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Abstract 

Background: 

Patients with rheumatoid arthritis (RA) often require long term treatment with multiple 

medications. Synthetic disease-modifying antirheumatic drugs (sDMARDs) and newer 

biologic DMARDs (bDMARDs) are the main pharmaceutical treatments for RA. Early 

and aggressive intervention with these medications has been shown to improve clinical 

outcomes, induce remission and prevent joint erosion progress. Medication adherence 

is essential to encourage the best health results in RA; however, adherence has found to 

be sub-optimal. With the introduction of expensive bDMARDs, patients with RA are 

likely to experience cost-related medication non-adherence (CRN). In 2014, the Iran 

government launched a Health Sector Evolution Plan to reduce healthcare costs for 

patients and provide equal access to healthcare. The outcome of this Plan has not been 

investigated for patients with RA. 

Aims:  

This thesis assessed medication adherence to oral RA medications in patients with RA 

in Iran and examined determinants of adherence with a specific focus on the effect of 

medication OOP costs. 

Methods:  

Guided by Andersenôs Behavioral Model of Health Services Use, a concurrent mixed 

methods study was designed. The study was conducted in Shiraz, Iran and had two 

components. In Component One, a cross-sectional survey of 308 patients with RA was 

conducted to assess medication adherence to oral RA medications and its determinants 

with a focus on the effect of OOP costs on medication adherence. In Component Two, 

10 semi-structured interviews were conducted with rheumatologists to explore their 
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insights regarding medication adherence and its determinants with a focus on the effect 

of OOP costs on medication adherence of patients with RA. 

Results:  

The survey found 121 out of 308 (40.3%) participants were adherent to their oral RA 

medications.  Sixty-one out of 308 participants (just under 20%) were bDMARDs users, 

and these bDMARDs users were 0.82 times less likely to be adherent to oral 

medications compared to non-bDMARDs users (p<0.05). There was no statistically 

significant association between OOP costs and adherence to oral RA medications 

(p>0.05). However, 28.7% of participants reported not refilling, delayed refill ing, 

skipped doses or took smaller doses due to cost. In the findings of the open-ended 

question of the survey, medication costs and affordability were the most commonly 

reported barriers to medication adherence. In the results of the survey, using 

bDMARDs was the only statistically significant determinant of adherence to oral RA 

medications. Rheumatologists identified 16 adherence determinants that were mapped 

into the Andersenôs Behavioral Model of Health Services Use and divided into three 

related determinant groups: patient (n=9), rheumatologist (n=3) and healthcare 

organisation (n=4). Rheumatologists reported financial difficulties mostly affected 

medication adherence to the more costly bDMARDs rather than sDMARDs. Although, 

for patients with low socioeconomic status, even small costs were a burden for 

purchasing sDMARDs. 

Conclusion:  

Medication non-adherence is prevalent among Iranian patients with RA necessitating 

the development of interventions that will  consider all identified determinants. Patients 

with RA experience cost-related medication non-adherence as the majority of them 
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belong to the low socio-economic level. Besides, the identified determinants of 

adherence can be used to develop interventions to improve medication adherence in 

patients with RA. 

Keywords:  

Medication adherence, medication non-adherence, rheumatoid arthritis, out-of-pocket 

costs, out-of-pocket payments. 
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Definitions 

Out-of-pocket 

(OOP) costs 

OOP costs comprise the portion of total 

costs that patients pay to receive 

healthcare services. 

 

Medication 

adherence 

The degree to which patients follow 

treatment recommendations using 

medications, pertaining to the dosage, 

frequency and timing of medication 

taking for the prescribed course.  
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Chapter 1 

Introduction 



2 

 

1. Chapter 1 

1.1. Chapter overview 

This chapter introduces the thesis, addresses the research problem and provides an 

overview of the significance of the study. The specific aims and a summary of the 

project are also presented. Finally, an outline of the thesis is described to inform the 

reader of its overall structure. 

 

1.2. Introducing the study 

The term arthritis refers to joint diseases; there are many different types of arthritis 

(Shmerling, 2017). Osteoarthritis and rheumatoid arthritis (RA) are the two most 

common types of arthritis respectively (McHugh, 2018). RA is a systemic autoimmune 

inflammatory condition which results in severe articular and extra-articular morbidity 

and increased mortality from accelerated cardiovascular disease (Smolen et al., 2018). 

RA has a negative effect on the ability to do daily activities, including household duties 

such as preparing meals or cleaning and work related tasks (Pincus et al., 1984). RA 

also impacts health related quality of life (HR-QOL) (Salaffi et al., 2009) and increases 

mortality (Pincus et al., 1984); in a cohort study of 1222 patients with RA during 15 

years, approximately one life-year was lost due to RA and the risk of mortality in 

patients with RA was 54% higher than the healthy population (van den Hoek et al., 

2017). Although strategies such as psychosocial consultation and physical activity may 

support patients in coping with the symptoms of RA (Christie et al., 2007; Cramp et al., 

2013), medication plays the main role in RA treatment (Aletaha et al., 2010). 
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Current treatment strategies focus on early diagnosis and early pharmaceutical 

treatment which aims to prevent the progression of joint damage to decrease disease 

severity and optimising remission (Smolen et al., 2018). Synthetic disease-modifying 

antirheumatic drugs (sDMARDs) and biologic DMARDs (bDMARDs) are the main 

RA medications prescribed to patients (Benjamin et al., 2018). Patients are required to 

take RA medications long term and, medication adherence is essential to prevent 

structural damage in joints and to reach optimal health outcomes in patients (Ragab et 

al., 2017). However, non-adherence is found to be prevalent among patients with RA 

(Blum et al., 2011; Fidder et al., 2013; Harrold et al., 2009).  Many factors affect 

medication adherence in chronic diseases like RA (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 and healthcare system and team situation related 

(Sabat®, 2003). Among healthcare system-related determinants, medication out-of-

pocket (OOP) costs have been reported as one of the barriers to medication adherence 

(Hennessy et al., 2016). In addition, the production of bDMARDs is a complex process, 

so, they are more expensive than sDMARDs, which may limit medication utilisation 

(Hresko et al., 2018; Kalkan et al., 2014) and may contribute to medication non-

adherence (Curkendall et al., 2008; Harrold et al., 2013). 

In 2014, the Iran government launched a Health Sector Evolution Plan for hospitals to 

reduce healthcare costs for patients, improve the quality of healthcare services and 

provide equal access to inpatient care (Moradi-Lakeh et al., 2015). The outcomes of 

this reform have not been reported. For the first time in Iran, this study investigated 

medication adherence, and adherence determinants with the focus on the effect of OOP 

costs on medication adherence in patients with RA. A mixed methods approach was 
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employed; interviews were conducted with rheumatologists who provide routine 

follow-up care for patients with RA and surveys were undertaken with patients with RA 

visiting rheumatologists, in public and private centres of Shiraz University of Medical 

Sciences (SUMS). 

 

1.3. Significance of the thesis 

WHO recognises medication adherence improvement is even more important than any 

improvement in specific medical treatment (Sabat®, 2003). Adherence to RA 

medications induces a state of remission and improves quality of life (QOL) in patients 

with RA (Ragab et al., 2017; Salt et al., 2012; Uckun et al., 2017). For the health 

service, when patients are adherent, there is a reduction in long term healthcare costs 

such as hospitalisation and other healthcare services utilisation costs (Iuga et al., 2014). 

Therefore, to improve patientsô health outcomes and manage healthcare costs, it is 

important to detect medication non-adherence in order to initiate interventions (Brown 

et al., 2018). Two systematic reviews were conducted regarding studies that assessed 

adherence to RA medications such as bDMARDs and methotrexate (MTX) in patients 

with RA. They reported most studies were conducted in the United States of America 

(USA) or European countries (Blum et al., 2011; Curtis et al., 2016) and adherence to 

RA medications was sub-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 adherence in developing countries.  

In a systematic review and meta-analysis of studies investigating OOP costs in Iranôs 

healthcare system, seven studies were identified. The included studies were conducted 

in the years between 2002 and 2014, in five provinces of Iran including Tehran, Qazvin, 
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Kurdistan, Gorgan and Tabriz. They reported the rate of OOP costs was 50% of the 

total healthcare costs (95% CI: 45-57%)  (Mirabedini et al., 2017) which was higher in 

comparison to the worldôs average of 24% (World Health Organisation, 2004).  To 

combat these costs, in 2014, Iranôs government launched a Health Sector Evolution 

Plan for hospitals (Moradi-Lakeh et al., 2015). The main goals were to reduce patient 

healthcare costs, improve the quality of healthcare services and provide equal access to 

inpatient care (Moradi-Lakeh et al., 2015). Although OOP costs decreased for 

inpatients at the time of this initiative, the outcomes of this reform are still unknown on 

outpatients and require further investigation.  

