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1.Natural History of Rheumatoid Arthritis

"Vita brevis; ars longa; occasio celeris; experimentum periculosum; judicium difficile.
Oportet autem non modo se ipsum exhibere quae oportet facientem, sed etiam aegrum, et
praesentes, et externa." Life is short; art is long; opportunity fugitive; experience delusive;
judgement difficult. It is the duty of the physician not only to do that which immediately
belongs to him, but likewise to secure the cooperation of the sick, of those who are in
attendance, and of all the external agents.

--Hippocrates c. 460 - 370 BCE, Aphorisms. I:I

The term rheumatoid arthritis (RA) is derived from the Greek term rheumatos+oid that is
translated as "in the shape of something flowing" and the term arthr + itis meaning "an
inflamed joint," meaning literally an inflamed joint that has been bent by disease into the
shape of something flowing. RA is a chronic, systemic autoimmune disease characterized
by symmetric inflammation of the diarthrodial joints (moveable joints lined with a synovial
membrane). Arthritis represents the major expression of the disease, but it can be
accompanied by extra-articularmanifestations including rheumatoid nodules, sicca syndrome
(Sjögren's syndrome), and vasculitis.

RA is a disease of unknown etiology that is characterized by polyarticular inflammation of
the diarthrodial joints, weakness, pain, stiffness, loss of mobility, and the marked deformity
and destruction of the joints. Initially RA affects the joints asymmetrically, but presents in
a symmetrical fashion as the disease progresses. RA is a multisystemic disease and frequently
affects extra-articular tissues and organ systems throughout the body including the skin,
eyes, gastrointestinal tract, blood vessels, heart, brain, lungs, and muscles.10838

The natural history of RA is variable, and its outcome is dependent on the types of therapies
that are initiated to control it and how early those therapies are initiated following initial
onset of signs and symptoms. The clinical course of RA is short and self-limiting in 5%-20%
of patients, minimally progressive in 5%-20% of patients, but is progressive in 60%-90%
of patients.6938, 10589 Beyond basic quality-of-life issues, patients with poorly controlled
RA suffer from the consequences of an increased systemic inflammatory burden.10411

To address the natural history of RA, it must first be adequately and accurately defined. RA
is best defined by multiple factors including objective disease-specific measures, such as
radiographs, rheumatoid factor (RF) seropositivity, and remission rates, and subjective or
patient-specific measures, such as functional disability, work disability, the need for total
joint replacement, occurrence of adverse drug reactions, social disruption, and premature
mortality. If RA is defined clinically, it has a worse prognosis than if it is defined
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epidemiologically. RF-negative polyarthritis differs from seropositive RA in that the former
condition has a better prognosis for remission and favorable long-term outcome.6831

Remission is an objective of patient treatment, but remission itself is poorly defined. Some
studies have demonstrated that patients who are in remission for signs and symptoms (i.e.,
disease activity score remission) may experience continuing joint damage and still progress
radiographically. The natural history of RA usually does not involve remission. RA patients
tend not to enter into remission, and most patients seen in clinical settings have progressive
disease. More patients may be judged to have progressive disease if radiographic or imaging
indices are used to judge remission.6831

The classification criteria for RA describe different pathogenetic processes and different
long-term outcomes. Most RA patients tend to progress over time, and most therapies for
RA are not effective in controlling signs and symptoms of the disease over long periods of
time. Most RA patients experience joint destruction and severe functional declines within
10 years of disease onset, and 60% of patients become fully work-disabled after 10 years
of disease. RA patients experience increased mortality (usually from cardiovascular causes),
although RA is typically not listed on death certificates, and individual patients with RA
who are at risk for early mortality can be identified using specific clinical markers, including
a high number of swollen and tender joints, comorbid cardiovascular disease, and poor
functional status.6938

The American College of Rheumatology revised its classification criteria for RA in 1987
to guarantee uniformity in investigative and epidemiological studies because a variety of
other disordersmaymimic the disease. RA is classified as an immune-mediated inflammatory
disease, a group of pathologies that result when the immune system becomes dysregulated
and fails to distinguish "self" from "nonself" and subsequently mounts an attack on normal
tissue. In RA, the normal tissue that is primarily attacked is the tissue within the synovial
joints. This attack involves the release of inflammatory cytokines Cytokine Dysregulation
that initiate an inflammatory reaction, which can ultimately lead to the destruction of all
components of the joint. The inflammatory disease process of RA is painful and disabling,
and often results in the slow destruction of the joints if the disease is not adequately
controlled. This joint destruction can be seen radiographically, often occurs in patients
whose symptoms are well controlled, and often results in a substantial loss of mobility in
the patient.

RA occurs in all ethnic groups worldwide. Prevalence rates range from 0.3% to 1.5% in
most populations, but frequencies of 3.5% to 5.3% have been observed in several Native
American tribes. The peak incidence of onset is between the ages of 30 and 50, the most
economically productive years of an individual's life, but RA may begin at anytime from
childhood to advanced old age. Females are initially 2 to 3 times more likely to develop
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RA than males, but this varies according to age, with male and female patients in their 70s
equally likely to develop the disease.

References:
6831Wolfe F. The natural history of rheumatoid arthritis. J Rheumatol Suppl. 1996;44:13-22.

6938 Pincus T, Callahan LF. What is the natural history of rheumatoid arthritis? Rheum Dis
Clin North Am. 1993;19(1):123-151.

10411 Wolfe F, Freundlich B, Straus WL. Increase in cardiovascular and cerebrovascular
disease prevalence in rheumatoid arthritis. J Rheumatol. 2003;30(1):36-40.

10589 Osler W. The Principles and Practice of Medicine. New York, NY: D. Appleton and
Company; 1892.

10838 Felson DT. Introduction to the study of the rheumatic diseases, epidemiology of the
rheumatic diseases. In: Koopman WJ, Moreland LW, eds. Arthritis and Allied
Conditions. A Textbook of Rheumatology. 15th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2000:1-36.
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2.Search and Selection Information for Natural History of
Rheumatoid Arthritis

This segment summarizes information collected from a search of publishedmedical literature
through December 2006. Various search databases were used including Ovid Medline,
Medline Daily, Medline In-Process, Embase, Biosis Previews, and Derwent Drug File. Also,
where noted, information made available through other means (e.g., publicly available
regulatory briefing documents, other public reports, or medical textbooks) may have been
included. Information has been cited in the body of the text, references follow each section,
and a full bibliography is provided for the website.
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2.1.Search Terms

The initial literature search included the following terms: disability, epidemiology,
extraarticular, incidence, morbidity, mortality, natural, history, pathophysiology, prevalence,
QOL, quality of life, rheumatoid arthritis. Search results were then limited to "English" and
"Human." As content continues to be updated, additional search terms and methods may
be utilized as appropriate. Where appropriate, truncation was used in the searches.

If you believe you have identified any omissions or errors with the selection or reporting
of any information on this site, please bring this to the attention of Centocor by using the
Contact Us function of this site. Centocor will address specific issues that are brought to
our attention, consistent with the Editorial Policy posted on each page.

Date Last Update: 04/08/2009 Page 9 of 133



2.2.Understanding the Strengths and the Limitations of Data
and Analyses

The reader is advised that different types of data and analyses have different strengths and
limitations. To help you better understand the various types of data sources, their strengths,
and their limitations, visit the Benefit:Risk Analysis section of this website.
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3.Definition of Rheumatoid Arthritis - General

Osler, writing in The Principles and Practices of Medicine in 1892, defined rheumatoid
arthritis (RA) as a chronic disease of the joints, characterized by changes in the cartilages
and synovial membranes, with periarticular formation of bone and great deformity.10589

RA is a heterogeneous systemic inflammatory disease with a variable course that affects
about 1% of the US population between the ages of 30 and 50. RA is a disease of immune
dysfunction that leads to the development of destructive erosive disease in the majority of
patients. The subtypes of RA include primary RA, juvenile idiopathic arthritis, and Still's
disease.

References:
10589 Osler W. The Principles and Practice of Medicine. New York, NY: D. Appleton and

Company; 1892.
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3.1.Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an inflammatory autoimmune disorder that primarily afflicts
adults in their most productive years (ages 30 to 50). A disabling and painful inflammatory
condition, RA can lead to substantial loss of mobility due to pain and joint destruction. RA
is a systemic disease, often impacting the body as a whole, including the skin, eyes, blood
vessels, heart, lungs, and muscles.
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3.2.Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) was first described by Cornil in 1864.4496 The condition
has been referred to as juvenile rheumatoid arthritis (JRA) or juvenile chronic arthritis
(JCA). Idiopathic means a primary disease developing independently and of unknown cause.
JIA is arthritis present for at least 6 weeks commencing in a child before age 16. There are
no specific tests for this form of arthritis and the diagnosis is made based on a combination
of clinical features and history. Blood testing is used to exclude other conditions that may
mimic JIA and to help identify which form of JIA is present.10250

References:
4496 Cornil V. Memoire sur des coincidences pathologiques, du rheumatissme articulaire

chronigue. Comptes rendus des séances et mémoires de la Société de biologie, Paris,
1864-1865; 1(2): 3-25.

10250Weiss J, Ilowite N. Juvenile idiopathic arthritis. In: David T, ed. Recent Advancements
in Paediatrics. London, England: Royal Society of Medicine Press; 2006.
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3.3.Still's Disease

Still's disease is a form of juvenile idiopathic arthritis and is characterized by high-spiking
fever and transient rashes. First described by British pediatrician Sir George Frederic Still
(1868-1941) in 1897, who published a description of chronic rheumatoid arthritis found in
children. Still's disease is known to occur (less commonly) in adults, and today Still's disease
is classified as adult-onset or pediatric.10283

References:
10283 Still GF. Rheumatoid arthritis in children. In: Allbutt TC, ed. System of Medicine.Vol.

III. London, England: McMillan; 1897;102-107.
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4.History of Rheumatoid Arthritis

Evidence of arthritic damage to the bones has existed for thousands of years. There is
evidence of osteoarthritis in neolithic burial sites, in Egyptian mummies, and in Roman
skeletons, but skeletal evidence of rheumatoid arthritis (RA) outside of the New World is
lacking during these early periods. Investigation by paleopathologists into the skeletal
remains of American Indians suggests that RA existed in the NewWorld prior to the voyages
of Columbus, and possibly before the earlier voyages of the Vikings. Evidence suggests
that RA has existed in the New World since 4000 BC, however there is sparse evidence
that the disease occurred in Europe before the 17th century or in Africa before the 20th
century.6865

There are, however, several credible reports that suggest that RAmay have existed in Europe
much earlier than previously thought. Fontecchio, et al, reported that a female mummy
(aged 50 to 55) was discovered at the Basilica of St. Francesco, Italy, and has been dated
to the late 1500s. This mummy shows many pathological changes peculiar to RA including
large erosions and evident subluxation of the metacarpophalangeal joints of the hands,
lateral deviation of all the fingers with typical “z” deformation Z-Thumb Deformity,
Z-Thumb Deformity With Superimposed X-ray
of the thumbs, partial overlapping and fibular deviation of the toes, severe erosion of the
right humerus head, but no involvement of the sacroiliac articulation, a prominent
manifestation of ankylosing spondylitis. Human leukocytic antigens-DRB Genetic Factors
in Pathophysiology typing was performed by these researchers on DNA obtained from tissue
sections and from the bones of this mummified subject, and alleles that are consistent with
RA in contemporaryMediterranean patients, including Italians, were confirmed. The authors
concluded that positivity for the DRB1*0101 allele in an Italian Renaissance mummy with
clear skeletal deformities were suggestive of RA, suggesting that this disease was present
in the OldWorld shortly after the discovery of America by Columbus in 1492 and 200 years
before the first clinical diagnosis worked out by Landré-Beauvais (1772-1840) in 1800.10208,
6844

Asthenic Gout, the First Medical Description of RA: A dissertation presented in 1800
by Landré-Beauvais for his medical doctorate is the first medical description of RA. After
reviewing the main features of ordinary or regular gout, Landré-Beauvais points out that
the disease he called asthenic gout in 9 patients who were long-term residents of the
Salpêtrière hospice in Paris who exhibited several distinctive features including predominance
in women, a chronic course, involvement of many joints from the onset, and a decline in
general health. Landré-Beauvais described the influence of psychological factors in the
disease, the need for gentle treatments, and the inappropriateness of bloodletting—all part
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of the accepted treatments for gout at this time.4503 The term "rheumatoid arthritis" was
coined in 1858 by Garrod (1819-1907).

RA appears to have been prevalent in the New World several millennia before its first
appearance in Old World Europe. The destructive changes suggestive of arthritis, which
are evident in the bones of ancient American Indians of Tennessee, Alabama, and the Ohio
woodlands (more than 4,000 years ago), are indistinguishable from those changes seen in
contemporary RA. The female predominance seen in these archaeological specimens (3:1),
the erosive nature of bone involvement, the x-ray appearance of the erosions, and the
symmetrical distribution of joint involvement are identical to that found in living patients
with RA. Although numerous skeletal irregularities suggestive of RA have been documented
in prehistoric North American remains, no such irregularities have been found in OldWorld
skeletal remains during this same period. The erosive arthritis described by professor
Rothschild occurring in archaic American Indians affected the joints in a symmetrical
fashion, involved the metacarpophalangeal
Metacarpophalangeal (MCP) Joint
metatarsophalangeal, proximal interphalangeal, and carpal joints, but spared the distal
interphalangeal joints.6931, 6939, 6832Rothschild, et al, reported an analysis of 688 skeletons
from various European sites ranging from as early as the Bronze Age to the Black Plague
epidemic of 1485-1486 and reported that erosive disease was uncommon and always
oligo-articular in distribution.6932

RA possibly began as a disease of the American Indians, who, to this day, are still highly
predisposed to this potentially devastating disease. The early adoption of the habit of smoking
among this population may have contributed to its earliest appearance in American Indians.
Smoking was an established habit among the New World American Indians at the time of
the first voyage of Christopher Columbus in 1492,10162 and the habit has been associated
with an increased risk of developing the disease in genetically predisposed individuals. The
prevalence of the disease today is much higher in the American Indian population than the
rest of the US population, or versus most other population groups worldwide. Rothschild
stated that the study of over 20,000 skeletons has identified the pattern of the spread of RA
within North America, and subsequently, its apparent export to Europe. Writing in the
Journal of Rheumatology in 2003, Rothschild, et al, concluded that there was an inverse
relationship between the occurrence of tuberculosis (TB) and RA in the Archaic and Early
Woodland periods of North America. The authors stated that TB infection may potentially
provide protection against the development of RA because osseous pathologies in skeletal
samples from western Tennessee that were indicative of TB infection were found only
outside the rheumatoid catchment area (P<0.0001) but were frequently found in burial
catchment areas where skeletal evidence of TB was found but not RA. Archeological
evidence suggests that RA was confined to a very small area of what is today northwestern
Alabama, southwestern Kentucky, and west-central Tennessee in the Archaic period
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(5000-500 BC), with a minor spread to an area that today encompasses Ohio during the
Woodland period (500 BC to 1000 AD), and an explosive spread of the disease after the
late 18th century.1056910651 In the Old World, descriptions of symptoms suggestive of RA
are extremely rare before the 1600s, and researchers believe the disease may have spread
across the Atlantic with the advent of ships during the Age of Exploration.6939, 686511081,
6931, 6832

The first known skeletal evidence of RA has been dated to as early as 4500 BC. Written
descriptions of symptoms suggestive of the disease did not appear until thousands of years
later. A text dated 123 AD first describes symptoms that are suggestive of RA. In 1859 the
disease acquired its current name. The Flemish artist Rubens (1577-1640) may have first
graphically depicted the effects of RA. Analysis of the hands in paintings attributed to
Rubens during the last 30 years of his life show progressive changes suggestive of RA.10421

This may substantiate that RA was present in Europe in the early 1600s, 2 centuries before
many modern authors date its appearance.

