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1. Abstract:
1.1

Rheumatoid Factors:

Rheumatoid factors (RF) are autoantibodies directed against the Fc
portion of IgG. Rheumatoid factor is a well-established diagnostic and
prognostic test in Rheumatoid Arthritis. High titer IgM RF is relatively
specific for the diagnosis of RA in the context of a chronic polyarthritis,
and was for decades the sole serologic criterion widely used in the
diagnosis of RA.
Patients with rheumatoid arthritis (RA) follow a variable disease course
with regard to outcome measures such as functional status or
radiological assessment of joint damage. Early identification of patients
with RA and, in particular, those likely to assume a more rapidly
destructive form of disease, is important because of the possible benefit
from early, aggressive intervention with disease modifying agents. This
realization has prompted the investigation and measurement of
numerous biologic "markers" in blood and joint fluids that may serve as
2

indicators of prognosis and the response to therapy. Although some of
the markers under consideration are accessible in routine practice, many
are in the stage of experimental evaluation and require access to
specialized technology and customized reagents.
RF also occurs in other diseases. As an example, some connective tissue
diseases, such as systemic lupus erythematosus (SLE) and primary
Sjögren's syndrome, may be associated with the presence of RF. In
addition, RF levels may be elevated in patients with certain infections,
such as malaria, rubella, hepatitis C, and following vaccinations. It has
little predictive value in the general population; however, since the
overall disease prevalence is relatively low. Rheumatoid factor may have
some prognostic value with regard to disease manifestations and
activity, and the severity of joint erosions. Seropositive RA (ie, RA
associated with a positive rheumatoid factor test) is often associated with
more aggressive joint disease, and is more commonly complicated by
extra-articular manifestations than seronegative RA

1.2

Anti-CCP Antibodies:

Among the many biologic markers that have been assessed for
usefulness in estimating disease, activity and prognosis of rheumatoid
arthritis, only a few have found a role in clinical practice. At present the
main clinically useful biologic markers in patients with RA are
rheumatoid factors and antibodies to citrullinated peptides, for both
diagnosis and prediction of functional and radiographic outcomes, as
well as erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) for AA functional and radiographic outcomes.
Anti-CCP testing is a clinically useful tool in diagnosis or exclusion of
RA in patients with polyarthritis. Patients with an established diagnosis
of RA who have a positive test for RF, anti-CCP antibodies, or both are
at a higher risk of developing erosive joint damage and functional
impairment. As a result, such patients should receive anti-rheumatic
therapy that suppresses disease activity early in the course of their
3

disease. Diagnoses other than RA should be considered in patients who
are both RF and anti-CCP antibody negative. Unless it is demonstrated
that there is an intervention that effectively and safely reduces the risk of
developing RA, there is no role for screening asymptomatic individuals
for either RF or anti-CCP antibodies.
Presently, the main clinically useful biologic markers in patients with
RA are rheumatoid factors and antibodies to citrullinated peptides Anti
CCP Antibody test for both diagnosis and prediction of functional and
radiographic outcomes.
1.3 Combination of Rheumatoid Factor and Anti-CCP Antibodies:
Testing for the combination of anti-CCP antibodies and IgM RF may be
better for excluding the diagnosis of RA than is achievable by testing for
either antibody alone. Those with early arthritis who are RF or anti-CCP
antibody positive are at an increased risk of developing RA and erosive
joint disease, while those with neither of these markers are less likely to
develop joint damage. Thus, earlier intervention with disease modifying
antirheumatic drug (DMARD) therapy may be warranted in those with
positive markers, while symptomatic treatment (e.g. with nonsteroidal
anti-inflammatory drugs) may be appropriate for those lacking both RF
and anti-CCP antibodies when first seen.

1.4 Findings:
Diagnoses other than RA should be considered in patients who are both
RF and anti-CCP antibody negative. Unless it is demonstrated that there
is an intervention that effectively and safely reduces the risk of
developing RA, there is no role for screening asymptomatic individuals
for either RF or anti-CCP antibodies.
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2. METHODOLOGY:
This dissertation is aimed to identify the role of rheumatoid factor in the
diagnosis of rheumatoid arthritis and the value of biologic markers that
have been assessed for usefulness in estimating disease activity and
prognosis of rheumatoid arthritis, particularly the use of anti-CCP
antibodies test in diagnosing early rheumatoid arthritis.

Access to numerous articles and case studies relevant to my dissertation
was collected by using separate electronic databases and search engines
which include: Pub Med, Medline, E Medicine, Medscape, Up-to-date
and Athens/Oxford library search base.
The following journals were also consulted for the topic on rheumatoid
factor including: ―Arthritis and Rheumatism‖, ―British Journal of
Rheumatology‖, ―Up-to-Date Journal‖, ―Journal of Rheumatology‖,
―American Journal of Medicine‖, and the ―New England Journal of
Medicine‖

Several key words and terms helped to define the initial search and was
used to gather different abstracts and articles to finalise the topic.
The search terms employed were as follows:
Rheumatoid factor
Pathogenesis rheumatoid factor
Predictive and prognostic values of Rheumatoid factor
Rheumatoid factor Titer
Anti-CCP Antibodies
After the initial search strategy yield with articles and research studies
on rheumatoid arthritis, rheumatoid factor and Anti CCP antibodies,
over 1000 articles were narrowed by using ―Rheumatoid Factor‖ to get
the relevant information on finalizing this dissertation.
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3. BACKGROUND
In this dissertation, the following issues will be addressed:
Markers that are used in clinical practice as in the diagnosis of
Rheumatoid arthritis.
The role of Rheumatoid Factor its role as a screening test in the
diagnosis of rheumatoid arthritis and the use of other diagnostic
markers particularly the value of Anti CCP Antibody test in the
diagnosis of early rheumatoid arthritis.
Predictive and Prognostic Values of Rheumatoid Factor.
When is it useful to measure Rheumatoid Factor?
Combination of RF and anti-CCP antibodies tests as initial
screening test in the diagnosis of Seronegative polyarthritis and in
the diagnosis of early Rheumatoid Arthritis.

Rheumatoid factors (RFs) are antibodies specific enough to be used as
diagnostic and prognostic markers of rheumatoid arthritis (RA). They
often appear many years before the onset of clinical RA.
Rheumatoid factors are antibodies directed against the Fc portion of IgG.
Rheumatoid factors (RF) are autoantibodies directed against the Fc
portion of IgG. The rheumatoid factor (RF) as initially described by
Waaler and Rose in 1940 and as currently measured in clinical practice
is an IgM RF, although other immunoglobulin types, including IgG and
IgA, have been described. Seropositive RA (ie, RA associated with a
positive rheumatoid factor test) is often associated with more aggressive
joint disease, and is more commonly complicated by extraarticular
manifestations than seronegative RF.
There is no single clinical, radiologic, or serologic test that enables a
diagnosis of RA to be made with certainty. As with other autoimmune
rheumatic diseases, the diagnosis depends upon the aggregation of
characteristic symptoms, signs, laboratory data, and radiologic findings.
6

The main clinically useful biologic markers in patients with RA include
rheumatoid factors, anti-cyclic citrullinated peptide (anti-CCP)
antibodies, erythrocyte sedimentation rate (ESR), and C-reactive protein
(CRP). Measurement of anti-CCP antibodies also may be useful in the
differential diagnosis of early polyarthritis.

3.1. The prevalence of Rheumatoid Factor.
The reported sensitivity of the RF test in RA has been as high as 90
percent. However, population-based studies, which include patients with
mild disease, have found much lower rates of RF-positive RA (26 to 60
percent) [122].
In Finland the prevalence of RF positive RA in adults was reported to be
0.7%[114].The annual incidence has varied from 32 to 42 per 100 000 in
different studies during the past two decades, [115] and was highest in
eastern and lowest in western Finland. [116]. In the absence of arthritis
the prevalence of positive and strongly positive RF reactions was 2.1%
and 1.0%, respectively. A recent study from Finland suggested that daily
coffee consumption was associated with an increased prevalence of
―false positive‖ RF reactions and seemed to be a risk factor for RF
positive RA[117].
In England the prevalence of a ―false positive‖ RF reaction was higher
in polluted areas than less polluted areas[118].
The prevalence of positive RF has been reported to be high in Pima
Indians, [119] related to the high incidence of RA among the Pima[120]
and declining in line with the temporal trends in RA[121].
The prevalence of RA is 0.5–1% among adults in Europe, but it seems to
be much lower in some Asian and African populations [113].
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RF is considered an early marker since its presence is linked with an
increased risk of developing Rheumatoid Arthritis (RA) in people with
mild arthritic symptoms.Among the many biologic markers that have
been assessed for usefulness in estimating disease activity and prognosis
of rheumatoid arthritis, only a few have found a role in clinical practice.
At present, the main clinically useful biologic markers in patients with
RA are rheumatoid factors and antibodies to citrullinated peptides for
both diagnosis and prediction of functional and radiographic outcomes,
and erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)
for aiding in ongoing assessment of disease activity and predicting
functional and radiographic outcomes. Patients with rheumatoid arthritis
(RA) follow a variable disease course with regard to outcome measures
such as functional status or radiological assessment of joint damage.
Rheumatoid factor became part of the classification criteria of RA
almost 50 years ago. A variety of autoantigen-autoantibody systems has
been described over the years.
Patients with rheumatoid arthritis (RA) follow a variable disease course
with regard to outcome measures such as functional status or
radiological assessment of joint damage. Early identification of patients
with RA and, in particular, those likely to assume a more rapidly
destructive form of disease, is important because of the possible benefit
from early, aggressive intervention with disease modifying agents. This
realization has prompted the investigation and measurement of
numerous biologic "markers" in blood and joint fluids that may serve as
indicators of prognosis and the response to therapy. Although some of
the markers under consideration are accessible in routine practice, many
are in the stage of experimental evaluation and require access to
specialized technology and customized reagents. Rheumatoid factor may
have some prognostic value with regard to disease manifestations and
activity, and the severity of joint erosions. Seropositive RA (i.e., RA
associated with a positive rheumatoid factor test) is often associated with
more aggressive joint disease, and is more commonly complicated by
extra articular manifestations than seronegative RA. Whether RF has a
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physiologic function is uncertain though some potentially beneficial
activities have been suggested.
There is currently no clear consensus regarding the indications for
ordering the RF. The overall utility of this test may be historically
overestimated and the pre-test probability of RF-associated disease as
well as confounding inflammatory disorders should be considered. RF
should not be used as a diagnostic test in patients who have arthralgias
but no other symptoms or signs of a rheumatic disease. Repeat testing of
RF may be useful if a patient's diagnosis remains uncertain. Higher titers
of RF have higher positive predictive value for RA. Seropositive disease
and higher titers of RF are associated with more severe RA,
measurement of RF has limited prognostic value in the individual patient
with RA.
At present, the main clinically useful biologic markers in patients with
RA are rheumatoid factors and antibodies to citrullinated peptides Anti
CCP Antibody test for both diagnosis and prediction of functional and
radiographic outcomes, therefore testing for the combination of antiCCP antibodies and IgM RF may be better for excluding the diagnosis
of RA than is achievable by testing for either antibody alone.
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4. FINDINGS TO DATE