The use of bDMARDs in the treatment of RA has expanded due to their efficacy. 

However, the economic aspect of treatment has become one of the dominant factors in 

the treatment plan of patients with RA because bDMARDs are more expensive 

compared to sDMARDs (van Vollenhoven, 2016). Consequently, economic factors 

became important determinants of adherence to bDMARDs. Therefore, there is a need 

to understand the effect of OOP costs on medication adherence. Studies considering 

OOP payments and its relationship with medication adherence are very beneficial for 

the decision-making process for policy makers  (De Vera et al., 2014; Erkan et al., 

2002), particularly across different populations due to different financial burden 

implications that OOP costs may have on access to and use of healthcare (Machlin, 

2006).  

Therefore, this study aimed to assess medication adherence in Iranian people with RA 

and explore adherence determinants with the focus on the effect of OOP costs on 

medication adherence. The findings will provide vital information regarding medication 

adherence status in Iran. In addition, results will provide information for healthcare 

providers and policymakers to inform strategies to enhance medication adherence in 
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patients with RA. To our knowledge, there has been no study investigating the effect of 

OOP costs on medication adherence in Iran. 

 

1.4. Aims 

The overarching aim of this study was to assess adherence to oral RA medications in 

patients with RA in Shiraz, Iran and to explore determinants of adherence with a focus 

on the effect of OOP costs on medication adherence.  

Two research strategies were used. One involved a survey of patients and the other 

involved in-depth interviews with rheumatologists. 

 

1.4.1. Objectives of the survey 

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

Iran. 

2. To assess adherence to oral RA medications in patients with RA in Shiraz, Iran. 

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

patients with RA in Shiraz, Iran. 

 

1.4.2. Objectives of the interviews 

1. To explore how rheumatologists assess medication adherence in patients with RA. 

2. To explore medication adherence determinants in patients with RA from the 

perspective of rheumatologists. 
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3. To explore whether medication OOP costs affect medication adherence from the 

perspective of rheumatologists. 

 

1.5. Overview of the approach 

This thesis utilised a concurrent mixed methods approach (Creswell et al., 2018; 

Creswell et al., 2003) investigating the aims of the study from the perspective of 

patients with RA and rheumatologists, to gain a deeper understanding of the issues of 

medication adherence. The study recruited patients visiting the main rheumatology 

clinics of SUMS and rheumatologists who work at SUMS, the main medical university 

and healthcare provider in south of Iran. The overarching aim of this study was to 

assess adherence to oral RA medications in patients with RA in Shiraz, Iran and to 

explore determinants of adherence with a focus on the effect of OOP costs on 

medication adherence. The project outline is summarised in Figure 1.3. As outlined, a 

systematic review was conducted to provide the current evidence on the relationship 

between OOP costs and medication adherence in patients with RA. The results of the 

systematic review assisted with the design of the concurrent mixed methods study. The 

study involved surveys with patients to assess medication adherence and to explore 

adherence determinants and, interviews with rheumatologists to explore their 

experiences regarding medication adherence and its determinants. Data were collected 

concurrently (Creswell et al., 2003). Finally, the two sets of data were analysed 

separately and the results were aggregated. Andersenôs Behavioral Model of Health 

Services Use (Andersen, 2008) was employed to guide the study design and data 

analysis.  
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1.6. Outline of the thesis 

This thesis, with publications, is presented in seven chapters and is organised according 

to Monash Universityôs Guidelines for submission. The position where each step of the 

research is placed within the thesis is shown in Table 1.1. Three of the chapters 

(Chapters 2, 4 and 5) included peer-reviewed publications which has been shown in 

boxes. A brief description of each chapter in the thesis is outlined in the following 

paragraphs. 

Chapter 1 provides the introduction and significance of the study, explains the research 

problem, aims and provides an overview of the study.  

In Chapter 2, a review of RA mechanisms, RA medications, determinants of 

medication adherence, and different methods of adherence measurement is presented.  

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

Study design

Development of  the appropriate method to 
reach the study aims: a concurrent 
multilevel mixed methods approach 
involving patients and rheumatologists

Data collection

- Survey of patients

- Interviews with rheumatologists

Analysis

Analysing two sets of data separately and 
intergrating results

Figure 1.1. The thesis sequential steps 



9 

 

Table 1.1. Thesis structure 
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Chapters Content 

× Chapter 1 Introduction and aims 

× Chapter 2 

Background and literature review 

Publication 1 

× Chapter 3 Research methodology 

× Chapter 4 

Results of the survey 

Publication 2 

× Chapter 5 

Results of the interviews 

Publication 3 

× Chapter 6 Integration of results and discussion 

× Chapter 7 

Conclusion, recommendations, 

limitations and strength 

 

Chapter 2 also includes a manuscript entitled óDo out-of-pocket costs affect medication 

adherence in adults with rheumatoid arthritis? A systematic reviewô. This manuscript 
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was published in Seminars in Arthritis and Rheumatism with the impact factor of 4.356 

and explored the relationship between OOP costs and medication adherence in patients 

with RA.  

Chapter 3 outlines the research methodology with particular reference to the use of a 

mixed methods design and the conceptual model that was employed to 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. It is entitled óMedication adherence and cost-related medication non-adherence 

in patients with rheumatoid arthritis: a cross-sectional studyô. The publication explores 

the demographic and clinical characteristics of patients with RA as well as medication 

adherence 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 adherence determinants from the perspective of 

rheumatologists. This chapter also presents the findings on how rheumatologists assess 

medication adherence in patients with RA. This manuscript is accepted in the 

International Journal of Rheumatic Diseases with the impact factor of 2.423. 

In Chapter 6 the results of both interviews and survey are integrated, and discussed in 

detail.  

Chapter 7 includes the conclusion of the findings, recommendations for healthcare 

providers, insurers and policymakers, recommendations for future studies, strengths 

and, limitations of the study. 
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According to Monash Universityôs guidelines for a thesis including published works, 

all included papers are presented in the original publication format. Furthermore, 

additional framing texts, which 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 various steps involved 

in conducting this study. As a result of the requirements for publication, it is 

acknowledged that there may be some repetition in the journal articles and the thesis, 

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

This chapter provides the background to the development, aetiology and the current 

treatment strategies for RA. The literature regarding RA medications, medication 

adherence and determinants of adherence are also outlined in this chapter. To explore 

the effect of OOP costs on medication adherence in patients with RA, a systematic 

review was conducted to consolidate the literature. Finally, a review of adherence 

measurement methods is also presented. 

 

2.1. Rheumatoid arthritis (RA) development 

RA is a systemic autoimmune inflammatory disease which results in severe articular 

and extra-articular morbidity (Choy, 2012). Articular morbidity occurs in joints in the 

fingers, thumbs, wrists, elbows, shoulders, knees, feet, and ankles (Fox, 2016). 

Generally, RA is characterised by joint swelling, joint tenderness, and destruction of 

synovial joints, leading to severe disability and premature mortality (Aletaha et al., 

2010; Mitchell et al., 1986; Scott et al., 1987). RA develops in several phases (Figure 

2.1). RA begins with genetic risk factors (60% of risk) and non-genetic risk factors (40% 

of risk) (Deane, 2012; Smolen et al., 2018). Disease initiation involves the spreading of 

autoimmunity against modified self-proteins (Smolen et al., 2018). The abnormalities 

of RA-related autoantibodies and biomarkers of inflammation can continue for years 

without inflammatory arthritis signs and symptoms. This phase is known as preclinical 

RA (Deane, 2012).  