Dequeker and Rico noted in the Journal of the American Medical Association that hand
deformities resembling those of RAwere depicted in a painting representing the temptation
of Saint Anthony by an anonymous artist of the Flemish-Dutch School in the mid-15th to
early 16th century. The highly detailed painting depicts wrist luxation, finger contractures,
and ulnar deviation. The painting now hangs in the Escorial Museum near Madrid, Spain.
The authors concluded that like other earlier observations of rheumatoid deformities in
paintings of the Middle Ages, this is evidence that RA is not a modern disease, and that it
appeared several centuries before Landré-Beauvais' first description in 1800.10534

Alarcon-Segovia, Laffon, and Alcocer-Varela also concluded that depictions of rheumatoid
hands in Flemish paintings of the 15th through 18th centuries supported an earlier date for
the first European appearance of the disease. The authors also stated that the date of the
first description of juvenile rheumatoid arthritis (JRA), which is attributed to Cornil in 1864,
is also in question. The authors concluded that the painting Portrait of a Youth, which was
painted in 1483 by the Florentine artist Botticelli (1445-1510), had features of RA in the
hand of the subject, who would be young enough to be considered as having juvenile
arthritis.6869

The authors further stated that in the fresco representing Saint Augustine in his Studio, which
is in the church of Ognissanti in Florence, Italy (where Botticelli is buried), there is clear
evidence of arthritis in the fingers of the saint. They further assert that the apparent swelling
of the joints Soft Tissue Swelling and Juxta-Articular Osteoporosis in the paintings of
Botticelli could not be ascribed to faulty artistic technique because Botticelli's art was based
on fine detail and that he was the greatest artist of linear design Europe has ever known.
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Not only has the appearance of RA varied temporally, but also geographically as well.
Epidemiological studies currently suggest a decreasing incidence of RA in the United States
and Western Europe, and a rising incidence in Africa. In Caucasian populations of Europe
and America, the prevalence of RA Prevalence of Rheumatoid Arthritis is approximately
1%, and the incidence of RA Incidence of Rheumatoid Arthritis is 0.03%. Significantly
higher rates are found among the North American Indians (although these rates appear to
be falling) and significantly lower rates in some Asian and African populations.6824, 6865
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5.Etiology of Rheumatoid Arthritis

Osler, writing on the etiology of rheumatoid arthritis (RA) in The Principles and Practices
of Medicine in 1892, remarked that the etiology was unknown: "The true nature of the
disease is still obscure," that there was a predilection of cases among females: "Females are
more liable to the disease than males. In Garrod's table of 500 cases there were 411 females
(82%) and 89 males;" that the disease predominantly affected individuals in the most
productive years of life: "It most commonly sets in between the ages of 20 and 30, but it
may begin as late as age 50;" and that there seemed to be a genetic component: "Heredity
influences are not uncommon." In Garrod's cases there were 216 incidences (43%) of a
family history of joint disease.10589

Even 115 years after Osler's seminal work, the etiology of RA has still not been scientifically
established. It is believed that RA may develop in individuals with a genetic predisposition
to the disease. Genetic Factors in Rheumatoid Arthritis Etiology. There is evidence that
smoking may enhance the interaction of these factors. Smoking Hypothesis in Rheumatoid
Arthritis

References:
10589 Osler W. The Principles and Practice of Medicine. New York, NY: D. Appleton and

Company; 1892.
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5.1.Genetic Factors in Rheumatoid Arthritis Etiology

Genetic factors clearly play a role in the development of rheumatoid arthritis (RA) as well
as in the pathophysiology of RA. Family studies reveal that RA has a genetic component,
and a positive family history is a factor for increased risk of developing the disease. Genetic
Factors in Pathophysiology.10508, 6604, 6605 Human leukocyte antigens are an important
genetic factor.10646, 10508 Silman, et al, reported similar increased concordance in
monozygotic (15%) versus dizygotic twins (4%).6604 In addition, Seldin, et al, noted that
siblings of patients with RA had a 2- to 4-fold risk of developing RA compared with siblings
of unaffected individuals.6605 Osler, writing on the etiology of RA in The Principles and
Practices of Medicine in 1892, proposed a genetic component for the disease, stating that
heredity influences are not uncommon. In Garrod's cases there were 216 incidences (43%)
of a family history of joint disease.10589
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5.2.Immunoregulatory Abnormalities and Autoimmunity in
Rheumatoid Arthritis

The mistaken identity theory of autoimmune disease suggests that a pathological organism
may cause an appropriate immune response that results in the production of antibodies that
are specific to that organism. The mistaken identity theory assumes that the antibodies that
are produced lack sufficient specificity to that pathogen. These less specific antibodies
theoretically mount an immune response against an inappropriate target, the synovium,
because it is molecularly similar to an identifying molecule on the offending organism that
generated the initial immune reaction.

Autoimmune diseases are diseases of immune dysregulation and inherently require that the
affected individual have a defect in the ability to distinguish "self" from "nonself" (i.e.,
foreign molecules). There are markers on many cells of the body called major
histocompatibility complex that facilitate this self-identifying feature of the immune system.
Certain kinds of these markers permit the inappropriate immune response associated with
rheumatoid arthritis (RA) to occur. A majority of patients diagnosed with RA have a cluster
of markers known as the human leukocytic antigen (HLA)-DR4/DR1, Genetic Factors in
Pathophysiology whereas only a minority of unaffected controls do. About 61% of RA
patients express HLA-DRB1*0401, and if HLA-DRB1*0401 is present, 90% of RA patients
are anti-cyclic citrullinated peptide positive Anti-Cyclic Citrullinated Peptide Test.10264

The development of RA therefore is likely to require a genetic susceptibility to the disease
in individuals who have inherited these specific markers. This inappropriate autoimmune
response begins a cascade that ultimately results in the inflammation and thickening of, and
damage to, the tissues that comprise the synovium. This cascade results in the release of
molecular mediators of inflammation and structural damage that include tumor necrosis
factor-α (TNF-α); the proinflammatory interleukins (IL)-1, IL-6, IL-8 (neutrophil chemotactic
factor), IL-15; E-selectin; soluble intercellular adhesion molecule-1; transforming growth
factor beta; fibroblast growth factor; and platelet-derived growth factor. Matrix
metalloproteinase is likewise increased within the RA joint leading to the degradation of
articular cartilage. This inflammatory cascade of cytokines Cytokine Dysregulation at the
site of inflammation is accompanied by the recruitment of inflammatory cells from blood
to the rheumatoid joint ultimately resulting in erosion of bone and loss of articular cartilage.
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5.3.Smoking Hypothesis in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a complex immune-mediated inflammatory disease that involves
both genetic and environmental factors Genetic Factors in Rheumatoid Arthritis Etiology
that may promote disease susceptibility. Research substantiates that individuals who are
genetically susceptible to RA are more likely to develop the condition if they smoke, and
that smoking may increase the severity of RA.104386607 Uhlig, et al, found that current
smoking was a risk factor (odds ratio [OR] 1.46; 95% confidence interval [CI], 1.10-1.94)
of developing RA, not significantly so in women, but significantly in men (OR 2.38; 95%
CI, 1.45-3.92), and dramatically in men with seropositive RA (OR 4.77; 95% CI,
2.09-10.90).10153However, Costenbader, et al, conducted a prospective analysis of smoking
and the risk of RA among a huge cohort of 103,818 women in the Nurses' Health Study and
did find a significant association. These researchers found a total of 680 RA cases, diagnosed
from 1976 and 2002, and concluded that past and current cigarette smoking were related to
the development of RA, in particular seropositive RA. Both smoking intensity and duration
were directly related to risk, with prolonged increased risk after cessation.10438

Tobacco was first introduced to Europeans on October 15, 1492, when Columbus landed
in the Americas and noted in his diary that he observed an Indian sailing in a canoe with
water, food, and "some dried leaves which are in high value among them (tobacco
leaves)."10162 Columbus introduced tobacco to Europe on his return from his first voyage
at his home port of Palos on March 15, 1493.

During the 1500s, tobacco use spread rapidly throughout all of Europe. Tobacco was
introduced to Europe about the time of the explosive spread of RA throughout the Old
World, and this association of events may not be coincidental based on research published
in January 2006 by Klareskog, et al. Over the past 2 decades, investigation into the
epidemiology of RAEpidemiology of Rheumatoid Arthritis has led to progress in identifying
and defining these factors that increase susceptibility to developing RA, with the strongest
associations demonstrated for 2 factors: human leukocytic antigen (HLA)-DRB1 “shared
epitope” Genetic Factors in Pathophysiology and exposure to tobacco smoke. Previously,
it was not known whether these 2 factors interacted with each other, and a mechanism
linking their interaction to the subsequent development of RA had not been proposed until
recently. The development of RA is associated with the presence of antibodies to deiminated
proteins such as anti-cyclic citrullinated peptide (anti-CCP) antibodies Anti-Cyclic
Citrullinated Peptide Test. Autoantibodies directed against citrulline-containing proteins
have a specificity of nearly 100% in patients with RA. Lundberg, et al, postulated that
citrullination, an enzymatic modification of the amino acid arginine, results in citrullinated
residues that may break immunologic tolerance and lead to RA.10425 Klareskog, et al,
presented results from their Epidemiological Investigation of Rheumatoid Arthritis (EIRA)
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study that indicate a clear relationship between smoking, anti-CCP antibodies, and
HLA-DRB1. Their results suggest that previous smoking induces a dose-dependent peptide
deimination (CCP) that, in the presence of the HLA-DRB1 shared epitope, leads to increased
risk of developing RA.4533

Relationship of Smoking, the HLA–DRB1 Shared Epitope, and the Development of
RA

Table 1 A, Page 41, Arthritis Rheum. 2006;54:(1):38-46, Copyright reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

4533
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6.Epidemiology of Rheumatoid Arthritis

Rheumatoid arthritis (RA) has been regarded as one of modern medicine’s enigmas.6931 In
individual patients, it has a variable course with remissions and exacerbations, and has
variable outcome, from a remitting disease leaving minimal damage to a severe condition
bringing disability and death. Due in part to a combination of hypothesized genetic and
environmental triggers, numerous population-based RA incidence Incidence of Rheumatoid
Arthritis and prevalence Prevalence of Rheumatoid Arthritis studies conducted over the
past several decades suggest a considerable variation of disease occurrence among different
populations and ethnic groups.6865

Epidemiologic studies of RA are dependent on the criteria used to define the disease.9790

This poses a significant challenge, as the etiology Etiology of Rheumatoid Arthritis of RA
has not been established. In addition, there are few distinct diagnostic characteristics
Diagnosis of Rheumatoid Arthritis, American College of Rheumatology Criteria that can
be utilized to consistently define the disease. Subclinical disease is common with most
rheumatic conditions, and timing of disease onset may be difficult to ascertain. Regarding
the evaluation of the incidence and prevalence in RA, the most widely used criteria include
those established in 1958 by the American RheumatismAssociation as well as the subsequent
modified definition created by the American College of Rheumatology in 1987. Few studies
have been conducted to compare the 1958 and 1987 criteria. One such evaluation, conducted
by Dugowson, et al, found that 86% of population-based RA patients who fulfilled the 1958
criteria for definite RA also met the revised 1987 definition.6790 The criteria established in
1958, and subsequent 1987 revision, appear in the figure
1987 American College of Rheumatology Criteria for the Classification of RA
.1028011090
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6.1.Prevalence of Rheumatoid Arthritis

See also Incidence of Rheumatoid Arthritis.

Gender: Rheumatoid arthritis (RA) occurs 2 to 4 times more frequently in female patients,
and symptom severity appears to be greater in females compared with males.979010929 The
prevalence of RA increases with age in both men and women, and is generally most common
in the most elderly group studied.

Age: Engel, et al, reported a prevalence of 0.3% in adults younger than age 35, but greater
than 10% in people older than age 65.4661 Among persons older than age 60, prevalence
may be highest among those age 70 and older as well as among those with low educational
attainment. Osler, writing on the prevalence of RA in The Principles and Practices of
Medicine in 1892, remarked that it most commonly sets in between the ages of 20 and 30,
but it may begin as late as 50.

Geography: Large prevalence studies conducted in North America and Northern Europe,
consisting primarily of Caucasian patients, suggest an RA prevalence of 0.5% to 1%.4661,
11097, 10123, 11074, 10783, 9773 Each study consistently observed a 2- to 3-fold increase in
RA prevalence among females as compared with males. Studies from southern European
countries report a prevalence of 0.3% to 0.7%, while reports of RA inWest and South Africa
are relatively rare. See
Prevalence Rates of Rheumatoid Arthritis
.10127, 10127, 10571, 4656, 10736, 10620108611087810375

Ethnicity: RA prevalence in nonwhite Asians outside of the Middle East appears to be
one-third of that in North American whites.10525, 6864, 10207, 10952, 10220One of the highest
rates of RA (5.3%) has been reported in the Pima Indian population in Arizona.6937 A
decrease in the overall prevalence in this population, however, has also been
documented.6824, 4661, 11097, 10123, 6937, 11074, 10783, 9773, 10101, 10866, 10127, 10127, 10571,
4656, 10736, 10620, 10204, 4701, 10606, 10525, 6864, 10207, 10952, 10220, 10810, 10648, 10856, 10134,

4574

Prevalence Rates of Rheumatoid Arthritis
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6.2.Incidence of Rheumatoid Arthritis

Because longitudinal studies are needed to determine incidence rates, the incidence of
rheumatoid arthritis (RA) has been studied less often than the prevalence of RA Prevalence
of Rheumatoid Arthritis. There have been relatively few hospital-based and clinic-based
incidence studies conducted because this type of study calls for a prospective approach or
concurrent case collection over a defined period of time, and these sites rarely have resources
to provide sufficient data.9790 In addition, estimates of incidence are often imprecise due
to the relatively infrequent identification of new cases of RA, even in large populations.

The annual incidence rate of RA in North America, as evaluated in the predominantly
Caucasian population of Rochester, Minnesota, was 0.045%.10135, 11042 The incidence of
RA inmenwas extremely low through age 34, after which it progressively increased through
age 85.10135 In contrast, the incidence of RA in women rose until ages 55 through 64, after
which it steadily declined. Age-specific incidence rates varied considerably according to
gender, with a 4:1 ratio of women to men in the 35 to 44 age-group, compared with a ratio
of 1.1:1 in the 75 to 84 age-category.10135 A similar overall annual incidence rate of 0.03%
was observed in a study conducted in central Massachusetts.4641

The paucity of incidence studies evaluating southern European countries reflects the relatively
lower occurrence of the disease compared with North America, and to some degree, Northern
Europe. One French study conducted by Guillemin, et al, identified an incidence rate of
0.0088%,4676 as compared with 0.024% to 0.039% observed in Norway,10101 Sweden,11094

and Finland.6833ABritish study by Symmons, et al, utilizing the Norfolk Arthritis Register
identified an RA incidence of 0.036% for women and 0.014% for men.10556 The lack of
evaluations conducted in developing countries prohibits the reliable assessment of an
incidence rate.

A decline in the incidence of RA over recent decades has been reported in numerous
geographical locales (Finland, United Kingdom, Japan, and the United States—see
Changes in Global Incidence of RA
.10657 Uhlig, et al, noted that several studies from the 1970s and 1980s reported a higher
incidence of RA than seen during recent years, and that the incidence of RA has flattened
out at lower levels.4539 Notably, this decrease has been primarily observed in women.
Speculation on potential factors that may have contributed to this observed decrease has
included the introduction of oral contraceptives, changes in diagnostic criteria, general
improvement of living standards, and genetic drift. Interestingly, a decline in RA incidence
has paralleled a decline in incidence of other diseases, including coronary disease and stroke.
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RA Incidence 1960-2000, Studies by Size. Is RA disappearing?