Rheumatoid factors are antibodies directed against the Fc portion of IgG.
The rheumatoid factor (RF) as initially described by Waaler and Rose in
1940 and as currently measured in clinical practice is an IgM RF,
although other immunoglobulin types, including IgG and IgA, have been
described.The presence of RF can be detected by a variety of techniques
such as agglutination of IgG-sensitized sheep red cells or bentonite or
latex particles coated with human IgG, radioimmunoassay, enzymelinked immunosorbent assay (ELISA) or nephelometry [1-6].
Measurement of RF is not standardized in many laboratories (leading to
problems with false positive results) and no one technique has clear
advantage over others. Testing for RF is primarily used for the diagnosis
of rheumatoid arthritis; however, RF may also be present in other
rheumatic diseases and chronic infections.

PATHOPHYSIOLOGY — The

origin of RF is incompletely
understood [7,8]. An abnormal immune response appears to select, via
antigenic stimulation, high-affinity RF from the host's natural antibody
repertoire [9]. This may occur in rheumatic diseases, such as rheumatoid
arthritis (RA), and in a number of inflammatory diseases characterized
by chronic antigen exposure, such as subacute bacterial endocarditis
(SBE). The development of RF after such infections has suggested that
they represent an antibody response to antibodies that have reacted with
microbes. This possibility is supported by experimental evidence
showing that mice immunized with IgM coated VSV (vesicular
stomatitis virus) develop rheumatoid factors [10].
4.1.

Normal human lymphoid tissue commonly possesses B lymphocytes
with RF expression on the cell surface. However, RF is not routinely
detectable in the circulation in the absence of an antigenic stimulus.
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Modified IgG could be a stimulus to RF production and could be an
important component of RA pathogenesis; this concept is supported by
studies that observed an association of RF and more severe RA with
autoantibodies to advanced glycated end product-damaged IgG or
agalactosyl IgG [11,12].
Costimulation of B cells, perhaps mediated by toll-like receptors
(TLRs), may allow B cells with low affinity receptors for IgG to become
activated. TLRs are components of the innate immune system, and they
provide signals after engaging various bacterial and viral products
[13,14]. Studies in patients with RA have enhanced our understanding of
the origin of RFs:
CD14-positive cells (monocytes) from the bone marrow stimulate
RF-producing B cells [15]. Furthermore, RF found in the
peripheral blood probably originates within the bone marrow [16].
Synovial fluid RF may be produced by synovium-derived CD20negative, CD38-positive plasma cells [17].
Circulating B cells require interleukin-10 (IL-10) for RF
production [18].
In RF-negative patients with RA, B cells capable of RF production
are fewer in number and less responsive to T cell help than in RFpositive patients with RA. In one study, for example, the frequency
of RF+:IgM+ B cells was increased more than 50-fold in
seropositive patients (7 to 20 percent of IgM+ B cells versus well
under 1 percent in normals; patients with seronegative RA had
intermediate values (1.5 to 6 percent of IgM+ B cells) [19].
Production of RF is also associated with the shared epitope of
HLA DRB1*0401 [20]. Cigarette smoking, a risk factor for more
severe RA, is associated with an increased prevalence of RF [21].
RFs possess significant heterogeneity related to mutations within
heavy and light chain genes [22]. Thus, IgM RFs from patients
with RA react with a variety of antigenic sites on autologous IgG
[23]. They also react against immunoglobulins found in many
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cellular and tissue antigens, but may have different biologic
activity in different hosts and anatomic locations. As an example,
one report of RF derived from synovial tissue lymphocytes in a
patient with RA found specificity for gastric gland nuclei and
smooth muscle; in contrast, RF derived from a control patient's
peripheral blood did not show this pattern of reactivity [24].
Possible functions — The function of RF is poorly understood [23].
Possible functions include:
Binding and processing of antigens embedded in immune
complexes.
Presentation of antigens to T lymphocytes in the presence of HLA
molecules.
Immune tolerance.
Amplification of the humoral response to bacterial or parasitic
infection.
Immune complex clearance.
The role of RFs in the pathogenesis and perpetuation of RA or other
rheumatic diseases is unknown. A high correlation for RF has been
noted among identical twins with RA, suggesting that genetic factors
influence both RF function and disease development [25]. However,
some studies have shown that patients with RF-negative RA have HLA
susceptibility alleles similar to those in RF-positive patients [26,27].
There may therefore be a similar immunogenetic predisposition to RA in
these patients that is independent of RF.
IgG and IgA RFs are occasionally present in patients with RA in the
absence of IgM RF [28,29]. Measurement of these non-IgM RFs is not
widely available. However, they may be of prognostic value, since there
is evidence suggesting that IgG, IgA, and 7S IgM RFs are associated
with more severe disease [30-34]. This risk appears to be independent of
HLA alleles associated with severe disease [35].
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4.2. CLINICAL DISORDERS ASSOCIATED WITH RF POSITIVITY.

A positive RF test can be found in rheumatic disorders, nonrheumatic
disorders, and healthy subjects [36].
Rheumatic disorders — Patients may have detectable serum RF in a
variety of rheumatic disorders, many of which share similar features,
such as symmetric polyarthritis and constitutional symptoms. These
include [36]:
Rheumatoid arthritis — 26 to 90 percent
Sjögren's syndrome — 75 to 95 percent
Mixed connective tissue disease — 50 to 60 percent
Mixed cryoglobulinemia (types II and III) — 40 to 100 percent
Systemic lupus erythematosus — 15 to 35 percent
Polymyositis/dermatomyositis — five to 10 percent
Other autoantibodies, including anti-cyclic citrullinated peptides (antiCCP), may be present in patients with suspected or established RA who
are RF-negative [37]. The optimal clinical use of anti-CCP antibody
testing and its relationship to RF testing remain uncertain [38].
Nonrheumatic disorders — Nonrheumatic disorders characterized by
chronic antigenic stimulation (especially with circulating immune
complexes or polyclonal B lymphocyte activation) commonly induce RF
production .Included in this group are [36]:
Indolent or chronic infection, as with SBE or hepatitis B or C virus
infection. As an example, studies have demonstrated that hepatitis
C infection, especially when accompanied by cryoglobulinemia, is
associated with a positive RF in 54 to 76 percent of cases [39-42].
RF production typically ceases with resolution of the infection in
these disorders. These molecules may be produced by activated
hepatic lymphocytes [43Inflammatory or fibrosing pulmonary
disorders, such as sarcoidosis.
Malignancy.
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Primary biliary cirrhosis.
Healthy individuals — Rheumatoid factors have been found in up to
four percent of young, healthy individuals [44]. The reported incidence
may be higher in elderly subjects without rheumatic disease, ranging
from three to 25 percent [45,46]. Part of this wide range may be
explained by a higher incidence of RF among the chronically ill elderly
as compared to healthy older patients [47]. When present, RF is typically
found in low to moderate titer (1:40 to 1:160) in individuals with no
demonstrable rheumatic or inflammatory disease.
Population-based studies have shown that some healthy people with
positive RF develop RA over time, especially if more than one isotype is
persistently elevated [57]. Retrospective study of stored blood samples
collected as part of routine blood donation, has demonstrated that nearly
30 percent of those who later develop RA have serum RF present for a
year or more prior to diagnosis (median 4.5 years) [58]. Likewise,
among military recruits who are diagnosed with systemic lupus
erythematosus, the presence of IgG or IgM RF in banked serum often
precedes development of arthritis [59]. However, most asymptomatic
persons with a positive RF do not progress to RA or SLE; as a result,
measurement of RF is a poor screening test for future rheumatic disease
[60].

4.3. RF titer — The titer of RF should be considered when analyzing
its utility. The higher the titer, the greater the likelihood that the patient
has rheumatic disease. There are, however, frequent exceptions to this
rule, particularly among patients with one of the chronic inflammatory
disorders noted above. Furthermore, the use of a higher titer for
diagnosis decreases the sensitivity of the test at the same time as it
increases the specificity (by decreasing the incidence of false positive
results). In our study, for example, an RF titer of 1:40 or greater was 28
percent sensitive and 87 percent specific for RA; in comparison, a titer
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of 1:640 or greater increased the specificity to 99 percent (ie, almost no
false positive results) but reduced the sensitivity to eight percent [48].