The next phase is known as early RA in which the inflammatory process occurs. The 

synovium (synovial membrane) is a central player and the primary site of the 

inflammatory process that is characterised by an increase in lining layer thickness and 
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infiltration of inflammatory cells into the sub-lining area (Cooles et al., 2011; Guo et al., 

2018). In the last phase known as established RA, the inflammatory cells of the 

immune system in the lining of the joint, form a fibrous layer of tissue, the pannus. The 

pannus releases substances that erode bone, destruct cartilage and damage the 

surrounding ligaments resulting in deformities (Mann, 2015). RA develops 

progressively in which the disease begins with minimal joint involvement, and over the 

years it progresses slowly to multiple joints (Guo et al., 2018).  
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No detectable 

autoimmunity 

Initiation of autoimmunity  Propagation of autoimmunity 
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autoimmunity 
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autoimmunity  

Increased levels of 

cytokines, chemokines 

and CRP in the 

circulation 

Early 

symptomatic 

autoimmunity  

Undifferentiated arthritis  Classifiable RA 

Susceptibility to RA                                        Preclinical RA                                     Early RA                                     Established RA 

Figure 2.1. Development and progression of RA. This photo is extracted from Smolen, (2018). Figure 2.1. Development and progression of RA. This photo is extracted from Smolen, (2018, p.3). Copyright (2018) by Springer Nature -

Macmillan Publishers Limited. 
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2.2. Aetiology and risk factors  

Rheumatoid arthritis (RA) is most likely to develop in people who have a genetic 

predisposition to the disorder and have been exposed to certain environmental factors 

although the underlying cause of RA remains unknown (Fox, 2016). The genes 

responsible for RA development are the genes essential for producing the proteins for 

immune responses. Among the environmental factors that can lead to the development 

of RA, smoking is the only well-established risk factor for RA (Aletaha, 2015; Fox, 

2016). Besides smoking, there are other environmental factors that are not well-

established as RA risk factors (Table 2.1). Dust exposure is one of these risk factors 

(Aletaha, 2015). A study was conducted on fire fighters and other emergency service 

workers exposed to dust at the site of the 2001 World Trade Centre collapse in New 

York. It reported prolonged work at a dusty site is a risk factor of autoimmune diseases 

including RA (Webber et al., 2015). Another study of Malaysian women who had 

exposure to textile dust at work reported an increased risk of developing RA (Too et al., 

2016). Bacterial and viral infections are other unestablished RA risk factors, although 

direct infection of joints has not been demonstrated (Fox, 2016). In addition, 

epidemiologic and clinical studies have suggested there is an association between RA 

and periodontal disease. The presence of circulating antibodies against 

periodontopathic bacteria and associated inflammatory response has been reported in 

both patients with RA and individuals at risk for disease development (Bingham et al., 

2013; Fox, 2016). In addition, female gender is also known as a RA risk factor (Smolen 

et al., 2018). Regarding unestablished RA risk factors, some studies have reported a 

reduced risk of RA in women who had breastfeed for a long time (Pikwer et al., 2009) 

or used the contraceptive pill (Doran et al., 2004).  Table 2.1 shows the environmental 

risk factors for RA.   
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Table 2.1. Environmental risk factors of RA that are not well established. (Aletaha, 

2015; Smolen et al., 2018) 

Risk factor Association 

Dust exposure Positive 

Infections Positive 

Coffee Positive and negative 

Alcohol Negative 

Parous Negative 

Breastfeeding Negative 

Hormone replacement therapy/ Oral contraceptives Negative 

Obesity Positive 

Vitamin D deficiency Positive 

 

2.3. RA diagnosis 

Although the prevalence of RA increases in older age, RA can occur at any age, and 

often develops gradually with increasing signs and symptoms (Goemaere et al., 1990; 

Villa-Blanco et al., 2009). Early diagnosis is important to prevent joint destruction by 

using DMARDs at the early onset of the disease (Espinoza et al., 2016). There have 

been some advances in early RA diagnosis including the RA classification criteria and 

new biomarkers that assist with the identification of RA (Aletaha et al., 2010; Nakken 

et al., 2017; Zhao et al., 2014). The 1987 American College of Rheumatology (ACR) 

classification criteria (Arnett et al., 1988) had been widely used for RA diagnosis for 

many years. However, it lacked the sensitivity to identify early RA (van Der Linden et 

al., 2011). To improve the sensitivity, ACR and European League Against Rheumatism 
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(EULAR) introduced another RA classification criteria in 2010 (Aletaha et al., 2010), 

which is today the most widely tested guideline to aid rheumatologists to diagnose RA 

(Radner et al., 2013). In this classification, individuals are scored across four areas 

including joint involvement, serology, acute-phase reactants and duration of symptoms 

(Table 2.2). A score of 6 or above would indicate a diagnosis of RA (Aletaha et al., 

2010). People usually refer to a doctor with symptoms of joint stiffness and 

inflammation. Rapid referral to a rheumatologist is recommended if any of the 

following symptoms are present: three or more swollen joints, metatarsophalangeal or 

metacarpophalangeal involvement, and morning stiffness of more than 30 minutes 

(Emery et al., 2002). A rheumatologist will confirm the final diagnosis with a physical 

examination and blood tests according to the 2010 ACR/EULAR guidelines (Table 2.2). 
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Table 2.2. The 2010 American College of Rheumatology/European League Against 

Rheumatism classification criteria for rheumatoid arthritis (Aletaha et al., 2010, p. 

2574). 

 Score 

Target population (Who should be tested?): Patients who 

  1) have at least 1 joint with definite clinical synovitis (swelling)*  

  2) with the synovitis not better explained by another diseaseÀ  

 

Classification criteria for RA (score-based algorithm: add score of 

categories AïD; a score of Ó6/10 is needed for classification of a 

patient as having definite RA)ÿ 

 

       A. Joint involvement§   

             1 large joint¶ 0 

             2-10 large joints 1 

             1-3 small joints (with or without involvement of large joints)#  2 

             4-10 small joints (with or without involvement of large joints) 3 

              >10 joints (at least 1 small joint)**  5 

      B. Serology (at least 1 test result is needed for classification)ÀÀ   

             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 reactants (at least 1 test result is needed for classification)ÿÿ  

             Normal CRP and normal ESR 0 

             Abnormal CRP or abnormal ESR 1 

       D. Duration of symptoms§§   

              <6 weeks 0 

              Ó6 weeks 1 

* The criteria are aimed at classification of newly presenting patients. In addition , 

patients with erosive disease typical of rheumatoid arthritis (RA) with a history 

compatible with prior fulfilment  of the 2010 criteria should be classified as having 

RA. Patients with longstanding disease, including those whose disease is inactive 

(with or without treatment) who, based on retrospectively available data, have 
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previously fulfilled the 2010 criteria should be classified as having RA. 

À Differential diagnoses vary among patients with different presentations, but may 

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 should be consulted. 

ÿ Although patients with a score of <6/10 are not classifiable as having RA, their 

status can be reassessed and the criteria might be fulfilled cumulatively over time. 

§ Joint involvement refers to any swollen or tender joint on examination, which 

may be confirmed by imaging evidence of synovitis. Distal interphalangeal joints, 

first carpometacarpal joints, and first metatarsophalangeal joints are excluded 

from assessment. Categories of joint distribution are classified according to the 

location and number of involved joints, with placement into the highest category 

possible based on the pattern of joint involvement. 

Æ ñLarge jointsò refers to shoulders, elbows, hips, knees, and ankles. 

# ñSmall jointsò refers to the metacarpophalangeal joints, proximal 

interphalangeal joints, second through fifth metatarsophalangeal joints, thumb 

interphalangeal joints, and wrists. 

** In 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 joints, as well as 

other joints not specifically listed elsewhere (e.g., temporomandibular, 

acromioclavicular, sternoclavicular, etc.). 

ÀÀ Negative refers to IU values that are less than or equal to the upper limit of 

normal (ULN) for the laboratory and assay; low-positive refers to IU values that 

are higher than the ULN but Ò3 times the ULN for the laboratory and assay; high-

positive refers to IU values that are >3 times the ULN for the laboratory and assay. 

Where rheumatoid factor (RF) information is only available as positive or negative, 

a positive result should be scored as low-positive for RF. ACPA= anti-citrullinated 

protein antibody. 

ÿÿ Normal/abnormal is determined by local laboratory standards. CRP=C-reactive 

protein; ESR= erythrocyte sedimentation rate. 

§§ Duration of symptoms refers to patient self-report 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. Burden of RA  

A systematic review was conducted to find population-based studies that reported the 

prevalence of RA in low and middle-income countries according to the WHO regions  
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(Rudan et al., 2015). The review reported RA 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 regions (Rudan et al., 2015). Due to a growth in population 

and increase in aging, disability-adjusted life years (DALYs) of RA increased from 3.3 

million years (95% CI 2.6 to 4.1) in 1990 to 4.8 million years (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 studied, RA was the 

42nd highest contributor to global disability (Cross et al., 2014). Although the activity 

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

medication and improvement in patient diagnosis, there was no decrease in the 

frequency or mortality of RA (Minichiello et al., 2016). 

RA carries a substantial burden for both the individual and society (Cross et al., 2014). 

The individual burden includes physical and psychological challenges (Poh et al., 2015). 