Uhlig, T. Kvien, T. K.Ann RheumDis . 2005;64:(1):7-10, Figure 2, Page 9. Reproduced
with permission from the BMJ Publishing Group. http://ard.bmj.com/cgi/con-

tent/full/64/1/7?maxtoshow=&HITS=10&hits=10&resultformat=&author1=Uhlig&andorex-
actfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=64&first-

page=7&resourcetype=HWCIThttp://ard.bmj.com/cgi/content/full/64/1/7?max-
toshow=&HITS=10&hits=10&RESULTFORMAT=&author1=Uhlig&andorexactfull-

text=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=64&firstpage=7&re-
sourcetype=HWCIT .
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7.Pathophysiology of Rheumatoid Arthritis

Despite intensive research, the cause of rheumatoid arthritis (RA) remains unknown. The
pathogenesis of this disease is likely multifactorial, involving autoimmunity Autoimmunity
and genetic factors Genetic Factors in Rheumatoid Arthritis Etiology, which also are
suspected of having a role. The clinical course of RA can vary considerably. While some
patients experience only mild illness of short duration with minimal joint involvement,
others experience relentless polyarthritis accompanied by marked joint deformities. The
majority of patients follow an intermediate course. The main presenting symptoms of RA
are pain, prolonged morning stiffness, swelling, Soft Tissue Swelling and Juxta-Articular
Osteoporosis and tenderness of the joints (this is typically symmetrical), and impaired
indices of physical function. Constitutional symptoms of RA include fever, weight loss,
and fatigue and/or malaise. Manifestations or complications of RA include the following:
joint deformities resulting from cartilage destruction and bone erosion, rheumatoid nodules,
rheumatoid vasculitis, pleuropulmonary manifestations including pulmonary fibrosis,
serositis, ocular inflammation, osteoporosis (possibly secondary to corticosteroid use), and
the requirement for surgery to normalize functional capacity and/or range of motion.
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7.1.Genetic Factors in Pathophysiology

Genetic Factors:Genetic factors appear to affect the pathophysiology of rheumatoid arthritis
(RA), as they do the etiology of RA. Genetic Factors in Rheumatoid Arthritis Etiology
Family studies reveal that RA has a genetic component. Siblings of patients with severe
RA are at greater risk for developing RA than those of patients with mild disease. Certain
human leukocyte antigen (HLA) serotypes confer an increased risk of developing RA.
Multiple genetic factors have been identified that predispose an individual to develop RA,
or increase the severity of RA. Deighton, et al, utilizing data from hospital- and
population-based studies of monozygotic twin concordance rates and sibling recurrence
risks of RA, estimated that the genetic component in RA is 37%. This same author published
data 3 years later comparing affected individuals to their unaffected siblings among 231
siblings of the same gender (186 female, 45male), and found that gender and HLA haplotype
together accounted for about two-thirds of the inherited risk of RA.10848
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7.2.Autoimmunity

Autoimmunity: Macrophage-derived cytokines Cytokine Dysregulation appear to be
involved in the induction and perpetuation of the chronic inflammatory processes of the
joints seen in rheumatoid arthritis. High titers of serum rheumatoid factors, or autoantibodies
to the Fc portion of the immunoglobulin G molecules, are associated with more severe joint
disease and with extra-articular manifestations.10425
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7.3.Cytokine Dysregulation

Cytokine Dysregulation:Although the precise mechanism of bone and cartilage destruction
in rheumatoid arthritis (RA) is not completely understood, the cytokines interleukin 1 (IL-1),
IL-6, and tumor necrosis factor-α play a pivotal role. These cytokines are abundant in
inflamed joints and promote the influx of inflammatory neutrophils and monocytes into the
joints and stimulate cells in the inflamed synovium to produce proteolytic enzymes including
collagenase and stromelysin that can degrade tissue. Additionally the cascading effect of
these cytokines can cause systemic manifestations, such as malaise and fatigue. Thus,
although the initial cause of RA remains unknown, the maintenance and propagation of the
disease appear to be related to immunologically mediated inflammatory processes. Hence,
interfering with key steps in the inflammatory process would be expected to provide
symptomatic relief and to slow disease progression.
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8.Clinical Manifestations and Diagnosis of Rheumatoid
Arthritis

The physical examination of the patient, which includes a thorough history, is critical to
the accurate diagnosis of rheumatoid arthritis (RA) Diagnosis of Rheumatoid Arthritis,
American College of Rheumatology Criteria. This examination is followed by any of several
diagnostic tests Diagnostic Tests and imaging studies, Imaging in Rheumatoid Arthritis
which are discussed in this section.

Hand Deformities in Rheumatoid Arthritis

HandDeformities inRheumatoidArthritis. AmericanCollege ofRheumatologywebsite.
http://www.rheumatology.org . Accessed: March 5, 2007.
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8.1.Signs and Symptoms

Themain presenting symptoms of rheumatoid arthritis (RA) are joint pain, markedmorning
stiffness, typically symmetrical swelling Soft Tissue Swelling and Juxta-Articular
Osteoporosis and tenderness of the joints, Articular Features of Rheumatoid Arthritis - Signs
and Symptoms of Articular Disease and impaired physical function Loss of Physical
Function, Disability, and Costs Due to Medical Care and Lost ProductivityLoss of Physical
Function and Mortality in the ability to conduct normal tasks of daily living. Constitutional
symptoms of RA include fever, weight loss, fatigue, and/or malaise.
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8.1.1.Onset of Signs and Symptoms of Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a heterogeneous systemic inflammatory disorder that mainly
affects the diarthroidal joint.
Rheumatoid Arthritis Joint, Cross-Sectional View
. In approximately two-thirds of patients, disease onset is insidious, with fatigue, anorexia,
generalized weakness, and vague musculoskeletal symptoms appearing as typical sequelae,
with the appearance of synovial inflammation following soon afterwards.7189 This prodrome
stage of the condition can occur for several weeks to months. Typically, the joints of the
hands, wrists, knees, and feet, become affected in a symmetric, gradual fashion. Some
patients present with initial symptoms of RA associated with the joints of the feet, so it is
important to include the feet in clinical evaluations.10084

Rheumatoid Arthritis Joint, Cross-Sectional View

A.D.A.M. web site. http://www.adam.com Accessed March 24, 2007.
10477
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In 8% to 15% of patients, the onset is more acute with a rapid development of polyarthritis
in conjunction with fever, lymphadenopathy, and splenomegaly. About 15% to 20% of
patients experience intermediate onset of symptoms, which appear over the course of days
to weeks.4561 In addition, RA can present as a monoarthritis of either acute or subacute
onset. In RA, radiographs Imaging in Rheumatoid Arthritis of the joints of the feet show
damage more often and earlier than the joints of the hand.10084
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8.1.2.Articular Features of Rheumatoid Arthritis - Signs and
Symptoms of Articular Disease

Classic symptoms of rheumatoid arthritis (RA) are pain, stiffness, and swelling of the
peripheral joints. Soft Tissue Swelling and Juxta-Articular OsteoporosisSigns and Symptoms
Pain in affected joints, aggravated by movement, is the most common manifestation of
established RA. Pain does not always correlate with the degree of apparent inflammation.
Clinical Manifestations and Diagnosis of Rheumatoid Arthritis Radiographic evidence
Radiographic Assessment of Rheumatoid Arthritis, Evaluating the Development of Erosions
of retardation of disease progression in RAwas first reported in the 1970s.10873A disconnect
between signs and symptoms and radiographic damage has been observed, both in patients
(more typicallymanagedwith traditional disease-modifying antirheumatic drugs [DMARDs])
who are well controlled for signs and symptoms, but who still progress radiographically,4554

and an opposite disconnect in patients (more typically on biologic therapy) whose signs and
symptoms of RA are poorly controlled, but who do not progress radiographically.4556

Molenaar, et al, also found a disconnect between signs and symptoms and radiographic
progression in 187 patients who had been treated with traditional DMARDs. These
researchers observed that new erosions developed in previously unaffected joints in 15%
of patients judged to be in persistent clinical remission of their RA using a modification of
the American College of Rheumatology criteria (fatigue was omitted). These patients were
allowed to take DMARDs and nonsteroidal anti-inflammatory drugs. The authors suggested
that the absence of ongoing structural joint damage be added to the criteria to define clinical
remission.10858

Articular Disease and Pain: Joints with rapidly evolving effusions, as seen in early disease,
or swollen joints with an applied load, may be extremely painful. This is due, in part, to
excessive stresses on the extensively innervated, periarticular supporting structures.10731

Warmth is typically palpable on large joints, particularly during the early course of the
disease.

Early in the disease process there is an influx of inflammatory cells into the synovial
membrane and this inflammatory process is accompanied or mediated by angiogenesis,
infiltration of chronic inflammatory cells, proliferation of synovial cells, marked histological
changes, and ultimately macroscopic synovial hyperproliferation.10731 Joint edema,
Bone Edema Evident on MRI
detectable by magnetic resonance imaging, Magnetic Resonance Imaging results from
accumulation of synovial fluid, hypertrophy of the synovium, and thickening of the joint
capsule.7189 A doughy texture may be apparent on examination of the proximal
interphalangeal (PIP), metacarpophalangeal (MCP)
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Metacarpophalangeal (MCP) Joint
, elbow, ankle, and metatarsophalangeal (MTP) joints in the presence of marked synovial
proliferation.

Patients may complain of puffy hands secondary to increased blood flow to inflamed areas,
tenosynovitis, and edema. Without the use of imaging technology, Imaging in Rheumatoid
Arthritis detection of hip and shoulder edema may be difficult, unless it is severe in nature.

Bone Edema Evident on MRI

Boninger ML, Towers JD, Cooper RA, Dicianno BE, Munin MC. Shoulder imaging
abnormalities in individuals with paraplegia. J Rehabil Res Dev. 2001;38(4):401-408.
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Joint stiffness is a major symptom of RA, and is often accompanied by significant stiffness
throughout the day that may at times, in itself, be disabling.10731 Edema of the synovium
and periarticular structures contributes to the stiffness in RA by mechanically interfering
with the usual motion of the joint. Although stiffness is usually most prominent around
clinically involved joints, generalized morning stiffness, a feeling that all muscles have
“gelled” or thickened, is also characteristic of RA. Initially, the joints most frequently
involved in RA are the MCP joints
Metacarpophalangeal (MCP) Joint
, PIP joints, MTP joints, and the wrists.

Metacarpophalangeal (MCP) Joint
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Metacarpophalangeal joint. http://content.answers.com/main/content/wp/en-com-
mons/thumb/7/78/190px-Gray338.png . Accessed March 6, 2007.
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The joints most commonly affected are those with the highest ratio of synovium to articular
cartilage. Large-joint synovitis appears to occur following small joint inflammation. Guerne,
et al, evaluated the distribution of joints involved in RA flares in 227 patients.4561 The
figure
Distribution of Joints Involved in Attacks Based Upon a Cumulative Experience
lists the joints and frequency of flare during attacks.4561

Distribution of Joints Involved in Attacks Based Upon a Cumulative Experience

Table 66.2, Page 1047 in Harris ED, et al, eds., Kelley's Textbook of Rheumatology ,
Vol. II, 7th ed., Philadelphia, PA, WB Saunders. Clinical Features of Rheumatoid

Arthritis II; 2004:1043-1054 is used with permission of Elsevier Inc. All rights reserved.
4561
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8.1.2.1.Ulnar Deviation Deformity

Ulnar deviation, also known as ulnar drift, is a hand deformity that is more commonly a
characteristic of patients with rheumatoid arthritis (RA) rather than osteoarthritis.
Ulnar Deviation Deformity, an Artist's Depiction
. The swelling Soft Tissue Swelling and Juxta-Articular Osteoporosis of the
metacarpophalangeal joints (the big knuckles at the base of the fingers) and poorly controlled
inflammatory activity in RA leads to bone erosions and destruction of the joint surface,
which impairs the range of motion of the joint and leads to joint dysarticulation and
deformity. Shortening of the intrinsic muscles of the hand due to inflammation is part of
the etiology of this deformity. The term ulnar deviation comes from the displacement of
the fingers toward the ulna (as opposed to radial deviation, in which fingers are displaced
toward the radius).4561, 10731

Ulnar Deviation Deformity, an Artist's Depiction
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8.1.2.2.Boutonniere Deformity

Boutonniere deformity refers to a finger that has hyperflexion at the proximal interphalangeal
joint with hyperextension at the distal interphalangeal joint (the finger is toward the palm
at the joint nearest the knuckles and bent back away from the palm at the joint furthest from
the knuckles). This deformity occurs subsequent to inflammatory activity in poorly controlled
rheumatoid arthritis.4561, 10731
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8.1.2.3.Swan Neck Deformity

Swan neck deformity is characterized by hyperextension at the proximal interphalangeal
joint and hyperflexion at the distal interphalangeal joint. The most common cause is
rheumatoid arthritis.4561, 10731
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8.1.2.4.Z-Thumb Deformity

The Z deformity, also known as "gamekeeper's thumb," is seen at the thumb and consists
of hyperextension of the interphalangeal joint of the thumb, and fixed flexion and subluxation
of the metacarpophalangeal joint. It is a characteristic of poorly controlled inflammation in
patients with rheumatoid arthritis.
Z-Thumb Deformity With Superimposed X-ray
.6349

Z-Thumb Deformity With Superimposed X-ray

van Vugt RM, Derksen RH, Kater L, Bijlsma JW. Deforming arthropathy or lupus
and rhupus hands in systemic lupus erythematosus.AnnRheumDis. 1998;57(9):540-544,

Reproduced with permission from the BMJ Publishing Group.
http://ard.bmj.com/cgi/reprint/57/9/540?maxtoshow=&HITS=10&hits=10&RESULTFOR-
MAT=&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&vol-

ume=57&firstpage=540&resourcetype=HWCIT .
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8.1.2.5.Extra-articular Manifestations

Extra-articular symptoms of rheumatoid arthritis (RA) are manifestations of the disease that
occur outside of the joint and include the appearance of prominent epitrochlear, axillary,
and cervical lymph nodes. Rheumatoid nodules Rheumatoid Nodules develop in 20% to
30% of individuals with RA and are commonly found on periarticular structures, extensor
surfaces, or other areas subjected to mechanical pressure.7189 Typical locations include the
olecranon (elbow) bursa, the proximal ulna, the Achilles tendon, and the occiput (the back
of the head). Rheumatoid vasculitis Vasculitis in Rheumatoid Arthritis may be seen in
patients with severe RA and high rheumatoid factor titers Rheumatoid Factor
(Immunoglobulin M). Pleuropulmonary manifestations are more commonly observed in
males and include pleural disease, interstitial fibrosis, pleuropulmonary nodules, Pulmonary
Extra-ArticularManifestations of Rheumatoid Arthritis pneumonitis, and arteritis Vasculitis
in Rheumatoid Arthritis. Importantly, osteoporosis secondary to rheumatoid involvement
is common and may be aggravated by corticosteroid therapy.7189 Important para-articular
and extra-articular findings in RA are depicted in the figure.
Para-articular and Extra-articular Findings in RA
.4566

Para-articular and Extra-articular Findings in RA
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Weakness is commonly out of proportion to pain on examination. Morning stiffness lasting
at least 45 minutes after initiating movement is also frequently observed. Myalgia, due to
referred pain, may be prominent if large joints, such as the hips and shoulders, are involved.
Low-grade fever, fatigue, malaise, and other systemic complaints may also be present. The
figure
Clinical Features of Rheumatoid Arthritis (Adapted from Lee, et al.)
lists clinical features frequently observed in RA patients.

Clinical Features of Rheumatoid Arthritis (Adapted from Lee, et al.)
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Panel II, Page 903, Lancet . 2001;358:(9285):903-911 is used with permission of Elsevier
Inc. All rights reserved.
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8.1.2.6.Deformity

Joint deformities develop over time as articular and supporting structures are damaged by
the inflammatory process.10731 Joint effusions can lead to stretching of tendons and
ligaments, resulting in deformity. Cartilage degradation due to enzymatic and mechanical
injury, coupled with stretching and atrophy of the periarticular ligaments and associated
structures, allows forces acting across joints to deform them.When this cartilage degradation
progresses unabated, the supporting structure of the joints becomes so compromised that
the joint can become subluxed leading to irreversible deformity. A study of 100 RA patients
with a mean disease duration of approximately 1 year found that 33% of patients developed
at least 1 hand deformity after 20 months of disease.10185 The majority of deformities
reported include ulnar deviation (13%) Ulnar Deviation Deformity, boutonniere or
button-hook (16%) Boutonniere Deformity, and swan neck (8%) deformities Swan Neck
Deformity. Patients with deformities had significantly greater disease activity and
radiographic scores compared with controls.

References:
10185 Eberhardt K, Johnson PM, Rydgren L. The occurrence and significance of hand

deformities in early rheumatoid arthritis. Br J Rheumatol. 1991;30(3):211-213.

10731 O'Dell J. Rheumatoid arthritis: the clinical picture. In: KoopmanWJ, Moreland LW,
eds. Arthritis and Allied Conditions: A Textbook of Rheumatology. 15th ed.
Philadelphia, PA: Lippincott Williams & Wilkins; 2000:1165-1175.

