [26]

Author (year)
Curkendall et al. Rkain et al. Gibofsky et al. Hopson et al. Harrold et al. Karaca-mandic
question number (2008) (2005) (2015) (2016) (2013) et al. (2010)
1. Did the study address a clearly 1 1 1 il 1 1
focused issue?
2. Was the cohort recruited in an 1l 1 1 1 1 1
acceptable way?
3. Was the exposure accurately 1 1 0 1 1 1
measured fo minimise bias?
4. Was the cutcome accurately 1 0 1 1 1 1
measured to minimise bias?
5. Have the authors identified all 1 1 0 1l il 1l
important confounding
factors or have they taken
account of the confounding
factors in the design and/or
analysis?
6. Was the follow-up of subjects 1 R 1 1 it 1
complete enough or was the
follow-up of subjects long
enough?
7. What are the results of this 1 1 1 1 1 1
study?
8. How precise are the results? 1 1 0.5 1l 1l 1l
9. Do you believe the results? 1 1 1 1 1 1
10. Can the results be applied to 1 1 1 ik il 1
the local population?
11. Do the results of this study fit 1 1 1 il 1 1
with other available
evidence?
12. What are the implications of 1 1 1 1 1 1
this study for practice?
Total score 12 11 95 12 12 12

® Not applicable: in not applicable cases 1 score is given.

and a registry that collected data on DMARDs utilisation [45] had
the largest sample sizes. Another study used information from a
large survey of a representative national sample of Medicare
beneficiaries in the USA [46] and the last study surveyed 100 RA
patients [49]. Five studies reported the percentage of participants
prescribed traditional DMARDs, which varied from 35% [48] to 91%
[49] and the remaining did not specify which medication was
taken by their participant group. None of the studies provided
details on the doses or the number of medications participants
were taking.

Quality rating

The results of the critical appraisal are presented in Table 2. All
included studies were determined as high quality studies; the
methodological quality of the studies ranged from 9.5 to 12 points.
Four studies [44,46-48] received the total score of 12. The other
two studies showed some limitations. Gibofsky et al. [45] scored
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the lowest of all included studies; although they stated that the
most common reason of biologic discontinuation was cost, they
did not report the exact OOP costs and the relationship with
medication adherence was not assessed statistically. Also, no
statistical tests were performed for analysing results and cofound-
ing factors. Rkain et al. [49] had ambiguity in measuring the
outcome; whilst they did report medication adherence in their
results, they did not explain how medication adherence was
assessed in the survey.

Measures of medication adherence

Among the included studies, medication adherence was
assessed via multiple methods (Table 3}. One study measured
medication possession ratio (MPR) [44] which is described as the
percentage of days during the retrospective follow-up period for
which a patient had medication available and it is calculated by
dividing the days’ supply of a medication dispensed by the number
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Medication OOP costs

QOOP cost and medication
adherence

Author (year) Adherence measurement tool Mean Adherence® (%)
MPR (Medication possession ratio)

Curkendall et al. (2008) [44] MPR 52 + 31 (SD)
Self-report tools

Rkain et al. (2005) [49] Self-developed gquestionnaire 61

Harreld et al. (2013) [46]

Cost-related medication non-
adherence (CRN)
questionnaire: CRN was
defined as skipping or
reducing medication doses
or not obtaining
prescriptions due to cost.

Initiation and continuation concept

Gibofsky et al. (2015) [45]

Hopson et al. (2016) [47]

Karaca-mandic et al. (2010)

[48]

Etanercept continuation
assessed in patients who
were categorised in to four
groups: (1) etanercept
monotherapy,

(2) etanercept plus
methotrexate,

(3) etanercept plus
methotrexate plus other
DMARDs and (4) etanercept
plus other DMARDS.

Prescription abandonment
rate: defined as a reversed
claim for biologics without
evidence of a subsequent
paid claim in the 180-day
period following the initial
reversed claim

Number of person-years® of
initiators and continuers
(initiation defines as first
time use of biclogics and
continuation defined as
using biclogics
continuously without a gap
more than one year)

CRN in 2004 = 20.7*
CRN in 2008 = 18.5*

1) Etanercept monotherapy
= 84

2) Etanercept plus
methotrexate =73.3

3) Etanercept plus
methotrexate plus other
DMARDs = 72.6

4) 4) Etanercept plus other
DMARDs = 73.9

Percentage of initial
abandonment rate in each
cost group:*

$0-$25 = 0, $25-5100 = 4.7,
$100-5250 = 12, $250-
$400 = 20.9, $400-5550 =
289, > 8$550 = 32.7,
overall = 18.2

1629 initiators (8.4), 3257
continuers (70.6)

33.6 USD® + 60.6 USD
monthly from 2002 to 2004

510 dirhams (~54 USD)
monthly in 2004

Not reported.