All aspects of everyday life are affected by RA including activities engaging with self-

care, domestic lifestyle, interpersonal interactions and community life (Sverker et al., 

2015). Self-care and domestic activities include bathing, toileting, dressing, eating, 

drinking and a variety of household activities such as gardening, sewing, cleaning, and 

shopping in which RA sufferers have to walk, carry or lift objects and use their hands 

and arms (Rkain et al., 2006; Sverker et al., 2015). Limited physical ability in activities 

of self-care and domestic life, affects patientsô interactions and relationship with their 

family members including children and grandchildren (Sverker et al., 2015). RA also 

affects the intimate relationships including physical relationship like hugging and 

sexual relationships due to pain, fatigue and feeling unsexy (Bird et al., 2003; Rkain et 

al., 2006; Sverker et al., 2015). In an Egyptian study of patients with RA, 46% of 

females and 54% of males reported sexual dysfunction (El Miedany et al., 2012). With 
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regard to community and social activities, RA limits patientsô choice in leisure 

activities such as sports like fishing, gymnastics, dancing, skiing or riding a horse 

mostly due to the pain and fatigue they cause and their need for a high level of physical 

activity (Sverker et al., 2015). In addition, a systematic review and meta-analysis 

reported 16% of patients with RA have depression (Matcham et al., 2013), and these 

patients exhibit levels of anxiety that are higher than a normative group of ageȤ

equivalent adults (VanDyke et al., 2004).   

Regarding socioeconomic burden, work disability is the major consequence of RA 

resulting in lost income for the patient and less productivity for society (Puolakka et al., 

2005). Patients with RA have a lower employment rate due to their reduced work 

capacity due to pain, fatigue and poor physical function (Kwon et al., 2012). Initially, 

RA affects the quality of patientsô presence at work (low work productivity), later it 

increases work absenteeism and, if not treated, it may eventually result in permanent 

work disability (Martikainen et al., 2016). A study in England on 353 patients with RA 

reported 29% of patients stopped their work due to RA during the period of five years 

and the work disability was more likely in patients working in physically demanding 

jobs (Young et al., 2002). A Swedish study reported the costs related to hospital care, 

medications and work loss in patients with RA were two to three times higher than the 

costs in the general population (Eriksson et al., 2015). In addition, medical costs for 

patients with RA is substantial. A meta-analysis on medical costs of RA in the USA 

reported that total direct medical costs were estimated at US$12,509 for all patients 

with RA using any medication regimen and US$36,053 for bDMARDs users (Hresko et 

al., 2018). Moreover, societal participation in people with RA is lower compared with 

people without RA due to pain and fatigue (Schneider et al., 2008). 
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High prevalence rates of cardiovascular risk factors are reported in patients with RA 

including hypertension (18.6%), diabetes mellitus (6.0%), hyperlipidaemia (9.9%), and 

obesity (4.4%) (Radner et al., 2017). A case-control study reported patients with RA 

had a higher risk of cardiovascular diseases, particularly in patients who smoke, are 

obese, have high triglycerides and have extra-articular disease severity (Sliem et al., 

2010). Also, due to the inflammation in joints and decreased physical exercise in 

patients with RA, they have a higher risk of osteoporosis (Rangel-Botello et al., 2017; 

Shibuya et al., 2002). Although RA mortality rate decreased due to the improvement 

and availability of RA medications, cardiovascular disease is the most common cause 

of premature death in patients with RA (Radner et al., 2017). Women with RA have a 

higher risk of total mortality compared with those without RA; in particular, 

cardiovascular disease mortality and respiratory disease mortality (Sparks et al., 2016). 

 

2.4.1. Burden of RA in Iran 

In Iran, in 2016, a study by WHO that included three urban areas and one rural area 

reported the prevalence of RA was 0.37% in the 19,786 population studied (Davatchi et 

al., 2016). RA prevalence was six times more likely in Iranian women than men, and 

the mean age (± SD) of patients 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%), carrying items (31%), 

dressing (17%), showering (9%) and hair combing (9%) (Jamshidi et al., 2014). A 

survey in Iran (n=197) using the Pediatric Quality of Life Inventory (PedsQL) reported 

lower QOL in patients with RA (64%) compared to healthy participants (76%) 

(Pakpour et al., 2013). Karimi et al. (2013) conducted a systematic review of studies on 
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Iranian people with RA to examine the QOL in this group of patients. They identified 

11 studies; five studies used the short form 36 item (SF-36) questionnaire and two 

studies used the Medical Outcome Survey Short Form 20 (MOS-SF-20).  The data were 

combined into eight dimensions of QOL including physical functioning, roleïphysical, 

bodily pain, general health, vitality, social functioning, roleïemotional and mental 

health. Among the eight components of QOL, the highest score was social functioning 

with a mean score of 63.4 and the lowest was physical functioning with a mean score of 

43. The overall score of eight dimensions was 52.47 out of 100 (higher score indicates 

higher QOL), and they reported the QOL determinants were, depression, income, 

education, employment status, marital status, fatigue, anxiety, disease severity and pain. 

They reported empowering patients in self-care by educating them and, encouraging 

participation in decision making may improve QOL (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 RA has a substantial influence on QOL necessitating the 

appropriate treatment. 

 

2.5. Comorbidities in adults with RA 

Comorbidities can either exist prior to RA or, the chronic autoimmunity that occurs in 

RA may lead to comorbidity and premature ageing (van Onna et al., 2016). RA 

medications targeting inflammatory conditions including sDMARDs, bDMARDs and 

glucocorticoids may also increase or decrease the probability of comorbidities 

(Roubille et al., 2015). Several diseases occur more frequently in RA patients when 

compared to the general population (van Onna et al., 2016). An international cross-

sectional study, including 3920 patients with RA from 17 participating countries 
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reported the most prevalent comorbidities were depression (15%), asthma (6.6%), 

cardiovascular disease (CVD) (6%), solid malignancies (4.5%) and chronic obstructive 

pulmonary disease (COPD) (3.5%) (Dougados et al., 2014). In a systematic review of 

17 studies reporting cardiovascular mortality risk, RA was associated with a 60% 

increase in risk of cardiovascular death compared with the general population (Meune 

et al., 2009) and CVD is increased in patients with RA (Jagpal et al., 2018). CVD risk 

factors such as hypertension, hyperlipidaemia and diabetes mellitus are also highly 

prevalent among patients with RA and contribute to the CVD risk (Jagpal et al., 2018). 

Systematic reviews and meta-analysis reported that patients with RA had a higher risk 

of COPD (Ungprasert et al., 2016) and fractures (Jin et al., 2018) compared to the 

general population. Comorbidities and the complexity they add in RA treatment 

influence therapeutic decisions. High-risk comorbidities like malignancy, CVD, and 

infection limit the treatment options available to people with RA and consequently may 

adversely affect disease outcomes (Gopalarathinam et al., 2017). On the other hand, 

comorbidities such as osteoporosis require the addition of new therapies to prevent 

fractures such as calcium supplementation and bisphosphonates (Hoes et al., 2015). 

 

2.6. RA treatment 

There is no ultimate cure for RA (Aletaha, 2015). However, a state of remission is 

achievable with early intervention before structural impairment occurs (Aletaha, 2015). 

Non-pharmaceutical interventions may support patients in coping with the disease 

consequences (Christie et al., 2007). For example, interventions such as psychosocial 

consultation and physical activity may reduce fatigue (Cramp et al., 2013). However, 

pharmaceutical  treatment plays the main role in RA management (Aletaha et al., 2010).  
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RA management has significantly improved over the last two decades (Smolen et al., 

2018). Until the 1990s, patients with RA would usually have to live with progressive 

joint deformity and considerable disability (Sokka et al., 2009) and the pharmaceutical 

treatment was not generally administered in the initial stages of the disease (Fries, 

2000).  

In the past, a ñpyramidò approach, encouraged the administration of non-

pharmaceutical interventions such as physiotherapy, occupational therapy, rest and 

rehabilitation and, pharmaceutical treatments such as analgesics and non-steroidal anti-

inflammatory drugs (NSAIDs). NSAIDs were the first-line treatment and DMARDs 

were prescribed relatively late in the disease (Fries, 2000). The only DMARDs at that 

time were gold salts and D-penicillamine (Lipsky, 2008). This approach was not 

optimal as it was not able to prevent severe disabilities and morbidity due to 

cardiovascular diseases (Sokka et al., 1999). Further research revealed that increased 

consequences of RA were due to misdirected and inadequately controlled inflammation 

that caused joint destruction and loss of function (Moreland et al., 2001). 

RA management evolved due to several reasons. First, due to the improvement in RA 

diagnosis (as explained in section 2.3). Second, the need for early treatment was well 

established and a ñwindow of opportunityò was introduced; which recommended 

initiating DMARDs as soon as possible after diagnosis (Figure 2.2) (Emery, 2002). 

