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1. CHAPTER ONE: LITERATURE REVIEW AND RESEARCH PROTOCOL  

1.1 Introduction  

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized 

by synovial thickening leading to cartilage and bone destruction if untreated.1,2 RA 

classically presents as a progressive symmetrical inflammatory polyarthritis, 

predominantly involving the small joints of the hands and feet. Associated systemic 

inflammation leads to extra-articular manifestations and increased comorbidities.1,3  

The destructive nature of this disease culminates in significant disability, increased 

morbidity and mortality, and decreased quality of life. This leads to a significant 

socioeconomic burden, not only resulting in significant medical cost, but also 

decreased social contribution with decreased ability to work.4,5  

1.2 Epidemiology of rheumatoid arthritis  

RA typically presents between the 4th and 6th decade of life, with a female 

predominance, and is associated with decreased life expectancy mainly related to 

cardiovascular disease and lung involvement.5,6 

The global incidence of RA is 0.5% to 1%, occurring less frequently in rural areas.1 

The Global Burden of Disease (GBD) study of 2017 found higher prevalence of RA 

in Northern Africa and the Middle East (0.26%) compared to sub-Saharan Africa 

(0.14%). This data is likely under representative of the true disease burden in sub-

Saharan Africa due to lack of data, less access to health care and thus diagnosis 

and high burden of infectious diseases that can mimic RA.7  

A 2015 meta-analysis by Usenbo et al. reported the prevalence of RA in South Africa 

to be 2.5% in urban areas and 0.7% in rural areas. Of note, the South African studies 

included were conducted between 1975 and 1988.8 

A positive family history increases the risk of RA by three to five-fold, with the 

heritability of RA estimated to be 40-65% for seropositive RA and 20% for 

seronegative RA.1 Despite this, concordance in twin studies is only 15% in identical 

twins, emphasizing the heterogeneity of RA and the important role of various 

environmental and other factors in the development of RA.9  
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1.3 Pathogenesis of rheumatoid arthritis  

The development of RA is a heterogenous process. Research suggests that RA 

likely requires multiple hits in a genetically predisposed individual, randomly 

influenced by various environmental factors and epigenetic modifications, leading to 

loss of immune tolerance and subsequent exposure to a final trigger resulting in 

autoimmunity.1 

Genetic predisposition confers approximately 60% of the risk.2 The most important 

genetic risk factor is the human leucocyte antigen (HLA) DRB1 allele on the HLA 

class II gene. The RA-associated DRB1 alleles share a common amino acid 

sequence in the peptide-binding groove, between loci 70 and 74, which has driven 

the development of the “shared epitope” (SE) hypothesis. Having one SE allele 

increases the risk for RA four-fold, whereas having two alleles increases the risk by 

eight-fold.2,4 

Other genetic loci contributing to the risk of developing RA have smaller functional 

single or cumulative effects on the inflammatory cascade, e.g. affecting co- 

stimulatory pathways involving CD28 and CD40, cytokine signaling, lymphocyte 

receptor activation threshold and innate immune activation.1  

Epigenetic and post-translational genetic modifications such as altered histone 

acetylation, DNA methylation and microRNA’s have been identified as key 

components in regulating lymphocytes, macrophages and synovial fibroblasts in the 

pathogenesis of RA.1  

Environmental risk factors also contribute to the risk of developing RA, most 

important and well known is smoking, conveying a dose-dependent risk.2 Low socio-

economic status, low educational attainment, infectious agents, periodontal disease 

and alterations in oral and gut microbiome have also been associated with RA; 

however, the underlying mechanism is unclear.1 Given the female predominance of 

RA, hormonal factors are believed to play a role in the pathogenesis of RA, but the 

underlying mechanism is still unclear.2  

Loss of immune tolerance in predisposed individuals, results in the formation of 

autoantibodies. This is postulated to require a final trigger, likely infectious agents 
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such as Proteus mirabilis, Escherichia coli and Ebstein Barr virus.1 Circulating 

antibodies can be detected several years before the onset of clinical disease, so 

called pre-arthritis.2 

Autoantibodies in RA are typically formed against epitopes on post-translationally 

modified proteins, and these antibodies are now collectively called anti-modified 

protein antibodies (AMPAs).1,9 Rheumatoid factor (RF) and autoantibodies against 

citrullinated peptides (ACPAs) are the characteristic antibodies associated with RA.2  

RF was the first known autoantibody associated with RA, however, very little is still 

known about its formation and pathogenicity. RF refers to a diverse family of 

autoantibodies (IgA, IgM and IgG) that bind an array of antigenic determinants on the 

Fc-portion of immunoglobin G (IgG).10 RF transiently emerge in the presence of 

various infectious agents, suggesting a physiological role in fighting infections.9  

Arginine is enzymatically converted to citrulline by peptidylarginine deiminase (PAD). 

Smoking leads to upregulation of PAD2 in the lungs, with subsequent increased 

citrullination and loss of immune tolerance with autoantibody formation.9 

Interestingly, studies looking at smoking as a risk factor for RA found no association 

between smoking and RF or ACPA, but smoking was associated with double- 

antibody positivity suggesting that smoking is a risk factors for losing immune 

tolerance to multiple autoantigens.11  

Periodontal disease associated with the pathogen Porphyromonas gingivalis is 

postulated to promote citrullination of peptides by endogenous expression of PAD4 – 

the enzyme responsible for converting arginine to citrulline – and contributing to loss 

of immune tolerance to citrullinated peptides.1  

Immune activation is mainly driven by RF, through macrophage activation and 

cytokine induction. ACPAs form immune complexes with citrulline-containing self- 

peptides, subsequently binding to RF and potentiating it’s immune activating actions. 

The inflammatory response results in leucocyte infiltration into the synovium with 

resultant synovitis and pannus formation.1,9 Cytokines and chemokines (particularly 

tumour necrosis factor (TNF), interleukin 6 (IL-6) and granulocyte- monocyte colony 

stimulating factor) maintain this inflammatory milieu by activating endothelial cells 

and attracting more immune cells to the synovial compartment. Fibroblast and 
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immune cell activation lead to osteoclast activation, resulting in bony erosions. 

Cartilage destruction results from the catabolic effects of cytokine stimulation on 

chondrocytes, and matrix degradation by metalloproteinases and other enzymes. 