Date Last Update: 04/08/2009 Page 56 of 133



8.2.Diagnosis of Rheumatoid Arthritis

The diagnosis of rheumatoid arthritis (RA), at present, is a clinical one. It is predominantly
based on patient history and physical examination as well as certain subjective
patient-reported criteria. History and physical examination offer the best indication of disease
likelihood, while serology and imaging provide additional diagnostic and prognostic insight.
The exclusion and ruling out of other inflammatory conditions is also important. Subjective
patient-reported criteria include duration of morning stiffness and painful joint counts. Other
criteria from patient examination include soft-tissue swelling of joints Soft Tissue Swelling
and Juxta-Articular Osteoporosis, the symmetry of the affected joints, and the presence of
subcutaneous nodules. Objective laboratory criteria are also important, including rheumatoid
factor and evidence of radiological changes suggestive of joint erosions. These criteria were
primarily intended to categorize patients, especially for the purpose of conducting clinical
research, rather than to assist rheumatologists in reaching a diagnosis. One of the criteria
for diagnosing RA is the presence of bone erosions on x-ray. Radiographic Assessment of
Rheumatoid Arthritis. Prevention of bone erosion is one of the main aims of treatment
because it is generally irreversible. To wait until all of the American College of
Rheumatology (ACR) criteria for RADiagnosis of Rheumatoid Arthritis, American College
of Rheumatology Criteria are met is therefore likely to result in a worse outcome for the
patient. Most patients and rheumatologists would agree that it would be better to treat the
patient as early as possible and prevent bone erosion from occurring, even if this means
treating patients who do not fulfill the ACR criteria
1987 American College of Rheumatology Criteria for the Classification of RA
. The ACR criteria are, however, very useful for categorizing patients with established RA,
for example for epidemiological purposes.
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8.2.1.Diagnosis of Rheumatoid Arthritis, American College of
Rheumatology Criteria

The American College of Rheumatology (ACR) published in 1958, and then revised in
1987, the currently accepted criteria for the classification of rheumatoid arthritis (RA).
These criteria performwith a sensitivity of 89% and a specificity of 74%.Within the United
States, the ACR criteria are the most widely recognized clinical guidelines for the diagnosis
of RA.6612 The ACR revised criteria for classification of RA are depicted in
1987 American College of Rheumatology Criteria for the Classification of RA
.

1987 American College of Rheumatology Criteria for the Classification of RA

Table 5, Page 319, Arthritis Rheum. 1988;31(3):315-324, Reprinted with permission of
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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At least 4 criteria have to be met and persist to establish a diagnosis of RA, although many
patients are treated despite not meeting the criteria, because these criteria are relatively
insensitive for early disease.
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8.2.2.Diagnostic Tests

No single diagnostic test definitively confirms the diagnosis of rheumatoid arthritis (RA).
In addition to the rheumatologist's evaluation of joint counts (including joint location),
documentation of the patient's age and history, the presence of rheumatoid nodules
Rheumatoid Nodules, the duration of morning stiffness, the presence of extra-articular
manifestations of RA Extra-Articular Manifestations of Rheumatoid Arthritis, and several
additional physician-calculated assessments, are useful. These assessments include the
calculation of a patient's disease activity score and health assessment questionnaire, which
can be completed to assess the patient's therapeutic needs. Several tests can provide objective
data that increase diagnostic certainty and allow disease progression to be monitored.
Diagnostic tests include imaging (radiographic evaluation) Radiographic Assessment of
Rheumatoid Arthritis, rheumatoid factor (RF) Rheumatoid Factor (Immunoglobulin M),
and anti-cyclic citrulinated peptide (CCP) Anti-Cyclic Citrullinated Peptide Test. RF,
anti-CCP (especially for early, undifferentiated arthritis), erythrocyte sedimentation rate
Erythrocyte Sedimentation Rate, radiographic plain film X-ray Imaging, ultrasound, or
magnetic resonance imagingMagnetic Resonance Imaging are all important diagnostic tests
to be performed. Several blood tests are commonly conducted to detect and rule out other
causes of arthritis such as systemic lupus erythematosus. Full blood count, renal function
tests, liver enzyme tests (alanine transaminase and aspartate transaminase), and antinuclear
antibody tests are also utilized to rule in or rule out the diagnosis in the appropriate clinical
setting.
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8.2.3.Rheumatoid Factor (Immunoglobulin M)

Rheumatoid factor (RF) is an antibody that is detectable in the blood. RF is commonly used
as a blood test for the diagnosis of rheumatoid arthritis (RA). RF is present in about 70%
to 80% of adults (but a much lower proportion of children) who have RA. RFs are
autoantibodies (predominantly of the immunoglobulin M [IgM] type), which are reactive
with the Fc (constant) portion of IgG. A negative RF does not rule out RA, rather, the
arthritis is called seronegative. During the first year of illness, RF is frequently negative.
Approximately 80% of patients eventually convert to seropositive status. Additionally, the
presence of RF factor is not specific for RA. RF is present in 5% of healthy individuals and
in other pathological conditions, such as systemic lupus erythematosus, Sjögren’s syndrome,
chronic liver disease, sarcoidosis, and tuberculosis.7189 RF has been the primary blood test
used to diagnose RA and to distinguish RA from other types of arthritis as well as from
other inflammatory conditions. Because both the sensitivity and specificity of RF are not
ideal, RF can be negative in patients who have clinical signs of RA, and may be positive in
patients who do not have the disease. Because of the low specificity of RF for RA, newer
serological tests have been recently developed.

While testing for RF is not a useful screening tool due to its poor predictive value, increased
titers are present in 70% to 90% of RA patients.7189 Amos, et al, conducted a study of 56
patients who were subsequently diagnosed as having RA, and reported that 33% of patients
at 3 months were RF positive, 55% of patients at 6 months were RF positive, and 76% of
patients at 12months were RF positive. The presence of RFmay be of prognostic significance
because patients with high titers tend to have more severe disease.7189 A positive RF result
is a strong predictor of radiographic progression in early RA.105274580
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8.2.4.Anti-Cyclic Citrullinated Peptide Test

Antibodies to citrulline-containing proteins (anti-cyclic citrullinated peptide [CCP]
antibodies) are found in most patients with rheumatoid arthritis (RA). This antibody can
appear prior to the development of physical symptoms of RA as well as during very early
courses of the disease.10602, 10298 Similar to rheumatoid factor (RF) positivity, Rheumatoid
Factor (Immunoglobulin M) in both early and established RA, anti-CCP antibodies may
indicate a more aggressive course of RA.46461062810979, 10656 Additionally, anti-CCP
antibodies may predict the eventual development of RA in patients initially diagnosed with
undifferentiated arthritis, or patients with unexplained joint inflammation who are RF
negative.4567 Anti-CCP’s greatest utility in predicting disease progression, however, is
when it is used in conjunction with RF testing. Numerous studies have illustrated a very
high predictive value of disease progression in patients with positive results for both RF
and anti-CCP antibodies.10602, 10298, 10979, 10896

The development of RA is clearly associated with the presence anti-CCP antibodies, but
the predisposition to develop RA may be triggered by smoking Smoking Hypothesis in
Rheumatoid Arthritis in genetically predisposed individuals, according to recent studies.
Autoantibodies directed against citrulline-containing proteins have a specificity of nearly
100% in patients with RA. Lundberg, et al, postulated that citrullination, an enzymatic
modification of the amino acid arginine, results in citrullinated residues that may break
immunologic tolerance and lead to RA.10425 Klareskog, et al, presented results from their
Epidemiological Investigation of Rheumatoid Arthritis (EIRA) study that indicate a clear
relationship between smoking, anti-CCP antibodies, and human leukocytic antigen DRB1
(HLA-DRB1). Their results suggest that previous smoking induces a dose-dependent increase
in anti-CCP that, in the presence of the HLA-DRB1 shared epitope, leads to increased risk
of developing RA.4533

The anti-CCP test detects the presence of anti-citrullinated protein antibodies. Anti-CCP
antibodies are as sensitive as, and more specific than, immunoglobulin M (IgM) RFs
Rheumatoid Factor (Immunoglobulin M) in early and fully established disease and may
predict the eventual development of RA when they are found in undifferentiated arthritis.
Anti-CCP antibodies are a predictor of erosive disease in RA. Like RF, the anti-CCP test
can accurately detect approximately 80% of RA patients, but unlike RF, rarely is it positive
in patients without the disease, giving it a specificity of 90% to 95%. One study by Jansen,
et al, using a CCP1 assay showed a 97% specificity for RA, when both anti-CCP and IgM
RF were positive in the early stage of arthritis.4571 In addition, anti-CCP antibodies can be
often detected in early stages of the disease, or even before clinical onset of the disease. For
this reason, CCP can be useful in diagnosing early RA. An elevated and positive CCP can
be found in a significant number of patients who have a negative RF, and therefore can help
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to make a more accurate diagnosis. According to the American College of Rheumatology,
antibodies to CCP are detected in about 50% to 60% of patients with early RA (as early as
3-6 months after the onset of symptoms). Early detection and diagnosis of RA allows
physicians to begin aggressive treatment of the condition if clinically warranted, minimizing
the associated complications and reducing damage to healthy tissues associated with poorly
controlled disease.
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8.2.5.Acute-Phase Reactants

Acute-phase reactants (or acute-phase proteins such as C-reactive protein [CRP] C-Reactive
Protein) are a class of proteins whose plasma concentrations increase (positive acute-phase
proteins including CRP) or decrease (negative acute-phase proteins) in response to
inflammation. This response (either an increase or decrease) is called the acute-phase
reaction. In response to injury, proinflammatory cells including neutrophil granulocytes
and macrophages, secrete a number of cytokines Cytokine Dysregulation into the
bloodstream, most notable of which are the interleukins 1 (IL-1), IL-6, and IL-8, and tumor
necrosis factor-α.4711, 4733

The liver responds by producing a large number of acute-phase reactants (positive acute-phase
proteins), including CRP, mannose-binding protein, alpha 1-antitrypsin, alpha
1-antichymotrypsin, alpha 2-macroglobulin, coagulation factors (fibrinogen, prothrombin,
factor VIII, von Willebrand factor, plasminogen), complement, ferritin, serum amyloid P,
and serum amyloid A. Serum albumin concentrations fall in acute disease states. Serum
albumin is therefore referred to as a negative acute-phase protein. Tests measuring
acute-phase reactants in rheumatoid arthritis include CRP C-Reactive Protein and the
erythrocyte sedimentation rate. Erythrocyte Sedimentation Rate.
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8.2.5.1.C-Reactive Protein

C-reactive protein (CRP) is produced in the liver and is classified as an acute-phase protein
on the basis of its increase in plasma concentration in response to inflammation and infection.
CRP plays an important role in stimulating the complement system, and cytokines Cytokine
Dysregulation, particularly interleukin-6, stimulate its production. While an elevated CRP
value is not specific for any condition, it is a sensitive index of ongoing inflammation, and
can be used in conjunction with a clinical assessment. Conditions in which CRP may be
positive include rheumatoid arthritis (RA), rheumatic fever, cancer, tuberculosis, pneumonia,
heart attack, and lupus. Preclinical elevations in CRP 1 to 2 years prior to the diagnosis of
RA have been observed.4733 Once a diagnosis of RA has been established, CRP may be
used to monitor the patient's response to therapy. CRP is a good surrogate marker of disease
activity, and has been known to predict erosive damage.10374 Drug therapy that controls
CRPmay reduce radiographic progression, and suppressing disease activity judged by CRP
levels may reduce new joint involvement. However, CRP reductions remain a surrogate
marker of patient benefit.Plant MJ, Jones PW, Saklatvala J, Ollier WE, Dawes PT. Patterns
of radiological progression in early rheumatoid arthritis: results of an 8 year prospective
study10856, 10134
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8.2.5.2.Erythrocyte Sedimentation Rate

Erythrocyte sedimentation rate (ESR) is the rate at which red blood cells (RBCs) settle out
in a tube of blood under standardized conditions. A high rate of sedimentation usually
indicates the presence of inflammation. ESR is another measure of acute-phase reactants.
The ESR is a simple test dating back to ancient Greece. A specific amount of diluted,
unclotted whole blood is placed in a narrow tube and left undisturbed for 1 hour. Over time
the red cells settle by gravity and accumulate at the bottom of the tube, while the plasma
rises to the top. The height (in millimeters) of the red cell column within this tube after 1
hour has passed represents the ESR. Certain inflammatory disorders result in the production
of abnormal proteins, Acute-Phase Reactants, which bind to the erythrocytes (RBCs) and
make them "sticky." This causes the erythrocytes to clump together (or aggregate) and settle
out of the plasma more rapidly. An elevated ESR therefore serves as an indirect marker of
inflammatory disease. Although each laboratory report generally lists a normal range (or
reference range) for the ESR, there is variability from patient to patient with regard to age
and gender. In general, normal ESR values increase with increasing age, and women tend
to have higher sedimentation rates than men.10374

ESR is primarily influenced by the fibrinogen concentration in plasma.4574 It can be affected
by a number of other factors in blood including the size and shape of erythrocytes and the
concentration of other dissolved plasma proteins (e.g., immunoglobulins). Despite its
simplicity, ESR only indirectly measures the acute-phase response and may be altered by
underlying medical conditions including tuberculosis, renal disease, systemic lupus
erythematous, and rheumatic fever. Normal ESR values are higher in women compared
withmen.4574Like C-reactive protein (CRP), ESR can provide information about nonspecific
inflammation. However, ESR is slower to normalize (and conversely to rise) than CRP
making it potentially less effective at assessing therapeutic response. In broad terms, ESR
correlates with activity of disease in rheumatoid arthritis and may be predictive of joint
injury.4706 Patients with consistently elevated ESR are more likely to require total joint
arthroplasty.10647
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8.2.6.Radiographic Evaluation

Radiographic evaluation of the affected joints very early in the course of rheumatoid arthritis
(RA) usually is not helpful in establishing a diagnosis. See the section on Imaging in
RheumatoidArthritis. Imaging in RheumatoidArthritis Radiographs upon diagnosis generally
reflect physical examination results, namely, evidence of soft tissue swelling Soft Tissue
Swelling and Juxta-Articular Osteoporosis and articular effusion.
Roentgen's X-ray of the Hand of His Wife (Alfred von Kolliker), Taken 23 January
1896
. The diagnosis, however, may be bolstered by the typical pattern of symmetrical joint
involvement. Periarticular osteopenia, followed by cartilage loss and bone erosions, may
become evident very early in disease course as well. The greatest value of imaging at
diagnosis, particularly with radiographs, may be to discern the patient’s pattern of disease,
and subsequently, appropriate course of therapy.7189

Roentgen's X-ray of the Hand of His Wife (Alfred von Kolliker), Taken 23 January
1896
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Roentgen'sX-ray of theHand ofHisWife, 1896.Wikimediawebsite. http://commons.wiki-
media.org/wiki/Image:Roentgen-x-ray-von-kollikers-hand.jpg. Accessed March 9, 2007

4576
Some figures may not display clearly when rendered as a PDF or printed.
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9.Imaging in Rheumatoid Arthritis

Noninvasive imaging techniques are useful to detect the degree of joint involvement in
rheumatoid arthritis. Imaging techniques range from plain film x-rays capable of detecting
more profound and advanced structural changes, to much more sensitive tests that not only
detect erosions present in bone and loss of articular cartilage, but also may be sensitive
enough to detect very early changes in these tissues predictive of an increased risk of joint
damage such as bone edema. Imaging tests include plain film x-ray X-ray Imaging, magnetic
resonance imagingMagnetic Resonance Imaging, and bone densitometry BoneDensitometry
(Dual-Energy X-Ray Absorptiometry).
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9.1.Overview of Imaging in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a systemic autoimmune disease of unknown origin, characterized
by chronic joint inflammation leading to destruction of bone and cartilage, reduction of
functional capacity, and increased mortality.4771 Numerous methods are used to assess the
pathological features of RA on bone, cartilage, supporting structures, and soft tissue. These
modalities have included x-ray imaging X-ray Imaging, magnetic resonance imagining
Magnetic Resonance Imaging, ultrasoundUltrasound, bone densitometry BoneDensitometry
(Dual-Energy X-Ray Absorptiometry), and bone scintigraphy. The widespread use of these
tools has been limited by cost, availability, and utility. They are most valuable to the clinician
when they can reliably aid in the diagnosis, assess disease prognosis, evaluate therapeutic
interventions and monitor disease progress.