The development of RA will  often damage bone and cartilage, which results in erosions 

and joint space narrowing (van der Linden et al., 2010). In most cases this damage is 

irreversible (van der Linden et al., 2010). Figure 2.3 shows the significance of early 

treatment. Thirdly, the concept of ñtreat to targetò was introduced in which 

pharmaceutical  adjustments must be based on disease activity that is measured by a 
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validated tool (Smolen et al., 2010). Treat-to-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 activity (Solomon et al., 2014). In the last 20 

years, several measures have been developed such as the Disease Activity Score 28 

(DAS-28) (Prevoo et al., 1995), the Simplified Disease Activity Index (Smolen et al., 

2003) and the Clinical Disease Activity Index (CDAI) (Aletaha et al., 2005) to classify 

the disease activity status into remission, low, moderate and high categories. These 

categories are used to adjust medications to achieve a tight RA control and attain the 

target, which is remission or at least low disease activity (Felson et al., 2011). Finally, 

the substantial increase in the number of sDMARDs and the introduction of bDMARDs 

was able to modify the natural evolution of RA (Fautrel et al., 2018; Takeuchi, 2011). 

The introduction of bDMARDs in the 1990s (Benjamin et al., 2018) was regarded as a 

major advancement in RA treatment as they are faster in action and work in patients 

who had an inadequate response to treatment with sDMARDs (Klippel, 2000). 

However, they are more expensive than sDMARDs, which may limit their utilisation 

(Kalkan et al., 2014). 

RA treatment has two targets: first, relieve the pain and second to prevent the 

destruction of jointsô structure. Reaching these two goals requires two types of 

pharmaceutical interventions (van Vollenhoven, 2016). While analgesics and NSAIDs 

may provide a degree of symptomatic relief, anti-inflammatory medications are used to 

prevent structural damage (van Vollenhoven, 2016). The ACR and EULAR Guidelines 

that are the treatment guidelines that are used for RA (Singh et al., 2016) recommend 

the use of sDMARDs, bDMARDs, tofacitinib, and glucocorticoids for patients with 

early diagnosis and established RA (Singh et al., 2016; Smolen et al., 2017). These 
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ACR and EULAR guidelines are the most widely used resources for RA treatment; 

both emphasising the treat-to-target approach (Singh et al., 2016; Smolen et al., 2017).  

Further details on each medication is presented in the following section (section 2.6). 

Early and aggressive intervention with sDMARDs and bDMARDs has been shown to 

improve clinical outcomes, induce remission and prevent joint erosion progress (Nam, 

2016). Therefore, it improves patients' functional status, HR-QOL, and reduces fatigue 

(Breedveld, 2011).  

 

 

  

 

Early diagnosis 

Early treatment 

(Window of opportunity) 

Tight control 

(Treat to target) 

 
Figure 2.2. Standards of RA treatment. Extracted from (Fautrel et al., 2018, p. 213). 

Copyright (2018) by the BMJ. 
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2.7. RA medications 

Currently recommended medications include glucocorticoids and DMARDs (biological 

or synthetic) (Burmester et al., 2017), which are presented in Figure 2.4. 

Figure 2.3. Significance of early treatment for patients with rheumatoid arthritis.  

Extracted from (Aletaha, 2015) from the results of (Nell et al., 2004). Copyright (2015) 

by Springer Healthcare. 
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Figure 2.4. Categories of RA medications. 

RA: rheumatoid arthritis, DMARDs: disease-modifying antirheumatic drugs, sDMARDs: synthetic disease-

modifying antirheumatic drugs, bDMARDs: biologic disease-modifying antirheumatic drugs, tsDMARDs: 

targeted disease-modifying antirheumatic drugs, csDMARDs: conventional synthetic disease-modifying 

antirheumatic drugs, boDMARDs: biological original disease-modifying antirheumatic drugs, bsDMARDs: 

biosimilar disease-modifying antirheumatic drugs 

 

The pathway developed by EULAR is the most widely used guideline for RA treatment 

(Figure 2.5). In this guideline, treatment starts with methotrexate (MTX) as the first and 

main treatment strategy combined with glucocorticoids. In the case of intolerance with 

MTX, leflunomide or sulfasalazine is substituted, and the glucocorticoids dosage 

should be tapered when clinically feasible. If progress is not observed within three to 

six months, other csDMARDs should be added. In the case of high disease activity, 

tsDMARDs and bDMARDs are added to the csDMARD therapy (Burmester et al., 

2017). Glucocorticoids are not recommended for long-term use due to their side effects 

(Burmester et al., 2017).  

RA medications

Glucocorticoids DMARDs

sDMARDs

csDMARDs tsDMARDs

bDMARDs

boDMARDs bsDMARDs
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Figure 2.5. Algorithm based on the 2016 European League Against Rheumatism 

(EULAR) recommendations on RA management. This figure is extracted from (Smolen 

et al., 2017, p. 968). Copyright (201) by the BMJ. 
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ñ1 ACR-EULAR classification criteria can support early 

diagnosis. 2 The treatment target is clinical remission according to 

ACR-EULAR definition or, if remission is unlikely to be 

achievable, at least low disease activity; the target should be 

reached after 6 months, but therapy should be adapted or changed 

in no sufficient improvement is seen after 3 months. 3 ñMTX 

should be part of the first treatment strategyò; while combination 

therapy of csDMARDs is not preferred by the Task Force, 

starting with MTX does not exclude its use in combination with 

other csDMARDs. 4 TNF-inhibitors (adalimumab, certolizumab, 

etanercept, golimumab, infliximab, including EMA/FDA 

approved bsDMARDs), abatacept, IL-6-inhibitors, or rituximab; 

in patients who cannot use csDMARDs as comedication, IL6-

inhibitors and tsDMARDS have some advantages. 5 Current 

practice would be to start with a bDMARDs (in combination with 

MTX or other csDMARDs) because of the long-term experience 

compared with tsDMARDs (Jak-inhibitors). 6 The most 

frequently used combination comprises MTX, sulfasalazine and 

hydroxychloroquine. 7 Dose reduction or interval increase can be 

safely done with all bDMARDs with little risk of flares; stopping 

is associated with flare rates; most but not all patients can 

recapture their good state upon re-institution of the same 

bDMARD. 8 Efficacy and safety of bDMARDs after Jak-inhibitor 

failure is unknown; also, efficacy and safety of an IL-6 pathway 

inhibitor after another one has failed is currently unknown. 9 

Efficacy and safety of a Jak-inhibitor after insufficient response 

to a previous Jak-inhibitor is unknown.ò (Smolen et al., 2017) 

ACPA, anticitrullinated protein antibody; bDMARD, biological DMARD; bsDMARD, biosimilar DMARDs; 

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

tsDMARDs, targeted synthetic DMARDs. 
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2.7.1. Disease-modifying anti-rheumatic drugs (DMARDs) 

DMARDs are the mainstay of RA treatment. These medications are 

immunosuppressive that act by slowing structural damage in the joints, they can induce 

or maintain remission and reduce the frequency of flare-ups (Benjamin et al., 2018). 

DMARDs are divided into two categories: synthetic and biologic. 

 

2.7.1.1. Synthetic DMARDs 

This group of medications include conventional synthetic DMARDs (csDMARDs) and 

targeted synthetic DMARDs (tsDMARDs). While csDMARDs were used for many 

years for RA treatment, tsDMARDs were introduced in the market in 2012 (van 

Vollenhoven, 2016). TsDMARDs are small-molecule agents that target the Janus 

kinases (JAKs). Whilst not biologic agents, similar to biologic agents they have a 

target, and their efficacy is comparable to biologic agents (van Vollenhoven, 2016). 

Tofacitinib  was the first introduced JAK inhibitor for RA treatment (Felice et al., 

2018). It received the first marketing authorisation in the USA in November 2012 

(Cohen et al., 2018). The usual oral dose is 5 mg twice daily. Tofacitinib monotherapy 

or in combination with a csDMARD is effective in reducing RA symptoms and 

improving health-related quality of life (HR-QOL) (Dhillon, 2017). Other JAK 

inhibitors such as Baricitinib were recently introduced. However, the safety data for 

Baricitinib is still limited, and further research is needed to evaluate their use (Felice et 

al., 2018).  
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The csDMARDs have two functions in RA treatment; symptom relief and joint 

protection. Their onset of action is slow; six weeks to four months, and there is a high 

risk of toxicity that requires monitoring through regular blood tests. The most important 

csDMARDs include MTX, leflunomide, hydroxychloroquine (HCQ), and sulfasalazine 

(Benjamin et al., 2018).  

Methotrexate (MTX ) is the most effective and commonly used medication for RA. It 

is effective in long term treatment, its mechanism of action is slightly faster than other 

csDMARDs and it has lower toxicity. The onset of action is about four to eight weeks 

and usually the clinical efficacy is obtained during the first six months. It can be 

administered orally, subcutaneously, and intramuscularly (Kremer, 2018). The 

bioavailability of the subcutaneous and intramuscular administrations are higher than 

the oral administration (Schiff et al., 2014). However, the oral form is more common 

and patients have a positive perception of it (Nash et al., 2013). The usual dose is 25 

mg once weekly (Smolen et al., 2016) and it is prescribed as a monotherapy or in 

combination with other medications. Nausea, diarrhoea, liver toxicity, lymphoma, 

infections and pneumonitis are the potential side effects (Kahlenberg et al., 2011). 

