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Diagnostic and Predictive Value of Acute-phase
Reactants in Adult Undifferentiated Peripheral
Inflammatory Arthritis: A Systematic Review
WARD VERCOUTERE, KRISTOF THEVISSEN, CLAIRE BOMBARDIER, and ROBERT B.M. LANDEWÉ

ABSTRACT. Objective. To review the available literature on the diagnostic and predictive value of acute-phase
reactants in adult undifferentiated peripheral inflammatory arthritis (UPIA) as an evidence base for
generating multinational clinical practice recommendations in the 3e Initiative in Rheumatology.
Methods. A systematic literature search was carried out using Medline, Embase, the Cochrane
Library, and abstracts presented at the 2007 and 2008 meetings of the American College of
Rheumatology and European League Against Rheumatism, searching for prognostic and diagnostic
markers of acute-phase reactants in adult UPIA. Articles that fulfilled predefined inclusion criteria
were systematically reviewed, and the quality was appraised. Likelihood ratios (LR), sensitivity, and
specificity for diagnostic and prognostic outcomes were calculated.
Results. A total of 18 publications out of 3699 identified references were included in the review.
Only a small number of studies with significant heterogeneity, including different outcome measures
and different cutoff values, were eligible for review, so pooling data was not possible. Overall, LR
showed poor diagnostic and prognostic performance for most investigated acute-phase reactants.
Available data showed some value for erythrocyte sedimentation rate in establishing a diagnosis in
patients with undifferentiated arthritis; some prognostic and diagnostic value for C-reactive protein;
some prognostic value for plasma viscosity in predicting persistence of arthritis; and some diagnos-
tic value for sulfhydryl levels and matrix metalloproteinase-3 in establishing a diagnosis of rheuma-
toid arthritis.
Conclusion. There is little published evidence concerning the diagnostic and predictive value of
acute-phase reactants in patients with UPIA. Studies were heterogeneous, and “undifferentiated
arthritis” was not well defined or was equivocally defined. The role of acute-phase reactants in diag-
nosing and predicting outcome in patients presenting with undifferentiated arthritis is limited. 
(J Rheumatol 2011;38 Suppl 87:15-19; doi:10.3899/jrheum.101069)
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Undifferentiated inflammatory arthritis (UA) is a common
condition with an estimated prevalence between 30%1 and
50%2 of patients presenting to the rheumatologist. UA has

been defined in several ways, but is usually considered a
diagnosis of exclusion, based on not fulfilling classification
criteria of a well defined rheumatic condition [e.g., rheuma-
toid arthritis (RA), ankylosing spondylitis (AS), spondy-
loarthritis (SpA), and systemic lupus erythematosus (SLE)].
Patients with UA have at least one swollen joint and may
develop persistent inflammatory arthritis without fulfilling
any classification criteria, or may alternatively classify
according to a well defined chronic inflammatory rheumat-
ic disease. There is no unanimity about the duration of
arthritis or the investigations necessary to define a patient as
having UA. The majority of cases with UA have a mild dis-
ease course and experience spontaneous remission2. The
heterogeneity associated with the term UA emphasizes the
need to reassess and follow up regularly regarding diagnosis
in these patients.

This article is part of the 3e (evidence, expertise,
exchange) Initiative in Rheumatology, whose aim is to sys-
tematically investigate the literature with regard to diagnos-
tic and prognostic factors in patients with UA and concern-
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ing 10 research questions as an evidence base for generating
recommendations3. Our article includes results of a system-
atic review of data on the diagnostic and predictive value of
acute-phase reactants in patients presenting with UA, as
related to our research question: “What is the diagnostic and
predictive value of acute-phase reactants in adult undiffer-
entiated peripheral inflammatory arthritis? Should they be
done at baseline, and repeated at what intervals in patients
with undifferentiated arthritis?”.

MATERIALS AND METHODS

A systematic review was carried out in several steps following updated
guidelines for Cochrane systematic reviews4.