4.4. Predictive value — The predictive value of RF testing has not
been widely studied. As noted above, the sensitivity of RF in RA (ie, the
proportion of patients with RA who are RF positive) has ranged from 26
to 90 percent. The specificity (ie, the proportion of healthy patients
without RA who are RF negative) is reportedly 95 percent. As with any
diagnostic test, however, the predictive value is also affected by the
estimated likelihood of disease prior to ordering the test (ie, the pretest
probability) and, with RF, the proportion of patients with a
nonrheumatic disorder associated with RF production .
A study of consecutive tests ordered on unselected patients at the Beth
Israel Deaconess Medical Center in Boston [48]. The positive predictive
value of RF (the likelihood of having disease if the RF is positive) was
only 24 percent for RA and 34 percent for any rheumatic disease. Thus,
RF has a low positive predictive value if the test is ordered among
patients with a low prevalence of RF-associated rheumatic disease or
few clinical features of systemic rheumatic disease
RF testing also has modest positive predictive value among unselected
patients presenting with arthralgia and arthritis. In patients with
"undifferentiated" inflammatory arthritis the presence of RF was
somewhat helpful in predicting the ultimate diagnosis of RA, although
not as predictive as duration of symptoms for more than 12 weeks [49].
An earlier study found no predictive value for RF testing in such patients
[50].
On the other hand, the negative predictive value of the RF (the
likelihood of not having disease if the RF is negative) appears to be
relatively high. In our study, the negative predictive value for RA and
for any rheumatic disease was 89 and 85 percent, respectively [48]. It is
important to appreciate, however, that the value of a negative test
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depends upon the clinical setting. Suppose, for example, that a patient
has an estimated 10 percent chance of RA, a negative RF test (assuming
a sensitivity of 80 percent and specificity of 95 percent) will decrease
the likelihood of RA from 10 percent to 2 percent. This small benefit
may not justify performing the RF test.
The presence or absence of RF may have some value in predicting
response to treatment. As an example, the anti-CD20, B cell depleting
monoclonal antibody, rituximab, may be less effective for patients with
seronegative than for those with seropositive RA [51].
4.5. Prognostic value — RF-positive patients with RA may experience
more aggressive and erosive joint disease and extraarticular
manifestations than those who are RF-negative [52,53]. Similar findings
have been observed in juvenile rheumatoid arthritis [54]. These general
observations, however, are of limited utility in an individual patient
because of wide interpatient variability. In this setting, accurate
prediction of the disease course is not possible from the RF alone.
Although some have suggested that erosive disease may be accurately
predicted by analyzing the combination of HLA-DRB1 and RF status
among patients with RA [55].These tests are of limited value in an
individual patient as almost one-half of "high risk" patients had no
erosions at one year.
Repeat testing of RF may be useful if a patient's diagnosis remains
uncertain. However, there is no clear benefit to serial testing in a patient
with established RA. In Sjogren's Disease, the disappearance of a
previously positive RF may herald the onset of lymphoma [56] so some
clinicians check RF repeatedly in their patients with Sjogren's Disease.
The clinical utility of this practice, however, has not been critically
assessed.

16

4.6. Anti-cyclic citrullinated peptide (CCP) antibodies.
An enzyme linked immunosorbent assays (ELISA) was developed to
detect antibodies directed against filaggrin derived from human skin and
has high specificity and sensitivity for the diagnosis of RA [61]. The
target amino acid in filaggrin is citrulline, a post-translationally modified
arginine residue [62]. Subsequently, an ELISA assay for the detection of
antibodies to a cyclic peptide containing citrulline was made comercially
available, which was easier to standardize, and also had high sensitivity
and specificity for the diagnosis of RA. This became the assay for the
detection of anti-cyclic citrullinated peptide (anti-CCP) antibodies.
Citrullinated proteins and peptides — Anti-citrullinated protein
antibodies are highly specific for RA [96]. The citrullination is catalyzed
by peptidyl arginine deiminase; arginine residues on fibrin and
fibrinogen may be favored sites for deimination within rheumatoid joints
[97-100]. Intracellular citrullinated proteins colocalized with the
deimidase in 59 percent of RA synovial samples versus 17 percent of
control samples [98]. However, citrullinated proteins may also be found
in the synovium of other forms of arthritis, in nonsynovial tissue from
patients with RA (e.g. pulmonary rheumatoid nodules), in the lungs of
patients with interstitial pneumonitis, in brain from patients with
multiple sclerosis, and in normal brain [101,102].
The RA-associated HLA-DRB1*0404 allele is also associated with
production of antibodies to citrullinated fibrinogen, and T cell
proliferation in response to fibrinogen peptides is frequent in RA
patients but rare in controls [103]. In contrast, in another study the
shared epitope was associated with antibodies to a citrullinated peptide
derived from vimentin but not to a fibrinogen-derived citrullinated
peptide [104].
Comparisons of the shared epitope (SE) frequencies on HLA-DRB1
alleles in healthy populations with RA patients who do or do not harbor
anti-CCP antibodies have shown that the SE is associated only with antiCCP-positive disease and not with anti-CCP-negative disease. This
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indicates that the HLA-DRB1 alleles encoding the SE do not associate
with RA as such, but rather with a particular phenotype, disease with
anti-CCP antibodies [105].
A strong association between cigarette smoking, a known risk factor for
RA, and the presence HLA-DBR1*0404 or other HLA alleles
comprising the shared epitope has been noted for RA patients who have
anti-citrulline antibodies [106,107]. As an example, in an epidemiologic
study, the relative risk of developing RA was increased 20-fold in those
who had two alleles for the SE, had ever smoked cigarettes, and were
anti-cyclic citrullinated peptide (anti-CCP) positive [106]. Citrullinated
proteins were present in the bronchoalveolar lavage fluid from the lungs
of cigarette smokers, but were not demonstrated by immunostaining of
fluid from nonsmokers. This study connects two important risk factors
for RA, namely smoking and genetic predisposition conferred by
carriage of the SE. It also raises the possibility that smoking-induced
citrullinated proteins may serve as a link in the process, possibly as
neoantigens. The lack of an association between smoking and risk of RA
in those who are anti-CCP antibody negative, suggests that these disease
subsets (anti-CCP positive versus anti-CCP negative) differ in their
pathogenesis. However, a large collaborative study that included 2476
Caucasian RA patients from North America confirmed a strong
association between the presence of anti-CCP antibodies and the shared
epitope, but found only a weak association between anti-CCP formation
and smoking [108]. On the other hand another study of 216 patients
demonstrated a moderately strong association between anti-CCP and
tobacco exposure, irrespective of the presence of the SE [109].
As citrullinated proteins are found in many sites of inflammation, it is
not clear why patients with RA make such high titer antibodies to these
proteins. As noted above, one hypothesis is that this antibody response is
genetically mediated, but some patients with high titers of anti-CCP
antibodies are SE negative. Another hypothesis is that in RA, unique
citrullinated epitopes form, comprising the antigens to which most anticitrullinated antibodies develop. In this respect some of these putative
18

epitopes, recognized by rabbit and mouse antisera, colocalize in RA
synovium with PAD2 (peptidyl arginine deiminase), the enzyme that
converts arginine to citrulline [101]. Extensive research continues to
identify the "primary" citrullinated epitope(s) and to address the question
of why patients with RA generate high titers of anti-CCP antibodies
[110-112].

The increase in risk associated with smoking in individuals with the
shared epitope may be affected primarily by citrullination of proteins in
inflamed tissues. This was suggested in a study in which the association
between smoking and RA was strongest (relative risk 21) among
individuals with antibodies to citrullinated proteins as detected by the
anti-cyclic citrullinated peptide (anti-CCP) assay [91]. In contrast, there
was no evidence of an interaction between smoking and the shared
epitope in patients who were anti-CCP antibody negative, including a
subset who were anti-CCP negative but RF positive. Nor was an
association noted between cigarette smoking, anti-CCP antibody status,
or carriage of shared epitope in a study of 300 African American
patients with RA [92].
Another study evaluated the genetic-environment-immune link in 515
Danish RA patients [93]. 309 had anti-CCP antibodies; of 456 tested,
262 had the shared epitope. The odds ratio (for RA) for those having
both the shared epitope and having anti-CCP was 17.8. For the anti-CCP
pos, shared epitope RA patients the odds ratio for those who smoked
was 52.6 to 57.4 (vs 17.4 vs nonsmokers); for those who consumed
alcohol the odds ratio was 10.5-27 (for non-drinkers the odds-ratio was
50.1); the odds ratio for those who drank coffee was 27.4-53.3 (v s 13.0
for non-coffee drinkers); and the odds ratio for women who used OC
was 44.6 (vs 32.3 for non-users). Furthermore the odds ratio for antiCCP pos, shared epitope homozygous who were unmarried was 177 and
those without a job was 243. The authors concluded that smoking among
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carriers of the shared epitope (either heterozygotes or homozygotes)
accounted for 36 percent of all anti-CCP positive RA patients.
Some have interpreted these data to indicate that the shared epitope is a
marker for anti-CCP antibodies rather than an independent risk factor for
RA per se. Peptidyl arginase deiminase (PADI) is the enzyme that
modifies arginine residues to citrulline. One haplotype in the PADI 4
gene leads to increased levels of the enzyme and susceptibility to RA in
some Asian populations [94]. In a study from Korea of 341 RA patients,
PADI4 haplotypes were associated with "seropositive" (eg anti-CCP)
RA of short disease duration, while the shared epitope was associated
with longstanding, seropositive RA [95].
As with RF, anti-CCP antibodies may be present prior to the appearance
of symptoms of RA.
ELISA assays that detect anti-CCP antibodies have a sensitivity and
specificity of 47 to 76 and 90 to 96 percent for RA, respectively [62-69].
The best data come from a meta-analysis of 87 studies in which the
pooled sensitivity and specificity for the diagnosis of RA were 67
percent (95% CI 62-72 percent) and 95 percent (95% CI, 94-97 percent)
for anti-CCP antibodies, compared to 69 percent (95% CI 65-73 percent)
and 85 percent (95% CI, 82-88 percent) for IgM RF [63].
Test performance is dependent upon the characteristics of the assay kit.
Higher values of sensitivity and specificity have been reported with a
later generation assay compared to the original assay [68,70,71].