Monitoring of liver function tests (LFTs), creatinine (Cr) and complete blood count 

(CBC) is essential every four to eight weeks (Kahlenberg et al., 2011). 

Sulfasalazine is generally considered a less potent DMARD; its combination with 

other sDMARDs has been shown to improve RA treatment with relatively low toxicity 

(Kahlenberg et al., 2011). It is generally well-tolerated. However, 20% to 25% of 

patients are intolerant to side effects including nausea, diarrhoea and headache. Allergic 

reactions, rashes and leukopenia are rare side effects (Kahlenberg et al., 2011). 

Sulfasalazine is one of the few DMARDs that are relatively safe in pregnancy (Krause 
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et al., 2016). CBC monitoring is essential every four to eight weeks during the first year 

of treatment (Kahlenberg et al., 2011). The usual dose is 2-3 g daily taken orally in two 

divided doses (twice a day) and it is recommended that it starts with the low dose and 

gradually increases by the maximum dose of 500 mg a week to minimise the potential 

toxicity (Smolen et al., 2016). 

Leflunomide is observed as efficacious as MTX (Cohen et al., 2001). It is used 

alongside sulfasalazine in patients where MTX is contraindicated or limited by side-

effects. The route of administration is oral and leflunomide is available in tablets of 10, 

20 and 100 mg. The initial administration dose is 100 mg daily for three days followed 

by a maintenance dose of 10 to 20 mg daily (Mehta et al., 2009). The main side effects 

of leflunomide are gastrointestinal and liver problems, minor allergic reactions such as 

rash and itch, alopecia, infections and hypertension (Murphy et al., 2018). Similar to 

MTX, monitoring of LFTs, Cr and CBC is essential every four to eight weeks 

(Kahlenberg et al., 2011). Similar to other csDMARDs, it may take several weeks to 

begin taking effect, and complete benefits may not be experienced until 6 to 12 weeks 

after medication initiation (Paz, 2018). 

Hydroxychloroquine (HCQ) is a mild DMARD that its monotherapy did not 

demonstrate significant efficacy in joint damage prevention (Van Der Heijde et al., 

1990). Therefore, it is recommended in combination with other DMARDs in particular 

with MTX (Kahlenberg et al., 2011). Like other DMARDs, the onset of effectiveness is 

slow (two to four months). HCQ users may be protected from the subsequent 

development of cardiovascular diseases and diabetes (Hage et al., 2014). Retinal 

toxicity and nausea are common side effects and an ophthalmologic exam (eye 

examination) is essential every year (Kahlenberg et al., 2011). The administration mode 
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is oral and the usual dose is 400 mg daily in two divided doses (twice daily) (Smolen et 

al., 2016). 

2.7.1.2. Biologic disease-modifying anti-rheumatic drugs (BDMARDs) 

BDMARDs are divided into two categories: biological original DMARDs 

(boDMARDs) and biosimilar DMARDs (bsDMARDs). These bDMARDs target 

specific cells in the body. The most commonly used bDMARDs, the route of 

administration, their usual dose and the frequency of administration are outlined in 

Table 2.3.  BoDMARDs were introduced to the market in the early 1990s (Benjamin et 

al., 2018). They were regarded as a major advance in RA treatment (Klippel, 2000) as 

they are efficacious in the treatment of patients with an inadequate response to 

sDMARDs (Agarwal, 2011). In addition, bDMARDs can postpone radiographic 

progression, showing the potential benefits in preventing long-term disability from joint 

destruction in addition to the short-term disability from symptoms of inflammatory 

arthritis (Agarwal, 2011). The manufacturing of bDMARDs is a complex process that 

uses recombinant DNA technology (Conner et al., 2014). BsDMARDs are a copy of 

boDMARDs and highly similar in all essential aspects to boDMARDs including 

efficacy and safety (Dörner et al., 2013).  
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Table 2.3. Common bDMARDs for RA treatment. 

Target cell 
Generic 

name 

Route of 

administration 
Usual dose 

Usual starting 

frequency of 

administration 

TNF 

agents 

Etanercept Subcutaneous 50 mg Once a week 

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 500ï 1000 mg Two infusions every 6 

months 

T-cell Abatacept Intravenous 500ï 1000 mg Every 4 weeks 

Subcutaneous 125 mg Once a week 

IL6  Tocilizumab Intravenous 4ï8 mg/kg Every 4 weeks 

Subcutaneous 162 mg Once a week 

BDMARDs: biologic DMARDs, TNF: anti-tumor necrosis factor, IL: interleukin. 

 

Tumor necrosis factor (TNF)-Ŭ antagonists, such as infliximab, etanercept, 

adalimumab, golimumab and certolizumab are the most widely used bDMARDs for the 

treatment of RA. Infliximab  is used in patients with high disease activity that has not 

responded adequately to at least two DMARDs including MTX (Chen et al., 2006). The 

efficacy of infliximab in combination with MTX was higher than MTX monotherapy or 

combined DMARDs. The usual dose of infliximab is 3 mg/kg every eight weeks, 

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 

response (Eng et al., 2013). Dose increase more than the recommended dosage are 

related to an increased incidence of infections (Costa et al., 2015). Infliximab represents 

approximately 40% of bDMARDs prescribed (Costa et al., 2015). Etanercept is 

another widely used bDMARDs that has been shown to be safe and effective in rapid 

reduction of disease activity in patients with RA and in sustaining that improvement 

(Bathon et al., 2000; Moreland et al., 2001). It is used as monotherapy or in 

combination therapy with MTX. A clinical trial comparing etanercept monotherapy 

with MTX monotherapy reported that etanercept as a monotherapy was superior to 

MTX monotherapy in reducing disease activity and disability and, having less side 

effects (Genovese et al., 2002). Adalimumab, certolizumab and golimumab are other 

TNF-Ŭ antagonists that are used for RA treatment. Systematic reviews of clinical trials 

reported that these medications as a monotherapy or in combination with MTX had 

high efficacy and decreased radiographic progression (de Ávila Machado et al., 2013; 

Ruiz Garcia V et al., 2017; Singh et al., 2010). However, patients treated with TNF-Ŭ 

antagonists were at higher risk of serious infections (Bongartz et al., 2006; Curtis et al., 

2007). Therefore, monitoring patients for signs of infection, in particular in the first six 

months the medication is prescribed, is recommended to rheumatologists (Curtis et al., 

2007). 

Anakinra  is the first bDMARDs designed to modify the immune response of 

interleukin 1 (IL-1) (Mertens et al., 2009). It is used in patients with RA who failed at 

least one DMARDs (Mertens et al., 2009). Like other bDMARDs, anakirna has shown 

a high efficacy with several side effects 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 meta-analysis of 

clinical trials on rituximab efficacy reported that rituximab is an effective choice for 

patients with RA, particularly for patients who failed anti-TNF treatment (Lemos et al., 

2014). Abatacept is a protein that targets T-cells (Moreland et al., 2006). Like 

rituximab, it is recommended to patients with RA who have had an inadequate or 

unsustained response to anti-TNF treatment (Genovese et al., 2005). Tocilizumab is 

designed to modify the immune response of IL6 (Oldfield et al., 2009). It is used for 

patients with RA who have had inadequate response to, or who were intolerant of, prior 

DMARDs or anti-TNF treatment (Oldfield et al., 2009). Results of a clinical trial also 

reported that tocilizumab initiation, with or without MTX, in patients who newly 

diagnosed with RA showed a high efficacy (Bijlsma et al., 2016). 

 

2.7.2. Glucocorticoids 

Also referred to as corticosteroids, glucocorticoids are steroidal medications that reduce 

inflammation and have been used for RA treatment for over 65 years (Bijlsma et al., 

2014). Prednisone is the most commonly used glucocorticoid in RA treatment. It is 

recommended to be used at the lowest possible dose (Ò10 mg/day) and for the shortest 

duration (Ò3 months) due to side effects (Singh et al., 2016). Glucocorticoids can be 

administered in different formats including orally (usually taken once a day), intra-

articular (into the joint), intravenous and intramuscular (Freeman, 2018). These 

medications are beneficial for RA treatment due to their joint protection function 

(Freeman, 2018) and lower risk of toxicity in comparison to NSAIDs (Chatzidionysiou 

et al., 2017). The addition of glucocorticoids to sDMARDs can benefit patients 

(Chatzidionysiou et al., 2017), in particular, during periods of flare-ups where 
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severe symptoms are experienced (Freeman, 2018). The common side effects that make 

this medication unfavourable for long-term use are weight gain, skin thinning, sleep 

disturbance and neuropsychiatric disorders (McDonough et al., 2008). 