Cytokines also stimulate intracellular signal transduction leading to gene activation 

that can initiate or promote inflammation and tissue destruction.1  

1.4 Clinical and extra-articular manifestations  

Early RA can present with non-specific symptoms including fatigue, fever, loss of 

weight, and flu-like symptoms.12 Typically, symptoms start insidiously with joint pain 

and swelling, associated with early morning stiffness lasting for more than one hour 

and relieved by physical activity. Early in the disease synovitis may be mono- or 

oligoarticular but progresses to diffuse, symmetrical polyarthritis.6 Any joint can be 

affected, however, classically the small joints of the hands and feet are involved.2  

Hand involvement in RA is characterized by wrist, metacarpophalangeal (MCP), and 

proximal interphalangeal (PIP) joint involvement, with sparing of the distal 

interphalangeal (DIP) joints.6 Severe or advanced disease can present with joint 

malalignment, loss of range of motion and joint deformities. Deformities associated 

with RA include swan neck and boutonniere deformities of the fingers, ulnar 

deviation of the MCP joints and Z-thumb deformities.13  

RA is a multi-systemic disease associated with extra-articular manifestations. 

Approximately 40% of patients with RA will have at least one extra-articular 

manifestation.6,12 All major organ systems can be involved to variable extents. Extra-

articular manifestations often seen include rheumatoid nodulosis, interstitial lung 

disease (ILD), parenchymal lung nodules, serositis, vasculitis, atherosclerosis and 

scleritis.3,14 

Lung involvement occurs in approximately 40% of RA patients, with ILD being the 

most common manifestation which has to be distinguished from other etiologies like 

drug toxicity and infections. Lung involvement typically presents in the first five years 

of disease duration, rarely preceding joint symptoms. It is the second leading cause 

of death in RA, and even more common when including death from respiratory 

infections.3  
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Neurological involvement can range from peripheral nerve compression syndromes 

to serious but rare central nervous system involvement like transverse myelitis and 

aseptic meningitis. Cervical myelopathy from atlantoaxial subluxation occurs in 43- 

86% of patients with RA. Gastro-intestinal involvement, most commonly liver 

dysfunction, and renal involvement can also occur in RA.3 

1.5 Comorbidities  

The chronic inflammation associated with RA increases the prevalence of 

comorbidities compared to age-matched healthy individuals, resulting in increased 

morbidity and early mortality. Best known is the association between RA and 

accelerated cardiovascular disease, particularly ischemic heart disease and 

congestive heart failure.15 Studies in industrialized countries have reported a 200% 

increased risk for myocardial infarction and 50% increased risk for cardiovascular 

related death in patients with RA.3 A South African study on cardiovascular risk in 

RA patients, highlighted that these findings cannot be extrapolated to Black African 

patients with RA, further highlighting the need for targeted research in our 

population.16  

The chronic inflammatory state associated with uncontrolled RA can also result in 

other comorbidities like osteoporosis, secondary amyloidosis and lymphoma.1 

Pulmonary comorbidities include ILD, asthma and COPD. COPD is a significant 

predictor of mortality within three years.3  

RA is associated with an increased risk of malignancies like Hodgkin’s lymphoma, 

non-Hodgkin’s lymphoma and lung cancer. Hematological malignancies are likely 

related to chronic inflammation increasing the risk of malignant transformation and 

decreased tumor suppressor cell activity. The same hypothesis in the light of chronic 

pulmonary inflammation, especially in addition to smoking exposure, also explains 

the increased risk of lung cancer.3  

Human immunodeficiency virus (HIV) infection can cause inflammatory polyarthritis 

mimicking RA, which poses a diagnostic challenge.14 Chronic inflammation 

contributes to the development of microvascular brain damage and development of 

Alzheimer’s dementia. RA is also associated with depression, mood disorders, 

anxiety disorders and sleep disorders.3,15 
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1.6 Serological markers  

The systemic inflammation is evident by elevated acute phase reactants, namely C- 

reactive protein (CRP) and erythrocyte sedimentation rate (ESR) on serological 

investigation.1  

The presence of autoantibodies, referred to as seropositivity, is strong supporting 

evidence of the disease but if negative does not exclude RA. Seropositivity is 

associated with more severe symptoms, more joint erosions and increased 

mortality.1  

RF and ACPA’s are the antibodies used for diagnosis of RA and can be detected in 

serum and synovial fluid.2,9 RF and ACPAs are equally sensitive for RA (67% and 

69% respectively), but ACPAs are more specific than RF (95% vs 85%).2 The 

specificity of other AMPAs are comparable to that of RF, and although these can be 

positive in a small proportion of seronegative RA patients they can also be found in 

other autoimmune diseases and thus offer no diagnostic value.10 Autoantibody 

concentrations can decrease with effective treatment, RF can even convert to 

Seronegativity, however it is unlikely for ACPA’s to become undetectable.1  

RF has a high prevalence in the healthy general population ranging between 1.3% to 

21%, and even up to 30% in some native North American tribes, and the frequency 

of RF IgM positivity increases with age.9 RF can also be detected in patients with 

non-rheumatic diseases like syphilis, pulmonary tuberculosis, sarcoidosis, chronic 

liver disease and leprosy.2 

1.7 Diagnosis of rheumatoid arthritis  

Early diagnosis of RA is pertinent as joint damage can occur within three to six 

months after disease onset.14 There is no defined diagnostic criteria for RA, instead 

classification criteria exist.12 They are used primarily to ensure homogenous study 

populations for the purposes of research. It can be used to support a diagnosis but is 

not a prerequisite to establish a diagnosis.1  

The American College of Rheumatology (ACR), previously known as the American 

Rheumatism Association (ARA) published the revised criteria for the classification of 
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RA in 1987 (Appendix A).17 However, the criteria were not sensitive enough to 

diagnose early RA, as it included radiological evidence of joint destruction which 

reflects chronicity and advanced disease. It also included the presence of nodulosis 

which is uncommon in early disease.1,14 Such concerns lead to the development of 

the 2010 ACR/EULAR (European League against Rheumatism) classification criteria 

for RA (Appendix B).14 The revised criteria enable earlier diagnosis and initiation of 

treatment before joint damage occurs.14  

The 2010 ACR/EULAR classification criteria for RA requires at least one clinically 

swollen joint, with other causes of arthritis excluded, as entry criterion.18 The 

classification criteria includes scores for symptom duration, joint involvement, acute 

phase reactants (namely CRP and ESR), and autoantibody positivity (namely RF 

and ACPA).18 Of value, in the presence of one clinically swollen joint, the criteria 

allows for more sensitive assessment of the extent of joint involvement by ultrasound 

and MRI which can be included in the joint count.1 The 2010 ACR/EULAR 

classification criteria has been well verified, with 82% sensitivity and 61% specificity.6  

Advanced imaging techniques like joint ultrasound and magnetic resonance imaging 

(MRI) are able to detect features of synovitis in patients with normal physical 

examination.6 Together with highly specific serological markers like ACPAs the 

diagnosis of RA can be established before significant joint destruction can ensue.  