Measurement of anti-CCP antibodies also may be useful in the
differential diagnosis of early polyarthritis [68]. Although anti-CCP
antibody testing is more specific than RF for RA [63], positive results
can occur in other diseases, including tuberculosis and several
autoimmune rheumatic diseases [69,72-75]. As examples:
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An increased prevalence of anti-CCP antibodies has been noted in
patients with active tuberculosis (TB). The rate in different studies
has ranged from 32 to 39 percent [72,73] to as low as 7 percent
[74].Many patients with TB and anti-CCP antibodies also have
antibodies to a cyclic peptide that contains an unmodified arginine
residue (CAP) [73]. This suggests that binding of the antibodies
from patients with TB is determined by portions of the CCP
peptide other than the citrulline moiety.
In a study of 116 Japanese patients with rheumatic diseases other
than RA, anti-CCP antibodies were detected in 15 percent of
patients with SLE, 14 percent with Sjogren's syndrome, 23 percent
with either polymyositis or dermatomyositis, and 6 percent with
scleroderma [75]. However, the mean titers of anti-CCP antibodies
among patients without RA were substantially lower compared
with titers in the RA group. Similar observations were made in a
large French cohort [69].
Testing for the combination of anti-CCP antibodies and IgM RF may be
better for excluding the diagnosis of RA than testing for either antibody
alone. This was illustrated in a study that compared the results of
serologic testing in 196 patients with a clinical diagnosis of RA and in
239 controls [64]. The main findings with respect to test performance
were as follows:
Anti-CCP — sensitivity 56 percent and specificity 90 percent
IgM RF — sensitivity 73 and specificity 82 percent
IgM RF and anti-CCP — sensitivity 48 and specificity 96 percent
Anti-CCP antibody-positive patients with early RA are at increased risk
of progressive joint damage [83,84,63,76,77]. This was illustrated in a
series of 145 such patients in which there was more radiographically
apparent damage after five years of observation in those with detectable
anti-CCP antibodies compared to those who were RF-positive [76]. The
presence of anti-CCP antibodies was also predictive of more rapid
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radiographic progression in two studies of 183 and 279 Swedish patients
with early RA [84,77], and the BeSt trial in 508 Dutch patients [83].
Among patients with early oligo- or polyarthritis, positive anti-CCP
testing appears to predict an increased risk for radiographic progression
in patients who are IgM-RF negative. This was demonstrated in a
prospective study that included 178 such patients [78]. Radiographic
progression (more than 5 units by Sharp score) was more frequent in the
anti-CCP positive patients than those with a negative test result (40
versus 5 percent). The anti-CCP test correctly predicted whether or not
there would be worsening radiographic damage in 83 percent. Similar
findings have been noted in other studies [79-81].
A decrease in anti-CCP titers can be seen in patients treated effectively
with nonbiologic or biologic DMARDs, but is less frequent and of a
lesser magnitude than the decrease in IgM RF [82].
RF and anti-cyclic citrullinated peptide (anti-CCP) antibodies may be
present in the blood prior to the appearance of arthritis [85-88].
The following observations illustrate the range of findings:
In a cohort study of healthy individuals from Finland, 9 of 129
subjects with positive RF subsequently developed seropositive RA
over a 10 year investigation period, as compared to only 12 of
7000 subjects with negative tests (7.0 versus 0.2 percent) [85].
In a report of 83 patients with RA who had stored blood samples
available as a result of blood donation or prenatal testing, the
prevalence of anti-CCP antibodies was significantly higher in
patients preceding diagnosis than in controls (34 versus 5 percent)
[86]. There was also a significant increase in the prevalence of RFs
of all isotypes (17, 19, and 33 percent for RF of IgG, IgM, and IgA
isotype, respectively).
In a case-control study of 79 patients with RA who had stored
serum available from blood donations prior to the development of
RA (1 to 51 samples per patient, dating up to 15 years prior onset
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of RA), 49 percent had detectable anti-CCP and/or anti-IgM RF on
at least one occasion and 41 percent had anti-CCP detectable when
symptoms first develop [87].
Although these autoantibodies may represent clinically silent disease,
the development of such autoantibodies can also be viewed as a risk
factor for the later development of disease. The sensitivity of a positive
anti-CCP assay and a positive RF in the 1.5 years prior to diagnosis has
ranged from 18 to 30 percent and the specificity from 99 to 100 percent.
The following are some of the useful features of anti-CCP antibody
assays:
The sensitivity of enzyme-linked immunosorbent assays (ELISA)
for anti-CCP antibodies is similar to that of testing for IgM RF, but
the specificity of a positive anti-CCP antibody assay is higher, in
the range of 90 to 96 percent.
Anti-CCP antibodies predict erosive disease more effectively
among patients with RA than do assays for RF [89,90].
Testing for the combination of anti-CCP antibodies and IgM RF
may be better for excluding the diagnosis of RA than is achievable
by testing for either antibody alone.
ELISA testing for anti-CCP may be useful in the differential
diagnosis of early stage RA, particularly in the ability to
distinguish RA from primary Sjögren's syndrome or SLE. It may
also be valuable in identifying those patients with early RA who
are at increased risk of progressive joint damage.
Among patients with early oligo- or polyarthritis, anti-CCP testing
appears to be of predictive value in the IgM-RF negative subgroup.
Anti-CCP testing is a clinically useful tool in diagnosis or
exclusion of RA in patients with polyarthritis.
In contrast to RF, anti-CCP antibodies are rarely present in the
serum of patients with HCV infections.
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5. FUTURE

Widely available tests that may predict functional and radiographic
outcomes in patients with rheumatoid arthritis (RA) are: serum IgM
rheumatoid factor (RF), serum anti-cyclic citrullinated peptide
antibodies (anti-CCP), Erythrocyte sedimentation rate (ESR), and C
reactive protein (CRP).Unless it is demonstrated that there is an
intervention that effectively and safely reduces the risk of developing
RA, there is no role for screening asymptomatic individuals for either
RF or anti-CCP antibodies. Patients with synovitis of less than six weeks
duration do not meet current ACR criteria for RA. Those with early
arthritis who are RF or anti-CCP antibody positive are at an increased
risk of developing RA and erosive joint disease, while those with neither
of these markers are less likely to develop joint damage. (Thus, earlier
intervention with disease modifying antirheumatic drug (DMARD)
therapy may be warranted in those with positive markers, while
symptomatic treatment (e.g. with nonsteroidal anti-inflammatory drugs)
may be appropriate for those lacking both RF and anti-CCP antibodies
when first seen.).Diagnoses other than RA should be considered in
patients who are both RF and anti-CCP antibody negative. Patients with
an established diagnosis of RA who have a positive test for RF, antiCCP antibodies, or both are at a higher risk of developing erosive joint
damage and functional impairment. As a result, such patients should
receive anti-rheumatic therapy that suppresses disease activity early in
the course of their disease. Other tests may also have prognostic
importance, but are either still investigational or have limited clinical
availability.
Anti-CCP antibody-positive patients with early RA are at increased risk
of progressive joint damage. The combination of IgM RF and anti-CCP
have a sensitivity 48 and specificity 96 percent respectively as compared
to IgM RF of sensitivity 73 and specificity 82 percent. Among patients
with early oligo- or polyarthritis, positive anti-CCP testing appears to
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predict an increased risk for radiographic progression in patients who are
IgM-RF negative. Widely available tests that may predict functional and
radiographic outcomes in patients with rheumatoid arthritis (RA) are:
serum IgM rheumatoid factor (RF), serum anti-cyclic citrullinated
peptide antibodies (anti-CCP), Erythrocyte sedimentation rate (ESR),
and C reactive protein (CRP).Unless it is demonstrated that there is an
intervention that effectively and safely reduces the risk of developing
RA, there is no role for screening asymptomatic individuals for either
RF or anti-CCP antibodies. Measurement of anti-CCP antibodies also
may be useful in the differential diagnosis of early polyarthritis.
Therefore testing for the combination of anti-CCP antibodies and IgM
RF may be better for excluding the diagnosis of RA than testing for
either antibody alone in patients with oligoarthritis or polyarthritis.
There is currently no clear consensus regarding the indications for
ordering the RF. The overall utility of this test may be historically
overestimated and the pretest probability of RF-associated disease as
well as confounding inflammatory disorders should be considered.
Widely available tests that may predict functional and radiographic
outcomes in patients with rheumatoid arthritis (RA) are: serum IgM
rheumatoid factor (RF), serum anti-cyclic citrullinated peptide
antibodies (anti-CCP), Erythrocyte sedimentation rate (ESR), and C
reactive protein (CRP).
Patients with synovitis of less than six weeks duration do not meet
current ACR criteria for RA. Those with early arthritis who are RF or
anti-CCP antibody positive are at an increased risk of developing RA
and erosive joint disease, while those with neither of these markers are
less likely to develop joint damage.)
Thus, earlier intervention with disease modifying antirheumatic drug
(DMARD) therapy may be warranted in those with positive markers,
while symptomatic treatment (e.g. with nonsteroidal anti-inflammatory
drugs) may be appropriate for those lacking both RF and anti-CCP
antibodies when first seen. Diagnoses other than RA should be
considered in patients who are both RF and anti-CCP antibody negative
Patients with an established diagnosis of RA who have a positive test for
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RF, anti-CCP antibodies, or both are at a higher risk of developing
erosive joint damage and functional impairment. As a result, such
patients should receive anti-rheumatic therapy that suppresses disease
activity early in the course of their disease. Other tests may also have
prognostic importance, but are either still investigational or have limited
clinical availability. Unless it is demonstrated that there is an
intervention that effectively and safely reduces the risk of developing
RA, there is no role for screening asymptomatic individuals for either
RF or anti-CCP antibodies.
Measurement of RF has little value as a screening test to diagnose or
exclude rheumatic disease in either healthy populations or those with
arthralgias. Healthy individual’s individuals should not be tested for RF.
Similarly we should not be using the RF as a diagnostic test in patients
who have arthralgias but no other symptoms or signs of a rheumatic
disease.