 

2.8. Medication adherence 

Adherence is defined as ñthe extent to which patients follow the instructions they are 

given for prescribed treatments. The term, adherence, is intended to be non judgmental, 

a statement of fact rather than of blame of the patient, prescriber, or treatmentò (Haynes 

et al., 2008). The terms adherence, compliance and persistence are used in adherence-

related studies. Although they are different, in the literature they may be used 

interchangeably (Ahmed et al., 2014). The term persistence defines the duration of time 

from initiation to discontinuation of treatment (Cramer et al., 2008). Compliance refers 

to the extent to which the patient follows the prescribed regimen the physician decides 

for the patient. This concept reflects a degree of paternalistic approach to the patient-

physician relationship (Marengo et al., 2015). Currently, adherence is the most recent 

word that is used to describe the extent to which patients follow the prescriber 

recommendation about medicine taking behaviour (Horne et al., 2005). Understanding 

medication adherence across different diseases is essential due to the negative 

consequences associated with medication non-adherence. Medication non-adherence 

results in poor clinical outcomes, increased disease severity, low quality of health, 

increased morbidity and mortality rates, and high economic costs on the healthcare 

system (Osterberg et al., 2005; Sokol et al., 2005). Although adherence to medications 

is necessary, WHO reported medication adherence in patients with chronic diseases 

https://www.rheumatoidarthritis.org/ra/symptoms/
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was found to be 50% in developed countries and less than 50% in developing countries 

(Sabat®, 2003). 

In the past, the common belief was that the patient was responsible for non-adherence 

(Brown et al., 2011). A 2003 WHO report defined adherence as a multidimensional 

phenomenon comprising of five dimensions in which the patient is just one dimension 

(Sabat®, 2003). The other dimensions include factors that relate to socioeconomic, 

therapy, disease and healthcare system and team situation (Sabat®, 2003).  

 

2.9. Medication adherence in patients with RA 

To achieve a target clinical outcome, a certain amount of medication intake or 

adherence is required. Medication adherence of  Ó80%  was found to be sufficient in 

Haynes's early empirical study of patients with hypertension (Haynes et al., 1980). This 

cut-off was also found as a reasonable cut-off point in schizophrenia, diabetes, 

hypertension, congestive heart failure, or hyperlipidaemia  (Karve et al., 2009). In RA 

related studies, 80% medication adherence was used as a cut-off to divide patients as 

adherent or non-adherent and adherence less than 80% was considered sub-optimal 

(Arshad et al., 2016; Blum et al., 2011; 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 

medication adherence among patients with RA (Blum et al., 2011; Fidder et al., 2013; 

Harrold et al., 2009). 
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In the systematic review of Harrold and Andrade (2009), investigating medication 

adherence to NSAIDs and DMARDs 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 studies reported the adherence rate was less than 70% in patients with RA. They 

also reported that adherence has not been widely examined for most chronic 

inflammatory rheumatic diseases and the few studies that exist used different 

definitions limiting the conclusion. Quality of the included studies has not been 

assessed and due to the variety of rheumatic diseases and adherence measurement 

methods drawing a definite conclusion is impossible. Authors of this systematic review 

have not reported the country in which the included studies were conducted. By 

investigating each individual included study, we found that all studies were conducted 

in either England, USA or European countries.   

Blum et al. (2011) assessed persistence with and adherence to bDMARDs in patients 

with RA. Of the 52 studies identified, 49 (94%) studies were conducted in Europe and 

the USA. Fifty-one 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 calculation of medication possession ratio (MPR).  Only two of the studies 

reported mean adherence rates and two reported the proportion of adherent patients 

(adherence more than 80%). They reported the range of medication continuation in one 

year was 32% to 90%, and continuation rates were higher with the addition of MTX or 

other DMARDs to the treatment plan.  

Fidder et al. (2013) systematically reviewed studies that assessed adherence to 

bDMARDs including adalimumab, infliximab and etanercept in patients with Crohnôs 

disease and RA. They identified three studies in RA conducted in the USA (Borah et al., 
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2009; Harley et al., 2003; Li et al., 2010). The sample size-weighted mean adherence 

was 59% in these studies. Adherence was 67%, 59% and 48% for adalimumab, 

etanercept and infliximab respectively.  They reported female gender as a negative 

determinant of adherence (Borah et al., 2009; Harley et al., 2003; Li et al., 2010).  

Scheiman-Elazary et al. (2016) conducted a systematic review of studies reporting 

medication adherence to DMARDs, steroids, and NSAIDs in patients with RA. Thirty-

one studies were identified; 14 of these studies were conducted in the USA, six in the 

UK, seven in European countries, and one each in Australia, New Zealand, Turkey and 

Mexico. The mean adherence rate was 66% (95% CI 0.58ï0.75). Adherence in the 

Turkish study was 52% (Tuncay et al., 2007).  

According to these above-mentioned systematic reviews, medication adherence is sub-

optimal in patients with RA, and the majority of studies in this area were conducted in 

developed countries. 

A few single studies were found in Middle Eastern countries including Saudi Arabia, 

Turkey, Egypt and Iran (Almazrou et al., 2016; Gadallah et al., 2015; Salehi et al., 2017; 

Uckun et al., 2017). A study in Saudi Arabia surveyed 126 patients and reported 47.7% 

were adherent (Almazrou et al., 2016). Another Turkish study surveyed 82 patients and 

found 50% of participants were highly adherent (Uckun et al., 2017) and the study in 

Egypt that surveyed 140 patients found 9.4% were classified as moderately adherent 

and none classified as highly adherent (Gadallah et al., 2015). The Iranian study in 

Tehran on 252 patients reported 65% were adherent (Salehi et al., 2017). This low 

quality study had some limitations, including misconduct in adherence measurement. 

The researchers used the Compliance Questionnaire Rheumatology (CQR) 

questionnaire to assess adherence, however they did not report adherence according to 
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the guidelines that the CQR developers provided. This erroneous reporting may have 

resulted in an inaccurate adherence measurement. Finally, among developing countries, 

a study in India on 72 patients with RA found the adherence rate was 36% 

(Doddapaneni et al., 2014). These studies highlight the lack of studies focusing on 

medication adherence in developing countries and in the Middle East region. 

 

2.10. Significance of medication adherence in patients with RA 

Adherence to RA medications is essential in patients with RA to prevent structural 

damage in joints and to reach optimal health outcomes in patients with RA (Ragab et al., 

2017).   A systematic review and meta-analysis that was conducted to explore the 

impact of medication adherence on disease activity in patients with RA reported that 

RA patients with higher medication adherence tended to have lower disease activity (Li 

et al., 2017). A total of 1,963 adults with RA were included in the meta-analysis with 

DAS-28 used as the tool to assess disease activity. DAS-28 is a validated tool that 

measures disease severity in patients with RA. The results of this systematic review 

reported disease activity was significantly lower in adherent patients than in non-

adherent patients (Mean difference =ī0.42, 95% CI [ī0.80, ī0.03], P=0.03) (Li et al., 

2017). Another cohort study of 103 patients with RA in the Netherlands explored the 

impact of medication adherence on disease activity during the first year after diagnosis. 

Medication adherence was assessed by a medication event monitoring system (MEMS) 

device. The EULAR/ACR2010 criteria was used for RA diagnosis and DAS-28 for 

disease activity assessment. They reported that non-adherent patients have a higher 

disease activity (p= 0.01), especially three months after diagnosis compared with 

adherent patients (Pasma et al., 2015). Also, they reported non-adherence is an 
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important determinant of higher disease activity in the first six months of treatment and 

it needs extra attention in the early stages of disease. As explained in section 2.5, it is 

important to begin treatment in the early stages of the disease to reach a state of 

remission as soon as possible to avoid structural damage to joints.  

The negative impact of non-adherence is not limited to the patientôs disease activity. In 

a cohort study of 194 patients with rheumatic diseases (74.2% had RA) the association 

between adherence was assessed by MEMS and healthcare costs were examined over a 

one year follow up period. They collected information on hospital costs including 

consultations, emergency department visits, hospitalisation, medical procedures, 

imaging facilities, medication costs, and laboratory tests. By using a multivariate 

regression analyses, they reported non-adherence resulted in higher total healthcare 

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

outpatient clinics (Pasma et al., 2017). 