1.8 Management of rheumatoid arthritis  

The management of RA include pharmacological, non-pharmacological and surgical 

therapy. Non-pharmacological treatment included patient education, rehabilitation 

and podiatry for footcare. Pharmacological treatment can be divided into non-specific 

therapy for pain control and specific therapy to control inflammation, using disease 

modifying antirheumatic drugs (DMARDs) with or without glucocorticosteroids. The 

goal of therapy is to alter the natural course of the disease and prevent joint erosion 

and deformity.19 

Prompt initiation of DMARDs, with regular evaluation and escalation of treatment 

where needed conveys significant long-term morbidity and mortality benefits.12 The 

2024 South African Rheumatism and Arthritis Association (SARAA), 2022 EULAR, 

and 2021 ACR guidelines for the management of RA recommend targeting 
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remission or low disease activity if remission is not attainable. Disease activity is 

monitored using a composite disease activity score. Furthermore, these guidelines 

recommend a treat to target strategy. This requires one to three monthly monitoring 

of disease activity and escalating or switching DMARDs until treatment target is 

achieved.12,20  

Glucocorticosteroids provide rapid symptomatic relief and are used as bridging 

therapy with DMARDs. Short-term low dose glucocorticosteroids (usually 

≤7.5mg/day equivalent of prednisone) can be used in combination with DMARDs 

during initiation or escalation therapy. Glucocorticosteroids should be tapered with 

the aim to stop within 3 months of initiation to avoid the serious adverse reactions 

associated with long term use.20 

DMARDs are pharmacological agents that induce immunosuppression by various 

mechanisms to halt autoimmune activity and joint damage. The main classes of 

DMARDs available are conventional synthetic DMARDs (csDMARDs), biological 

DMARDs (bDMARDs) and targeted synthetic DMARDs (tsDMARDs).21 

csDMARDs such as methotrexate, antimalarials, sulfasalazine and leflunomide are 

the commonly used csDMARDs. Methotrexate is widely recommended as first line 

treatment for RA, due its effectiveness, established safety profile and cost 

effectiveness.21 Methotrexate can also be used in combination other csDMARDs for 

escalation of treatment.12,20  

bDMARDs and tsDMARDs are indicated in patients who fail to achieve remission or 

low disease activity on csDMARDs.12 The choice of agent will depend on multiple 

factors, including availability, cost, comorbidities, safety profile, patient preference 

and specialist opinion.20  

1.9 Outcome measures in rheumatoid arthritis  

1.9.1 Assessment of disease activity  

To facilitate optimal treatment, disease activity and functional disability is assessed 

at presentation and follow-up. Clinical disease activity should be assessed to 
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determine the degree of disease activity and evaluate response to treatment. 

Several scales have been developed for this purpose.  

The first widely used score for this purpose was the Disease Activity Score. 

Developed using a prospective study, it includes the Ritchie Articular Index and a 44 

swollen joint count, ESR and general health assessment. Later it was proven that a 

28 joint count is as reliable as the more extensive joint counts, and the DAS was 

modified to only include 28 counts – the DAS28.22  

For ease of use in daily clinical practice the SDAI (simplified disease activity score) 

and the CDAI (clinical disease activity score) were developed due to concerns 

around the complexity of the DAS. Both scores showed good clinical correlation with 

the DAS28 and are now commonly used in daily practice.23  

The SDAI is the sum of 28 TJC (tender joint count), 28 SJC (swollen joint count), 

PGA (patient global assessment) on a VAS (visual analogue scale) (0-100mm), the 

physician global assessment on a VAS (0-100mm) and CRP (mg/dl). The CDAI is 

calculated the same as the SDAI but without the CRP.23 These scores provide a 

numerical value reflecting disease activity from low to high as indicated in the table 

below. There is an almost linear relationship between these disease activity scores, 

functional disability and disease progression.1 Remission or low disease activity as 

per the SDAI or CDAI are widely recommended as treatment target to prevent 

complications, disability, mortality.1  

 

Table 1.1. Simplified and Clinical disease activity indices and categories14 

 Score Range Remission Low Disease 

Activity 

Moderate 

Disease Activity 

High Disease 

Activity 

SDAI 0.1-86.0 ≤3.3 >3.3 to ≤11.0 >11.0 to ≤26.0 >26.0 

CDAI 0-76.0 ≤2.8 >2.8 to ≤10 >10 to ≤22 >22 
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1.9.2 Assessment of functional disability  

Functional disability in early RA is mostly driven by joint stiffness and pain related to 

active inflammation, whereas joint destruction is a major contributor to pain and 

disability later in the disease.12 Worldwide RA accounts for 10% of disability, and the 

prevalence of persistent disability in RA with a disease duration of 10 years ranges 

between 40-50%.24  

Functional disability can be measured using various assessment tools. Commonly 

used are the American College of Rheumatology functional class classification and 

the health assessment questionnaire disability index (HAQ-DI).25,26  

The ACR functional classification (Appendix C) qualifies functionality as follows: 

“Class I – fully able to perform usual activities of daily living (ADL), self-care, 

vocational and avocational; Class II – able to perform usual self-care and vocational 

activities but limited in avocational activities; Class III – able to perform usual self- 

care but limited in vocational and avocational activities; Class IV – limited ability to 

perform usual self-care, vocational and avocational activities”.25  

The HAQ-DI questionnaire (Appendix D) consists of 20 questions divided into 8 

categories of “dressing and grooming, eating, arising, walking, hygiene, reach, grip 

and activities.”26 Each category consists of two to three questions based on activities 

of daily living. Patients are asked if they can do the activities over the past week 

“without any difficulty” (score=0), “with some difficulty” (score=1), “with much 

difficulty” (score=2) or “unable to do” (score=3). The HAQ-DI is the mean sum of the 

eight worst scores in each category, giving a final score ranging from 0-3. A final 

score of 0-1 indicates “mild to moderate difficulty”, 1-2 indicates “moderate to severe 

disability”, and 2-3 indicates “severe to very severe disability.”27 The HAQ-DI is a 

better prognosticator for future morbidity and mortality, compared to joint counts and 

serological markers.28  

1.9.3 Radiographic progression  

Radiological evaluation of joints is commonly employed in RA for diagnostic, 

prognostic and monitoring purposes.14 In clinical practice, baseline conventional 

radiography of the hands and feet are routinely done to evaluate for features such as 
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juxta-articular erosions, periarticular osteopenia and joint space narrowing.29 