5.1 FUTURE RECCOMENDATIONS

RF or anti-CCP antibodies test should be evaluated in the
same clinical setting in which it is planned to be used.
Diagnostic tests are most useful when applied in clinical
situations in which the disease in question is reasonably
likely to be present and unhelpful when the likelihood of
disease is very low.
Higher titers of RF have higher positive predictive value
for RA. Although, in aggregate, seropositive disease and
higher titers of RF are associated with more severe RA,
measurement of RF has limited prognostic value in the
individual patient with RA.
The titer of RF should be considered when analyzing its
utility. The higher the titer, the greater the likelihood that
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the patient has rheumatic disease. There are, however,
frequent exceptions to this rule, particularly among
patients with one of the chronic inflammatory disorders.
Most asymptomatic persons with a positive RF do not
progress to RA or SLE; as a result, measurement of RF is
a poor screening test for future rheumatic diseaseTesting
for the combination of anti-CCP antibodies and IgM RF
may be better for excluding the diagnosis of RA than is
achievable by testing for either antibody alone.
Rheumatoid factor is detected in the setting of various
rheumatic diseases, infections, other inflammatory
diseases, and in some healthy people.
The RF has a higher positive predictive value if ordered
more selectively in patients with a modest or higher
chance of having an RF-associated rheumatic disease such
as RA or Sjögren's syndrome. Included in this group are
patients with prominent morning stiffness, sicca
symptoms, or arthralgia or arthritis in a rheumatoid
distribution (i.e., symmetric polyarthritis involving small
joints).
ELISA testing for anti-CCP may be useful in the
differential diagnosis of early stage RA, particularly in the
ability to distinguish RA from primary Sjögren's syndrome
or SLE. It may also be valuable in identifying those
patients with early RA who are at increased risk of
progressive joint damage.
Anti-CCP antibody-positive patients with early RA are at
increased risk of progressive joint damage.
Among patients with early oligo- or polyarthritis, antiCCP testing appears to be of predictive value in the IgMRF negative subgroup.
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6. CONCLUSION:

Rheumatoid factors are antibodies directed against the Fc portion of IgG.
The rheumatoid factor (RF) as initially described by Waaler and Rose in
1940 and as currently measured in clinical practice is an IgM RF,
although other immunoglobulin types, including IgG and IgA, have been
described.
Widely available tests that may predict functional and radiographic
outcomes in patients with rheumatoid arthritis (RA) are: serum IgM
rheumatoid factor (RF), serum anti-cyclic citrullinated peptide
antibodies (anti-CCP), Erythrocyte sedimentation rate (ESR), and C
reactive protein (CRP).The presence of RF can be detected by a variety
of techniques such as agglutination of IgG-sensitized sheep red cells or
bentonite or latex particles coated with human IgG, radioimmunoassay,
enzyme-linked immunosorbent assay (ELISA) or nephelometry .
Measurement of RF is not standardized in many laboratories (leading to
problems with false positive results) and no one technique has clear
advantage over others. Testing for RF is primarily used for the diagnosis
of rheumatoid arthritis; however, RF may also be present in other
rheumatic diseases and chronic infections. High titer IgM RF is
relatively specific for the diagnosis of RA in the context of a chronic
polyarthritis, and was for decades the sole serologic criterion widely
used in the diagnosis of RA. It has little predictive value in the general
population; however, since the overall disease prevalence is relatively
low. RF also occurs in other diseases.
Rheumatoid factor may have some prognostic value with regard to
disease manifestations and activity, and the severity of joint erosions.
Seropositive RA (i.e., RA associated with a positive rheumatoid factor
test) is often associated with more aggressive joint disease, and is more
commonly complicated by extra articular manifestations than
seronegative RA. Whether RF has a physiologic function is uncertain
though some potentially beneficial activities have been suggested.
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There is currently no clear consensus regarding the indications for
ordering the RF. The overall utility of this test may be historically
overestimated and the pretest probability of RF-associated disease as
well as confounding inflammatory disorders should be considered. RF
should not be used as a diagnostic test in patients who have arthralgias
but no other symptoms or signs of a rheumatic disease. Repeat testing of
RF may be useful if a patient's diagnosis remains uncertain. Higher titers
of RF have higher positive predictive value for RA. Seropositive disease
and higher titers of RF are associated with more severe RA;
measurement of RF has limited prognostic value in the individual patient
with RA.
Widely available tests that may predict functional and radiographic
outcomes in patients with rheumatoid arthritis (RA) are: serum IgM
rheumatoid factor (RF), serum anti-cyclic citrullinated peptide
antibodies (anti-CCP), Erythrocyte sedimentation rate (ESR), and C
reactive protein (CRP)
Unless it is demonstrated that there is an intervention that effectively and
safely reduces the risk of developing RA, there is norole for screening
asymptomatic individuals for either RF or anti-CCP antibodies.
Patients with synovitis of less than six weeks duration do not meet
current ACR criteria for RA. Those with early arthritis who are RF or
anti-CCP antibody positive are at an increased risk of developing RA
and erosive joint disease, while those with neither of these markers are
less likely to develop joint damage. Thus, earlier intervention with
disease modifying antirheumatic drug (DMARD) therapy may be
warranted in those with positive markers, while symptomatic treatment
(e.g. with nonsteroidal anti-inflammatory drugs) may be appropriate for
those lacking both RF and anti-CCP antibodies when first seen.
Diagnoses other than RA should be considered in patients who are both
RF and anti-CCP antibody negative. As with RF, anti-CCP antibodies
may be present prior to the appearance of symptoms of RA. Patients
with an established diagnosis of RA who have a positive test for RF,
anti-CCP antibodies, or both are at a higher risk of developing erosive
joint damage and functional impairment. As a result, such patients
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should receive anti-rheumatic therapy that suppresses disease activity
early in the course of their disease.
Patients with an established diagnosis of RA who have a positive test for
RF, anti-CCP antibodies, or both are at a higher risk of developing
erosive joint damage and functional impairment. As a result, such
patients should receive anti-rheumatic therapy that suppresses disease
activity early in the course of their disease. Diagnoses other than RA
should be considered in patients who are both RF and anti-CCP antibody
negative. Patients with synovitis of less than six weeks duration do not
meet current ACR criteria for RA. Those with early arthritis who are RF
or anti-CCP antibody positive are at an increased risk of developing RA
and erosive joint disease, while those with neither of these markers are
less likely to develop joint damage thus earlier intervention with disease
modifying antirheumatic drug (DMARD) therapy may be warranted in
those with positive markers, while symptomatic treatment (e.g. with
nonsteroidal anti-inflammatory drugs) may be appropriate for those
lacking both RF and anti-CCP antibodies when first seen.
Measurement of RF has little value as a screening test to diagnose or
exclude rheumatic disease in either healthy populations or those with
arthralgias. There is currently no clear consensus regarding the
indications for ordering the RF and therefore we should not be screening
healthy individuals by testing for RF.

The overall utility of this test may be historically overestimated and the
pretest probability of RF-associated disease as well as confounding
inflammatory disorders should be considered. Rheumatoid factor is
detected in the setting of various rheumatic diseases, infections, other
inflammatory diseases, and in some healthy people. The RF has a higher
positive predictive value if ordered more selectively in patients with a
modest or higher chance of having a RF. Higher titers of RF have higher
positive predictive value for RA. Although, in aggregate, seropositive
disease and higher titers of RF are associated with more severe RA,
measurement of RF has limited prognostic value in the individual patient
with RA.
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Testing for the combination of anti-CCP antibodies and IgM RF may be
better for excluding the diagnosis of RA than is achievable by testing for
either antibody alone. ELISA testing for anti-CCP may be useful in the
differential diagnosis of early stage RA, particularly in the ability to
distinguish RA from primary Sjögren's syndrome or SLE. It may also be
valuable in identifying those patients with early RA who are at increased
risk of progressive joint damage. Earlier intervention with disease
modifying antirheumatic drug (DMARD) therapy may be warranted in
those with positive markers, while symptomatic treatment (e.g., with
nonsteroidal anti-inflammatory drugs) may be appropriate for those
lacking both RF and anti-CCP antibodies when first seen.
Among patients with early oligo- or polyarthritis, anti-CCP testing
appears to be of predictive value in the IgM-RF negative subgroup.
Anti-CCP testing is a clinically useful tool in diagnosis or exclusion of
RA in patients with polyarthritis. Patients with an established diagnosis
of RA who have a positive test for RF, anti-CCP antibodies, or both are
at a higher risk of developing erosive joint damage and functional
impairment. As a result, such patients should receive anti-rheumatic
therapy that suppresses disease activity early in the course of their
disease. Diagnoses other than RA should be considered in patients who
are both RF and anti-CCP antibody negative. Unless it is demonstrated
that there is an intervention that effectively and safely reduces the risk of
developing RA, there is no role for screening asymptomatic individuals
for either RF or anti-CCP antibodies. Patients with synovitis of less than
six weeks duration do not meet current ACR criteria for RA. Those with
early arthritis who are RF or anti-CCP antibody positive are at an
increased risk of developing RA and erosive joint disease, while those
with neither of these markers are less likely to develop joint damage.
Patients with an established diagnosis of RA who have a positive test for
RF, anti-CCP antibodies, or both are at a higher risk of developing
erosive joint damage and functional impairment. As a result, such
patients should receive anti-rheumatic therapy that suppresses disease
activity early in the course of their disease.
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6.1 Summary and Recommendations:
Rheumatoid factors are antibodies directed against the Fc
portion of IgG. Normal human lymphoid tissue commonly
possesses B lymphocytes with RF expression on the cell
surface. However, RF is not routinely detectable in the
circulation in the absence of an antigenic stimulus.
How chronic infections and rheumatic diseases lead to
increased RF in serum is uncertain, but one attractive
hypothesis suggests costimulation of B cells with low
affinity receptors for IgG through toll-like receptors by
DNA or RNA containing immune complexes may play a
role. Whether RF has a physiologic function is uncertain
though some potentially beneficial activities have been
suggested.
Rheumatoid factor is detected in the setting of various
rheumatic diseases, infections, other inflammatory
diseases, and in some healthy people. There is currently no
clear consensus regarding the indications for ordering the
RF. The overall utility of this test may be historically
overestimated and the pretest probability of RF-associated
disease as well as confounding inflammatory disorders
should be considered.
Measurement of RF has little value as a screening test to
diagnose or exclude rheumatic disease in either healthy
populations or those with arthralgias.
The RF has a higher positive predictive value if ordered
more selectively in patients with a modest or higher
chance of having an RF-associated rheumatic disease such
as RA or Sjögren's syndrome. Included in this group are
patients with prominent morning stiffness, sicca
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symptoms, or arthralgia or arthritis in a rheumatoid
distribution (i.e., symmetric polyarthritis involving small
joints).
The value of a negative RF (i.e., its negative predictive
value) is limited by the incidence of RF-negative RA and
the low prevalence of RF-associated rheumatic disease
among all patients with arthralgia.
Higher titers of RF have higher positive predictive value
for RA.
Although, in aggregate, seropositive disease and higher
titers of RF are associated with more severe RA,
measurement of RF has limited prognostic value in the
individual patient with RA.
Testing for the combination of anti-CCP antibodies and
IgM RF may be better for excluding the diagnosis of RA
than testing for either antibody alone in patients with
oligoarthritis or polyarthritis.
Anti-CCP antibody-positive patients with early RA are at
increased risk of progressive joint damage.
Unless it is demonstrated that there is an intervention that
effectively and safely reduces the risk of developing RA,
there is no role for screening asymptomatic individuals for
either RF or anti-CCP antibodies.