 

2.11. Medication adherence determinants 

As stated in section 2.7, adherence is defined as a multidimensional phenomenon 

comprising of five dimensions (Sabat®, 2003). These dimensions relate to the person, 

socioeconomic factors, the disease, the therapy, the healthcare system and team 

situation (Sabat®, 2003).  

 

2.11.1. Person-related factors 

Person-related factors represent the patientsô attitudes, perceptions, knowledge and 

beliefs. Some of these factors are forgetfulness; fear of side-effects; low motivation; 
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poor knowledge of disease; lack of self-perceived need for treatment; uncertainty about 

the efficacy of the treatment; denial in the diagnosis; irregular attendance at follow-ups; 

hopelessness; frustration with healthcare providers and treatment and fear of 

medication dependence (Sabat®, 2003) . In RA, lack of knowledge about the disease 

and its treatment and, perception of lack of treatment effectiveness can result in non-

adherence to prescribed medications (Koutsogianni, 2017; Neame et al., 2005; Pasma et 

al., 2015; Uckun et al., 2017). The uncertainty about the efficacy of medications, 

negative beliefs about medication and the refusal to accept the chronic nature of RA 

that requires long-term treatments, are all barriers to adherence (Hope et al., 2017; 

Koutsogianni, 2017; Wohlfahrt et al., 2018). 

These negative beliefs influence self-management and self-efficacy skills, consequently 

affecting patientsô ability to follow the prescribed recommendations (Marengo et al., 

2015). In addition, people may forget to take their medications (Barbosa et al., 2015; 

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

effects is also a reported barrier to medication adherence in patients with RA (Barbosa 

et al., 2015; Garcia Popa-Lisseanu et al., 2005; Koutsogianni, 2017; Wohlfahrt et al., 

2018). 

 

2.11.2. Socioeconomic status  

Socioeconomic status significantly influences medication adherence in people living in 

developing countries due to limited resources (Sabat®, 2003). In particular, patients 

with chronic diseases may skip medication treatment to meet other needs of their family 

members.  Socioeconomic-related factors include poverty, low level of education, 

unemployment, living in rural areas, high medication cost, lack of effective community 
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support networks, culture and lay beliefs about disease and treatment (Sabat®, 2003). 

Previous studies reported socioeconomic factors associated with adherence in patients 

with RA these were; level of education, income (Xia et al., 2016), employment status 

(Ghosh et al., 2015), living alone (De Cuyper et al., 2016), out-of-pocket costs 

(Curkendall et al., 2008; Heidari et al., 2018) and challenges with access to medications 

(Wohlfahrt et al., 2018). However, the findings have been inconsistent as the 

association between these factors and medication adherence were not significant in all 

studies on medication adherence determinants in patients with RA (Marengo et al., 

2015; Uckun et al., 2017).  

 

2.11.3. Disease-related factors 

Disease-related factors represent disease-related demands faced by the patients. Disease 

severity and the level of discomfort, pain and disability arisen from the disease are 

among these factors (Sabat®, 2003). In RA, previous studies report factors associated 

with adherence were; RA severity (Ghosh et al., 2015; Uckun et al., 2017), depression 

(Xia et al., 2016), mental health status (De Cuyper et al., 2016), presence of other 

diseases and the number of other diseases (Calip 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 adhere to medications than patients with opposite traits 

(Waimann et al., 2013). 

 

2.11.4. Therapy-related factors  

Therapy-related factors that affect adherence mostly reflect the experiences that 

patients have had with medication and treatment. These factors include a complex 
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medical regimen, medication side-effects, treatment duration and frequent treatment 

changes (Sabat®, 2003). Previous studies reported several therapy-related factors 

associated with adherence in patients with RA. MTX was found as the RA medication 

that patients are more likely to demonstrate non-adherence due to the side effects such 

as nausea and hair loss (Barbosa et al., 2015) and the administration frequency (Alten et 

al., 2016). The usual administration of MTX is every week or every two weeks which 

makes this medication unfavourable for administration (Alten et al., 2016). The 

patientôs experience of medication also affects adherence; experiencing positive or 

negative effects improves or deters adherence, respectively (Brandstetter et al., 2016; 

Koutsogianni, 2017; Pasma et al., 2013). 

Regarding adherence to bDMARDs, perceived effectiveness of the medication, 

injection experiences, injections frequency (Bolge et al., 2015), hospitalisation and 

emergency department visits affect adherence (Calip et al., 2017). Being hospitalised or 

attending an emergency department was reported to be associated with lower 

medication adherence (Calip et al., 2017). 

 

2.11.5. Healthcare system and team factors 

Healthcare system and team factors that influence adherence include factors related to 

insurance, the healthcare system and the healthcare professionals. A good patient-

provider relationship and patient education improve adherence. However, inadequate 

reimbursement by health insurance programs, poor medication availability in the 

market, low skilled healthcare providers on managing chronic diseases and medication 

adherence, time limitation and poor patient follow-up are barriers to adherence (Sabat®, 

2003). In RA, a relationship regarding trust building and treatment plan explanation 
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between the rheumatologist and the patient improves adherence (Brandstetter et al., 

2016; Koutsogianni, 2017; Pasma et al., 2015). A trustful physician-patient relationship 

was highly appreciated by patients. Other adherence determinants in this category 

included access to and availability of rheumatologist and medications and insurance. In 

a qualitative study, Voshaar et al. (2016) identified barriers and facilitators of 

adherence to DMARDs. Regarding the environmental context, access to health 

professionals and availability of medications in the pharmacy were significant 

adherence determinants. They also reported that medication OOP costs contribute to 

non-adherence in patients with RA.  

 

2.12. Out-of-pocket (OOP) costs and medication adherence 

Since 2000, the use of expensive new medications with chronic conditions has 

increased healthcare costs (Health Care in America 2006 Survey, 2006) and therefore, 

individual OOP costs have also increased (Paez et al., 2009). OOP cost is defined as the 

portion of total healthcare expenditure that is paid by the patient excluding the 

payments made for health insurance premiums (Machlin, 2006). A study of 7,527 

patients with RA in the USA reported the introduction of bDMARDs had increased the 

total annual cost of treatment three-fold (Michaud et al., 2003). These high prices may 

limit the utilisation of these medications (Desai et al., 2014). In another study of 8,545 

patients with RA in the USA, 43.6% of patients reported difficulty paying OOP costs 

and of these patients, 9.0% reported they were unable to purchase all medications and 

pay for the care they needed. They reported that 2.4% to 19.2% of household income 

was consumed by OOP costs and household income was the main determinant of OOP 

burden, followed by disease activity, and coverage of health insurance. They reported 
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patients younger than 65 years of age, encounter substantial OOP burden (Wolfe et al., 

2009). A cohort study of 81 patients with RA in Australia reported that OOP burden 

was higher in younger patients and patients with private health insurance than their 

older counterparts who were covered by pensions (Lapsley et al., 2002). A study in 

Mexico investigated catastrophic expenses of 262 patients with 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 insurance coverage and disease duration. 

They also investigated impoverishment, defined as those households that could not 

afford the Mexican basic food basket. They reported that impoverishment occurred in 

67% of households and was associated with catastrophic expenses and low 

socioeconomic level (Álvarez-Hernández et al., 2012). 

Review studies have shown that increasing patient OOP costs decreases medication 

adherence in a variety of diseases. For example, Eaddy et al. (2012) identified 66 

studies in a systematic review that evaluated the relationship between changes in OOP 

costs and medication adherence in chronic diseases, 85% of those identified studies 

reported increasing the OOP costs was significantly associated with a decrease in 

medication adherence. Patients with RA are more vulnerable to cost-related non-

adherence because of high prices of the bDMARDs (De Vera et al., 2014). Cost-related 

medication non-adherence (CRN) is related to the patient delaying or, not refilling 

prescriptions, skipping doses or taking smaller doses of their medication due to cost 

(Harrold et al., 2013; Soumerai et al., 2006). Therefore, as part of this thesis, we 

conducted a systematic review to determine whether OOP costs affect medication 

adherence in adults with RA. This work is presented in section 2.13. 
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2.13. A systematic review of medication adherence and OOP costs in patients 

with RA 

Before designing the study, a systematic review was conducted to investigate the 

literature regarding the relationship between medication adherence and OOP costs in 

patients with RA. It was important to identify the existing research that had been 

conducted, to assist with the design of the PhD study effectively. Findings of the 

systematic review have been published in Seminars in Arthritis and Rheumatism (2018).  

Only six studies were identified through a broad search of 12 databases; of which 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 

medication adherence was identified. Findings suggest that healthcare providers and 

health policy makers should be aware that OOP costs can contribute to non-adherence 

to RA medications. Therefore, health policy makers globally should identify the 

appropriate OOP amount, so patients do not experience CRN.  
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