Peripheral joint erosions are associated with cervical spine involvement and a poor 

prognostic factor if present on conventional radiography during the first two years 

from diagnosis.14,30 

Conventional radiography is used in clinical trials as an outcome measure for 

disease progression.30 Radiographs are easy to perform, with relative low cost and 

validated scoring systems exist for standardization in clinical trials. Most commonly 

used is the van der Heijde modification of the Sharp scoring system which assesses 

for erosions and joint space narrowing of the wrists, hands and feet. Radiological 

progression is assessed by subtracting total scores from two different points in time, 

are performed by two or more readers with the average of their scores representing 

the progression signal. Radiological progression correlates with disease activity and 

acute phase reactants over time, and physical disability at the same point in time.31 

1.10 Definition and epidemiology of EORA  

Elderly-onset rheumatoid arthritis (EORA) is a unique subset of RA. It is defined as 

RA that manifests after the age of 60.15 The incidence of RA increases with 

advancing age to about 2% in the elderly.4 A Japanese registry of RA has noted a 

shift in the peak age of diagnosis from 50-59 years to 60-69 years, with some 

Japanese patients being diagnosed with RA over the age of 80.32  

A more balanced sex distribution with a female to male ratio approaching 1.5-2.0:1 is 

described in EORA, opposed to 4-4.5:1 in young onset RA (YORA).33 A Finnish 

study in RA patients over the age of 65 found a prevalence of 1.2% in men and 2.2% 

in women.33 The Norfolk Arthritis Register (NOAR) showed that the incidence of RA 

in men steeply rises with increasing age, opposed to the plateau seen in women 

between 45 and 75 years of age.33 EORA is estimated to account for as many as 10-

33% of RA cases, and this number will likely continue to rise as population age 

continues to increase.34  

1.11 Differences between EORA and YORA  

EORA represents a distinct subset of RA. It is a heterogenous disease, 

characterized by a more equal sex distribution, more acute onset and more large 
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and proximal joint involvement. The disease tends to be more severe at 

presentation, with rapid progression, more systemic symptoms and worse 

prognosis.15,34 

1.11.1 Pathophysiology of EORA  

The pathophysiology of EORA and how it differs from YORA is still poorly 

understood. As mentioned, the HLA-DRB1 shared epitope is well described in 

association with RA. EORA has been associated with HLA-DRB1*01 alleles opposed 

to HLA-DRB1*04 in YORA, and seronegative EORA associated with HLA-DRB1*13 

and *14 alleles.5 This suggests the possibility of different underlying disease 

processes in RA in different age groups.32  

Antibody positivity in EORA is similar or slightly less common than in YORA. Some 

studies have demonstrated no difference between antibody positivity in EORA and 

YORA subgroups, whereas other studies have reported less antibody positivity in 

EORA.4 

Immunosenescence describes the changes of the immune system with age. This is 

associated with increased non-specific chronic inflammation, loss of immune 

tolerance and defective immune response to injury. It contributes to bone loss, 

development of arthritis and increases the risk of autoimmune diseases.15  

IL-6 has been linked to the pathophysiology of EORA, with increased IL-6 levels 

detected in the synovial fluid of patients with EORA. Furthermore, increased IL-6 

levels have been demonstrated in relation to increasing age and age-related 

decrease in sex hormone levels like dehydroepiandrosterone and 

androstenedione.35  

1.11.2 Clinical presentation of EORA  

EORA is associated with a clinically distinct pattern of disease presentation. Acute 

and severe onset of joint pain and swelling which may be oligoarticular, rather than 

the classically described chronic insidious onset can lead to delayed diagnosis. 

EORA is also associated with an increased prevalence of constitutional symptoms 

like malaise, fever and weight loss.32,35  
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Three patterns of joint involvement are described in EORA. Approximately 70% of 

patients present with classical symmetrical polyarthritis of the small joints. These 

patients are typically seropositive with joint erosions on X-rays and have a poorer 

prognosis compared to YORA. 25% of patients can present with less severe, 

asymmetrical polyarthritis associated with proximal joint involvement and 

seronegativity, which can resemble polymyalgia rheumatica (PMR). A minority of 

patients can present with acute onset polyarthritis associated with swelling of the 

hands, resembling remitting seronegative symmetrical synovitis with pitting oedema 

(RS3PE) syndrome, which can spontaneously remit and has a good prognosis.4,35  

Given the presentation differential diagnoses like viral arthritides, gout and other 

crystal-arthropathies, osteoarthritis, PMR, and paraneoplastic arthritis should always 

be considered in these patients.35 

1.11.3 Comorbidities in EORA  

EORA is associated with a higher prevalence of comorbid diseases compared to 

individuals over the age of 60 without RA.5,36 These comorbidities may influence the 

course of RA and require stringent control to benefit survival and improve quality of 

life.5 Certain comorbidities are associated with poor prognosis in EORA. ILD and 

diabetes mellitus (DM) are associated with no remission and increased mortality. DM 

is associated with a greater degree of bone destruction. A greater number of 

comorbid conditions is also associated with poorer response to RA treatment.5,15  

EORA can also impact the course of many comorbidities. EORA has been 

associated with more significantly deranged metabolic profiles compared to YORA, 

adding to the already elevated cardiovascular risk in these patients. Increased risk of 

developing ILD has been linked to older age of diagnosis of RA, male sex and more 

severe RA symptoms. High disease activity associated with EORA can further lead 

to immobility with increased risk of infection. Accelerated immunosenescence can 

further increase the risk of malignancies in patients with EORA.32  

Furthermore, EORA contributes to many geriatric syndromes. Pain and poor mobility 

associated with RA increases the risk of falls and fall-related morbidity and mortality. 

It also contributes to social isolation and development of depression. The chronic 

inflammatory state contributes to sarcopenia, weight loss, weakness and increased 
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risk of malignancy. RA has been linked to cognitive impairment which is often 

worsened by polypharmacy. Pain and disability, active RA requiring escalation of 

treatment and depression again contribute to high treatment burden in these 

patients.35  

1.11.4 Disease activity in EORA  

Initially EORA was believed to be a more benign form of RA with a good prognosis.32 

It is now known that EORA is associated with high disease activity, significant 

functional disability and decreased quality of life. Culminating in an overall worse 

prognosis compared to YORA, which have been partly attributed to seropositivity, 

prolonged disease duration and less aggressive treatment strategies due to 

comorbidities.4,32  

CRP and ESR are typically higher in EORA and correlate with clinical disease 

activity and worse prognosis.4,34 Higher disease activity in EORA has been 

demonstrated by higher acute phase reactants, higher swollen and tender joint 

counts and higher disease activity indices such as DAS28, CDAI and SDAI.32 

Increased physical disability is evidenced by higher scores on the HAQ-DI and VAS 

for patient global health assessment as compared to YORA.5,36  

1.11.5 Prognosis of EORA  

Results from studies on the prognosis of EORA compared to YORA are conflicting. 