33

7. REFERENCES
1. Waaler, E. On the occurrence of a factor in human serum activating
the specific agglutination of sheep blood corpuscles. Acta Path
Microbiol Scand 1940; 17:172.
2. Plotz, CM, Singer, JM. The latex fixation test. I. Application to the
serologic diagnosis of rheumatoid arthritis. Am J Med 1956; 21:888.
3. Roberts-Thomson, PJ, McEvoy, R, Langhans, T, Bradley, J. Routine
quantification of rheumatoid factor by rate nephelometry. Ann Rheum
Dis 1985; 44:379.
4.
Larkin, JG, Sturrock, RD, Stimson, WH. A rapid enzyme
immunoassay for the detection of IgM rheumatoid factor — a
comparison of "sero-negative" and "sero-positive" rheumatoid patients. J
Clin Lab Immunol 1986; 20:207.
5. Keshgegian, AA, Straub, CW, Loos, EF, Grenoble, BK. Rheumatoid
factor measured with the QM300 nephelometer: Clinical sensitivity and
specificity. Clin Chem 1994; 40:943.
6. Wolfe, F. A comparison of IgM rheumatoid factor by nephelometry
and latex methods: Clinical and laboratory significance. Arthritis Care
Res 1998; 11:89.
7. Sutton, B, Corper, A, Bonagura, V, Taussig, M. The structure and
origin of rheumatoid factors. Immunol Today 2000; 21:177.
8. Westwood, OM, Nelson, PN, Hay, FC. Rheumatoid factors: what's
new?. Rheumatology (Oxford) 2006; 45:379.
9. Carayannopoulos, MO, Potter, KN, Li, Y, et al. Evidence that human
immunoglobulin M rheumatoid factors can be derived from the natural
autoantibody pool and undergo an antigen driven immune response in
which somatically mutated rheumatoid factors have lower affinities for
34

immunoglobulin G Fc than their germline counterparts. Scand J
Immunol 2000; 51:327.
10. Fehr, T, Bachmann, MF, Bucher, E, et al. Role of repetitive antigen
patterns for induction of antibodies against antibodies. J Exp Med 1997;
185:1785.
11. Das, H, Atsumi, T, Fukushima, Y, et al. Diagnostic value of
antiagalactosyl IgG antibodies in rheumatoid arthritis. Clin Rheumatol
2004; 23:218.
12. Newkirk, MM, Goldbach-Mansky, R, Lee, J, et al. Advanced
glycation end-product (AGE)-damaged IgG and IgM autoantibodies to
IgG-AGE in patients with early synovitis. Arthritis Res Ther 2003;
5:R82.
13. Shlomchik, MJ, Zharhary, D, Saunders, T, et al. A rheumatoid
factor transgenic mouse model of autoantibody regulation. Int Immunol
1993; 5:1329.
14. Rifkin, IR, Leadbetter, EA, Busconi, L, et al. Toll-like receptors,
endogenous ligands, and systemic autoimmune disease. Immunol Rev
2005; 204:27.
15. Hirohata, S, Yanagida, T, Koda, M, et al. Selective induction of IgM
rheumatoid factors by CD14+ monocyte-lineage cells generated from
bone marrow of patients with rheumatoid arthritis. Arthritis Rheum
1995; 38:384.
16. Breedveld, FC, Otten, HG, Daha, MR. Rheumatoid factor
production in the joint. Scand J Rheumatol Suppl 1995; 101:183.
17. Van Esch, WJ, Reparon-Schuijt, CC, Hamstra, HJ, et al. Human
IgG Fc-binding phage antibodies constructed from synovial fluid CD38+
B cells of patients with rheumatoid arthritis show the imprints of an
35

antigen-dependent process of somatic hypermutation and clonal
selection. Clin Exp Immunol 2003; 131:364.
18.
Perez, L, Orte, J, Brieva, JA. Terminal differentiation of
spontaneous rheumatoid factor-secreting B cells from rheumatoid
arthritis patients depends upon endogenous interleukin-10. Arthritis
Rheum 1995; 38:1771.
19. He, X, Zhong, W, McCarthy, TG, et al. Increased responsiveness of
rheumatoid factor-producing B cells in seronegative and seropositive
rheumatoid arthritis. Arthritis Rheum 1996; 39:1499.
20. Mattey, DL, Dawes, PT, Clarke, S, et al. Relationship among HLADRB1 shared epitope, smoking, and rheumatoid factor production in
rheumatoid arthritis. Arthritis Rheum 2002; 47:403.
21. Padyukov, L, Silva, C, Stolt, P, et al. A gene-environment
interaction between smoking and shared epitope genes in HLA-DR
provides a high risk of seropositive rheumatoid arthritis. Arthritis
Rheum 2004; 50:3085.
22. Youngblood, K, Fruchter, L, Ding, G, et al. Rheumatoid factors
from the peripheral blood of two patients with rheumatoid arthritis are
genetically heterogeneous and somatically mutated. J Clin Invest 1994;
93:852.
23. Carsons, DA. Rheumatoid factor. In: Textbook of Rheumatology,
4th ed, Kelley, WN, Harris, ED, Ruddy, S, Sledge, CB (Eds), Saunders,
Philadelphia, 1993.
24. Thorpe, SJ, Borretzen, M, Bailey, SW, et al. Human monoclonal
rheumatoid factors: Incidence of cross-reactions with tissue components
and correlation with VH gene usage. Immunology 1994; 83:114.
25. MacGregor, AJ, Bamber, S, Carthy, D, et al. Heterogeneity of
disease phenotype in monozygotic twins concordant for rheumatoid
arthritis. Br J Rheumatol 1995; 34:215.
36

26. Vehe, RK, Nepom, GT, Wilske, KR, et al. Erosive rheumatoid
factor negative and positive rheumatoid arthritis are immunogenetically
similar. J Rheumatol 1994; 21:194.
27.
Al-Jarallah, KF, Buchanan, WW, Sastry, A, Singal, DP.
Seronegative rheumatoid arthritis and HLA-DR4. J Rheumatol 1994;
21:190.
28. Gioud-Paquet, M, Auvinet, M, Raffin, T, et al. IgM rheumatoid
factor (RF), IgA RF, IgE RF, and IgG RF detected by ELISA in
rheumatoid arthritis. Ann Rheum Dis 1987; 46:65.
29. Bonagura, VR, Wedgwood, JF, Agostino, N, et al. Seronegative
rheumatoid arthritis, rheumatoid factor cross reactive idiotype
expression, and hidden rheumatoid factors. Ann Rheum Dis 1989;
48:488.
30. van Leeuwen, MA, Westra, J, van Riel, PL, et al. IgM, IgA, and IgG
rheumatoid factors in early rheumatoid arthritis: Predictive of
radiological progression? Scand J Rheumatol 1995; 24:146.
31. Coughlan, RJ, Gordon, Y, Clark, B, Panayi, GS. 7S IgM in the sera
of patients with arthritis. Br J Rheumatol 1987; 26:108.
32. Van Zeben, D, Hazes, JMW, Zwinderman, AH, et al. Clinical
significance of rheumatoid factors in early rheumatoid arthritis: Results
of a follow-up study. Ann Rheum Dis 1992; 51:1029.
33. Eberhardt, KB, Truedsson, L, Pettersson, H, et al. Disease activity
and joint damage progression in early rheumatoid arthritis: Relation to
IgG, IgA nephropathy and IgM rheumatoid factor. Ann Rheum Dis
1990; 49:906.