References:
4771 Scott DL, Symmons DP, Coulton BL, Popert AJ. Long-term outcome of treating

rheumatoid arthritis: results after 20 years. Lancet. 1987;1(8542):1108-1111.

Date Last Update: 04/08/2009 Page 71 of 133



9.2.X-ray Imaging

One of the 7 diagnostic criteria of rheumatoid arthritis (RA) established by the American
College of Rheumatology (ACR) in 1987
1987 American College of Rheumatology Criteria for the Classification of RA
is the presence of bone erosion on x-ray. Prevention of bone erosion is one of the main aims
of treatment of the disease by rheumatologists because bone erosion is generally irreversible
in most patients. Waiting until all of the ACR criteria for RA, and especially the criteria of
radiological changes suggestive of joint erosion, are met is therefore likely to result in a
worse outcome for the patient. The radiological manifestations of RA are an extension of
the underlying pathological processes. Radiographic Assessment of Rheumatoid Arthritis
They include soft-tissue swelling, juxta-articular (periarticular) osteoporosis Soft Tissue
Swelling and Juxta-Articular Osteoporosis, erosions Erosions, and joint space narrowing
Joint Space Narrowing. However, the true utility of radiographs is that they aid in the
diagnosis of RA and they can allow assessment of joint injury andmay offer some predictive
value early in the disease.10263, 10718
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9.2.1.Soft Tissue Swelling and Juxta-Articular Osteoporosis

Soft tissue abnormalities including periarticular swelling and loss of definition of tissue
planes are seen early (and persist) in rheumatoid arthritis (RA). These abnormalities are
associated with inflammation. These findings can be seen on standard radiographs. Joint
effusions may be evident as well, although they are typically indirectly detected (through
soft tissue abnormalities) in larger joints such as the knee. Juxta-articular osteoporosis is
an early radiographic finding in RA.6614 This regional osteoporosis can be frequently
observed in the long bones of the hands and feet and is thought to be a result of the cytokine
release Cytokine Dysregulation during the inflammation. Contributing factors include local
release of inflammatory mediators, local release of proteolytic enzymes, and increased
regional blood flow.6614, 10719 Subcortical cysts can develop in the subcortical bone and
can contain fluid, synovium, or both. There are a number of possible mechanisms for the
development of these cysts. These cysts tend to be inflammatory (e.g., invasion of this
region by pannus) but they may occasionally be noninflammatory (osteoarthritic or simple
bone cysts) as well.
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9.2.2.Erosions

Radiographic erosion is one of the key features used in the classification criteria for
diagnosing rheumatoid arthritis (RA). In the synovial joint, most of the joint space is covered
with articular cartilage. At the site of the joint capsule attachment to bone there is no cartilage
covering the bone. At this site inflammatory synovium (pannus) is in direct contact with
bone.
Rheumatoid Arthritis Joint, Cross-Sectional View
. Erosive changes typically begin and are found in the joint margins at the site of this direct
contact. Areas such as the metatarsal heads, carpal bones, and the ulnar styloid maymanifest
erosions earlier than other joints. Regions of focal bone resorption may also be detected
adjacent to the bone marrow space into which the synovial inflammatory tissues extend.
Erosion of Bone in RA in One Patient
.10395 Compressive erosions, described as osteoporotic bone with continual invagination
of one bone into another, and surface resorption, may also occur. During advanced stages
of the disease, large central erosions of the joint may resemble cysts or pseudocysts, usually
located about the metacarpophalangeal and proximal interphalangeal joints. Radiographic
erosion is associated with a poor outcome in RA.1052810706 These focal bone changes tend
to progress throughout the course of the disease and their presence tends to correlate with
more severe disease activity.10312Evaluating the Development of Erosions

Erosion of Bone in RA in One Patient

van derHeijde DM. Joint erosions and patients with early rheumatoid arthritis.British
Journal of Rheumatology 1995;34(Suppl 2), page 74-78 by permission of Oxford

University Press.
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10297
Some figures may not display clearly when rendered as a PDF or printed.

The reader is encouraged to visit www.medversation.com to view full-size versions
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9.2.3.Joint Space Narrowing

Joint space narrowing is a radiographic finding that results from the gradual destruction of
joint cartilage. In rheumatoid arthritis (RA), joint-space narrowing tends to be diffuse, as
opposed to the focal presentation observed in osteoarthritis. As cartilage injury progresses,
the joint space may become partially or completely destroyed by fibrous ankylosis.4561 The
small joints of the hands and feet commonly display both erosion and joint space narrowing,
whereas the structures of the hip and knee exhibit predominantly narrowing of the joint
space. Ankylosis of the bone is relatively rare in RA, but can occur when cartilage
degradation is severe and joint surfaces are juxtaposed, permitting fusion of the joint. Joint
space narrowing is clearly evident in the joint in the figure.
Erosion of Bone in RA in One Patient
.
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9.2.4.Joints to Best Assess Radiographic Injury

The structural damage of rheumatoid arthritis (RA), as observed in radiographs, first presents
in the hands, wrists, and feet.11113 The earliest structural changes often occur in the fourth
and fifth metatarsal joints of the feet. In the hand, the changes are primarily seen in the
metacarpophalangeal
Metacarpophalangeal (MCP) Joint
and proximal interphalangeal joints, while wrist injury typically occurs in the intercarpal,
radial, and ulnar styloid joints. As a result of mechanical stress and inflammation, structural
damage may be increased in the dominant hand, and in joints utilized more frequently.
Radiographic progression in larger joints, such as the knees and hips, generally appears
later in the course of the disease.11113
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9.2.5.Radiographic Assessment of Rheumatoid Arthritis

Numerous studies have demonstrated that substantial irreversible joint damage and erosions
occur within the first 2 to 3 years after diagnosis of rheumatoid arthritis (RA).11005X-ray
Imaging In many patients, the disease process is severe, and results in progressive joint
destruction and severe disability. Disability and Rheumatoid Arthritis, Disease Activity and
Disability. Conversely, an important proportion of patients never develop erosions or
experience a benign course of disease with mild articular damage and low disability.11005

In established RA, the correlation between functional disability and radiographic damage
has been well established. Since structural damage appears to be largely irreversible (except
in some animal models of RA), early recognition and treatment are critical, with inhibition
of disease progression being one of the most important goals of treatment.10705
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9.2.6.Data Limitations

Several problems arise when comparing the results of radiographic studies of rheumatoid
arthritis (RA). Numerous types of studies have been utilized, including cross-sectional
evaluations, and prospective follow-up studies of patients with early disease or varying
disease durations. Moreover, differing scoring methods, such as Steinbrocker, Lawrence,
Kellgren, Larsen, and Sharp, and modifications of Sharp’s method, have been employed
across studies. Finally, data presentation and end points evaluated differ from observation
to observation.4579 These issues make drawing firm conclusions regarding the course of
disease difficult.
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9.2.7.Evaluating the Development of Erosions

The development of juxta-articular erosions is an important indicator of progressive damage
in rheumatoid arthritis (RA). The likelihood of patients with early RA developing erosions
has been reported in several prospective studies.1111310539, 10289, 109031031110475 These
studies enrolled between 58 and 147 patients who were seen within 1 year of the onset of
their RA. Prospective follow-up ranged from 1 to 5 years, with x-rays of the hands and feet
taken in all studies.

Within 2 years of disease onset, approximately 70% of all patients developed erosive
disease.11113 See
Joint Erosion in RA
adapted from van Der Heijde.4579) By the conclusion of each study’s follow-up period,
60% to 93% of patients had radiographic evidence of erosions. Van der Heijde, et al,
evaluating 147 patients with less than 1-year symptom duration at study onset, observed
that 18% to 20% of all joints of the hands and feet were affected after 3 years. During the
first year of follow-up, 4.7 out of 50 joints (9.4%) became newly damaged; values for the
second and third years were 2.2 joints (4.4%) and 1.7 joints (3.4%), respectively.10475

Mottonen, et al, found similar results; 2 of 36 joints (5.5%) became eroded per year.10289

Plant, et al, evaluating 114 patients with less than 3 years' symptom duration at study onset,
observed that 38% of all joints evaluated were eroded at 2 years, and 63% at 8 years. In
addition, erosive damage occurred most rapidly in the feet during the first 2 years of disease
onset.10856

Molenaar, et al, studied 187 patients in persistent remission who had been treated with
traditional disease-modifying antirheumatic drugs. These researchers observed that new
erosions developed in previously unaffected joints in 15% of patients judged to be in
persistent clinical remission of their RA using a modification of the American College of
Rheumatology criteria (fatigue was omitted). The authors suggested that the absence of
ongoing structural joint damage be added to the criteria to define clinical remission.10858

Joint Erosion in RA
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Figure 1, Page 76, Br J Rheumatol. 1995;v34:(Suppl 2):74-78 is used by permission of
Oxford University Press.

4579
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Many patients have erosions when they first present with RA. One study of 130 patients
with early RA (duration of symptoms of less than 2 years) reported that after 12 months
follow-up, 86% of patients had evidence of erosions.4580 Patients experiencing longer
duration of complaints at first presentation (34 to 104 weeks) had significantly greater
progression of disease compared with patients with shorter duration of symptoms (0 to 13
weeks); see
Radiographic Damage at Baseline
. Machold, et al, described 47 patients with very early arthritis seen within 3 months of
symptom onset. At their first assessment, 13% of patients had detectable erosions; after 12
months, the proportion rose to 28%.10364

Radiographic Damage at Baseline
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Jansen LM, van der Horst-Bruinsma IE, van Schaardenburg D, et al. Predictors of
radiographic joint damage in patients with early rheumatoid arthritis. Ann Rheum
Dis. 2001;60:(10):924-927, Figure 1, Page 925, Reproduced with permission from the
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In contrast, Bukhari, et al, in an evaluation of 416 inflammatory polyarthritis patients in a
community-based setting, observed minimal radiographic progression during the first 2
years of disease.10382Wolfe and Sharp reported early and linear progression
LinearRadiographic Progression in aCohort of RApatients Over a Period of 19Years
of radiographic damage in a cohort of patients who were initially seen an average of 9
months from the first onset of their signs and symptoms of RA and were subsequently
followed for 19 years.10167
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9.2.8.Patterns of Disease Progression

Studies evaluating patterns of radiological progression have found varied results.10219Wolfe
and Sharp evaluated the results of a prospective longitudinal study on radiographic
progression as well as clinical predictors of rheumatoid arthritis (RA). The cohort consisted
of 256 RA patients who were seen within 2 years of onset, with a mean of 0.8 years disease
duration.10167 The presence of erosions during the early stages of disease was also noted,
in addition to observing that RA in this cohort progressed at a constant linear rate.

An evaluation of 502 RA patients over 6 years conducted by Hulsmans, et al, also found a
linear rate of progression.10722 Moreover, after 6 years, 95% of patients developed more
than 1 erosive joint. Plant, et al, outlined 4 patterns of damage in patients with early RA.
These patterns comprised a flat course (25%), linear progression (46%), initial lag with later
acceleration (12%), or fast onset with a later deceleration (17%).10856 The figure, provides
an overview of disease progression in studies utilizing Sharp/modified Sharp method.
Adapted from Hulsmans, et al.10084, 10312, 10475, 10856, 10167

Progression of Radiologic Damage (adapted from Hulsmans, et al)
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9.2.9.Structural Damage and Disability

The association of radiographic joint damage with physical function may vary with disease
phase. In the early stages of rheumatoid arthritis (RA), the link between joint damage and
physical function has not been consistently established. While 2 prospective longitudinal
studies in patients seen initially within 1 to 3 years of diagnosis found low, yet significant
correlations between function and radiographic damage, 10331, 4750 several other observations
have not replicated similar results.10903, 10865, 10473 See the figure adapted from Scott,
Smith, and Kingsley.10219 Eberhardt, et al, conducted a prospective longitudinal study of
RA patients with disease duration of 1 year at inclusion. Nonsignificant correlations between
function and radiographic damage were observed not only at both study initiation, but also
after 5 years of study follow-up.10903 In contrast, in a 10-year longitudinal observational
study of 238 patients utilizing generalized estimating equations, Ødegård, et al, found that
radiographic damage and disease activity are independent contributors to impaired function
in early and late RA.4608

In established disease, however, joint damage Erosions, Joint Space Narrowing has been
shown to be a major determinant of functional disability. Clarke, et al, reported that the
correlation between radiographic scores and health assessment questionnaire (HAQ) scores
tends to increase with disease duration, from 0.15 after 0 to 5 years of disease onset to 0.42
after 10 to 15 years.10366Welsing, et al, found no significant correlation between the HAQ
score and radiographic damage scores during the early stages of disease, but after 6 years,
the correlation coefficient had increased to 0.75, and remained positive at 9 years.10473

Similarly, Drossaers-Bakker, et al, found in a cohort of 132 females with early RA that the
initial correlation coefficient between the Sharp and functional scores was 0.29, but the
coefficient eventually reached statistical significance by 12-year follow-up.10219
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9.3.Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) Imaging in Rheumatoid Arthritis allows assessment of
the integrity of bone, cartilage, tendons, and ligaments. In rheumatoid arthritis (RA), MRI
may have its greatest utility in the detection of pathological lesions and inflammatory
changes, such as bone erosions Erosions, subchondral cysts, joint effusion, bone marrow
edema
Bone Edema Evident on MRI
, and joint space narrowing Joint Space Narrowing.10901MRI offers greater sensitivity for
detection of early manifestations of RA compared with conventional radiograph.10577 The
presence of these inflammatory changes may be detected with MRI when radiographic
findings X-ray Imaging are negative.10407, 10463 In addition, MRI can reveal bone marrow
edema. There have been relatively few studies correlating the pathological lesion in RA
with MRI erosions. Ostendorf, et al, reported erosions identified via direct observation
correlated withMRI abnormalities.10108Bonemarrow edema detected onMRI was a strong
predictor of erosions in the wrist.1023510682 Tenosynovitis as well as abnormalities of the
tendons, ligaments, and cartilage can be observed utilizingMRI technology.1021210839MRI
can be utilized to image the musculoskeletal complications of RA, such as tendon
rupture,10839 ischemic necrosis, and fractures. MRI is a critical tool in the assessment of
osteonecrosis. Importantly, MRI also holds the potential to monitor the individual’s response
to therapy longitudinally.1111210884

MRI is critical in the assessment of cervical spine involvement in RA. MRI can accurately
reveal the integrity of C1 and C2, assess the degree atlantoaxial subluxation, determine the

degree of spinal cord impingement, and quantitate the pannus present.1049810827 In addition,
MRI is also the imaging modality of choice when evaluating temporomandibular joint
involvement in RA.11020

Currently, the use of MRI is limited to availability, cost, long scan times, and a lack of
validated uniform scoring system. There have been a number of smaller machines developed
that have not compromised resolution. These machines can potentially be used in the office
or outpatient setting. There is still a substantial cost in purchasing these machines that may
yet limit their use. In addition, there is a lack of consensus developed for a unified scoring
system for MRI of the small joints.10469 There is a proposed Outcome Measures in
Rheumatology Clinical Trials (OMERACT) scoring system currently undergoing
validation10884 and this may go a long way toward allowing this assessment in pivotal
clinical trials.
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MRI Evidence of Erosions Not Visible on X-Ray
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9.4.Ultrasound

The use of ultrasound (US) has become more widespread in assessing arthritis, due in part,
to the evolution of newer technology that allows better imaging at a reduced cost.10315 It
has been used to assess synovial effusions, the articular surface, synovial blood flow and
inflammation (via Doppler), soft tissue structures, tendons, muscle, bone, and cartilage.10379

There have been number of reports about the utility of diagnosing early rheumatoid arthritis
(RA) with the use of US.10577 There is little data determining the validity, the reproducibility
of measurements of the same target, or reproducibility of assessing change over time. This
makes comparisons across studies difficult.10446 As such, US has not been used in pivotal
studies to assess disease activity or the impact of intervention in RA.
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9.5.Bone Densitometry (Dual-Energy X-Ray Absorptiometry)

Dual energy x-ray absorptiometry (DEXA) is a noninvasive diagnostic imaging test that
measures bone mineral density (BMD), and is the most accurate, widely used, and most
studied bone density measurement technology. Two x-ray beams with differing energy
levels (dual energy) are aimed at the bone to be imaged. When soft tissue absorption is
subtracted out, the BMD can be accurately determined from the differential absorption of
each beam by bone. DEXA scans are used as a screening and diagnostic test for osteoporosis,
but can also detect bone loss associated with rheumatoid arthritis (RA) secondary to the
disease process itself, or to the drugs (such as corticosteroids), which are used to manage
RA. Generalized and localized bone loss have been a well-recognized manifestation of
RA.10336 The rate of bone loss in RA has been reported to be higher in the first year of
disease10972 and early in disease.10719 There is a lack of studies validating the use of DEXA
as a diagnostic tool in RA. Its role in identifying patients at risk for poorer outcomes is yet
to be determined.11093
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10.Extra-Articular Manifestations of Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a systemic disease with articular and extensive extra-articular
manifestations. While much of the focus of this disease is on the pathology and treatment
of joint involvement, there are a number of challenges assessing the overall systemic impact
of the disease. They include lack of uniformity in the definition or usage of the term
extra-articular among studies, a lack of consistent diagnostic criteria for specific
manifestations of extra-articular disease, differences in study cohorts, and duration of
follow-up. As a result, a precise determination of incidence or prevalence of extra-articular
manifestation of RA is challenging. Estimates from studies of the occurrence of extra-articular
manifestations range from 8% to 57% of patients with RA.10293, 11042, 10254, 10254 Some
studies have also indicated an increased mortality associated with the occurrence of
extra-articularmanifestations comparedwith RA patients without extra-articular disease.10293

Extra-articular manifestations can include peripheral nodulosis (rheumatoid nodules
Rheumatoid Nodules), pulmonary disease, Pulmonary Extra-Articular Manifestations of
Rheumatoid Arthritis, cardiac disease Cardiac Extra-ArticularManifestations of Rheumatoid
Arthritis, ocular disease Ocular Extra-Articular Manifestations of Rheumatoid Arthritis,
vasculitis Vasculitis in Rheumatoid Arthritis, and nervous system disorders Neurologic
Extra-Articular Manifestations of Rheumatoid Arthritis.