Not reported.

Number of patients in every
cost group:

$0-525 = 30.6, $25-$100 =
2.4, $100-$250 = 2.8,
$250-5400 = 18.8, $400-
$550 = 26.0, > $550
=19.0

Menthly in all plans:
infliximab: $125 (SD =
$174), etanercept and
adalimumab: $35 (SD =
$53)

In non-generous plans:
infliximab >$353.4,
etanercept and
adalimumab: $90.4

Patients who never initiated
biologics = $53.5

Biologic initiators = $107.7

1 year gap in biologic use =
$90.3

Using biclogics every year
= $114.5 monthly

Negative significant
relationship was found
(p-value < 0.0001)

Financial problems led to
suboptimal adherence in
61% of patients.

Having RA was associated
with a 3.5-fold increase in
the risk of CRN as
compared to those
without a chronic disease.

Across these four groups,
the most common reason
for discontinuing
etanercept was OOP costs.

The overall initial
abandonment rate was
18.2% for biclogic
DMARDs, ranging from
1.3% for the lowest OOP
cost group to 32.7% for
the highest OOP cost
group. The negative
association between OOP
cost and likelihood of
refilling a prescription
was highly significant.

For both initiation and
continuation the negative
relationship was found,
although this relationship
was not significant for
continuation.

® United States Dollar.

2 In Harrold et al. [46] and Hopson et al. [47] studies, the reported figures are non-adherence percentages.

¢ Person-year: a measurement combining the number of persons and their time contribution in the study; it is the sum of individual units of time that the person in the
study population have been exposed or at the risk to the condition of interest.

of monitored days in the selected time frame, which is usually one
year (365 days).

Two studies measured medication adherence through self-
report tools; one using the validated cost-related medication
non-adherence (CRN} questionnaire [46] that investigated CRN in
the previous 12 months and made a comparison between patients
with RA and older adults with other chronic diseases. The other
study developed their own questionnaire [49]. The questionnaire
was divided into four sections, in which the third section included
questions in regard to medication OOP costs, RA related financial
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difficulties which was divided into none, manageable, or unman-
ageable and then the consequences of these financial difficulties
on treatment compliance. Although Rkain et al. [49] reported
adherence levels from their survey respondents, they did not
explicitly state how they assessed adherence in their survey.

The final three studies considered medication adherence in
terms of initiation and continuation of medications [45,47,48];
databases were appraised to determine whether firstly, partici-
pants initiated the taking of their medication and then secondly,
whether they continued to take the medication according to their



18 P. Heidari et al. / Seminars in Arthritis and Rheumatism 48 (2018) 12-21

prescription. Gibofsky et al. [45] examined biologic DMARDs
continuation and the associated reasons of discontinuation from
a registry database that included data from a plan in which
patients with RA were provided with a 12-week supply of
Etanercept (ETN) and the first 4 months were free of charge. They
examined the population after those 4 months up to 5 years;
the population was divided into 4 groups; (1} ETN users, (2} EIN
plus Methotrexate (MTX) users, (3) ETN plus MIX plus other
medicine users and (4) ETN plus other medicine users. Karaca-
Mandic et al. [48] assessed the number of initiators and continuers
of biologic users from 2000 to 2005. Initiators were assessed in the
population of patients who were newly diagnosed with RA and
continuers were assessed in the whole RA population. Hopson
et al. [47] assessed the prescription abandonment rate and the
likelihood of prescription refill among biologic users during a
6-month follow-up period.

Figure on adherence

Figures for adherence are reported in Table 3. The methods
used to assess medication adherence were different across the
6 included studies. The adherence reported in the included studies
ranged from 52% [44] to 81.8% [47].

Measuring out-of-pocket (OOP) costs

The figure for OOP costs was reported directly in 3 studies
[44,48,49]. However, these studies were too heterogeneous to be
compared; the population and setting of the studies varied,
medication adherence was assessed with different RA medications
and via different methods. Monthly medication OOP costs in these
three studies varied from US$33.60 for new initiators of etanercept
and adalimumab [44] to more than US$353 for infliximab users in
non-generous plans {plans where the average OOP costs are in top
quartile of the household OOP expenses) [48]. Of these 3 studies,
the OOP costs were the lowest in the study that assessed newly
initiated biologic users [44].