37

34. Cabral, D, Katz, JN, Weinblatt, ME, et al. Development and
assessment of indicators of rheumatoid arthritis severity: results of a
Delphi panel. Arthritis Rheum 2005; 53:61.
35. Mattey, DL, Hassell, AB, Dawes, PT, et al. Independent association
of rheumatoid factor and the HLA-DRB1 shared epitope with
radiographic outcome in rheumatoid arthritis. Arthritis Rheum 2001;
44:1529.
36. Shmerling, RH, Delbanco, TL. The rheumatoid factor: An analysis of
clinical utility. Am J Med 1991; 91:528.
37. Lee, DM, Schur, PH. Clinical utility of the anti-CCP assay in
patients with rheumatic diseases. Ann Rheum Dis 2003; 62:870.
38. Vander Cruyssen, B, Peene, I, Cantaert, T, et al. Anti-citrullinated
protein/peptide antibodies (ACPA) in rheumatoid arthritis: specificity
and relation with rheumatoid factor. Autoimmun Rev 2005; 4:468.
39.
Pawlotsky, JM, Roudot-Thoraval, F, Simmonds, P, et al.
Extrahepatic immunologic manifestations in chronic hepatitis C and
hepatitis C virus serotypes. Ann Intern Med 1995; 122:169.
40. Clifford, BD, Donahue, D, Smith, L, et al. High prevalence of
serological markers of autoimmunity in patients with chronic hepatitis
C. Hepatology 1995; 21:613.
41. Pawlotsky, JM, Ben Yahia, M, Andre, C, et al. Immunological
disorders in C virus chronic active hepatitis: A prospective case-control
study. Hepatology 1994; 19:841.

38

42. Lienesch, D, Morris, R, Metzger, A, et al. Absence of cyclic
citrullinated peptide antibody in nonarthritic patients with chronic
hepatitis C infection. J Rheumatol 2005; 32:489.
43. Sansonno, D, De Vita, S, Iacobelli, AR, et al. Clonal analysis of
intrahepatic B cells from HCV-infected patients with and without mixed
cryoglobulinemia. J Immunol 1998; 160:3594.
44. Newkirk, MM. Rheumatoid factors: what do they tell us?. J
Rheumatol 2002; 29:2034.
45. Cammarata, RJ, Rodnan, GP, Fennell, RH. Serum anti- gammaglobulin and antinuclear factors in the aged. JAMA 1967; 199:455.
46. Litwin, SD, Singer, JM. Studies of the incidence and significance of
anti-gamma globulin factors in the aging. Arthritis Rheum 1965; 44:538.
47. Juby, AG, Davis, P, McElhaney, JE, Gravenstein, S. Prevalence of
selected autoantibodies in different elderly subpopulations. Br J
Rheumatol 1994; 33:1121.
48. Shmerling, RH, Delbanco, TL. How useful is the rheumatoid factor?
An analysis of sensitivity, specificity, and predictive value. Arch Intern
Med 1992; 152:2417.
49. Green, M, Marzo-Ortega, H, McGonagle, D, et al. Persistence of
mild, early inflammatory arthritis: the importance of disease duration,
rheumatoid factor, and the shared epitope. Arthritis Rheum 1999;
42:2184.
50. Hulsemann, JL, Zeidler, H. Undifferentiated arthritis in an early
synovitis out-patient clinic. Clin Exp Rheumatol 1995; 13:37.

39

51. Edwards, JC, Cambridge, G. Prospects for B-cell-targeted therapy in
autoimmune disease. Rheumatology (Oxford) 2005; 44:151.
52. van der Heijde, DM, van Riel, PL, van Rijswijk, MH, van de Putte,
LB. Influence of prognostic features on the final outcome in rheumatoid
arthritis: A review of the literature. Semin Arthritis Rheum 1988;
17:284.
53. Cats, A, Hazevoet, HM. Significance of positive tests for
rheumatoid factor in the prognosis of rheumatoid arthritis. A follow-up
study. Ann Rheum Dis 1970; 29:254.
54. Aggarwal, A, Dabadghao, S, Naik, S, Misra, R. Serum IgM
rheumatoid factor by enzyme-linked immunosorbent assay (ELISA)
delineates a subset of patients with deforming joint disease in
seronegative juvenile rheumatoid arthritis. Rheumatol Int 1994; 14:135.
55. Gough, A, Faint, J, Salmon, M, et al. Genetic typing of patients with
inflammatory arthritis at presentation can be used to predict outcome.
Arthritis Rheum 1994; 37:1166.
56. Anderson, LG, Talal, N. The spectrum of benign to malignant
lymphoproliferation in Sjogren's syndrome. Clin Exp Immunol 1972;
10:199.
57. Halldorsdottir, HD, Jonsson, T, Thorsteinsson, J, Valdimarsson, H.
A prospective study on the incidence of rheumatoid arthritis among
people with persistent increase of rheumatoid factor. Ann Rheum Dis
2000; 59:149.
58. Nielen, MM, van Schaardenburg, D, Reesink, HW, et al. Specific
autoantibodies precede the symptoms of rheumatoid arthritis: a study of
serial measurements in blood donors. Arthritis Rheum 2004; 50:380.
59. Heinlen, LD, McClain, MT, Merrill, J, et al. Clinical criteria for
systemic lupus erythematosus precede diagnosis, and associated
40

autoantibodies are present before clinical symptoms. Arthritis Rheum
2007; 56:2344.
60. Symmons, DPM. Classification criteria for rheumatoid arthritis:
Time to abandon rheumatoid factor? Rheumatology (Oxford) 2007; 46:
725.
61. Palosuo, T, Lukka, M, Alenius, H, et al. Purification of filaggrin
from human epidermis and measurement of antifilaggrin autoantibodies
in sera from patients with rheumatoid arthritis by an enzyme-linked
immunosorbent assay. Int Arch Allergy Immunol 1998; 115:294.
62. Schellekens, GA, de Jong, BA, van den Hoogen, FH, et al.
Citrulline is an essential constituent of antigenic determinants
recognized by rheumatoid arthritis-specific autoantibodies. J Clin Invest
1998; 101:273.
63. Nishimura, K, Sugiyama, D, Kogata, Y, et al. Meta-analysis:
Diagnostic accuracy of anti-cyclic citrullinated peptide antibody and
rheumatoid factor for rheumatoid arthritis. Ann Intern Med 2007;
146:797.
64. Bas, S, Genevay, S, Meyer, O, Gabay, C. Anti-cyclic citrullinated
peptide antibodies, IgM and IgA rheumatoid factors in the diagnosis and
prognosis of rheumatoid arthritis. Rheumatology (Oxford) 2003; 42:677.
65. Zeng, X, Ai, M, Tian, X, et al. Diagnostic value of anti-cyclic
citrullinated peptide antibody in patients with rheumatoid arthritis. J
Rheumatol 2003; 30:1451.
66. Lee, DM, Schur, PH. Clinical utility of the anti-CCP assay in
patients with rheumatic diseases. Ann Rheum Dis 2003; 62:870.
67. Van Gaalen, FA, Linn-Rasker, SP, van Venrooij WJ, et al.
Autoantibodies to cyclic citrullinated peptides predict progression to
41

rheumatoid arthritis in patients with undifferentiated arthritis. Arthritis
Rheum 2004; 50:709.
68. Avouac, J, Gossec, L, Dougados, M. Diagnostic and predictive
value of anti-cyclic citrullinated protein antibodies in rheumatoid
arthritis: a systematic literature review. Ann Rheum Dis 2006; 65:845.
69. Fabien, N, Olsson, NO, Goetz, J, et al. Prevalence of autoantibodies
to cyclic citrullinated peptide in patients with rheumatic diseases other
than rheumatoid arthritis: a French multicenter study. Clin Rev Allergy
Immunol 2008; 34:40.
70. Nijenhuis, S, Zendman, AJ, Vossenaar, ER, et al. Autoantibodies to
citrullinated proteins in rheumatoid arthritis: clinical performance and
biochemical aspects of an RA-specific marker. Clin Chim Acta 2004;
350:17.
71. Zendman, AJ, van Venrooij, WJ, Pruijn, GJ. Use and significance of
anti-CCP autoantibodies in rheumatoid arthritis. Rheumatology (Oxford)
2006; 45:20.
72. Elkayam, O, Segal, R, Lidgi, M, Caspi, D. Positive anti-cyclic
citrullinated proteins and rheumatoid factor during active lung
tuberculosis. Ann Rheum Dis 2006; 65:1110.
73. Kakumanu, P, Yamagata, H, Sobel, ES, et al. Patients with
pulmonary tuberculosis are frequently positive for anti-cyclic
citrullinated peptide antibodies, but their sera also react with unmodified
arginine-containing peptide. Arthritis Rheum 2008; 58:1576.
74. Mori, S, Naito, H, Ohtani, S, et al. Diagnostic utility of anti-cyclic
citrullinated peptide antibodies for rheumatoid arthritis in patients with
active lung tuberculosis. Clin Rheumatol 2008; 28:277.

42

75. Matsui, T, Shimada, K, Ozawa, N, et al. Diagnostic utility of anticyclic citrullinated peptide antibodies for very early rheumatoid arthritis.
J Rheumatol 2006; 33:2390.
76. Meyer, O, Labarre, C, Dougados, M, et al. Anticitrullinated
protein/peptide antibody assays in early rheumatoid arthritis for
predicting five year radiographic damage. Ann Rheum Dis 2003;
62:120.
77. Ronnelid, J, Wick, MC, Lampa, J, et al. Longitudinal analysis of
citrullinated protein/peptide antibodies (anti-CP) during 5 year follow up
in early rheumatoid arthritis: anti-CP status predicts worse disease
activity and greater radiological progression. Ann Rheum Dis 2005;
64:1744.
78. Jansen, LM, van Schaardenburg, D, van der, Horst-Bruinsma I, et
al. The predictive value of anti-cyclic citrullinated peptide antibodies in
early arthritis. J Rheumatol 2003; 30:1691.
79. van der, Helm-van Mil AH, Verpoort, KN, Breedveld, FC, et al.
Antibodies to citrullinated proteins and differences in clinical
progression of rheumatoid arthritis. Arthritis Res Ther 2005; 7:R949.
80. Quinn, MA, Gough, AK, Green, MJ, et al. Anti-CCP antibodies
measured at disease onset help identify seronegative rheumatoid arthritis
and predict radiological and functional outcome. Rheumatology
(Oxford) 2006; 45:478.
81. Bukhari, M, Thomson, W, Naseem, H, et al. The performance of
anti-cyclic citrullinated peptide antibodies in predicting the severity of
radiologic damage in inflammatory polyarthritis: results from the
Norfolk Arthritis Register. Arthritis Rheum 2007; 56:2929.