The prevalence and distribution of extra-articular manifestations of RA was reported in a
retrospective analysis of 489 RA patients admitted to the University Hospital in Sweden
over a 4.5-year period from January 1990 to June 1994.10293Twenty patients were discovered
to have extra-articular manifestations present at the time of study entry. They were excluded
from the trial, leaving 469 patients in the study that fulfilled the 1987 American College of
Rheumatology criteria. Identification of extra-articularmanifestationswas done by examining
case records and applying an established criteria described in
Criteria for Inclusion as Extra-articular Manifestations of RA
, which allowed for a retrospective evaluation in a uniform manner. It is important to note
that most drugs and biologic products are not approved for the treatment of the extra-articular
manifestations of RA.

Criteria for Inclusion in the Extra-Articular Manifestation Subgroup
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Baseline patient characteristics were compared between those patients who eventually
developed extra-articular manifestations and an equal number of blindly selected patients
who did not develop extra-articular manifestations matched for disease duration at study
entry. At time of study entry, there were no statistically significant differences between the
groups in terms of age, number of previous hospital admissions, and number of patients
receiving treatment with disease-modifying antirheumatic drugs (DMARDs). A significantly
higher proportion of patients who developed extra-articular manifestations were receiving
corticosteroids at the beginning of the study compared with patients who did not develop
extra-articular manifestations (51% vs 19%; P=0.003).

Of the 469 patients followed in the study, 37 developed extra-articular manifestations over
the study period, for an overall period prevalence of 7.9%.Mortality rates were also increased
in the extra-articular group. In all, 13 deaths occurred during 56.2 patient-years at risk in
the group manifesting extra-articular disease compared with 106 deaths during 1,211.6
patient-years at risk in the group that did not have extra-articular manifestations. This
corresponds to 23 deaths per 100 patient-years at risk for the extra-articular group compared
with 8.7 deaths per 100 patient-years at risk for the non–extra-articular disease group. The
excess mortality associated with extra-articular disease tended to be greater among men
thanwomen.Mortality rates were also compared for each group, and the age and sex-adjusted
mortality rate was found to be 2.49 (95% confidence interval [CI], 1.44-4.31). The expected
survival rates for the 2 subgroups were also calculated using Swedish age-specificmortality
statistics. The standardized mortality ratio was greater in the extra-articular disease group
than in the non–extra-articular disease group [2.50 (95% CI, 1.02-3.98) vs 1.82 (95% CI,
1.48-2.16)].10293
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Turesson, et al, evaluated the occurrence of extra-articular manifestations in a
community-based cohort of 424 patients, age ≥35 years, with RA in Olmsted County,
Minnesota, over a 30-year period from 1955 to 1985.4797, 10254 Identification of
extra-articular manifestations was done by examining case records and applying an
established criteria described in the figure below, which allowed for a retrospective evaluation
in a uniform manner.10254

Criteria for Inclusion as Extra-articular Manifestations of RA

Adapted from: Turesson C, O'Fallon WM, Crowson CS, Gabriel SE, Matteson EL.
Extra-articular disease manifestations in rheumatoid arthritis: incidence trends and

risk factors over 46 years. Ann Rheum Dis . 2003;62(8):722-727.
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The RA cohort consisted of 312 women and 112 men. The median age at diagnosis was 60
years and the median follow-up period was 14.8 years. During the follow-up period, 169
patients developed extra-articular manifestations, for a 30-year cumulative incidence rate
of 57.1%. The most common extra-articular manifestations (30-year cumulative incidence
rate) included subcutaneous nodules Rheumatoid Nodules (39%), Sjögren’s syndrome
(17%), keratoconjunctivitis sicca Ocular Extra-Articular Manifestations of Rheumatoid
Arthritis (15.4%), and pericarditis (10.9%). During the follow-up period, 288 deaths occurred.
Mortality Mortality and Rheumatoid Arthritis was significantly increased in the RA cohort
as a whole compared with the general United States population (P<0.001). A separate
analysis was conducted to assess the risk of mortality associated with the first 8 criteria in
the figure. These are the same criteria utilized in the previously described study, and were
found to be associated with a significant risk of increased mortality. A subgroup of 63
patients (30-year cumulative incidence of 26.8%) fulfilled these criteria. A particularly poor
survival was noted in this subgroup of patients with extra-articular manifestations compared
with the expected survival in the general population. Excess mortality in this group was
markedly increasedwithin the first 2 years of follow-up. In particular, mortality was increased
in patients with neuropathy (age- and gender-adjusted conditional risk ratio [CRR] 8.09
[95% CI, 3.92-16.70], cutaneous vasculitis (CRR 5.67; 95% CI, 3.05-10.52), pericarditis
(CRR 5.26; 95% CI, 3.12-8.84), pleuritis (CRR 3.72; 95% CI 2.10-6.57), and Felty’s
syndrome (CRR 3.36; 95% CI, 1.64-6.89). There was no significant increase in mortality
in RA patients without extra-articular manifestations (P=0.9) or in the group of RA patients
who did not fulfill criteria 1 to 8 as a whole (P=0.09).

The original cohort was expanded to include all individuals ≥18 years of age diagnosed
with RA, as defined by the 1987 criteria for RA, between 1955 and 1994.10135 Of the
original cohort of 425, 1 patient was excluded because of withdrawal of consent, 147 patients
were identified who first fulfilled the study entry criteria between 1985 and 1995, and a
further 38 individuals ages 18 to 35 fulfilled the study entry criteria between 1955 and 1985,
yielding a total of 185 new cases, or a final incidence cohort of 609 patients. Of these
patients, 445 were female, and 164 were male. The median age at diagnosis was 58.2 years,
and median follow-up period was 11.8 years.10135, 10254

During the follow-up period, 247 (40.6%) patients developed extra-articular manifestations,
for a 30-year cumulative incidence of 46%.10254Themost commonmanifestations remained
the same as in the previous analysis of this cohort.4797 Overall, extra-articular
manifestation-free survival by decade of RA diagnosis decreased significantly during the
period (P=0.001) indicating that extra-articular manifestations occurred more frequently
for each new decade. This increase was primarily a result of the increase in the number of
patients with rheumatoid nodules. Multivariate analyses from this cohort demonstrated that
development of extra-articular manifestations were predicted by rheumatoid factor positivity
at diagnosis (risk ratio [RR] 1.56 [95% CI, 1.19-2.04], smoking (RR 1.52 [95% CI,
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1.15-2.01]), disability at diagnosis (Steinbroker Class III-IV, (RR 1.42 [95%CI, 1.04-1.94]),
and antinuclear antibody positivity at diagnosis (RR 1.58, [95% CI, 1.12-2.21]). The main
predictors of severe extra-articular manifestations were smoking Smoking Hypothesis in
Rheumatoid Arthritis (RR 2.94, [95% CI, 1.68-5.13]) and early disability Disability and
Rheumatoid Arthritis (RR 2.45, [95% CI, 1.51-4.00]).
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10.1.Rheumatoid Nodules

Perhaps one of the most commonmanifestations of extra-articular disease is the development
of rheumatoid nodules. These subcutaneous nodules occur most frequently in rheumatoid
factor positive patients, and rarely occur in seronegative patients. They typically present
over areas of the body exposed to mechanical pressure, particularly the elbows and extensor
surfaces of the forearms, but can also occur on pressure points over tendons and bone on
the fingers, feet, knees, and scalp and back.661910083, 6621 The early nodule consists of a
perivascular infiltrate of mononuclear cells. The usual larger nodule has a center of caseating
necrosis, surrounded by palisading epithelial cells and a ragged cuff of lymphocytes.10083,
6621 Peripheral rheumatoid nodules are generally more of a nuisance, although, they can
ulcerate and serve as a portal for bacteremia. However, nodules can also form in some
organs (e.g., heart, lung, eye, etc.), where they may have a greater propensity for causing
symptoms.10083
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10.2.PulmonaryExtra-ArticularManifestations ofRheumatoid
Arthritis

Rheumatoid arthritis (RA) can also affect the respiratory system. There are at least 6 forms
of pulmonary disease associated with RA. One of the most commonmanifestations is pleural
disease. Although clinical prevalence has been estimated to be low, upwards of 75% of
patients have postmortem evidence of pleural involvement.1043010350108911104410266 Pleural
effusions often occur bilaterally, although unilateral involvement can occur.10430, 10266

They generally resolve spontaneously, but can persist and require therapeutic intervention
with thoracentesis and/or corticosteroids.10266 Persistent effusions can cause pulmonary
fibrosis.

Interstitial pulmonary involvement and pulmonary fibrosis have become a well-recognized
pulmonarymanifestation of RA. Prevalence estimates of these complications vary depending
on the diagnostic criteria and detection methodology utilized. In one study of 516 patients
with RA, 8 were noted to have evidence of diffuse interstitial fibrosis on radiograph, for an
overall incidence of 1.6%.10370 Another study reported 41% of patients with RA
demonstrated pulmonary function test abnormalities consistent with fibrotic changes, while
yet another reported interstitial involvement in up to 80% of RA patients undergoing open
lung biopsy.1017510968 Eleven of these patients were asymptomatic, and 3 had normal chest
radiographs.

Although symptomatic joint involvement precedes the development of pulmonary disease
in a majority of patients, a small proportion of patients may develop symptomatic lung
disease before the development of joint manifestations.10266, 11023 The clinical features of
pulmonary fibrosis in RA are similar to those of idiopathic pulmonary fibrosis and can
include dyspnea, cough, chest pain, digital clubbing, and inspiratory crackles.1102310675

The radiological presentation of pulmonary fibrosis in RA varies and includes early basilar
alveolar opacities, a more progressive reticulonodular presentation with interstitial densities,
or honeycomb pattern in the lung bases, characteristic of more end-stage disease.11023, 10675

Rheumatoid nodules can also form in the lungs of RA patients. These nodules usually occur
with a greater frequency in seropositive patients than those who are rheumatoid factor
negative.10877 As are the cases with other pulmonary manifestations of RA, the reported
prevalence of pulmonary nodules varies depending on the studymethodology and diagnostic
criteria utilized. For example, in 1 clinical report of 516 RA patients, only 2 were found to
have radiographic evidence of pulmonary nodules.10370 In a study involving 77 RA patients,
17 (22%) had nodular densities when evaluated using high-resolution computed tomography
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(HRCT), while another study involving 40 RA patients undergoing open-lung biopsy reported
nodules in 13 (32%) of these patients.1064910910

Histologically, rheumatoid pulmonary nodules are very similar to those rheumatoid nodules
occurring in the periphery. They are composed of a central zone of fibrinoid necrosis
surrounded by palisading mononuclear cells, with an outer zone consisting of chronic
inflammatory cells and granulation tissue.10877,10910, 1032610176 Nodular disease is seen
most frequently in a peripheral or subpleural distribution or associated with interlobular
septa. The clinical course of pulmonary rheumatoid nodulosis varies substantially. In general,
nodules are asymptomatic, however, given their proximity to the pleural surface,
complications can include pleural effusion, pneumothorax, pyopneumothorax, and
bronchopleural fistula.10430, 10877

Another serious potential, but less common pulmonary manifestation of RA is obliterative
bronchiolitis. This condition is characterized by granulomatous infiltration of the distal
bronchi and bronchial wall thickening, fibrotic obliteration of bronchial lumen, and relative
sparing of the alveolar space.10754 Lung biopsy shows submucosal and peribronchiolar
fibrosis and narrowing of the bronchiolar lumenwith minimal inflammation.10877Clinically,
patients usually present with dyspnea and nonproductive cough. Symptoms are usually
severe and rapidly progressive. A more commonly observed condition is bronchiolitis
obliterans with organizing pneumonia (BOOP). This condition results from presence of
granulation tissue in the lumen of the bronchioles and alveolar ducts.10786, 10721Organizing
pneumonia is usually observed distal to these areas, hence its descriptive name. Conventional
chest radiograph may be unremarkable, or it may show bilateral, asymmetric consolidation
with patchy pneumonic foci.10877 The clinical presentation of BOOP includes dyspnea, and
a productive cough as well as constitutional symptoms, such as weight loss and
fever.1075410363 Unlike with obliterative bronchiolitis, patients with BOOP generally have
a better prognosis.