Rephrasing the research question. The clinical question as formulated by
the experts was translated into an epidemiological research question
according to the PICO method (Patients, Intervention/index test,
Comparison, Outcome)5. Although the research question was aimed at
acute-phase reactants, the 3e Inititative Committee decided to expand the
term acute-phase reactants by including other biomarkers, such as matrix
metalloproteinases (MMP) and interleukins, which may also have diagnos-
tic and/or predictive value.

Markers that were included in the search were erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), MMP, interleukin 6 (IL-6),
IL-15, SSA, complete blood count (CBC), soluble biomarkers, interleukins,
and ferritin. Diagnostic outcomes were defined diseases such as RA, SLE,
SpA, psoriatic arthritis (PsA), inflammatory arthritis, infectious arthritis,
crystal arthritis, mixed connective tissue disease, neoplasmata, sarcoidosis,
and other connective-tissue diseases (CTD); prognostic outcomes were per-
sistent arthritis, erosive arthritis, damage, remission, disability, and quality
of life.

Where possible, odds ratio (OR), relative risk, sensitivity, specificity,
positive predictive value, and negative predictive value were retrieved; and
positive/negative likelihood ratios (LR+/–) were calculated and reported6.

Scenarios. Although the optimal scenario was to find cohorts of patients
with UA only, due to their scarcity we had to include miscellaneous
cohorts, where UA was part of a larger cohort.

Systematic review. In December 2008, a systematic literature search for
articles published between 1972 and December 2008 was carried out on
Medline, Embase, and the Cochrane Library, using a comprehensive search
strategy in collaboration with an experienced librarian7 (see online appen-
dix, available from: www.3eupia.com). The European League Against
Rheumatism 2007–2008 and American College of Rheumatology
2007–2008 meeting abstracts were also searched. The search was limited to
the English literature. Review articles were also retrieved to identify addi-
tional references via hand search.

Selection of articles. Relevant articles were selected in a systematic 2-step
procedure. First, titles and abstracts of all identified references were
screened, excluding articles that clearly did not address the topic of interest
or were duplications. Second, selected articles were reviewed as full-length
articles, applying the following exclusion criteria: (1) defined rheumatic
disease, (2) pediatric rheumatic disease, (3) non-English language, (4)
treatment, (5) non-human investigations, (6) no outcome of interest, and (7)
inappropriate test.

Data extraction and quality appraisal. Publication details, patient charac-
teristics, and data on relevant outcomes for prognostic and diagnostic mark-
ers were extracted from all the included articles. The methodological qual-
ity of each observational study was graded by the Newcastle-Ottawa
Quality Scale for cohort studies8, divided in 3 quality assessment groups
(selection, comparability, and outcome), and assigned a maximum score of
11 points. The points were subsequently translated into levels of evidence
according to the Oxford Centre for Evidence-based Medicine (see
http://www.cebm.net/index.aspx?o=1025).

Data analysis. Relevant data were extracted and sensitivity, specificity, OR,
and LR were calculated. The corresponding 95% confidence interval (CI)
was constructed according to sample size estimation for diagnostic test
studies by Simel, et al6. Since outcome measures varied markedly, we
refrained from pooling the data. In accord with the literature, we considered
LR+ ≥ 4 and LR– ≤ 0.3 as clinically relevant.

RESULTS

A total of 3699 references were identified with the system-
atic search strategy. After title and abstract screening, 50
articles were retrieved for full article review, of which 18
fulfilled inclusion criteria. Two congress abstracts describ-
ing an unpublished cohort9 and 2 additional articles by hand
search10,11 were also included. In total, 21 references were
included in the systematic review. The 21 references
describe data of 8 UA cohorts and 10 cohorts with mixed
patients (patients with UA and patients with early RA).

Undifferentiated arthritis cohorts

Study characteristics. Eight prospective UA cohort studies
were identified, 4 concerning prognostic markers and 4 con-
cerning diagnostic values. All cohorts differed in definition
of UA and chosen outcome variables, so pooling data was
not possible. 

Prognostic markers. Plasma viscosity. Plasma viscosity was
investigated11 in a cohort with 115 patients during a period
of at least 6 months. Outcome measures of chronic disease
versus self-limiting disease with regard to plasma and serum
viscosity were established; however, because reliable base-
line characteristics were missing, the quality of this study
was graded as level 4 and the study was disregarded.