Seropositive EORA is associated with poor response to treatment, more synovitis 

and radiological damage and increased mortality.4 Some studies have shown that 

the differences in disease activity between EORA and YORA diminishes after 1-2 

years from diagnosis, with similar numbers of patients from both groups achieving 

low disease activity or remission. Whereas other studies have shown associations 

between EORA and poor treatment response.32  

1.12 Existing evidence of EORA in SA and Sub-Saharan Africa  

There is a significant paucity of data on EORA in South Africa and Sub-Saharan 

Africa. One South African study conducted in 1982 reported a 5.71% prevalence of 

RA in patients over the age of 65.8 More recently, a single center Senegalese study 
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reported that EORA represents 10.5% of their RA population, with a more equal sex 

distribution. Interestingly, this study reported less deformities and lower disease 

activity scores.37 

1.13 Importance of EORA  

EORA is evidently a distinct entity from YORA. It is associated with more advanced 

disease, more comorbidities, poorer functional status and a worse prognosis. With 

the global population age rising, the prevalence of EORA is rising and will likely 

continue to increase.5 

In low-income settings, barriers to accessing health care, disproportionate 

distribution of health care resources, limitation of specialist care to tertiary health 

care centers and poor access to special investigations can delay diagnosis of RA in 

a vulnerable elderly population and emphasizes the need for health care providers in 

under resourced settings to better understand and recognize EORA from a clinical 

perspective.35  

Given the disability associated with EORA, the increasing age of our population and 

the paucity of data surrounding RA in South African patients there is a clear need for 

a better understanding of RA amongst our population and this unique group with 

many associated comorbidities.  

By understanding the incidence, clinical presentation and disease severity of EORA 

in South African patients it will enable better disease recognition and treatment in our 

population of patients.  

 

2. Aim  

To describe the characteristics of elderly onset rheumatoid arthritis in patients at 

Chris Hani Baragwanath Academic Hospital and compare to young-onset 

rheumatoid arthritis.  
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3. Study objectives  

3.1 Primary objectives  

To describe the clinical characteristics, including pattern of joint involvement, extra- 

articular involvement and comorbidities in EORA.  

3.2 Secondary objectives  

To compare the demographics, disease activity, physical activity and seropositivity 

between EORA and YORA.  

4. Patients and methods  

4.1 Study design  

This study is a cross-sectional retrospective record review comparing the clinical and 

serological parameters of young and elderly onset RA at presentation, in South 

Africans with newly diagnosed RA. Patients will be recruited in a 2:2:1 ratio 

according to age groups 18 to 39 years, 40 to 59 years and 60 and above years. 

This study aims to include at least 80 patients aged 60 and above.   

Patients fulfilling either the 1987 ACR or EULAR/ACR 2010 criteria for RA17,18, 18 

years and older at symptom onset and attending the Arthritis Clinic of the Chris Hani 

Baragwanath Academic Hospital will be included in the study. Patients with an 

overlap with another connective tissue disease will be excluded from the study.   

4.2 Methods  

Baseline clinical, laboratory and serological data will be captured from patient 

records. Variables collected will be age at symptom onset, constitutional symptoms, 

sex, symptom duration, smoking and family history, pattern of joint involvement, 

extra-articular manifestations (nodulosis, interstitial lung disease, scleritis), 

comorbidities (ischemic heart disease, hypertension, diabetes, osteoporosis, chronic 

obstructive airway disease, HIV), smoking history, baseline disease activity scores, 

physical function, and laboratory parameters (ESR, CRP, white cell count, platelet 

count, hemoglobin) and serology (ACPA, ANA and RF) results.  
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Physical function will be measured using the health assessment questionnaire 

disability index (HAQ-DI) and the American College of Rheumatology functional 

class classification in RA, as described above.  

Pattern of joint disease will be determined by the percentage of patients in each 

group with swollen and tender joints involved in the 28 joints (10 PIPs, 10 MCPs, 2 

wrists, 2 elbows, 2 shoulders and 2 knees)  

Please see Appendix E for the data collection sheet that will be used.  

4.3 Statistical analysis  

Baseline characteristics and continuous variables will be assessed for normality and 

where applicable described in terms of mean and standard deviations. Where non- 

normally distributed variables will be described in terms of median and interquartile 

range. Categorical variables will be described using frequency and percentage. The 

relationship between categorical data will be assessed using Pearson’s chi-square 

test. The Mann-Whitney U test will be used to compare continuous data. Logistic 

regression will be performed to determine associations between different variables. 

All data analysis will be performed at a 95% confidence interval. A two-tailed p<0.05 

will be considered statistically significant. REDCap/Windows Excel will be used as a 

data management tool. All statistical analysis will be performed using STATISTICA.  

5. Limitations  

The study involves retrospective review of patient files and relies on the data 

captured at presentation. Incomplete data capturing on initial presentation may limit 

the findings in this study.  

6. Ethical Considerations  

Ethics approval will be sought from the University of the Witwatersrand’s Human 

Research Ethics Committee, as well as the CEO of Chris Hani Baragwanath 

Academic Hospital and head of department of Rheumatology. All patient information 

and clinical data will be handled with full confidentiality and anonymity will be 

maintained throughout the study.  
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7. Timeline  

The planned timeline for the completion of this research project is approximately 12 

months. The diagram below depicts the set endpoint and deadlines set for each 

endpoint. 

8. Funding  

No funding will be required for the conduction of this study. Any costs that might be 

incurred, including but not limited to travel, data collection and processing, printing 

and publication costs shall by personally funded.  
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ABSTRACT  

Introduction: Rheumatoid arthritis (RA) differs between young and elderly onset 

disease. We aimed to study differences in joint involvement, disease activity, 

functional status, serology and extra-articular manifestations between young onset 

RA (YORA) (≤59 years) and elderly onset (EORA) (≥60 years) in South Africans.  

Methods:  A retrospective records review of RA patients fulfilling the 2010 American 

College of Rheumatology RA classification criteria at a tertiary hospital in Gauteng, 

South Africa. Consecutive case records for the period 2015 to 2023 were reviewed. 