Additional pulmonary findings in patients with RA include bronchiectasis and arteritis with
pulmonary hypertension. Radiographic findings of bronchiectasis or bronchiolectasis have
been reported in 30% to 50% of RA patients undergoing HRCT.10649, 10580 The reasons
for the development of bronchiectasis remain unclear, but may be as a result of an increased
susceptibility of RA patients to airway inflammation and resulting structural abnormalities
and respiratory infections. There may also be a genetic predisposition for the development
of bronchiectasis.10877

Isolated pulmonary arteritis is a rare complication of RA, as is primary pulmonary
hypertension. Secondary pulmonary hypertension is more common, and is generally observed
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in patients with advanced lung disease from other pulmonary parenchymal complications
of RA, usually interstitial lung disease.10877
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10.3.Cardiac Extra-Articular Manifestations of Rheumatoid
Arthritis

Cardiac disease is a recognized comorbidity associated with rheumatoid arthritis (RA), and
is the most common cause of morbidity and mortality in patients with RA. Wolfe, et al,
examining the medical records of 11,572 patients (9,093 with RA; 2,479 with osteoarthritis
[OA]) from the practices of 709 US community-based rheumatologists found a significantly
increased risk of cardiovascular and/or cerebrovascular disease (CCVD) and stated that RA
is associated with an increased risk of CCVD morbidity due to myocardial infarction,
congestive heart failure, and probably cerebrovascular accident, andmay be an independent
risk factor for these events.1041111007 Similarly, Roman, et al, in a matched cross-sectional
study of 98 consecutive outpatients with RAwhowere followed by rheumatologists compared
with 98 controls matched on age, gender, and ethnicity found that despite having a more
favorable cardiovascular risk factor profile, patients with RA had a 3-fold increase in carotid
atherosclerotic plaque (44% vs 15%; P≤0.001), and concluded that patients with RA have
a high prevalence of preclinical atherosclerosis independent of traditional risk factors,
suggesting that chronic inflammation and, possibly, disease severity are atherogenic in this
population.10468

Pericarditis is the most common manifestation of heart disease in RA. Although rarely of
clinical significance, postmortem studies of patients with RA have noted the presence of
pericarditis in up to 50% of these patients.10969, 4561 Pericarditis generally occurs in
seropositve RA patients with rheumatoid nodules. Pericardial fluid analysis results in findings
similar to pleural effusions. These findings include a variable white blood cell count, high
protein concentrations, decreased complement and glucose concentrations, and the presence
of rheumatoid factor and immune complexes. Symptomatic patients with mild disease
generally respond to treatment with nonsteroidal anti-inflammatory medications.
Corticosteroids or pericardiocentesis are occasionally required for the management of severe
disease or treatment-refractory disease. Chronic or constrictive pericarditis necessitating
pericardiectomy are infrequent.10969, 4561

Myocardial disease is common in RA. Matteson and Harris concluded that cardiovascular
disease results from the presence of nodular granulomatous lesions or infiltration of the
myocardium by mononuclear cells resulting in more diffuse fibrosing lesions. Nonspecific
myocarditis is usually asymptomatic and rarely affects cardiac function.10969, 4561

Abnormalities of the myocardial conduction pathways have also been observed in patients
with RA, and is probably related to direct granulomatous lesion involvement within the
myocardium, which interferes with electrical conduction within the cardiac tissues.10969,
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4561 Pathologic evaluation may reveal proliferative lesions or healed areas with scar tissue.
Complete heart block has been described in some RA patients. It generally occurs in patients
with erosive, nodular disease and results from granulomas in or near the atrioventricular
node or bundle of His.10969, 4561

Additionally, echocardiographic evidence has suggested that some degree of valve
involvement occurs in up to 30% of patients with RA, probably as a result of vasculitis and
nodule formation.10969, 4561Characteristic lesions in RA patients include posterior pericardial
effusion, aortic root abnormalities, and valvular thickening. Despite valvular involvement,
hemodynamic instability is uncommon.10969, 4561
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10.4.Ocular Extra-Articular Manifestations of Rheumatoid
Arthritis

Ocular disease is a well-recognized extra-articular manifestation of rheumatoid arthritis
(RA). The most common ophthalmological manifestation of RA is keratoconjunctivitis
sicca. Most studies report a prevalence of between 15% and 25% of RA patients.10964

Keratoconjunctivitis sicca results from decreased secretion of tears from the main and
accessory lacrimal glands as a consequence of atrophic and cirrhotic changes.1096410919

Common patient complaints include dryness, sandy or gritty sensation, burning, and
photophobia. The earliest ocular sign of keratoconjunctivitis sicca is a diminished corneal
pre-tear film meniscus, which is also more viscous than usual.10964, 10919

Inflammation of the episclera and sclera is also observed with increased frequency in patients
with RA. Episcleritis has been classified as both simple and nodular. With both, vascular
engorgement, edema, and inflammatory infiltrate are found in the superficial episcleral
plexus and do not involve the deep episcleral plexus or the sclera.10460 This inflammatory
process results in the red hue characteristic of episcleritis. Simple episcleritis refers to a
diffuse pattern of edema and infiltration, while nodular episcleritis results when single or
multiple inflammatory nodules develop and are confined to the episclera.

The occurrence of scleritis in RA patients is less common than episcleritis, and typically
develops in patients with more severe systemic disease, particularly vasculitis.10367 Scleritis
can also be diffuse or nodular in its presentation, but it can also be necrotizing, either with
or without inflammation (scleromalacia perforans).10460, 10367

Other unusual ocular findings in RA include uveitis, episcleral nodulosis, ulcerative keratitis,
and corneal filamentary keratitis.10969
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10.5.Vasculitis in Rheumatoid Arthritis

Vasculitis is a general term referring to a group of diseases that are characterized by the
inflammation of blood vessels. Vasculitis can affect any organ in the body. The vasculitis
syndromes include giant cell arteritis, Wegener's granulomatosis, Churg-Strauss vasculitis,
Takayasu arteritis, polyarteritis nodosa, isolated central nervous system vasculitis,
cyroglobulinemia, and Henoch-Schönlein purpura.1020510744

Vasculitis

Ha C. DermAtlas website. http://dermatlas.med.jhmi.edu/derm/indexDisplay.cfm?Im-
ageID=1421371127 Accessed: March 24, 2007

10079
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Occasionally vasculitis can be a complicating extra-articular manifestation of RA. Although
not uniformly replicated between studies, the variables commonly associated with the
development of rheumatoid vasculitis include male gender, high titer of rheumatoid factor,
the presence of other extra-articular manifestations (especially rheumatoid nodules), the
presence of severe disease (characterized by the presence of joint destruction and high levels
of inflammatory markers), and utilization of intensive therapeutic regimens including
disease-modifying antirheumatic drugs and glucocorticoids.6622, 6602

Blood vessels of all sizes have the potential to be affected by vasculitis. All layers of the
vessel wall are typically infiltrated by lymphocytes, but neutrophils and plasma cells may
also be present.10568 Intimal proliferation and thrombosis may be apparent, especially in
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the digital arteries. Small vessel vasculitis commonly involves the skin and can cause
nail-fold infarcts, digital gangrene, and cutaneous ulceration.10969, 4561, 10568, 10565

Occasionally, rheumatoid nodules may contain a central venulitis. Distal sensory neuropathy
without other clinical manifestations of vasculitis can also occur.10969 Patients may present
with a necrotizing arteritis that is indistinguishable from polyarteritis nodosa. This larger
vessel involvement has a poorer prognosis, and can include such manifestations as visceral
infarction, cerebral vasculitis, coronary arteritis, or a widespread sensorimotor neuropathy
(mononeuritis multiplex).10969, 4561, 10568
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10.6.Neurologic Extra-ArticularManifestations of Rheumatoid
Arthritis

Various types of neurologic impairments have been reported in association with rheumatoid
arthritis (RA). The most common neurologic manifestation of RA is neuropathy, which can
be classified into 3 types: 1) compression or entrapment neuropathy, 2) distal sensory
neuropathy, 3) sensorimotor neuropathy. Entrapment neuropathies occur around joints where
swollen tissue compresses peripheral nerves. Commonly affected nerves include the median,
ulnar, posterior tibial, and posterior interosseous branch of the radial nerve.10086 Other
related conditions, such as AA amyloid can also cause compressive neuropathy.
Noncompressive neuropathies can also occur, typically manifesting as a distal sensory
neuropathy. This usually presents as a dysesthesia or burning of the feet or hands.1008610344

Histologically, this mild sensory neuropathy is consistent with a mild loss of predominantly
large myelinated fibers in the absence of clinical vasculitis. Patients with more severe
sensorimotor neuropathies demonstrate a more profound loss of large myelinated fibers and
electromyographic evidence of denervation, often accompanied by clinical features of
vasculitis. Occasionally these sensorimotor neuropathies can be very progressive and
disabling typically in patients with more severe RA.10086

The cervical spine can also be involved in RA. Subaxial cervical spine involvement, including
subluxation, can occur at several levels resulting in neurologic complications, such as
paresthesia and muscle weakness.10086 Rarely, RA can be associated with central nervous
system disease that may manifest as stroke, seizure, encephalopathy, and meningitis as a
result of cerebral vasculitis, amyloidosis, or rheumatoid nodules, or both.109691068910845
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11.Unemployment and Rheumatoid Arthritis

Rheumatoid arthritis (RA) can have profound impact on the quality of life of the patient
and on society as a whole. One of the greatest challenges both the patients and society face
as a result of this disease is the degree to which it affects the patient’s ability to work, and
the resulting negative social and economic impact.

A number of studies have been conducted to assess the degree to which RA can contribute
to work disability. (See also Disease Activity and Disability.) While an association between
the two may be reasonably intuitive for patients with long-standing RA, some reports have
suggested that significant work disability can occur in patients with disease of more recent
onset. For example, studies suggest that approximately 50% of RA patients will be
work-disabled within 10 years, while more than 25% of patients will be work-disabled
within 2 years.10624Although, in general, the overall proportion of RA patients who become
work-disabled during the disease course is high, reported rates vary. This can be due to
many factors including differences in study design, patient population, disease duration and
length of follow-up, definition of work disability utilized, and social and economic differences
amongst the populations studied.

Studies have also attempted to ascertain what variables might be associated with an inability
to work in patients with RA. Although not universal in their consensus, studies have
suggested that patients who are disabled or who stopped working due to RA are generally
older, less educated, and had lower income prior to onset of RA relative to those patients
with RA who continued to work.10624 In terms of clinical variables, work-disabled patients
tend to have longer disease duration, and a number of variables that reflect more active or
aggressive disease including higher erythrocyte sedimentation rate, higher numbers of
swollen and tender joints, more radiographic damage, andworse scores on objectivemeasures
of disease severity and functionality (such as the disease activity score and health assessment
questionnaire) relative to patients who continue to work. In addition, patients who undergo
joint surgery and who have received more intensive therapy with disease-modifying
antirheumatic drugs (DMARDs) or glucocorticoids are more frequently work-disabled.10624

It is critical for clinicians, employers, and payers as well as patients to identify those baseline
factors that are associated with the development of work disability. These factors might
identify individuals who would benefit from earlier (and more aggressive) therapeutic
intervention, potentially delaying or alleviating the need for the patient to prematurely exit
the work force. The baseline sociodemographic and clinical predictors of work disability
most often identified include: older age, less education, longer disease duration, higher
erythrocyte sedimentation rate, higher swollen and tender joint count, and overall greater
functional disability as well as more intensive therapy with DMARDs and
glucocorticoids.10624
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Verstappen, et al, conducted a literature review to identify published reports from 1980 to
May 2002 that investigated RA-related work disability. The purpose of the study was to
summarize the proportion of patients with work disability, and to determine what social
and demographic characteristics, clinical variables, or work-related factors might be
associated with, or predict, work disability. The results were divided into cross-sectional
and longitudinal reports.10624

The identified patient characteristics in each study, and the reported rate of work disability
from each study appear in the figures. Adapted from Verstappen, et al.10624

Patient Characteristics and Percentage of Work Disability With Increasing Disease
Duration Among Cross-sectional Studies (adapted from Verstappen, et al)

Table 1, Page 490, Arthritis Rheum. 2004;51:(3):488-497, reprinted with permission
of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

4591
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Additional studies published since the time period reflected in the review article reported
similar results as noted in the figure.

The figures summarize those studies that identified variables associated with work disability
in RA patients as well as those baseline variables that predicted greater work disability.4608,
10624, 10752, 10624

The figure below is adapted from: 10624

Additionally, some clinical studies published after 2002 reported on factors associated with
and predictive of work disability. These results are generally consistent with the findings
reported by Verstappen, et al,10624 as noted in the figure.107529780, 10274, 10233, 9780, 10274,
10233, 10821
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12.Disability and Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic and debilitating disease for the vast majority of RA
patients. Inflammation and joint deformity is responsible for the structural damage caused
by RA, and can result in significant loss of physical function and disability that contribute
to major economic losses and can have a profound impact on the quality of life of both
patients and their families. See also the sections Mortality and Rheumatoid Arthritis and
Disease Activity and Disability. Mortality and Rheumatoid Arthritis,Disease Activity and
Disability. There are numerous factors that directly effect disability in RA, and among these
factors is a delay in the use of disease-modifying antirheumatic drug (DMARD) therapy.
Morales-Romero, et al, evaluated the incidence of permanent work disability (PWD) in 300
salaried Mexican workers with RA. These authors concluded that a low education level,
positive rheumatoid factor, and a delay in the use of DMARDs were risk factors for
PWD.10476
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12.1.Disease Activity and Disability

A number of studies have been conducted to investigate the link between disease activity
and accompanying joint damage with disability, with the underlying supposition that treating
the disease to control inflammation and slow or prevent progression of joint damage will
result in less overall disability. A number of cross-sectional studies have investigated this
potential link with most demonstrating a correlation.6615Because rheumatoid arthritis (RA)
can progress over a period of years with a widely variable course in individual patients,
longitudinal data may provide the best insight into the potential correlation of disease activity
and disability. Several longitudinal investigations have demonstrated a link between disease
activity, and structural damage and disability, although the individual contribution of each
to overall disability may vary with disease duration.6615, 10473, 4608 Specifically, some
studies have suggested that disease activity is the primary driver of disability throughout
the course of the disease, while other studies have suggested that disease activity correlates
more strongly with disability early in the course of RA, while structural damage correlates
more strongly with disability in later stages of the disease process.
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12.2.Radiographic Damage and Disability

Wolfe and Sharp, writing in Arthritis and Rheumatism in 1998, concluded that radiographic
damage occurs at a constant rate in rheumatoid arthritis (RA), and is not greater early in
RA or reduced later in the course of the illness and found that acute-phase reactants were
the strongest determinants of progression.
LinearRadiographic Progression in aCohort of RApatients Over a Period of 19Years
.10167

LinearRadiographic Progression in aCohort of RApatients Over a Period of 19Years

Figure 3, Page 1576,Arthritis Rheum . 1998;41(9):1571-1582, Reprintedwith permission
of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

10167
Some figures may not display clearly when rendered as a PDF or printed.

The reader is encouraged to visit www.medversation.com to view full-size versions
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12.3.Loss of Physical Function, Disability, and Costs Due to
Medical Care and Lost Productivity

The importance of preventing loss of function as a primary goal in the treatment of
rheumatoid arthritis (RA)10705 is underscored by studies that have demonstrated a correlation
between reduced function and a number of different outcomes in RA patients.

Functional disability (demonstrated by a worsened health assessment questionnaire [HAQ]
score) is strongly associated with work disability and clinical trials have uniformly identified
it as a predictor of work disability in cross-sectional and longitudinal studies designed to
assess predictive variables of work disability in RA patients. Given the association between
reduced function and disability, it is not surprising that there has been a correlation found
between disability and loss of income and decreased household productivity.4818, 10427

Wolfe, et al, demonstrated an annual earnings loss of between $2,319 and $3,407 in patients
with RA, with a 0.25-point difference in the HAQ score representing a $1,095 reduction in
annual earnings.4818 One European study by Verstappen, et al, estimated the annual costs
related to loss of household productivity at 2,045 Euros.10427 Additionally, this study
demonstrated that mean functional disability scores as assessed by HAQ were significantly
higher for patients who required home care relative to those who did not. Puolakka, et al,
followed a Finnish cohort of 159 RA patients with recent onset disease (duration <2 years)
over a 5-year period.4754 Patients in this study who achieved disease remission at 6 months
(using the American College of Rheumatology [ACR] criteria)10705 had a mean yearly
disability benefit reduction of $7,227 compared with patients with less than an ACR 20
response, and an approximate $2,760 reduction compared with patients who achieved an
ACR 50 response or less.4754

Functional disability has been shown to be directly correlated with the overall medical care
costs associated with RA. Fries, et al, demonstrated that current disability as assessed by
HAQ score is strongly predictive of total medical care costs over the subsequent 5 years
(see
The Relation Between Current Disability Levels (as Assessed by HAQ Score) and
Medical Care Costs Over the Next Five Years (Adapted from Fries, et al.)
10189

The Relation Between Current Disability Levels (as Assessed by HAQ Score) and
Medical Care Costs Over the Next Five Years (Adapted from Fries, et al.)
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Functional disability has also been strongly correlated with the increased direct medical
costs associated with RA in other studies. Numerous studies have demonstrated that there
is a correlation between increased direct costs and more severe functional disability.4645,
4824, 4713, 4710, 4726, 4678, 4807 Several studies have investigated the potential correlation
of HAQ with direct costs, and found that direct medical costs increase with increasing
HAQ.4645, 4713, 4710, 4726 In terms of clinical and disease variables, HAQ sores appear to
be one of the most important predictors of direct medical costs. A lesser magnitude of
improvement in HAQ with therapeutic intervention predicts higher future direct medical
costs.4726, 4807 This finding, bolstered those of Yelin, et al, who found a potential opportunity
for significant costs savings by maintaining or improving patients’ functional status to a
HAQ score of ≤1.25.4824When analyzing direct medical costs by HAQ quartile, costs for
patients in the highest quartile of HAQ function were 2.5-fold higher than patients in the
lowest quartile. Further, costs in the second quartile were approximately 20% greater than
in the first, and costs in the third quartile were 42% higher than in the second. All of this
data suggest that preserving or improving functional status (as assessed by HAQ) may lead
to better patient outcomes and potential costs savings with regard to medical care.4824
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12.3.1.Loss of Physical Function and Mortality

The increased mortality associated with rheumatoid arthritis (RA) is well-established.
Mortality and Rheumatoid Arthritis. Given the association of functional disability to disease
activity and radiographic damage, it is not surprising that several studies have demonstrated
a correlation between functional disability and increased mortality in patients with RA.
Pincus, et al, conducted a longitudinal evaluation of 1,378 RA patients over a 10-year period
to ascertain the potential correlation of disability and educational level with mortality.4748

At the 10-year evaluation, data was available on 1,378 (97.3%) of the original cohort. There
were 401 deaths among the 1,378 patients in this cohort, compared with 251 expected among
an age- and gender-matched population, yielding a standard mortality ratio of 1.6. Baseline
variables that were independently predictive of a significantly higher risk of death over the
10-year period included older age, male gender, lower educational level, and greater
functional disability (assessed by the health assessment questionnaire [HAQ]). Patients with
a baseline HAQ ≥0.87 had an adjusted hazard ratio of 1.6. Similarly, Wolfe, et al, followed
a cohort of 1,387 RA patients over a 20-year period.4819 In this analysis, HAQ was found
to be the strongest predictor of mortality, with an odds ratio of per unit change in HAQ of
2.93.
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12.4.RelationshipBetweenDiseaseActivity, StructuralDamage,
and Disability

A number of studies have been conducted to investigate the potential link between disease
activity, joint damage, and disability. Reviewing published literature, Scott, et al, summarized
available data of cross-sectional studies evaluating the relationship between radiological
joint damage and functional disability as assessed by health assessment questionnaire in
established rheumatoid arthritis (RA).6615 This review summarized available results for
several longitudinal studies conducted in patients with RA of both early
Outcome Measures at Various Time Points Over 12 Years in a Prospective Cohort of
112 Patients (Adapted from Drossaers-Bakker, et al.)
and established duration. Also, noted in
Correlation Between Functional Capacity as Measured by HAQ and Measures of
Disease Activity and Joint Destruction (Adapted from Drossaers-Bakker, et al.)
, the results generally support a correlation between the two. These studies also generally
support a correlation between the radiographic damage and functionality, although there is
evidence that the association is weaker earlier in the disease.