Of those studies that did not directly report the amount of OOP
costs; Hopson et al. [47] divided the RA patients into 6 different
categories according to their OOP costs; the highest number of
patients paid less than US $25 (30.67%) and 26.04% paid between
US $400 and US $550. More than half (64%) of the patients paid
more than US $250 for their medications in a six-month period.
Harrold et al. [46] did not report the OOP amount, the aim of this
study was to assess the CRN, which refers to the prevalence of
patients who decrease or skip doses or did not fill prescriptions
due to the costs. Gibofsky et al. [45] considered continuation in
4 medication groups and investigated the reasons of discontinua-
tion, they found that the most common reason for discontinuing
etanercept was OOP costs.

Medication adherence and OOP costs

Data related to medication adherence and OOP costs is pre-
sented in Table 3. The relationship between OOP costs and
medication adherence was assessed differently across the
6 included studies. Three studies directly considered this association
as the main objective [44,46,47]. The other 3 studies considered it
indirectly; that is, the main objective was not to assess this
association however, this association was considered as one of their
secondary objectives. These studies were assessing the factors that
affect adherence, they found that OOP costs were a barrier to
adherence [45,4849].

Of those studies that considered this association as a main
objective, Harrold et al. [46] referred to the issue of medication
adherence and OOP cost, over a 5-year period, by employing the
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concept of CRN. CRN prevalence in patients with RA was higher
than that of older adults with other chronic diseases. In adjusted
analyses, Harrold et al. [46] found that the possibility of CRN in
patients with RA was 3.5 times higher than other chronic con-
ditions (OR 3.52; 95% CI: 2.63-4.71). Hopson et al. [47] also
examined the relationship between OOP costs and initial pre-
scription fill and subsequent refills of biologic DMARDs. Data were
collected retrospectively from a national Medicare Advantage and
Prescription Drug (MAPD) plan. They found that 18.2% of the
studied population who attempted to initiate biologic therapy
abandoned their prescription after a reversed (non-paid} claim for
a biologic agent in the 180-day follow-up period. As for the
population that were existing biologic users, the likelihood of
refilling a prescription during the 180-day post-index period
decreased with an increase in OOP costs (OR: $0-$250 (reference)
= 1, $250-$400 = 0.27, $400-$550 = 0.27, > $550 = 0.27; p <
0.0001). The final study that assessed the association between OOP
costs and medication adherence directly was conducted by Cur-
kendall et al. [44], adherence to biologic DMARDs (etanercept and
adalimumab) were assessed using MPR. Results from this study
indicated that adherence was suboptimal ( < 80%) despite patients
paying only an average of 2.7% + 4.9% of the total cost of the
biologic DMARDs [44]. To support the hypothesis that even slight
rises in costs may have an effect on adherence, Curkendall et al.
[44] converted MPR to therapy days by multiplying MPR by 365 to
determine how many days of adherence are lost when OOP costs
increase. They found that a rise of US$5.50 in weekly OOP costs or
a rise of 2.2% in a patient's share of biologic costs was equal to
1 week of therapy lost.

Of those studies that considered the association between OOP
costs and medication adherence indirectly, Rkain et al. [49] found
that monthly RA medication OOP cost was equivalent to more than
one week's income on the minimum wage in Morocco and these
expenses caused financial difficulties for 90% of patients, leading to
39% of patients with RA considered to be non-adherent. Karaca-
Mandic et al. [48] examined the OOP costs across multiple health
plans and assessed the initiation and continuation of bioclogic
therapies. OOP costs were found to affect initiation and continu-
ation of the biologic therapy and when other family members
incurred high health care OOP costs, the initiation rate in RA
patients decreased. Whilst Gibofsky et al. [45] did not specifically
examine OOP costs, this study found that cost and ineffective
treatment were the most common reasons for discontinuation,
these OOP costs resulted in ETN discontinuation in about 5% of
patients.

Discussion

Our study used a systematic search of the literature to identify
and summarise data to determine whether OOP costs affect
medication adherence in patients with RA. From our knowledge,
this is the first systematic review focusing on the association of
OOP costs and medication adherence in patients with RA.

Overall, 6 studies were found that fulfilled the inclusion criteria
and 5 of these 6 studies were conducted in the USA. These studies
measured adherence and OOP costs via different methods so the
heterogeneity of the studies limited our ability to perform quanti-
tative syntheses or any other comparisons between each study.

All 6 studies that were included in this review reported that in
patients with RA, OOP costs affected medication adherence neg-
atively and patients with RA are more likely to be non-adherent
because of medication costs. The findings of this review are
congruent to the findings of reviews conducted by Eaddy et al.
[19] and Gibson et al. [29]. Eaddy et al.’s [19] systematic review
reported that there was a decreasing linear relationship between
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