ESR. ESR as a prognostic marker was investigated in 2 stud-
ies. The first12 included 121 patients followed for 2 years.
Outcome was defined as transient versus nontransient arthri-
tis and remission versus persistence of arthritis. In this study
of high methodological quality (Level 1b), ESR failed to
discriminate between transient and nontransient arthritis
(LR+ 1.09, 95% CI 0.66–1.78; LR– 0.93, 95% CI 0.58–1.5,
respectively) and between remission and persistence (LR+
1.04, 95% CI 0.65–1.64; LR– 0.97, 95% CI 0.65–1.45). 

The second study13 investigated a 1-year prospective
cohort with 65 patients. Outcome measures were defined as
self-limiting arthritis versus persistence of arthritis.
RA-latex positivity and ESR > 30 were measured. The qual-
ity of this study was graded as level 1b. ESR appeared to be
significantly higher in the persistent arthritis group.
Elevated ESR in combination with RA-latex positivity dis-
criminated well between persistence and self-limiting arthri-
tis (calculated LR– 0.33; LR+ 11.5).

CRP. CRP as a prognostic marker was investigated in 2
studies. The first described a 5-year prospective cohort,
assessing persistent arthritis (n = 62) and functional disabil-
ity (Health Assessment Questionnaire; n = 26)10. Quality
was assessed as moderate, since inclusion and exclusion cri-
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teria were not adequately described (level 2b). Elevated
CRP at presentation had poor specificity and sensitivity both
for functional outcome (LR+ 2.13; LR– 1.86) and for per-
sistent arthritis (LR+ 2.75; LR– 0.76). 

The second study9 was a 6-month prospective cohort
study (n = 96) of good quality (level 1a) with persistent
arthritis as outcome measure. Raw data were not available.
There was no association between elevated CRP and per-
sistence of arthritis (OR 1.00, 95% CI 0.94–1.00).

Diagnostic markers. Sulfhydryl. Sulfhydryl level as a diag-
nostic marker was investigated in a prospective cohort of UA
with 76 patients in a period of 6 months14, with outcomes
being RA and transient synovitis. In this study of poorer
quality (level 4), sulfhydryl levels discriminated reasonably
well between RA and transient arthritis (LR+ 6.11, 95% CI
2.2–15.7; LR– 0.50, 95% CI 0.34–0.73, respectively).

CRP. The diagnostic value of CRP was established in 3 UA
cohorts, compared to RA and SpA. The first study15

described a cohort with 570 patients with RA versus
non-RA as outcome. In total, 177 patients developed RA, 94
patients developed other inflammatory diseases, and 150
patients achieved clinical remission. The investigators
examined predictors of developing RA. The OR for patients
with CRP 5–50 mg/l to develop RA was 1.6 (95% CI
0.9–3.0), and the OR for patients with CRP > 50 mg/l to
develop RA was 5.0 (95% CI 2.0–12.1). This study received
a level 1a assignment for methodological quality.

The second study16 investigated 146 patients with UA
with the outcome measure defined as SpA after 24 weeks,
based on CRP > 20 mg/l, HLA-B27 positivity, metatar-
sophalangeal involvement, and presence of genitourinary
symptoms. Additional followup was established after 1 and
2 years. In this study of acceptable quality (level 2a) CRP
did not sufficiently discriminate between reactive arthritis
and non-reactive arthritis (LR+ 1.06; LR– 0.33). 

The third study17 followed 146 UA patients for 1 year with
respect to progression toward RA versus non-RA arthropathy.
Investigations included CRP and a combination of CRP with
anti-agalactosyl IgG antibodies (CARF) and MMP-3. This
study suggested some diagnostic value for the combination of
elevated CRP and CARF with respect to discriminating
between RA and non-RA arthropathy (LR+ 3.20 for CRP
only, 9.0 for CRP and CARF, and 4.7 for CRP and MMP-3,
respectively; LR– 0.84, 0.30, and 0.77, respectively). 