Additional longitudinal investigations have been published since the review by Scott, et al,
and Drossaers-Bakker, et al, investigated the relative contribution of disease activity and
joint destruction to the loss of functional capacity as part of a 12-year prospective study in
138 females with RA of early onset. During the study, 3 patients expired, 3 withdrew consent,
and 14 were lost to follow-up, leaving complete follow-up data available for 112 patients.
Parameters assessed during the study included measures of disease activity (swollen and
tender joints [using the Ritchie articular index], morning stiffness, erythrocyte sedimentation
rate [ESR], visual analogue scale for disease activity and fatigue, and disease activity score
[DAS]) as well as radiographic evaluations of the hands and feet (obtained at baseline and
Years 3, 6, and 12), which were scored using the Van der Heijde modification of the Sharp
score. Additionally, several instruments were utilized to describe function, including the
HAQ. The HAQ is a patient self-administered questionnaire designed to assess the degree
of difficulty a patient has in accomplishing tasks related to typical activities of daily living
in 8 functional areas: dressing and grooming, arising, eating, walking, hygiene, reach, grip,
and activities.4669 Possible scores range from 0 to 3, with higher scores indicating greater
disability. Correlations between HAQ score, DAS, and Sharp score were calculated using
Spearman’s correlation coefficients.

At baseline, patients with data available for all 12 years had a mean age of 37 years, median
duration of symptoms of 1 year (range 0 to 5 years), median ESR of 20 mm per hour, a
mean of 4 swollen and 7 tender joints, and a median HAQ score of 0.75. Additionally, 25%
had radiographic evidence of erosive disease and 71%were rheumatoid factor (RF) positive
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at least once during follow-up. Baseline characteristic of those patients who dropped out
prior to their 12-year follow-up did not differ significantly from the evaluated population
with the exception of baseline ESR (35 mm per hour; P=0.03). The figures list scores for
select outcome measures at 4 time points during the study as well correlation to HAQ over
time. There was a strong correlation between HAQ score and DAS (r=0.68) at baseline and
a weaker one with the Sharp score (r=0.22). Over time, the correlation between HAQ score
andDAS remained almost stable and the correlation betweenHAQ and Sharp score increased
from 0.22 to 0.57 at 12 years. Of the single disease activity measures, the Ritchie articular
index had the strongest correlation to HAQ over the course of the study, ranging from 0.51
to 0.70.

Outcome Measures at Various Time Points Over 12 Years in a Prospective Cohort of
112 Patients (Adapted from Drossaers-Bakker, et al.)

Table 2, Page 1856,Arthritis Rheum. 1999;42:(9):1854-1860. Copyright reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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Correlation Between Functional Capacity as Measured by HAQ and Measures of
Disease Activity and Joint Destruction (Adapted from Drossaers-Bakker, et al.)

Table 2, Page 1856,Arthritis Rheum. 1999;42:(9):1854-1860 reprinted with permission
of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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Welsing, et al, also investigated the relationship between disease activity, structural damage,
and functional capacity in a 9-year prospective study in 378 patients with RA of early onset
(disease duration <1 year).10473Over the follow-up period, 22 patients were lost to follow-up
and 35 patients withdrew consent. Parameters assessed during the study included measures
of disease activity utilizing the disease activity score, radiographic evaluations of the hands
and feet that were scored utilizing the van der Heijde modification of the Sharp Score
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(radiographs obtained at 3 year intervals), and functional capacity utilizing the HAQ-disability
index (DI). Patients were followed for a mean of 6.29 years. At baseline, the patients had
a mean age of 54.8 years, and a median modified Sharp score of 11 while the Q1 modified
Sharp score was 5, and the Q3 score was 24. Approximately 77% of patients were RF
positive. In addition, median baseline HAQ score was 0.47, and mean DAS was 3.6.

Over the course of the study, functional capacity, as assessed by the HAQ, worsened after
an initial improvement.10473 At 9 years after the start of the study, the median HAQ score
increased to 0.63. Disease activity, as assessed by the DAS, remained relatively constant
over the course of the study (mean DAS at Year 9 was ~2.9). Joint damage increased over
the course of the study, although the authors reported that the increase was less pronounced
in the later phases of the disease (median modified Sharp score at Year 9 was 83.8). Pearson
correlations between HAQ and DAS were significant at baseline, and at Years 3 and 6.
Correlations between the HAQ and Sharp score were statistically significant at Years 6 and
9. These results suggest that disease activity is the primary driver of functional disability
early in the course of RA, while accumulated joint damage becomes a more significant
driver later in the disease process. These findings differ from the previously described
longitudinal study because it found the effect of disease activity on disability diminishes
over time.

Ødegård, et al, conducted an investigation designed to assess the association of early
radiographic damage with impaired physical function in RA.4608 A cohort of 238 patients
with a disease duration of 0 to 4 years was enrolled in the trial and followed longitudinally
for 10 years. Assessments at baseline and at 1, 2, 5, and 10 years included measurement of
disease activity utilizing the ESR, functional evaluation utilizing the HAQ and grip strength,
and radiographs of the hands and feet, which were assessed utilizing the van der Heijde
modification of the Sharp method.

At baseline, 68% of patients were RF positive, patients had a mean age of 51.9 years, and
the mean disease duration was 2.3 years.4608 The authors reported that the mean baseline
disease characteristics included anHAQ of 0.93, an ESR of 25.9mmper hour, and amodified
Sharp score of 6.8. Over the course of the study, 89 patients were lost to follow-up. The
baseline characteristics of these patients did not differ significantly from those of the entire
cohort. Radiographs of the hands were available from 68% to 99% of the assessed patients
at each time point, and 110 patients had hand radiographs available at all time points.

The results are outlined in the
Marginal Generalized Estimating Equations Models to Explain the HAQ Score
(Adapted from Ostegard, et al.)
. As can be observed, after adjustment for ESR, the HAQ score was longitudinally associated
with the momentary modified Sharp score (dependent variable score and modified Sharp
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score measured at the same time point) as well as with the progression of the modified Sharp
score.

The authors concluded that this 10-year observational study provides evidence that both
radiographic damage and disease activity are independent contributors to impaired physical
function in RA, both early and late in the disease process.

Marginal Generalized Estimating Equations Models to Explain the HAQ Score
(Adapted from Ostegard, et al.)

Table 3, Page 71. Arthritis Rheum . 2006;54(1):68-75. Reprinted with permission of
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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Maillefert, et al, conducted a prospective, longitudinal study designed to evaluate the
predictive validity of radiological change at 1 year on 5-year disability in RA.10718 A total
of 191 disease-modifying antirheumatic drug-naïve (DMARD-naïve) RA patients with
disease duration of less than 1 year were enrolled in the trial. Clinical evaluations at baseline
and at the 5-year follow-up included DAS and functional disability, assessed utilizing the
HAQ. Radiograph of the hands and feet were also obtained and scored utilizing the van der
Heijde modification of the Sharp score.

Of the 191 patients enrolled, 23 patients were lost to follow-up, and 135 patients had baseline
and 1-year radiographs available. Of the 135 patients included in the final analysis, 73%
were female, the mean age was 51 years, and the mean disease duration was 3.4 months.
At baseline, mean HAQ score was 1.3, mean total Sharp score was 7.3, and mean DAS
score was 4.1. During the trial, patients were treated with traditional DMARDs that could
be adjusted based on efficacy and safety at the discretion of the treating physician.

At 1 year, the mean change in total Sharp score was 4.9 (mean change in joint erosion score
was 2.4 and mean change in joint narrowing score was 2.5). At year 5, mean HAQ values
were 0.62. The 5-year HAQ disability score was correlated with the changes observed in
the total radiological and total joint narrowing scores during the first year (r=0.18, P=0.046,
and r=0.25, P=0.006, respectively). At years 1 and 5, the mean DAS scores were 2.7 and
2.2, respectively. The 5-year HAQ was found to be correlated with the changes in DAS
score during the first year (r=0.22, P=0.015). Further analysis revealed that a change of at
least 2 points in the total Sharp score between baseline and 1-year follow-up was considered
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as the optimal threshold for prediction of subsequent disability status at year 5 (defined as
a HAQ score of at least 1).
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12.5.Factors CorrelatingWithWorkDisability in Rheumatoid
Arthritis

Verstappen, et al, conducted a literature review to identify published reports from 1980 to
May 2002 that investigated rheumatoid arthritis (RA)-related work disability.10624 The
purpose of the study was to summarize the proportion of patients with work disability, and
to determine which social and demographic characteristics, clinical variables, or work-related
factors might be associated with, or predict, work disability.

The figures are adapted from Verstappen, et al,10624 and summarize those studies that
identified variables associated with work disability in RA patients as well as those baseline
variables that predicted greater work disability.

Assessment of Predictors of Work Disability Due to Rheumatoid Arthritis Using
Multivariate Regression Analyses (Adapted from Verstappen, et al.)

Table 3, Page 492, Arthritis Rheum. 2004;51:(3):488-497. Copyright reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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Additionally, some clinical studies published after 2002 reported on factors associated with
and predictive of work disability. These results are generally consistent with the findings
reported by Verstappen, et al.10624
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13.Quality of Life and Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic, progressive inflammatory condition that results in
characteristic swollen and tender joints as well as structural damage and deformity in the
joints. The results of this disease process include a decreased ability to perform everyday
activities of daily living and a decreased ability to work. This, in conjunction with the
increased need for medical care, can put a financial burden on both the patient and society
as a whole. Given all of these consequences, it is not surprising that RA is associated with
a decreased quality of life. One of the more common tools to measure health-related quality
of life in patients with RA is the Short Form-36 (SF-36). The SF-36 is a patient
self-administered questionnaire with 36 questions grouped into 8 multi-item subscales
measuring physical functioning, role limitations due to physical problems, bodily pain,
general health perceptions, vitality, social functioning, mental health, and role limitation
due to emotional problems.4708 Physical and mental component summary scores are
calculated as weighted averages of a patient’s scores on these 8 subscales, with higher scores
indicating improved quality of life. The SF-36 score ranges from 0 to 100 for each of these
summary scales, with an average score of 50 representing a healthy patient population.2727,
10198 The concepts measured by the SF-36 are not specific to any age, disease, or treatment
group, thereby allowing comparison of relative burden of different diseases and the relative
benefit of different treatments.2727 Studies indicate that, in general, relative to a healthy
population, in an RA patient population, the mental component summary score of the SF-36
is normal and the physical component summary score is reduced.10198,10738, 4816 A study
by West, et al, reported differences in some subscales in patients with symptoms of RA of
less than 12 months duration, indicating that RA can begin to have an affect on quality of
life early in the disease process.4816 Singh, et al, demonstrated that relative to non-RA
controls, patients with RA had a decreased physical and mental summary score of the SF-36,
although the difference in the mental component summary score results was thought to be
due to large sample size, and not clinically relevant.10864 Additionally, this study found
that patients in the lowest tertile of the physical and mental component summary scores had
significantly higher odds of hospitalization and death (odds ratio [OR] 1.49; 95% confidence
interval [CI], 1.25-1.76; OR 1.69; 95% CI, 1.18-2.42, respectively).
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14.Mortality and Rheumatoid Arthritis

Mortality in Rheumatoid Arthritis (RA) Vs. General Population:Much of the focus of
the treatment of RA continues to be on the clinical inflammatory manifestations involving
the joints and the day-to-day management of the resulting clinical sequelae, which constitute
much of the morbidity associated with the disease. It is well-established that RA is a disease
that is associated with an increased mortality. RA can result in a life span shortened by up
to 15 years.4823 This increase in mortality was first described in the modern era in the work
of Pincus, et al, who followed a cohort of 75 patients with RA over a 15-year period starting
in 1973.4745 Compared with rates for the US population matched for age and gender, the
standardizedmortality rates at 5, 10, and 15 years were 1.86, 1.92, and 1.62, respectively.4745

Mortality in RA, CorrelationWith Indicators ofMore Severe Disease: The results found
by Pincus, et al, are consistent with other investigations.4823, 4627, 4630, 4762, 4749, 4812, 4674,
4778, 11007, 4748 Analysis of variables associated with increased mortality demonstrated a
correlation with indicators of more severe disease including higher joint counts and morning
stiffness as well as greater disability. Indeed, decreased functional ability has been associated
with an increased mortality in clinical investigations involving other cohorts of RA
patients.4748, 4630, 11007, 4784

Mortality in RA, 10-Year Survival Compared With Coronary Artery Disease and
Hodgkin's Disease: Interestingly, 10-year survival among patients with higher joint counts
and worse disability in this cohort was similar to that of patients with triple-vessel coronary
artery disease and Stage III/IV Hodgkin’s disease at the time.4749

Mortality in RA, Temporal Relationship: As new therapies have become available over
the last 3 decades, and therapeutic paradigms for the management of RA have beenmodified,
it is interesting to note that most published studies continue to report an increased mortality
rate associated with RA. Some more recent studies have reported decreased mortality rates
in RA patients compared with some older investigations, however this may be due to study
design, in that many of these more recent studies involved inception cohorts.4812 A more
recent study by Björnådal, et al, reported on a population-based cohort of Swedish RA
patients followed from first hospital discharge. They noted a decreased mortality rate in
patients ages 40 to 59 for the period 1985 to 1994 (standard mortality rate 1.92) compared
with the period 1964 to 1974 (standard mortality rate 2.68).4627

RA as Cause of Death: Although RA is associated with an increased mortality; it is
infrequently reported as the primary cause of death. Common causes of death in patients
with RA seem to mirror those of the general population, albeit they occur earlier than would
be expected, and include infection (particularly respiratory), cardiovascular/cerebrovascular
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disease, and malignancy.4745, 4627, 4630, 4778, 11007 Additionally, some studies have
demonstrated an increased risk of mortality with these outcomes in RA patients over the
general population.4627, 4630, 4778, 11007 The potential increased risk of mortality from
cardiovascular/cerebrovascular disease in the RA population remains an area of active
investigation. See Disability and Rheumatoid Arthritis.

This concludes the discussion of the topic Natural History of Rheumatoid Arthritis. We

encourage you to read other topics on the MEDVERSATIONTM website.
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