Results: The overall cohort of 482 patients, 358 with YORA and 124 with EORA, 

had a median age (IQR) at onset of 50 (37-60) years, were predominantly female 

(84.4%) with median symptom duration of 18 months. Median age (IQR) at onset 

was 44 (35-52) years in YORA compared to 65 (62-70) years in EORA. With no 

significant differences in sex distribution (83.2% vs. 87.9% females, NS), symptom 

duration (18 (6-36) months vs. 23 (7.75-48) months, NS), or with respect to joint pain 

and swelling between the groups. There was a trend towards more early morning 

stiffness (EMS) in the YORA group (84.4% vs 76.6%, p=0.05). Patients with EORA 

had significantly more metacarpophalangeal (MCP) joint involvement (86.3% vs 

77.9%, p=0.04), and more disability as assessed by the American College of 

Rheumatology functional classification, compared to patients with YORA. There were 

no differences in disease activity, serology or extra-articular manifestations between 

the groups.  

Conclusion: In Black South Africans with RA, YORA presents with a trend towards 

more EMS, while EORA with significantly more MCP joint involvement and functional 

disability.  
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Key points  

• This first known study of Black South Africans with EORA suggest data from 

Western studies cannot be extrapolated to our population  

• EORA in Black South Africans is associated with significant functional 

disability  

• Further research with an ageing population is needed  
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Introduction  

Rheumatoid arthritis (RA) is a chronic progressive inflammatory disorder, affecting 

synovial joints that can result in significant morbidity and physical disability.1 It affects 

0.5-1.0% of adults worldwide, with a female predominance and peak age of onset 

between the ages of 40 to 50 years.2,3 The prevalence of RA increases with age, with 

studies reporting a prevalence rate between 2% to 33% in patients over the age of 

60.4,5  

Elderly onset RA (EORA) denotes onset of RA at age 60 or older.1,3 Studies from 

Western industrialized populations suggest that EORA is a unique subset of RA, with 

different genetic factors, clinical presentation, severity and prognosis compared to 

young onset RA (YORA) below the age of 60.3,4  

Compared to young onset, EORA has a more abrupt onset of joint symptoms, equal 

sex distribution, more prominent constitutional symptoms and less likely to be 

seropositive. There is more large joint involvement, greater disease activity, with 

more profound physical disability and poor health-related quality of life.3,4  

The heterogenous presentation of EORA poses several diagnostic challenges. It 

may present with classical small joint involvement, seropositivity and high disease 

activity or a milder symmetrical polyarthritis associated with secondary Sjögren’s 

syndrome. In contrast to these, EORA has also been described to present with 

predominantly proximal joint involvement, seronegativity and polymyalgia 

rheumatica-like symptoms found almost exclusively in the EORA population.2,4,5  

Comorbidities are expected to be more prevalent in older patients, however the 

prevalence of comorbidities in age-matched EORA patients are higher than the 

general population.6 General metabolic parameters are higher in EORA patients, 

with increased prevalence of hypertension, diabetes mellitus, ischemic heart 

disease, osteoporosis, chronic kidney disease and osteoarthritis.7  

A trend towards higher disease activity scores has been identified in several studies, 

although not always statistically significant.7 Functional disability is significantly 

worse in EORA, with the possible additive effect of increased comorbidities, age-

related physical decline and frailty.7 Increased age of symptom onset has been 
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identified as an independent predictor of the development of joint erosions and 

physical disability.2,8  

Many studies have reported higher inflammatory markers, such as C-reactive protein 

(CRP) and erythrocyte sedimentation rate (ESR), in EORA patients.7,9 This is 

postulated to reflect an increased inflammatory milieu in older patients.4 In contrast, 

other studies of EORA patients with predominantly longer symptom duration found 

less elevated inflammatory markers.7 Similarly research on serological findings 

shows conflicting evidence, with a meta-analysis of 4 studies showing more RF 

positivity and higher baseline RF titers in YORA patients7, while other population 

based studies reported more, equal or less antibody positivity in EORA compared to 

YORA.1,4,5  

RA is increasingly reported in sub-Saharan Africa, with an estimated prevalence of 

up to 2,5% in South Africa.10 RA is often associated with severe disability due to a 

delay in diagnosis and poor socio-economic factors in our setting.11 In the absence of 

any published studies on EORA in African patients we conducted a retrospective 

study of baseline clinical characteristics, disease activity, functional status, and 

laboratory markers in EORA compared to YORA patients.  

Methods and Patients   

A retrospective records review of baseline data of patients fulfilling the 2010 

American College of Rheumatology/European alliance of associations for 

rheumatology (ACR/EULAR) classification criteria for RA, attending a tertiary 

Rheumatology service in Gauteng, South Africa.12 Patients were disease modifying 

antirheumatic drug (DMARD) naïve at the time of diagnosis. Consecutive case 

records for the period 2015 to 2023 were reviewed. YORA was defined as onset of 

symptoms between 18 and 59, and EORA at 60 or above. Ethnicity of the cohort was 

based on patient’s self-reporting that they were Black South African. 

Data extracted from case records were sex, age at symptom onset, disease 

duration, smoking history, family history of RA, pattern of joint involvement, disease 

activity, functional disability, extra-articular manifestations, comorbidities, and 

serology at initial presentation. Disease activity was assessed using the composite 

clinical disease activity index (CDAI) which includes the 28 swollen (SJC) and tender 
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(TJC) joint counts , patient global assessment (PGA) and physician global 

assessment (MDGA).13 Physical disability was determined using the ACR functional 

class classification.14  

Statistical methods   

Continuous variables were expressed as median and interquartile range (IQR) and 

categorical variables as frequency and percentage. Mann-Whitney U test and 

Pearson’s chi-square test, respectively, were applied to compare continuous and 

categorical variables between groups. Stepwise regression analysis was used and 

applied to test for variables that were independently associated with EORA. 

Statistical analyses were performed using MedCalcÒ Statistical Software version 

23.1.2 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org;2025). A 

p-value of <0.05 were considered significant.  

Results  

Of 548 patient records reviewed, 66 were excluded for the following reasons: 19 had 

inadequate data; 20 failed to fulfil the 2010 ACR RA classification criteria; 5 had 

symptom onset before age 18 years; and 22 had prior DMARD therapy (figure 1). 

Demographic and clinical characteristics of the remaining 482 patients, 358 YORA 

and 124 EORA patients, are shown in Table 1. 

In the overall cohort, most patients were middle aged females with a median (IQR) 

symptom duration at diagnosis of 18 (7-36) months. Similar numbers of patients, 

approximately 20% in each group, had a smoking history or a family history of RA. 