MMP. The diagnostic value of MMP-3 was investigated in
one study17 of high quality (level 1a). A cohort of 60 patients
with UA was followed for 1 year. MMP-3 was not able to dis-
tinguish RA from non-RA arthropathy (LR+ 2.03; LR– 0.56).

Mixed cohorts

Study characteristics. Ten different mixed cohorts were
identified, with 8 cohorts investigated for prognostic values
and 2 cohorts for diagnostic values. Different measurements
and outcomes were used, so pooling of data was impossible.

Prognostic markers. ESR. The prognostic value of ESR in
mixed populations of UA and other rheumatic conditions
was investigated in 7 cohort studies. The first study18 fol-
lowed 76 patients with UA and 203 patients with RA with
respect to radiographic damage and functional status. Sharp
score and Health Assessement Questionnaire score were
used as outcome measures. 

In an extension study19,20 (n = 556 patients) of acceptable
quality (level 2a) 66% of UA patients showed only mild pro-
gression and 34% showed severely progressive disease. On
average, patients with RA had higher levels of ESR than
patients with UA. ESR did not predict radiological progres-
sion in UA in comparison to RA (OR 1.01, 95% CI
1.00–1.03).

The third mixed cohort of patients with early RA and
UA21 described 75 patients with respect to biomarkers and
radiographic damage, but was considered to have insuffi-
cient quality (level 4) and was therefore disregarded.

A fourth study22, which examined 138 patients with RA,
SpA, and UA and in which outcome was defined as active
disease versus remission, was considered to have insuffi-
cient quality (level 4) and was therefore disregarded.

A fifth study23 looked at the relations between ESR and
the presence or absence of arthritis. This study was of
acceptable quality (level 2a). The presence of arthritis was
significantly and inversely associated with ESR (OR 0.98).

In the sixth study2, investigators looked at the relation
between ESR and persistent arthritis or remission in 638
patients during a median period of 6.7 years. In this study of
acceptable quality (level 2b) 53% of the patients achieved
remission, and the mean ESR was lower in the UA group
than in the RA group.

In the seventh study24, which was of good methodologi-
cal quality (level 1b), patients with early RA (n = 44) had
significantly higher mean levels of serum ESR than those
with UA (n = 22). No significant correlations were observed
between ESR and progression of erosions.

CRP. CRP as a prognostic marker was investigated in 2
studies19,24. They showed a higher average level of CRP in
RA versus UA. But there was no association between CRP
and radiographic progression. These studies were rated as
having good methodological quality (level 2a and 1b,
 respectively).

Interleukins. Cytokine profiles were investigated25 in one
study with a cohort of RA patients (n = 41), UA patients (n
= 21), and a control group (n = 21), during a period of 1
year. Because of a high dropout rate, this study was graded
as level 2b. Patients could be categorized into subgroups,
representing mild or severe arthritis based on functional and
clinical measures, and these subgroups were characterized
by differences in cyclic citrullinated peptide (CCP) and
rheumatoid factor titers, but the additive discriminatory
potential of cytokine profiles was not clear and probably not
important.
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Diagnostic markers. ESR. ESR as a diagnostic marker in
mixed cohorts was described in only 2 studies. The first26

investigated 49 patients for 14 to 60 months, with respect to
a diagnosis of RA versus non-RA. This study had a good
methodological quality (level 1b). ESR and CRP showed
some diagnostic value with respect to discriminating
between a diagnosis of RA and non-RA (LR+ 3.01, 95% CI
1.42–6.4; LR– 0.37, 95% CI 0.17–0.80).

In an older, cross-sectional study with acceptable
methodological quality (level 2b), investigators observed
that 59% of patients with UA had elevated ESR, in compar-
ison to 78% of patients with definite RA27.

DISCUSSION

Our systematic review summarizes and evaluates the avail-
able evidence on the predictive and diagnostic value of
acute-phase reactants in adult undifferentiated peripheral
arthritis. Combined with the expert opinion of a broad panel
of rheumatologists in the 3e Initiative, our results serve as an
evidence base for generating one of the 10 clinical recom-
mendations for the predictive and diagnostic parameters for
adult undifferentiated peripheral arthritis. A detailed
description of all the final recommendations can be found
elsewhere3.