43

82. Bobbio-Pallavicini, F, Caporali, R, Bugatti, S, Montecucco, C. What
can we learn from treatment-induced changes in rheumatoid factor and
anti-citrullinated peptide antibodies?. J Rheumatol 2008; 35:1903.
83. de Vries-Bouwstra, JK, Goekoop-Ruiterman, YP, Verpoort, KN, et al.
Progression of joint damage in early rheumatoid arthritis: association
with HLA-DRB1, rheumatoid factor, and anti-citrullinated protein
antibodies in relation to different treatment strategies. Arthritis Rheum
2008; 58:1293.
84. Lindqvist, E, Eberhardt, K, Bendtzen, K, et al. Prognostic laboratory
markers of joint damage in rheumatoid arthritis. Ann Rheum Dis 2005;
64:196.
85. Aho, K, Heliovaara, M, Maatela, J, et al. Rheumatoid factors
antedating clinical rheumatoid arthritis. J Rheumatol 1991; 18:1282.
86. Rantapaa-Dahlqvist, S, de Jong, BA, Berglin, E, et al. Antibodies
against cyclic citrullinated peptide and IgA rheumatoid factor predict the
development of rheumatoid arthritis. Arthritis Rheum 2003; 48:2741.
87. Nielen, MM, van Schaardenburg, D, Reesnik HW, et al. Specific
autoantibodies preced the symptoms of rheumatoid arthritis. A study of
serial measurements in blood donors. Arthritis Rheum 2004; 50:380.
88. Berglin, E, Padyukov, L, Sundin, U, et al. A combination of
autoantibodies to cyclic citrullinated peptide (CCP) and HLA-DRB1
locus antigens is strongly associated with future onset of rheumatoid
arthritis. Arthritis Res Ther 2004; 6:R303.
89. Nishimura, K, Sugiyama, D, Kogata, Y, et al. Meta-analysis:
Diagnostic accuracy of anti-cyclic citrullinated peptide antibody and
44

rheumatoid factor for rheumatoid arthritis. Ann Intern Med 2007;
146:797.
90. Finckh, A, Liang, MH. Anti-cyclic citrullinated peptide antibodies
in the diagnosis of rheumatoid arthritis: bayes clears the haze. Ann
Intern Med 2007; 146:816.
91. Klareskog, L, Stolt, P, Lundberg, K, et al. A new model for an
etiology of rheumatoid arthritis: smoking may trigger HLA-DR (shared
epitope)-restricted immune reactions to autoantigens modified by
citrullination. Arthritis Rheum 2006; 54:38.
92. Mikuls, TR, Hughes, LB, Westfall, AO, et al. Cigarette smoking,
disease severity and autoantibody expression in African Americans with
recent-onset rheumatoid arthritis. Ann Rheum Dis 2008; 67:1529.
93. Khuder, SA, Peshimam, AZ, Agraharam, S. Environmental risk
factors for rheumatoid arthritis. Rev Environ Health 2002; 17:307.
94. Suzuki, A, Yamada, R, Chang, X. Functional haplotypes of PADI 4
, encoding citrullinating enzyme peptidylarginine deiminase 4, are
associated with rheumatoid arthritis. Nat Genet. 2003;34:2003.
95. Cha, S, Choi, CB, Han, TU, et al. Association of anti-cyclic
citrullinated peptide antibody levels with PADI4 haplotypes in early
rheumatoid arthritis and with shared epitope alleles in very late
rheumatoid arthritis. Arthritis Rheum 2007; 56:1454.
96. De Rycke, L, Peene, I, Hoffman, IE, et al. Rheumatoid factor and
anticitrullinated protein antibodies in rheumatoid arthritis: diagnostic
value, associations with radiological progression rate, and extra-articular
manifestations. Ann Rheum Dis 2004; 63:1587.

45

97. Masson-Bessiere, C, Sebbag, M, Girbal-Neuhauser, E, et al. The
major synovial targets of the rheumatoid arthritis-specific antifilaggrin
autoantibodies are deiminated forms of the alpha- and beta-chains of
fibrin. J Immunol 2001; 166:4177.
98. De Rycke, L, Nicholas, AP, Cantaert, T, et al. Synovial intracellular
citrullinated proteins colocalizing with peptidyl arginine deiminase as
pathophysiologically relevant antigenic determinants of rheumatoid
arthritis-specific humoral autoimmunity. Arthritis Rheum 2005;
52:2323.
99. Takizawa, Y, Suzuki, A, Sawada, T, et al. Citrullinated fibrinogen
detected as a soluble citrullinated autoantigen in rheumatoid arthritis
synovial fluids. Ann Rheum Dis 2006; 65:1013.
100. Kinloch, A, Lundberg, K, Wait, R, et al. Synovial fluid is a site of
citrullination of autoantigens in inflammatory arthritis. Arthritis Rheum
2008; 58:2287.
101. Cantaert, T, De Rycke, L, Bongartz, T, et al. Citrullinated proteins
in rheumatoid arthritis: crucial...but not sufficient!. Arthritis Rheum
2006; 54:3381.
102. Bongartz, T, Cantaert, T, Atkins, SR, et al. Citrullination in extraarticular manifestations of rheumatoid arthritis. Rheumatology (Oxford)
2007; 46:70.
103. Auger, I, Sebbag, M, Vincent, C. Influence of HLA-DR genes on
the production of rheumatoid arthritis-specific autoantibodies to
citrullinated fibrinogen. Arthritis Rheum 2005; 52:3424.
104. Verpoort, KN, Cheung, K, Ioan-Facsinay, A, et al. Fine specificity
of the anti-citrullinated protein antibody response is influenced by the
shared epitope alleles. Arthritis Rheum 2007; 56:3949.
105. Huizinga, TW, Amos, CI, van der Helm-van Mil, AH, et al.
Refining the complex rheumatoid arthritis phenotype based on
46

specificity of the HLA-DRB1 shared epitope for antibodies to
citrullinated proteins. Arthritis Rheum 2005;52:3433.
106. Klareskog, L, Stolt, P, Lundberg, K, et al. A new model for an
etiology of rheumatoid arthritis: smoking may trigger HLA-DR (shared
epitope)-restricted immune reactions to autoantigens modified by
citrullination. Arthritis Rheum 2006; 54:38.
107. Linn-Rasker, SP, van der, Helm-van Mil AH, van Gaalen, FA, et
al. Smoking is a risk factor for anti-CCP antibodies only in rheumatoid
arthritis patients who carry HLA-DRB1 shared epitope alleles. Ann
Rheum Dis 2006; 65:366.
108. Lee, HS, Irigoyen, P, Kern, M, et al. Interaction between smoking,
the shared epitope, and anti-cyclic citrullinated peptide: A mixed picture
in three large North American rheumatoid arthritis cohorts. Arthritis
Rheum 2007; 56: 1745.
109. Verpoort, KN, Papendrecht-van der Voort, EAM, van der Helmvan Mil, AHM, et al. Association of smoking with the constitution of the
anti-cyclic citrullinated peptide response in the absence of HLA-DRB1
shared epitope alleles. Arthritis Rheum 2007; 56:2913.
110. Holers, VM. Are anti-cyclic citrullinated peptide antibodies
pathogenic in rheumatoid arthritis?. Nat Clin Pract Rheumatol 2006;
2:400.
111. Hansotia, T, Maida, A, Flock, G, et al. Extrapancreatic incretin
receptors modulate glucose homeostasis, body weight, and energy
expenditure. J Clin Invest 2007; 117:143.
112. van Gaalen, F, Ioan-Facsinay, A, Huizinga, TW, Toes, RE. The
devil in the details: the emerging role of anticitrulline autoimmunity in
rheumatoid arthritis. J Immunol 2005; 175:5575.

47

113. Silman AJ. Rheumatoid arthritis. In: Silman AJ, Hochberg MC,
eds. Epidemiology of the rheumatic diseases. 2nd ed. Oxford: Oxford
University Press, 2001:31–71.
114. Aho K, Heliövaara M, Sievers K, Maatela J, Isomäki H. Clinical
arthritis associated with positive radiological and serological findings in
Finnish adults. Rheumatol Int1989;9:7
115. Isomäki H, Raunio J, von Essen R, Hämeenkorpi R. Incidence of
inflammatory
rheumatic
diseases
in
Finland.
Scand
J
Rheumatol1978;7:188–92.
116. Kaipiainen-Seppänen O, Aho K, Nikkarinen M. Regional
differences in the incidence of rheumatoid arthritis in Finland in 1995.
Ann Rheum Dis2001;60:128–32.
117. Lawrence JS, Locke GB, Ball J. Rheumatoid serum factor in
populations in the U.K. I. Lung disease and rheumatoid serum factor.
Clin Exp Immunol1971;8:723–39
118. Heliövaara M, Aho K, Knekt P, Impivaara O, Reunanen A,
Aromaa A. Coffee consumption, rheumatoid factor, and the risk of
rheumatoid arthritis. Ann Rheum Dis2000;59:631–5.
119. Bennett PH, Burch TA. Rheumatoid factor in the Blackfeet and
Pima Indians. In: Bennett PH, Wood PHN, eds. Population studies of the
rheumatic diseases. Amsterdam: Excerpta Medica Foundation,
1968:192–202. (International Congress Series No 148.)
120. del Puente A, Knowler WC, Pettitt DJ, Bennett PH. High incidence
and prevalence of rheumatoid arthritis in Pima Indians. Am J
Epidemiol1989;129:1170–8.

48

121. Enzer I, Dunn G, Jacobsson L, Bennett PH, Knowler WC, Silman
A.An epidemiologic study of trends in prevalence of rheumatoid factor
seropositivity in Pima indians. Arthritis Rheum2002;46:1729–34.
122. Lichtenstein, MJ, Pincus, T. Rheumatoid arthritis identified in
population-based cross sectional studies: Low prevalence of rheumatoid
factor. J Rheumatol 1991; 18:989.

49