The only statistically significant difference between the YORA and EORA groups was 

age. There was a trend towards reported prolonged early morning stiffness of >30 

minutes being less frequent in the EORA group than the YORA group (76.6% vs 

84.4%, p=0.05, respectively).   

Overall, small joints of the hand and wrists were mostly affected, wrist and MCP 

joints in 82% and 80% of patients respectively. Except for more frequent MCP joint 

involvement in the EORA group compared to YORA group (86.3% vs 77.9%, p=0.04, 

respectively), there were no differences with respect to other joints.  
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The overall cohort had high disease activity and an ACR class 2 at presentation and 

no significant differences between the groups. ACR functional class was significantly 

worse in the EORA group than YORA group (p=0.02). With respect to the laboratory 

markers, most patients were seropositive for RF (92.1%) and ACPAs (78.4%), with 

no significant differences between the groups. There were also no significant 

differences with respect to the total white cell count, hemoglobin and platelet counts 

between the groups. The acute phase reactants, ESR and CRP were increased, as 

expected, in both groups and were not significantly different.   

Sicca symptoms were the commonest extra-articular manifestation (30%) followed 

by nodulosis (13.1%). There was no difference in extra-articular manifestations in the 

two groups, as shown in Table 2. Hypertension and diabetes prevalence was high in 

EORA (70.2% and 12.1%, OR=7.8 and 3.4, respectively), while HIV was the most 

common comorbidity in YORA (OR=11.5%).    

Discussion   

In this study of predominantly Black South Africans with RA with relatively short 

disease duration, we found that the overall cohort had high disease activity at 

presentation, moderate functional disability and high seropositivity. Unlike in other 

studies of EORA populations, where there are no difference in sex distribution, 

mainly large joint involvement and less seropositive disease compared to YORA2,3, 

we found no significant differences between the groups in this study. The two groups 

in our study also had similar clinical and laboratory characteristics at diagnosis. We 

did find a longer symptom duration prior to diagnosis, more frequent MCP joint 

involvement and worse functional disability in the EORA group.    

Differences between previous studies could partly be explained by a comparatively 

younger EORA group in our study with a median age of 65, with only a quarter of our 

patients over the age of 70. Uchiyama, et al. reported an increased frequency of the 

typical EORA features with increasing age, as most patients over 70 had at least one 

EORA feature and high variability in prevalence of EORA features in patients 

between the ages of 65 to 75.15  

Our study differs from most other EORA cohorts which show a predilection for larger 

joints.3  However, similar to our study, the higher MCP joint involvement in EORA 
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was also noted in a Canadian and Turkish study, but the reasons for this remains 

unclear.16,17  

This study’s findings supports other studies that showed a poorer functional status in 

EORA.3,4 However, although the physical disability of the EORA in this study was 

worse (OR 1.3), it was much better than that previously described in Western 

populations, with studies reporting up to a 6-fold (OR 6.0) increased risk of disability 

compared to YORA.18 Poor physical function in EORA patients result from numerous 

factors, including comorbidities, interstitial lung disease and osteoarthritis, which 

were not explored fully in this study. 

Lower prevalence of seropositivity has been usually described in EORA cohorts.7 

There have been conflicting studies with an Egyptian study showing a trend towards 

higher seropositivity rates in EORA, 81.4% RF and 72.7% ACPA positivity19 and 

Bajocchi et al. reported similar seropositivity in EORA and YORA20. The higher 

prevalence of seropositive disease in the overall cohort and the two subgroups in our 

study compared to other Western studies1,7 could reflect referral practices of the 

primary care practitioners who may use seropositivity as the main trigger to refer for 

specialist care rather than on clinical findings of inflammatory arthritis. Hence 

patients with seronegative RA are possibly less likely to be referred.  

In Western populations a third of patients have at least one comorbidity at time of 

diagnosis of RA, our study showed similar results.21 Comorbidities become more 

prevalent with age, and even more common in patients with EORA.6 EORA is often 

associated with multiple comorbidities.7 As expected, the EORA group showed a 

higher prevalence of hypertension (70,2%) and diabetes mellitus (12,1%), compared 

to community based studies indicating prevalence of 56% and 9% respectively.22,23 

The YORA group had a higher prevalence of HIV infection (11,5%), with an overall 

prevalence of 9.3% in concordance with a previous study in RA patients from 

Soweto22 but below the national HIV prevalence of 14% as reported in 2017.24 The 

largest incidence of new HIV infections in South Africa occurs in the 15–24-year age 

group. Therefore, the prevalence of HIV infection amongst RA patients could be 

expected to increase in future as HIV prevalence above age 30 is on the rise with 

more antiretroviral exposure and longer life expectancy in patients living with HIV 

infection.24  
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Limitations of this study include the retrospective nature of the study, lack of relevant 

history capturing such as constitutional symptoms and the relatively small sample 

size of both subgroups. Ethnicity of the cohort was based on patient’s self-reporting 

that they were Black South African. 

In conclusion, to our knowledge this is the first study of EORA in predominantly Black 

South Africans. EORA in Black South Africans have significantly more functional 

disability but no other typical features described in Western populations. With a still 

ageing population, further research will be needed to better define EORA features at 

advanced ages. The overall cohort demonstrated prolonged symptom duration and 

disproportionate high seropositivity in RA treated at a tertiary level. Hypertension and 

diabetes mellitus are common in EORA, as it is in the black community. Research 

into barriers to early referral and treatment of inflammatory arthritis is needed to 

improve overall outcomes in patients with RA. 
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Tables 

Table 1 Demographic and clinical characteristics of 482 South Africans with 

rheumatoid arthritis 

Variable  All patients   

n=482   

YORA   

n=358   

EORA   

n=124   

P value   

Females (%)   407 (84.4)   298 (83.2)  109 (87.9)  NS  

Age at diagnosis, median 

(IQR) in years   

50 (37-60)   44 (35-52)   65 (62-70)   <0.0001   

Symptom duration, 

median (IQR) in months   

18 (7-36)   18 (6-36)  23 (7.75-48)  NS   

Smoking history, n (%)   93/470 

(19.8)   

74/347 

(21.3)   

19 /123 

(15.4)   

NS   

Family history, n (%)   101/442 

(22.9)   

74/326 

(22.7)   

27/116 

(23.3)   

NS   

Joint symptoms at presentation and disease activity   

Pain, n (%)   464 (96.3)   347 (96.9)   117 (94.4)   NS   

Swelling, n (%)   279 (57.9)   214 (59.8)   65 (52.4)   NS   

Early morning stiffness 

>30 minutes, n (%)   