Many cohort studies of early inflammatory arthritis,
including RA and UA, have identified multiple clinical fea-
tures and laboratory investigations associated with disease
persistence, development of erosions, functional status, or
an ultimate rheumatologic diagnosis of RA or other

arthropathy. Many clinical features, although suggestive, are
not sufficiently reliable to predict disease persistence accu-
rately, as they have not been confirmed in multivariate mod-
els. Our systematic review of acute-phase reactants in adult
undifferentiated peripheral arthritis shows less homogeneity
concerning followup and definition, so that pooling of data
was not possible, and little evidence could be extracted.

In total, only 18 prospective cohorts were identified: 8
cohorts with UA patients and 10 with mixed cohorts. Only 7
cohorts received a level 1 quality assignment, 7 received
level 2, and 4 received level 4.

ESR, which is one of the most frequently used measure-
ments of acute-phase response, had only poor prognostic
and diagnostic value in patients with UA12,13.

Similarly, CRP showed poor prognostic value in UA with
respect to predicting persistent arthritis, radiological pro-
gression, and functional disability15,17. There is meager evi-
dence in support of CRP as a diagnostic marker for
RA17,18,24 and no evidence in favor of CRP as a marker for
radiological progression3,6.

Sulfhydryl levels14 and plasma viscosity11 were investi-
gated only in cohort studies of poor quality, and results are
therefore not contributory.

MMP-3 showed some diagnostic value in the diagnosis
of RA in one excellent study17. One study on interleukins27

suggested that a particular cytokine profile in association
with anti-CCP-antibodies and RF is predictive of functional
impairment and disease activity, but the independent contri-
bution of the cytokines could not be established.
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Table 1. Liklihood ratios and outcomes of acute-phase reactants in pure undifferentiated arthritis cohorts. Data are percentages.

Diagnostic Studies (95% CI)
Sensitivity, % Specificity, % LR+ LR– Evidence

CRP 
Outcome
Reactive arthritis, sarcoid arthroplasty, noninflammatory, other 69* 94* 1.06* 0.33* 2a
RA vs non-RA arthropathy 83 (61–94) 74 (65–81) 3.20* 0.84* 1a

Sulhydryl levels
RA vs transient arthritis 55 (38–70) 91 (78–96) 5.68 (2.2–15.7) 0.50 (0.34–0.73) 4

MMP-3
RA vs non-RA arthropathy 60 (31–83) 71 (58–80) 2.06* 0.56* 1a

Prognostic Studies (95% CI)

CRP
Outcome
Persistence 33* 88* 2.75* 0.76* 2b
Functional disability 29* 38* 2.13* 1.86* 2b

ESR
Transient vs nontransient 50 (30–70) 53 (44–63) 1.09 (0.66–1.78) 0.94 (0.58–1.5) 1b
Remission vs persistence 47 (31–63) 55 (42–66) 1.04 (0.65–1.64) 0.97 (0.65–1.45) 1b
Self-limiting vs persistence 69* 94* 11.5* 0.33* 1b

Plasma viscosity
Chronic disease vs limiting disease 49 (37–60) 93 (82–98) 7.13 (2.3–22) 0.55 (0.43–0.7) 4

* No raw data available. CRP: C-reactive protein; LR+/–: positive/negative likelihood ratio; Evidence: levels of evidence; RA: rheumatoid arthritis; 
MMP-3:  matrix metalloproteinases 3; ESR: erythrocyte sedimentation rate.
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One of the study questions was about the frequency and
content of monitoring of acute-phase reactants in clinical
practice. No data were available concerning followup of
acute-phase reactants in UA. Moreover, to date, there is no
published evidence endorsing a particular followup scheme
with acute-phase reactants.

In summary, because of heterogeneity in the definition of
UA, heterogeneity in the choice of the outcome parameters,
and since relatively few studies have systematically
addressed acute-phase reactants in the diagnosis and prog-
nosis of patients with UA (Table 1), it is very difficult to
positively recommend measurement of acute-phase reac-
tants in patients with adult undifferentiated peripheral arthri-
tis. The few studies of good quality do not support such a
recommendation for any of the acute-phase reactants
 investigated.
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