397 (82.4)   302 (84.4)   95 (76.6)   0.05   

Joint involvement (swelling and/or tenderness on examination)   
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Wrists, n (%)   398 (82.6)   299 (83.5)   99 (79.8)   NS   

MCPJs, n (%)   386 (80.1)   279 (77.9)   107 (86.3)   0.04, OR (95% CI 

= 1.01-3.15)   

PIPJs, n (%)   342 (71.0)   255 (71.2)   87 (70.2)   NS   

Elbows, n (%)   182 (37.8)   137 (38.3)   45 (36.3)   NS   

Shoulders, n (%)   219 (45.4)   159 (44.4)   60 (48.4)   NS   

Knees, n (%)   247 (51.2)   185 (51.7)   62 (50)   NS   

Clinical disease activity 

index  

25.5 (18-

35.5)  

25 (17-

36.25)  

26 (19-

32.75)  

NS  

28 TJC, median (IQR)   7 (3-12)   7 (3-12)  7 (3-11)  NS   

8 SJC, median (IQR)  6 (4-10)   6 (3-10)  6 (4-9)  NS   

PGA, median (IQR)   5.0 (5.0-7.5) 

n=449   

7.5 (5.0-7.5) 

n=330   

5.0 (5.0-7.5) 

n=119   

NS   

MDGA, median (IQR)   5.0 (5.0-7.5) 

n=448  

5.0 (5.0-7.5) 

n=328  

5.0 (5.0-7.5) 

n=120  

NS   

ACR functional class, 

median (IQR)   

2 (1-3) 

n=443   

2 (1-2) 

n=327   

2 (2-3) 

n=116  

0.02   

Laboratory results   

Rheumatoid factor, n (%)   444 (92.1)  331 (92.5)  113 (91.1)   NS  
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ACPA, n (%)  378 (78.4)  279 (77.9)  99 (79.8)   NS  

Antinuclear antibody test, 

n (%)  

113 (23.4)  87 (24.3)  26 (21.0)  NS  

WCC, median (IQR)  7.26 (5.8-

8.8)  

7.34 (5.81-

8.88)   

7.00 (5.75-

8.52)   

NS  

Haemoglobin (g/dl), 

median (IQR)  

12.6 (11.3-

13.7)  

12.7 (11.3-

13.8)   

12.4 (11.3-

13.5)   

NS  

Platelets (X1012), median 

(IQR)   

355 (294-

432)  

360 (295-

437)   

344 (288-

410)  

NS  

ESR (mm/hour), median 

(IQR)  

31 (16-58) 

n=458  

28 (15-55) 

n=340  

38 (20-60) 

n=118  

NS  

CRP (mg/l), median 

(IQR)  

16 (7-33) 

n=471  

15 (7-29) 

n=351  

18 (7-43) 

n=120  

 NS  

Abbreviations: YORA, young onset rheumatoid arthritis; EORA, elderly onset 

rheumatoid arthritis; n, frequency with corresponding percentages; NS, not 

significant; IQR, interquartile range; MCPJs, metacarpophalangeal joints; PIPJs, 

proximal interphalangeal joints; TJC, tender joint count; SJC, swollen joint count; 

PGA, patient global assessment; MDGA, physician global assessment; ACR, 

American College of Rheumatology; ACPA, anti-cyclic citrullinated peptide 

antibodies; WCC, white cell count; ESR, erythrocyte sedimentation rate; CRP, C-

reactive protein.  
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Table 2 Extra-articular features and common comorbidities in 482 South Africans 

with rheumatoid arthritis   

Variable  All 
patients  

n=482  

YORA  

n=358  

EORA  

n=124  

P value   

Extra-articular features  

Sicca symptoms, 

n (%)  

146 (30)  112 

(31.3) 

34 

(27.4)  

 NS  

Nodulosis, n (%)   63 (13.1)   48 

(13.4)  

15 

(12.1)  

NS  

Scleritis, n (%)   9 (1.9)   8 (2.2)  1 (0.8)   NS  

Comorbidities   

Hypertension, n (%)   170 (35.3)   83 

(23.2)  

 87(70.2)  <0.0001  

(OR 7.9, 95% CI [4.9-12.3])  

Diabetes mellitus, n 

(%)   

 29 (6.0)  14 (3.9)  15 

(12.1)  

 0.0010  

(OR 3.4, 95% CI [1.6-7.2])  

HIV, n (%)   45 (9.3)   41 

(11.5)  

4 (3.2)  0.01 (OR 0.26, 95% CI [0.09-

0.73])  

Abbreviations: YORA, young onset rheumatoid arthritis; EORA, elderly onset 

rheumatoid arthritis; n, frequency with corresponding percentages; NS, not 

significant; HIV, human immunodeficiency virus.  
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Figures 

Figure 1 Patient record reviewed and excluded for various reasons  
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3. CHAPTER THREE: APPENDICES 

APPENDIX A: 1987 REVISED ACR CLASSIFICATION CRITERIA FOR 
RHEUMATOID ARTHRITIS 

 

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al. The 

American rheumatism association 1987 revised criteria for the classification of 

rheumatoid arthritis. Arthritis Rheum. 1988 Mar;31(3):315–24. 
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APPENDIX B: THE 2010 ACR/EULAR CLASSIFICATION CRITERIA FOR 
RHEUMATOID ARTHRITIS 

  

 

Bester FCJ, Bosch FJ, Rensburg BJJ van. The specialist physician’s approach to 

Rheumatoid Arthritis in South Africa. Korean J Intern Med. 2016 Mar 1;31(2):219–36. 
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APPENDIX C: ACR FUNCTIONAL CLASSIFICATION 

 

Hochberg MC, Chang RW, Dwosh I, Lindsey S, Pincus T, Wolfe F. The American 

College of Rheumatology 1991 revised criteria for the classification of global 

functional status in rheumatoid arthritis. Arthritis Rheum. 1992 May;35(5):498–502.  
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APPENDIX D: HEALTH ASSESSMENT QUESTIONNAIRE DISABILITY INDEX 
(HAQ-DI) 

 

Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient outcome in 

arthritis. Arthritis Rheum. 1980 Jan;23(2):137–45. 
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APPENDIX E: DATA COLLECTION SHEET 
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APPENDIX F: ETHICS CLEARANCE CERTIFICATE  
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APPENDIX G: FACULTY PROTOCOL APPROVAL LETTER  
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APPENDIX H: CHBAH PERMISSION TO CONDUCT RESEARCH 
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APPENDIX I: DIVISION OF RHEUMATOLOGY PERMISSION TO CONDUCT 
RESEARCH 
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APPENDIX J: PLAGIARISM REPORT  
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